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ABSTRACT

The cross (Sidsl x Giza 168) of bread wheat was used. The analysis of gene
effects was done using means of six populations, i.e. P1, P2, F1, F2, BC1 and BC: on two
sowing dates. The experiment was conducted at El —Mattaana Agricultural Research
Station during three successive growing seasons (2017/2018, 2018/2019 and 2019/2020).
For grain yield / plant, number of spikes/plant and 100-kernel weight, heterotic effects
were significant and positive in the two sowing dates comparing with mid and better
parent while No. of grains/spike was significant and positive in the first sowing date
comparing with mid parent, as well as the biological yield/plant in the two sowing dates
comparing with mid parent and in the second sowing date comparing with better parent.
Significant and positive inbreeding depression was recorded for all studied characters in
the two sowing dates except for the harvest index, these results for plant height can be
utilized in breeding for semi-dwarfing. The additive type of gene action was significant
and positive for the plant height, No. of spikes/plant and biological yield/plant in both
sowing dates, No. of grains/spike in the second sowing date and grain yield / plant in the
first sowing date, while dominance effects were significant and positive for plant height,
No. of spikes/plant and biological yield/plant in both sowing dates, No. of grains/spike
and grain yield / plant in the first sowing date. The (additive x additive) gene effects were
significant for all studied characters, except for grain yield / plant in the second sowing
date. The additive x dominance gene effects were significant for the plant height and
harvest index in both sowing dates, No. of spikes/plant in the first sowing date and grain
yield / plant in the second sowing date. The dominance xdominance gene effects were
significant for the majority of traits, except for No. of spikes/plant and 100-kernel weight
in the first sowing date. High to moderate heritability values in the broad and narrow
sense were detected for all studied traits except No. of spikes/plant and biological
yield/plant in the second sowing date and grain yield/plant in the first sowing date which
had low values of heritability in narrow sense. The values of genetic advance as percent
of the mean were high (25.78%) to moderate (19.99%) for all traits in both sowing dates
except for the biological yield/plant in the late sowing date which was low (5.22%).These
results showed the possible gain from selection as percent increase in the Fs over the F2
mean when the most desirable 5% of the F plants are selected.
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INTRODUCTION

Wheat is one of the most important cereal crops in the world and in
Egypt in particular. The aim of this study is to prepare a breeding program
that avoids the negative impact of climate change, especially high
temperatures in the case of late sowing in Upper Egypt, to obtain high-
yielding varieties.

Since wheat is one of the most essential sources of food for a large
number of people worldwide, its availability is crucial for most countries,
especially developing ones, to ensure food security. Hossain et al (2021)
reported that many studies had confirmed the damaging effect of heat on
wheat. ElI-Maghraby et al (2016), Abd El-Rady (2018), Abdallah et al



(2019), Farhat (2020) and Mohiy et al (2021) reported that late sowing
reduced plant height, number of spikes/m?, number of kernels/spike, 1000-
kernel weight and final grain yield. It has been discovered that wheat
cultivars and lines differ genetically in their capacity to withstand heat. As a
result, wheat geneticists and breeders need to keep creating high-yielding
cultivars with the right genetic composition for a variety of settings.
(Abdallah et al 2019, Raza 2019, Muazzam et al 2020, Sharshar and Genedy
2020, Attri et al 2021, Said and Hefny 2021 and Awaad et al 2023).

If the scaling tests A, B, C, and D are significant for at least one of
the studied traits, they indicate the presence of non-allelic interaction
(epistasis) and that the digenic model was sufficient to explain the
inheritance of these studied traits (EI-Said and Abd El-Zaher 2020, Kandil et
al 2023 and El-Rashidy and EI-Abedeen 2023).

A prerequisite for breeding programs is a thorough grasp of the genetic
variables governing agronomic traits. In order to estimate the main gene effects
(additive and dominance) and their interactions (additive x additive, additive x
dominance, and dominance x dominance), generation mean analysis is a simple
but crucial technique that is provided by the pattern inheritance of yield and
other associated characters. (Sharshar and Esmail 2019, Haridy et al 2021,
Kandil et al 2022 and Mohamed and Eissa 2022).

So, the three basic gene effects—dominance, additive, and nonelelic
interaction—determine the breeding strategy. Generation mean analysis is a
regularly used tool in the study of quantitative trait inheritance, helping to
determine the best breeding strategies for crop varieties with desired
features. (Al-Naggar et al 2022 and Rady 2022). Application of generation
mean analysis procedure is based on the hypothesis that the studied
generations must arise from a cross involving two contrasting genotypes.
The six parameters technique (Hayman 1958) was employed in this work to
assess the wheat cross and calculate the generation means, gene action, and
genetic variance components. The investigation of the direct genetic control
of the features in such a random sample of bread wheat genotypes is made
possible by the invention of the six parameters analysis as a technique for
guantitative inheritance.
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In order to help wheat breeders select the best breeding strategies,
the goal of this study is to estimate the types of gene effects governing yield
and yield components in the wheat cross (Sidsl x Gizal68) under two
sowing dates.

MATERIALS AND METHODS

This study was conducted at the Al-Mataana Agricultural Research
Station at the Agricultural Research Center in Egypt during the successive
growing seasons of 2017/2018, 2018/2019, and 2019/2020.

In the 2017/2018 season, hybridization was made between Sidsl x
Giza 168 as the parents to produce F1 hybrid seeds.

In the 2018/2019 season, some F1 plants were crossed with both
parents to produce backcrosses (BC1 and BC»). At the same time, some F:
plants were grown to be self-pollinated to produce the F, generation. More
crossing between parents was also done to produce more F1 seeds.

Table 1. pedigree and origin of the parental bread wheat genotypes.

Entry Parent name Pedigree Origin
1 Sids-1 AI:!'[;%NZ/PAVON S"/11158.57/MAYA7 Egypt

. MRL/BUC//Seri82 CM 93046-8M-0Y -
2 Giza 168 OM-2Y-OB Egypt

In the 2019/2020 season, evaluation was done in two agricultural
experiments under optimum sowing date (25" November) and late sowing
date (25" December) for the six populations, namely P1, P2, F1, F2, BCy, and
BC. of the hybrid, in a randomized complete block design (RCBD) with
four replications. Each replicate was planted with 45 seeds in three rows
each for the two parents and the F1 hybrid, 90 seeds in six rows for each of
the backcrosses and 150 seeds in ten rows for the F2 population. Plants were
planted in rows 1.5 m long, 30 cm apart from each other and 10 cm apart
within the rows. Recommended agricultural practices for wheat production
were followed in all growing season.

Data were recorded on 25, 25, 60, 60 and 75 guarded plants of
parents, Fi, BC1, BC, and F> respectively, for each replicate in each
experiment. The following traits were recorded: 1- Plant height (cm). 2- No.
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of spikes/plant. 3- No. of grains/spike. 4- 100-kernel weight (g). 5- Grain
yield/plant (g).
Statistical and genetic analysis
Scaling test

The A, B, C, and D scaling tests as outlined by Hyman and Mather
(1955) were applied to test the presence of non-allelic interaction as follows:

A=2B;_Pi-F,  VA=4V (By)+ V(P1)+ V(F)
B=2B,—P,-F1 VB =4V (Bz) + V(P2) + V(F1)

C=4F, 2F1-P1—P;  VC =16V (F2) + 4V(F1) +V( P1) + V(P2)
D=2F,—Bi-B: VD=4V (F2)+V (B1)+ V(Ba)

The values of A, B, C and D should be equal to zero within the
limits of this standard error. The significance of any one of these scales is
taken to indicate the presence of non-allelic interaction.

Genetic parameters

The analysis was proceeded to compute the interaction types
involved the six parameters genetic model of Hayman (1958) according to
as follows:

m = F2 = Mean

d = B1— B, = Additive effect
h=F1—4F2—(1/2) P1— (1/2) P2+ 2 B1+ 2 B, = Dominance effect
I =2 B1— B2—4 F,= Additive X Additive type of gene interaction

j =B1—1/2 P1- B2+ 1/2 P> = Additive X Dominance type of gene interaction

| =P1+ P2+ 2F1+ 4F>— 4 B1 — 4 B> = Dominance X Dominance type of gene
interaction

m = Mean F,, d = Additive effect, h = Dominance effect, i = Additive X
Additive type of gene interaction, j = Additive X Dominance type of gene
interaction and | = Dominance X Dominance type of gene interaction.

The significance of the genetic components were tested using the "t"
test values and calculated by dividing the effects of d, h, i, j and | on their
respective standard errors as follows: + t = Effect/(variance effect)*/?.

Genetic variance
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In the case of three — parameter model where the absence of non-
allelic interactions as indicated by non- significance of scale test, the genetic
components of variance for each character in the studied crosses were
partitioned into additive (D), dominance (H) and environmental (E) genetic
variances using Mather and Jinks (1982) formula as follows :-

E =1/3 (VP1+ VP2 + VFy),

D=4VF,-2(VB:+ VBy) and

H=4(VF,-1/2VD - VE).
Heritabilities % in broad and narrow sense were computed according
to the formula:

H?2 Broad sense = [(1/2 D + 1/4 H) / (VF2)] X 100
h? narrow sense = [(1/2 D) / (VF2)] X 100

Heritability values are categorized as high (60% and above),
moderate (30-60%) and low (0-30%) as stated by Robinson et al. (1949).

The expected genetic advance under selection (Ag):_It was computed
according to Johnson et al. (1955).

2
n
Ag =k x JNVF, x —
J 27100

Where:
K = A constant value depends on the intensity of selection and equal to
(2.06) in the case of selecting the highest (5%) of the F, generation
plants.

\VF, = Standard deviation of F» generation.

h?n = Narrow sense heritability.

Also, this expected gain was expressed as a percentage of F2 mean
(Ag%) according to Miller et al (1958) as follows:

Ag
Ag% = X X100 Where: (X') = mean of F2 population.
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Genetic advance as percent of mean is classified as high (>20%),
moderate (10-20%) and low (<10%) as stated by Johnson et al (1955).

Heterosis: were calculated according to the following formulae
proposed by Bhatt (1971).
I- Heterosis relative to mid-parent

M.p. H= (F1— M.P.)/M.P. x100
- Heterosis relative to better parent (Heterobeltiosis)

B.p. H= (F1— B.P.)/B.P. X100

F1 = Mean of a F1 crosses.

.P. = Mean of the two parents.

.P. = Mean of the better parent.

Inbreeding depression (ID%): Inbreeding depression was calculated
by Mather and Jinks (1971) as the difference between the means F1 and F2
and expressed as a percentage of the mean F1 as follows:

1.D% = (F1— F2)/F1 X100
T-test was used to determine the significance of these deviations. The
standard error (S-E) was calculated as follows:
S-E = (VF1 + V Fp)12

Genetic coefficient of variation (G.C.V) was calculated as follows:
GCV = stander deviation of genetic variance / mean of Fo..

= [(VF2-V E)¥?/ (Fz)] X 100.

RESULTS AND DISCUSSION

Mean performance

The means, variances and standard errors of the studied traits on the
two sowing dates for the six populations P1, P2, Fi, F2, BCy, and BC; are
presented in Table (2).
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Table 2. Means ( X ), variance (S?) and standard errors (s.e.+) of six

populations of the wheat cross (Sids 1 x Giza 168) in two
sowing dates for the all studied traits .

Character |50 s;";‘;'f;fgz'r P | P | R | o | BC | BG
X 10098 | 9270 | 102.60 | 92.74 | 103.11 | 98.15
[ s2 2459 | 1351 | 4081 | 38274 | 207.23 | 263.39
Plant SE+ 005 | 004 | 006 | 007 | 006 | 0.0
height(cm) X 9326 | 7816 | 8821 | 8215 | 87.89 | 8551
I s2 1447 | 2623 | 4134 | 260.43 | 144.81 | 162.72
SE+ 004 | 005 | 006 | 005 | 005 | 008
X 1181 | 997 | 1320 | 961 | 1223 | 10.08
[ s2 674 | 465 | 866 | 2415 | 2128 | 16.46
No. of SE+ 003 | 002 | 003 | 002 | 002 | 003
spikes/plant X 918 | 832 | 1080 | 828 | 9.8 | 9.10
I s2 473 | 455 | 622 | 1240 | 974 | 1141
SE+ 002 | 002 | 002 | 001 | 001 | 002
X 58.43 | 5041 | 57.23 | 3462 | 4411 | 4241
[ s2 57.86 | 3330 | 77.12 | 33862 | 211.95 | 205.66
No. of SE+ 008 | 006 | 009 | 006 | 006 | 0.09
grains/spike X 5282 | 4266 | 4672 | 37.80 | 4334 | 3883
I s2 1554 | 4005 | 5429 | 10534 | 8336 | 72.30
SE+ 004 | 006 | 007 | 003 | 004 | 005
X 494 | 490 | 497 | 413 | 444 | 455
| s2 043 | 076 | 075 | 191 | 122 | 1.40
100 SE+ 001 | 001 | 001 | 0005 | 0.005 | 0.01
KW(gm) X 391 | 401 | 418 | 392 | 379 | 3.77
I 2 047 | 019 | 012 | 069 | 058 | 037
SE+ | 0004 | 0004 | 0003 | 0003 | 0.003 | 0.004
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Table 2. Cont.

Character Sg;"tgg s;?;'rsrf;ig'r Py P, Fy . | BCG: | BG

X 3364 | 2453 | 3586 | 2287 | 27.72 | 23.90

[ s2 5050 | 5385 | 111.93 | 188.10 | 187.38 | 158.39

yie(fdrf[‘)ilgnt SE+ 008 | 007 | 011 | 005 | 006 | 0.08

© X 1677 | 1404 | 1708 | 1465 | 1422 | 1449

I S2 2011 | 1373 | 2768 | 3796 | 3117 | 3126

SE+ 004 | 004 | 005 | 002 | 002 | 004

X 98.90 | 70.89 | 10374 | 69.14 | 9101 | 74.43

[ s2 556.08 | 301.32 | 691.99 | 1622.46 | 1351.95 | 1215.25

Biological SE+ 024 | 017 | 026 | 013 | 015 | 023
yield/plant —

@ X 5063 | 46.88 | 6526 | 48.74 | 5839 | 54.11

I s2 20149 | 160.72 | 338.42 | 484.16 | 470.66 | 470.47

SE+ 014 | 013 | 018 | 007 | 009 | 014

X 3410 | 3437 | 3434 | 3460 | 3035 | 32.11

[ s2 367 | 1298 | 1465 | 9257 | 47.76 | 55.40

Harvest SE+ 002 | 004 | 004 | 003 | 003 | 005

index% X 2812 | 3031 | 2611 | 31.18 | 2460 | 27.65

I s2 824 | 1632 | 1208 | 4338 | 2332 | 33.13

SE+ 003 | 004 | 003 | 002 | 002 | 004

X =Mean. ?=variance. s E + = Standard error

The analysis of variance indicated that there were significant
differences among the studied generations in all traits under this study.
Therefore, the required parameters were calculated.

In general, the average F1 values are higher than the better parent for
all traits except plant height, no. of grains/spike and harvest index in both
sowing dates, where the values appear lower than the average of the parents.
This is not desirable in the No. of grains/spike and harvest index but is
required in the plant height trait to avoid lodging.
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Gene action

Selecting the most efficient breeding methods depends on
knowledge of the genetic system that controls the traits to be selected.
Estimates of the different types of gene effects that contribute to genetic
variation are shown in Table 3.

Table 3. Scaling test and gene action parameters of the wheat cross
(Sidsl x Giza 168) in two sowing dates.

) Scaling test Gene action parameters
Sowing|
Character dat
ates | A B c D m D h i i [
Plant | -6.36* | 0.99 |[-36.92*|-15.77*| 92.74* | 4.96* | 32.81* | 31.55* | -3.68* | -26.18*
height
1 -5.69* | 4.65* |-19.23*| -9.09* | 82.15* | 2.38* | 20.68* | 18.18* | -5.17* | -17.13*
No. of | -0.56 | -3.01* | -9.74* | -3.08* | 9.61* | 2.15* | 8.48* | 6.17* | 1.23* | -2.60
spikes/
Plant 1 -0.21 | -0.93 | -5.98* | -2.42* | 8.28* | 0.79* | 6.89* | 4.84* | 0.36 | -3.70*
No. of | -27.44* | -22.00* | -84.82* | -17.28* | 34.62* | 1.70 | 37.37* | 34.56* | -2.31 | 15.70*
grains/
spike Il |-12.87*[-11.73* | -37.73* | -6.57* | 37.80* | 4.51* | 12.12 | 13.14* | -0.57 | 11.46*
| -1.07* | -0.76* | -3.26* | -0.71* | 4.13* | -0.13 | 1.47 143* | -0.16 | 0.40
100 KW
1 -0.52* | -0.66* | -0.61* | 0.28* | 3.92* | 0.02 | -0.34 | -0.57* | 0.07 | 1.74*
Grain | -14.06* | -12.59* | -38.40* | -5.87* | 22.87* | 3.82* | 18.52* | 11.74* | -0.73 | 14.91*
yield/
plant 1 -5.41* | -2.13* | -6.35* | 0.60 | 14.65* | -0.27 | 0.48 -1.19 | -1.64*| 8.74*
. . | -20.61* | -25.78* |-100.72*| -27.16* | 69.14* | 16.58* | 73.17* | 54.33* | 2.58 | -7.94
Biological
ield/plant
y P 1 -8.10* | -3.92 |[-42.07*|-15.02* | 48.74* | 4.29* | 42.05* | 30.04* | -2.09 | -18.02
| S7.74% | -4.49% | 1.26 6.75* | 34.60* | -1.76* |-13.39* | -13.49* | -1.62* | 25.72*
Harvest
index%o
1 -5.02* | -1.11 | 14.10* | 10.11* | 31.18* | -3.05* | -23.33* | -20.23* | -1.96* | 26.36*

* indicate significant at 0.05 level of probability.

m = Mean F; d = Additive effect, h = Dominance effect, i = Additive X
Additive type of gene interaction, j = Additive X Dominance type of gene
interaction and | = Dominance X Dominance type of gene interaction.
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The scaling test A, B, C and D in Table (3) showed that all the traits
studied in the two sowing dates were significant except for eight out of fifty
six estimates. The findings demonstrated the existence of non-allelic
interaction, or epistasis, by demonstrating that at least one of the four scales
is significant for each of the traits under investigation. The digenic model or
the six parameters model can adequately explain the nature of gene action in
this case. (Feltaous 2020)).

The six parameters, i.e. mean (m), additive (d), dominance (h),
additive x additive (i), additive x dominance (j), and dominance x
dominance (I) were estimated to give a clear view of the type of genetic
influences controlling studied attributes. These results are consistent with
those reported by (Soliman 2018, Abdallah et al 2019, Koubisy 2019, and
El-Rashidy and El-Abedeen 2023).

The mean parameter (m) was significant for all studied traits for the
two sowing dates, which reflects the contribution of the general average in
addition to spatial effects and interaction between fixed sites. These results
are consistent with the results of (Sharshar and Genedy 2020), Haridy et al
2021, Swelam et al 2022 and Kandil et al 2023).

Additive gene effect (d) was positive and significant for plant height,
number of spikes /plant and biological yield/plant at the two sowing dates,
grain yield/plant at the first sowing date, and number of grains/spike at the
second sowing date. These findings show that selection for these qualities in
more developed generations is influenced by the additive gene effect.

The estimates of dominance effects (h) were positive and significant
for plant height, No. of spikes/plant and biological yield/plant in the first
and second sowing dates, No. of grains/spike and grain yield/plant in the
first sowing date. These results indicate the importance of dominance gene
effects in the inheritance of these traits. On the other hand, the importance
of additive (d) and dominance (h) components indicated that the effects of
additive and dominant genes were important in the inheritance of these
traits. Similar results were reported by (Abdallah et al 2019, Raikwar 2019,
Raza 2019, Mohamed and Eissa 2022 and Sandhu et al 2023).

Additive x additive (i) gene effects were positive and significant for
plant height, No. of spikes/plant, No. of grains/spike and biological
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yield/plant in the first and second sowing dates ,100-kernel weight and grain
yield / plant in the first sowing date, indicating that selection for the
development of these traits could be effective. These results are in
agreement with those of (Rady 2022).

Data concerning the epistatic gene effects, additive x dominance (j)
revealed different were positive and significant for No. of spikes/plant in the
first sowing date, while plant height in the first and second sowing date was
negative and significant. These results indicate that the inheritance of these
traits was affected by the duplication effect of epistatic genes. Similar
results were obtained by (Kandil et al 2022).

The dominance x dominance (I) gene effects differed according to
different sowing dates and traits. For No. of grains/spike, grain yield/plant
and harvest index in the two sowing dates they were positive and
significant. For plant height in the two sowing dates they were as negative
and significant. Positive or negative and significant results confirm the
important role of dominance x dominance gene interactions in the genetic
system controlling these traits. These results are in agreement with those of
(Hossain et al 2021).

Heterosis

The heterosis compared to the mid and better parent values are
presented in Table 4. Significant and positive effects were obtained for the
number of spikes/plant, weight of 100 grains, grain yield/plant at both
sowing dates, as well as the plant height and biological yield/plant at the
second sowing date compared to the mid parents (MP), and the better parent
(BP). Likewise, at the first sowing date, plant height was significant and
positive compared to the better parent as well as the number of grains/spike
and biological yield/plant compared to the mid parents. These results are in
agreement with those reported by (EI-Said and Abd EI-Zaher 2020 and EI-
Rashidy and El-Abedeen 2023).

Inbreeding depression

The results in Table (4) showed that the inbreeding depression
values were significantly positive for the number of spikes/plant, the
number of grains/spike, the weight of 100 grains, the grain yield/plant and
biological yield/plant in the first and second sowing dates. Plant height was
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significantly positive in the first sowing date, while in the second sowing
date it was negatively significant. Harvest index was negatively significant
in the second sowing date. Significant and positive inbreeding depression
values for both heterosis and inbreeding depression seem logical since the
expression of heterosis in F1 is followed by a significant decrease in F
performance. Results revealed a harmony with what have been previously
reported by (Khatab et al 2020, Sharshar and Genedy 2020 and Ahmad

2021).

Table 4. Heterosis, inbreeding depression and genetic variance for cross
(Sids 1 x Giza 168) in two sowing dates.

Sowing| __Heterosis% Inbreeding Genetic variance
Character dat depression
ats | Mmp BP % H D E |(H/D)Y?
I * *
Plant height 1.24 | 10.68 9.61 246.32 | 589.72 | 26.30 | 0.65
I | 2.92% | 12.86* 6.87* 79.01 | 426.67 | 27.35 | 0.43
No. of I | 21.21* | 11.77* 27.20% | 27.64 | 21.12 | 6.68 | 1.14
spikes/plant| 1| | 2343% | 17.65% | 23.33* | 14.35 | 7.30 | 5.16 | 1.40
No. of I 5.16* | -2.05 39.51* | 91.55 |519.28 | 56.10 | 0.42
grains/spike| |1 | p14% | .1155% | 19.10% | 54.79 |110.02 | 36.63 | 0.71
I * * *
100 KW 0.94 0.50 16.85 027 | 238 | 065 | 0.34
1 5.63* | 4.21* 6.32* 037 | 0.87 | 0.16 | 0.65
Grainyield/| | | 23.29* | 6.61* 36.22* |330.26 | 60.89 | 75.09 | 2.33
plant Il | 10.83* | 1.81* 14.19* | 15.85 | 26.97 | 20.51 | 0.77
Biological | | | 22.20% | 4.90 33.36* |1713.08|1355.46| 516.46 | 1.12
yield/plant | || | 22.54* | 9.44% 25.31* | 893.75| 54.35 | 233.54 | 4.06
Harvest | 0.30 -0.10 -0.77 0.62 |163.96| 10.43 | 0.06
index% Il |-10.62* | -13.85% | -19.44* | 3.43 | 60.62 | 12.21 | 0.24

* indicate significant at 0.05 level of probability.

D= additive genetic variance, H= dominance genetic variance, E=
environmental variance and (H/D)Y2 = The average degree of
dominance genetic variances.
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Genetic variance of three -parameters model

The components of genetic variation and the effects of additive
genes (D) and dominance genes (H) in Table (4) showed that the additive
genetic variation was higher than dominance in plant height, number of
grains/spike, weight of 100 grains and harvest index in the two sowing
dates, and grain vyield/plant at the second sowing date, which indicates
however, the effects of the additive genes play the main role in the
inheritance of these traits, while the dominance gene effects were more
important in the genetic system controlling the remaining traits.

The average degree of dominance (H/D)Y? given in Table (4)
revealed that partial dominance gene effect was presented for plant height,
number of grains/spike, weight of 100 grains and harvest index in the two
sowing dates, and grain yield/plant in at the second sowing date, exhibited
partial dominance in the genetic system controlling them. Over dominance
gene effects were observed in the inheritance of grain yield/plant in the first
sowing date, as well as No. of spikes /plant and biological yield/plant in the
two sowing dates. These results indicate that the genetic systems controlling
these traits in the two sowing dates are additive and non-additive gene
effects. Similar results were reported by (Said and Hefny 2021, Haridy et al
2021 and Swelam et al 2022).

Genetic coefficient of variation (GCV), Heritability and genetic
advance:

Table 5 displays the genetic coefficient of variation (G.C.V.), broad
and narrow sense heritability, and genetic advance. These estimates are
useful in the possibility of selection in these materials because they show
the presence of the desired genetic variation that is transmitted from
generation to generation and the percentage of the degree of heritability in
the broad sense (additive and dominance) and in the narrow sense (additive)
To reach the goal of this research, which is to estimate the genetic advance
that can be obtained.

Genetic coefficient of variation (GCV)

The results in Table (5) showed that the highest genetic coefficient
of variation (GCV) was for the number of grains/spike (48.55%), while the
lowest estimate was for plant height (20.36%) at the first sowing date, while
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at the second sowing date the highest genetic coefficient of variation (GCV)
was (32.49%) for the number of spikes/plant and the lowest value for the
harvest index (17.90%). The average of all studied traits for the genetic
coefficient of variation (GCV) was (37.19 and 25.78%) at the first and
second sowing dates, respectively. The highest values of the genetic
coefficient of variation (GCV) were obtained for most of the studied traits at
both sowing dates, and this is useful in selecting for these traits of this

hybrid. (Ahmad 2021 and Haridy et al 2021).
Table 5. Genetic coefficient of variation (GCV), Heritability and genetic

advance for cross (Sids 1 x Giza 168) for the all studied
characters in two sowing dates.

. Heritability% Genetic advance
Character Sowing GCV%
dates H2 h2 A9 Ag%
(Broad) |(Narrow)
| 20.36 93.13 77.04 31.05 33.48
Plant height

1 18.58 89.50 81.92 27.23 33.15

| 43.49 72.33 43.72 4.43 46.05

No. of spikes/plant T 3249 | 5836 | 2943 213 2578

. . | 48.55 83.43 76.68 29.07 83.96
No. of grains/spike

1 31.93 65.23 52.22 11.04 29.21

100 KW I 27.17 66.07 62.50 1.78 43.04

1 18.56 76.54 63.13 1.08 27.59

I 46.48 60.08 16.19 4.57 19.99

Grain yield/plant N | 2850 | 4597 | 3553 | 451 | 30.77

I 48.10 68.17 41.77 34.66 50.13

Biological yield/plant
1 32.48 51.76 5.61 2.54 5.22

| 26.19 88.73 88.56 17.55 50.73
1 17.90 71.85 69.87 9.48 30.40

Harvest index%

Heritability
Heritability estimates were based on the amounts of the additive and
dominance genetic variance components (Table 5).The values of broad-
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sense heritability were high (greater than 60%) for all studied traits in the
two sowing dates, except for No. of spikes/plant, grain yield/plant and
biological yield/plant under the second sowing date which were moderate
(between 30-60%) by values (58.36, 45.97 and 51.76%), respectively. The
maximum percentages were shown for plant height in the two sowing dates
(93.13 and 89.50%), respectively, while the minimum values were for grain
yield/plant at the two sowing dates (60.08 and 45.97%), respectively.

The values of narrow sense heritability, as estimated using F. and
backcrosses, were high (greater than 60%) for all studied traits in the two
sowing dates, except No. of spikes and biological yield/plant which were
moderate in the first sowing date and low (between 0-30%) in the second
sowing date , No. of grains/spikes which was moderate in the second
sowing date and grain yield/plant which was low in the first sowing date and
moderate in the second sowing date. grain yield/plant in the first sowing
date and biological yield in the second sowing date which recorded
minimum values (16.19 and 5.61%), respectively, and maximum values in
harvest index in the first sowing date and plant height in the second sowing
dates (88.56 and 81.92%), respectively.

In the case of plant height, 100 KW and harvest index in both
sowing dates, as well as No. of grains/spikes in the first sowing date, the
results demonstrated that additive genetic variation was important in the
presence of variation in these traits.

In cases of the No. of spikes/plant in the two sowing dates, No. of
grains/spike in the second sowing date, as well as grain yield/plant and
biological yield/plant in both sowing dates, the results ascertained that both
additive and non-additive genetic variance were important in these cases.
These results are in agreement with those reported by (Shehab-Eldeen 2020,
Farhat 2020, Akbari et al 2020, Al-Naggar et al 2022 and Mohamed et al
2022).

Genetic advance under selection

The expected genetic advance (Ag) from selection (Table 5) ranged
from (1.78 and 1.08) for 100-kernel weight under both sowing dates to
(34.66 and 27.23) for biological yield/plant in the first sowing date and plant
height in the second sowing date, respectively. These results indicate that
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low values of genetic advance although the heritability values were high
could be due to low values of genetic coefficient of variation or vice versa,
as each of them contributes to the genetic advance.

High to moderate values of genetic advance for plant height and
number of grains/spike at the two sowing dates, as well as biological
yield/plant and harvest index in the first sowing date. The use of early
selection in the F2 population for these traits could be permitted and would
be effective in this cross.

The genetic advance as percent of the mean of grain yield/plant
under stress (the late sowing date) was higher than that under normal
conditions (the optimal sowing date), which indicates that selection for the
grain yield/plant under the late sowing date (heat stress) is better.

Finally, the most important thing in this study, the values of genetic
advance as percent of the mean were high (>20%) to moderate (10-20%) for
all traits at both sowing dates, except for biological yield/plant in the second
sowing date and these results showed the possible gain from selection as
percent increase in the Fs over the F2 mean when the most desirable 5% of
the F. plants are selected and which would be effective in a breeding
program aimed at improving these traits. Similar results have been reported
by (Abdel-Latif 2018, Sharshar and Esmail 2019, Ahmad 2021 and El-
Rashidy and El-Abedeen 2023).
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