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Effect of heat stress on the inheritance and selection for earliness in bread wheat
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Abstract

This investigation was carried out at South Valley Univ., Exp. Farm, Qena, Egypt for estimating the nature of the
genetic system governing days to heading by involving parents in a 7 x 7 diallel cross and their F,-generations,
which were planted under two different sowing dates in 2022/2023 and 2023/2024. The mean squares for
environments, genotypes, and genotypes x environments interaction were highly significant for all studied traits.
Late planting date decreased all studied traits as compared with normal planting date. At normal and late planting
dates, the response to selection for earliness as percentage of deviation from the F,-populations varied from -17.30
(P4 x Pg) t0 -3.81% (P4 % Ps) and from -12.12 (Ps x P;) to -1.52% (P4 % Ps), respectively. Additionally, at normal and
late date, the correlated response in spike length, 100-grain weight and grain yield was reduced; the first and second
traits were more affected than third. As expected, both additive and dominance types of gene actions control the
inheritance of this trait; however, the additive type of gene action was most important in the inheritance of earliness.
Both additive and non-additive genetic variances were highly significant in the F,-generations under both conditions
in both seasons. Furthermore, days to heading had high narrow sense heritability under heat stress conditions in both
seasons, but a low one under favorable conditions. Consequently, direct selection for earliness at heat stress is
expected to be more effective than indirect selection.
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1. Introduction tons and 3.55 metric tons ha* in the world, 328
million tons. In Egypt, wheat is one of the most
significant and nutrient-dense cereal crops. In
rural regions, it is frequently used with maize
flour to produce bread, macaroni, biscuits, and
other treats. Furthermore, the straw serves as an
animal feed source. The total cultivated area of
wheat reached about 1.411 million hectares and
the total production reached about 1.35 million

) ) hectares and the total production reached about
som_ewhat hot Summers. According to Fc_Jrelg_n 8.87 million metric tons with an average of 6.57
Agricultural ~ Service/USDA, 2024, it is metric  tons  ha® (Foreign  Agricultural

cultivated on about 222.70 million hectares Service/lUSDA, 2024). However, Egypt does not
around the world. The ~production  and produce enough wheat for domestic use. In order
productivity of wheat is 790.38 million metric to fulfill the ongoing demand and close the gap

Wheat (Triticum aestivum L.) is one of the most
important crops and the primary source of food;
it is grown extensively in Egypt and globally. In
the diets of people and animals across the world,
it provides a significant source of both protein
and carbohydrate. Wheat may be grown in a
variety of climates, although it is most often
produced in regions with moderate winters and
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disparity ~ between  wheat output and
consumption is one of Egypt's national goals.
Periodic drought and heat stressors linked to
climate change provide a challenge to wheat
productivity and output (Alexandratos and
Bruinsma, 2012 and Daryanto et al., 2016). It is
a C; crop that is sensitive to drought stress and
high temperature conditions, especially during
the post-anthesis growth stages. High
temperature affects crops in different ways
including poor germination and plant
establishment, reduced photosynthesis, leaf
senescence, decreased pollen viability and
consequently production of less grain with
smaller grain size (Ugarte et al., 2007; Asseng et
al., 2011).

One of the main goals of wheat breeding
projects is early maturity. While choosing
acceptable people has always been the main goal
of all breeding efforts, breeders are also
interested in desirable genes and gene
combinations. When choosing a breeding
technique to create a cultivar type (hybrid, pure
line, synthetic, etc.), gene activity has a
significant role (Afridi et al., 2017).

In order to improve the efficiency of wheat
breeding programs, the diallel analysis approach
has been widely employed for parent selection
as a suitable scheme to quickly gather genetic
information on yield attributes (Kohan and
Heidari, 2014). Variance components and
heritability estimates are two examples of the
genetic factors for which it has been frequently
employed (Xiang and Li, 2001).

The present study was conducted to:

a. Draw information about genetic
mechanism- controlling days to heading
in wheat.

b. Select the best condition for earliness.
Evaluate the associated response for
certain variables, such as spike length,
100-grain weight, and grain yield/plant,
which may be useful in formulating
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future breeding plans to create
appropriate genotypes.

2. Materials and Methods
This investigation was conducted at Qena
(Agric. Exper. Farm of South Valley Univ.,
Egypt) in 2022/2023 and 2023/2024 seasons.
The soil type is sandy loam (CaCO3 sand was
66.70%, silt was 21.30%, clay was 12%, PH was
7.93, organic matter was 0.30, EC was 9.95
dSm™, calcium carbonate was 5.8%, SO--4 was,
52.3, K" was 0.80, Ca™ was 11.5, Mg™™ was
11.3, H CO-3 was 20.00 and CI- was 27.50).
Seven wheat cultivars with widely different in
agronomic traits and varying origins were used
as experimental materials. They were crossed in
a 7 x 7 using a one-way diallel mating design.
Table 1 shows the code, local names, pedigree
and place of origin for the seven cultivars.
On November 26" 2022/2023, a favorable
sowing date, twenty-eight genotypes (21 F,-
progenies and their seven parents) were planted
in the experimental area. The randomized
complete block design (RCBD) was used to set
up the experiment. For each genotype in each
replication, each experimental unit was a single
row that was 3.5 meters long. The intervals
between plants and rows were 10 cm and 30 cm,
respectively. With the use of a dibble, two to
three seeds were cultivated in each hole.
Following germination, the seeds were thinned
to produce a single, healthy seedling or hill.
Similar practice was followed for the conduct of
late sown experiment on 26" of December
2022/2023.
For both planting dates, the same agricultural
practices such as fertilizer, irrigation, hoeing,
etc. were used. The number of days from
planting until 50% of the heads emerged from
the flag leaf sheath was known as the "days to
heading." Each plot's earliest head was identified
on the typical sowing date. At maturity, the
earliest plant from each of the 21 F,-generations
was chosen; as a result, the selection intensity
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Table 1. The local names, pedigree and origin of the seven genotypes used in this study

No. Name Pedigree Origin
Py Sakha-94 Opta/Rayon//[KAVZ Egypt
P, Misr-2 SKAUZ/BAV92 Egypt
Ps Sids-1 HD2172/PAVON"S"//1158.57/MAY A74"S" Egypt
P4 Gimmaza-9 SKAUZ/BAV92.CMSS96M03611S-1M-010SY-010M-010SY-8M- Egypt

0Y-0S
Ps Giza-168 MRL/BUC/SERI. CM93046-8M-0Y-0M-ZY-0B-0GZ Egypt
Pe Shandaweel-1  SITE//MO/4/NAC/TH.AC//3*PVN/3/MIRLO/BUC Egypt
P, Sids-12 BUC//7C/ALD/5/MAY A74/0ON//1160,1473//BB/GI114/CHAT"s"/6/ Egypt

MAYA/NVUL//CMH74A.630/4/*SX

was 1/105. The 49 genotypes (21 F,-generations,
the earliest 21 F; families, and their seven
parents) were assessed throughout the two
planting dates in the 2023/2024 growing
seasons. The average minimum and maximum
temperature in 2022/2023 and 2023/2024
seasons are shown in Table 2. At maturity, thirty
randomly selected plants from the central
section of each plot were measured for spike
length (cm) and grain yield/plant (g) at maturity.
Plot mean was used to register the 100-grain
weight (g). The analysis of variance technique
applied to determine the significance of mean
differences (Steel et al., 1997). Diallel analysis,
which applies to Hayman (1954), was used to
estimate the genetic analysis for earliness and
heredity in a restricted sense. After the
assumption of a unity slope for the Wr/Vr
regression line failed, Jinks et al., (1969)
proposed epistasis, which was used to identify
and eliminate the parents involved in the non-
allelic interaction from the diallel analysis of the
remaining interaction free tables. The
divergence of the chosen families from the F,
mean and the superior parent of each population
were used to compute the response to selection
for earliness and corresponding response in
spike length, 100-grain weight, and grain
yield/plant. According to Falconer (1990) such
selection can be considered as antagonistic
selection since the favorable sowing date (High)
caused late flowering date estimates, while
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selection was in the opposite direction (Towards
earliness). The sensitivity was calculated as the
difference between the F; performances in high
and low yield environments divided by the same
difference of the respective unselected F,
population as described by Falconer (1990).

3- Results and Discussion

3.1.Selection for early heading

The effects of environments were significant
(p<0.1) on earliness and the correlated traits viz.,
spike length, 100-grain weight, and grain
yield/plant, demonstrating that the large
differences in climatic changes prevailing in the
two sowing dates. Mean squares due to
genotypes were significant (p<0.1) for earliness
and the correlated traits over environments.
There was a large range of variations among the
genotypes for all traits under investigation. A
considerable variation among genotypes of
wheat was reported by Mwadzingeni et al.,
(2017), Mwadzingeni et al., (2018), Ahmad et al
(2019), Adnan et al., (2022) and Bhandari and
Poudel (2024). A highly significant genotypes x
environments interaction was also observed for
these traits (Table 3).

These data reflected that wheat entries
responded differently to the heat stress,
emphasizing the essential is assessment these
genotypes under different environments in order
to identify the best genotype for a particular
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Table 2. Average minimum and maximum monthly temperature (°C) in 2022/2023 and 2023/2024 seasons

Season 2022/2023 2023/2024
Month Day Max. Min. Average Max. Min. Average
Nov. 22-30 27.02 12.04 19.53 28.10 12.92 20.51
Average 27.02 12.04 19.53 28.10 12.92 20.51
1-10 26.26 11.36 18.81 27.57 13.02 20.30
Dec. 11-20 27.82 12.04 10.03 27.15 13.82 20.49
21-31 21.70 9.38 19.93 24.22 11.73 17.98
Average 25.26 10.93 18.09 26.31 12.86 19.59
1-10 21.66 7.66 14.66 25.20 10.63 17.92
Jan. 11-20 2291 8.06 15.49 23.80 7.55 15.68
21-31 25.59 10.18 17.89 20.90 8.56 14.73
Average 23.39 8.63 16.01 23.30 8.91 16.11
1-10 20.99 7.94 14.47 23.44 7.40 15.42
Feb. 11-20 23.42 8.40 15.91 24.54 10.05 17.30
21-28 27.13 10.02 18.58 27.27 13.20 20.24
Average 23.85 8.79 16.32 25.08 10.22 17.65
1-10 33.39 14.92 24.16 38.02 13.82 25.92
March 11-20 25.21 13.07 19.14 31.29 15.73 23.51
21-31 29.97 14.44 22.21 30.91 13.91 2241
Average 29.52 14.14 21.83 3341 14.49 23.95
1-10 35.07 16.19 25.63 34.31 20.48 27.40
April 11-20 34.02 18.26 26.14 35.11 19.45 27.28
21-30 34.84 20.00 27.42 38.86 22.83 30.85
Average 34.64 18.15 26.40 36.09 20.92 28.51
May 1-15 36.37 20.69 28.53 36.72 21.95 29.34
Average 36.37 20.69 28.53 36.72 21.95 29.34

+ Source of Meteorological Authority, South Valley University, Qena of east.

environment. Similar observations were made
by Mwadzingeni et al., (2017), Mwadzingeni et
al., (2018), Dhoot et al., (2020), Adnan et al.,
(2022) and Bhandari and Poudel (2024).
Nonetheless, it appears that the groups of
parents, F,-generatins, and Fs-selected families
differed significantly, demonstrating the
important responses to selection. Ali and Abo-
El-Wafa (2006) found similar results in wheat,
stating that a large selection progress is expected
to occur after the first cycle of selection than
after second one. The genetic variety was
exhausted by two cycles of selection for early
heading (Ali, 2011; Mwadzingeni et al., 2017
and Dhoot et al., 2020). Thus, we limited our
analysis to the data from the initial selection
cycle. The attenuation of stress reduction in the
correlated response in the correlated traits
demonstrated the efficacy of selection.Heading
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date is an important trait of wheat. Wheat
genotypes genetically differ in days to heading
from early to late. Earlier genotypes offer
greater security during the harvest, the
environment at that time being marked by a late
sowing date. So in breeding programs, wheat
heading should also consider as an important
trait. Phenotypic expression of any trait is the
outcome of the genotype x environment
interaction. The evaluated parental genotypes,
their F,-populations and Fs-selected families
exhibited a wide variation for this trait under all
tested environments. Tables 4 and 5 show the
selection advance (once expressed as a
percentage of deviation from the F,-populations
and the other from the earlier parent) as well as
the average performance and range of days to
50% heading of the 7 parents, 21 F,-populations,
and the earliest 21 F;-selected families under
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Tabe 3. The combined analysis of variance of seven traits of the 7 parents, their 21 F,-populations and the
earliest 21 Fs-families sown under the two sowing dates

Mean squares

Selection
criteria Correlated traits
5.0.V. af Heading date Spike length 100-grain Grain

(cm) weight (g) yield/plant ()
Environments (Env.) 1 2220.63" 183.75" 13.507" 995.613™
Rep/Env. 4 1.41 0.09 0.003 10.460
Genotypes (G) 48 112.88™ 3.96" 0.490™ 19.388™
Parents (P) 6 52.61" 1.05" 0.107" 6.073"
F, 20 38.92"” 1.98” 0.325" 5.157"
Fs 20 51.89" 2.207 0.439” 3.1177
P vs. F, vs. Fg 2 1643.06™ 49.99™ 3.798" 364.357"
G x Env. 48 9.36™ 1.38” 0.122™ 2.817
Error 192 2.40 0.49 0.029 1.07

**. Significant at 1% probability levels.

favorable and heat-stressed conditions.

Days to heading was considerably altered by
wheat genotypes under favorable and late
sowing dates. In 2023/2024 growing season, the
data on days to heading registered the earliest
(69.33 days) cross (P3; x P;) but it was the latest
(80.00 days) cross (P; x P,) with an average of
74.29 days in the F,-populations under favorable
sowing date. Whereas, the cross Ps x Pg resulted
in the earliest cross (62.00 days) while the two
crosses (P, x Pg and P3 x Pg) gave the latest
(71.33 days) with an average of 67.95 days late
sowing date in the F,- populations (Table 5).
Regarding the earliest Fs-selected families; Ps x
P, recorded the earliest cross (61.00 days) while
P; x Pg gave the latest cross (75.00 days) with
the trail mean 67.21 days under favorable
sowing date. Whereas, at late sowing date, Ps x
P; resulted in the earliest (58.00 days) family,
while the family P; x Ps was the latest (67.00
days) with the trail mean 62.78 days. The
significant genotypes x environments interaction
can be confirmed from the mean values for days
to heading as the genotype showing early in
favorable sowing date did not show early
heading date in the late sowing date which
meant that the ranking of genotypes changed on
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the basis for their performance for days to
heading under favorable and late sowing dates
(Table 4). Generally, earlier plants were
observed in both F,-populations and the earliest
Fs-selected families in the late sowing date as
compared to the favorable ones by 5 and 7 days,
respectively.  Nonetheless, the F;s-selected
families were around 7 and 5 days earlier than
the F,-populations at advantageous and late
sowing times, respectively (Table 4). The cross
Ps x P, was the first Fs-selected family to record
the earliest means of 61.00 and 58.00 days at
favorable and late sowing dates, respectively.
This illustrates the exceptional carry-over effect
obtained after increasing earliness potential
through selecting under favorable sowing date.
Moreover, at late sowing date, the cross P; x Pg
had significantly later different from the
previous cross but it was insignificantly different
during favorable sowing date. This exhibits the
evidence of genotype X  environment
interactions. On the other side, only one cross
(Ps x Pg) displayed insignificant response to
selection under stress environments, while it
demonstrated significantly response to selection
under favorable conditions.
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Table 4. Average of days to heading of the 7 parents and their 21 F,-populations of wheat sown under favorable (F) and
late (S) sowing dates in the 2022/2023 and 2023/2024 seasons

Days to heading

Genotypes 2022/2023 2023/2024
F S F S
P1 83.33 75.67 78.00 71.33
P, 83.00 74.00 76.00 72.67
P3 84.00 76.00 81.00 74.67
P4 81.67 78.00 80.00 70.00
Ps 74.67 69.00 72.00 66.67
Ps 79.00 70.67 74.00 69.33
Py 75.33 68.00 71.00 63.33
Range 74.67-84.00 68.00-78.00 71.00-81.00 63.33-74.67
Average of parents 80.14 73.05 76.00 69.71
Py x Py 80.00 74.00 80.00 69.67
P1xPs 79.33 73.67 75.00 69.67
Py x Py 78.67 74.00 75.00 71.00
P1 X Ps 72.67 71.00 73.00 67.67
P1 % Ps 76.00 71.00 72.00 66.00
Py x Py 73.67 68.00 73.00 65.00
P, x P3 80.33 71.00 74.00 68.33
Py x Py 85.67 73.33 75.00 70.33
P2 x Ps 79.67 75.00 78.00 64.67
P2 x Pg 77.00 72.00 75.00 71.33
P2 x Py 77.67 72.00 75.00 67.00
P3x Py 79.67 72.00 74.00 70.33
P3 % Ps 73.67 70.00 71.00 64.67
P3 x Ps 82.00 69.50 79.00 71.33
P3 x P; 79.00 64.00 69.33 65.67
Py xPs 72.00 71.00 70.00 66.00
Py x Ps 82.67 71.00 79.00 70.00
P4 x P; 77.00 73.00 76.67 69.00
Ps x Pg 76.00 67.00 71.00 62.00
Ps x P; 75.33 68.00 72.00 66.00
Pe x Py 74.33 69.00 73.00 65.33
Range 72.00-85.67 64.00-75.00 69.33-80.00 62.00-71.33
Average of F, 77.73 70.93 74.29 67.95
L.S.Dg s 2.34 2.72 2.72 1.94
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Table 5. Average of days to heading of the 21 F,-populations and the earliest 21 Fs-selected families sown

under favourable (F) and late (S) sowing dates and the response to selection and the sensitivity

Favorable sowing date

Late sowing date

% Response to

% Response to

Populations F, Fs selection from F, Fs selection from Sensitivity
F> Bp F2 Bp
P, x P, 80.00 7133 -10847 g™ 69.67 6500 -6.70" -8.87" 0.61
Py x Py 75.00 67.00 -1067" _14.10” 69.67 63.33 -9.107 -11.227 0.69
Py x P, 75.00 7000 6677  -10.26" 71.00 65.67 -7517  -6.197 1.08
P, X Ps 73.00 65.33 -10517 926" 67.67 61.00 -9.86 -850 0.81
P, x Pg 72.00 62.00 -13.89" 1622 66.00 60.00 -9.097 -13.46" 0.33
P, x P 73.00 65.33 -1051"  .7.99" 65.00 61.33 565"  -3.16" 0.50
P, x Py 74.00 67.33 9017 1141 68.33 6433 -585" -11.48" 0.53
P, x P, 75.00 71.00 5337 658" 70.33 63.33 -9.957  -9.53" 1.64
P, x Ps 78.00 7033 9837  232™ 64.67 6333 -207  -5.01" 0.53
P, x Pg 75.00 65.00 -13337 .12.16" 71.33 63.33 -1.227 -8.65" 0.45
P, x P; 75.00 71.00 5337 000" 67.00 65.33 -2.49" 3.16° 0.71
Ps x P, 74.00 6500 -12167 _1875" 70.33 62.00 -1.84" -11.43" 0.82
Py x P 71.00 6733 -5177 549" 64.67 60.33 -6.717  -951" 1.11
P x P 79.00 7500 5067  135™ 71.33 67.00 -6.07" -3.36" 1.04
Py x P 69.33 64.00 -769° 986" 65.67 60.33 -8.13" 474" 1.00
P, x P 70.00 67.33 -3817 549" 66.00 65.00 -1.52 -2.50" 0.58
P, x Pg 79.00 6533 -17.307  _11.72" 70.00 62.00 -143™ -1057" 0.37
P, x P; 76.67 7233 566 087™ 69.00 66.33 -3.87 4.74" 0.78
Ps x Pg 71.00 6333 -10.807 _12.04" 62.00 61.00 -1.61 -8.50™ 0.26
Py X P, 72.00 61.00 -1528"  .14.08 66.00 5800 - 8427 0.50
Pe X P; 73.00 65.00 -10.96"  .g45™ 65.33 60.33 -7.65"  -4.74" 0.61
Average of F, 74.29 67.21 - - 67.95 62.78 - - -

-, + Sings refers to F; segregates earlier or later than the F, or the better parent (Bp), respectively.

*, ** Significant at 0.05 and 0.01% probability levels, respectively.
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3.2. Response to selection for selection
criteria (Days to heading)

Estimation of the response to selection for
earliness as percentage of deviation from the F,-
populations and the earlier parent as well as the
sensitivity is presented in Table 6.

The response to selection for earliness as
percentage of deviation from the F,-populations
varied from -17.30" (P4 x Pg) to -3.817% (P, x
Ps) and from -12.12" (Ps x P;) to -1.52% (P, x
Ps) at favorable and heat stress conditions,
respectively. Moreover, all crosses had a
negatively significant (p<0.01) response to
selection under both environments except three
crosses viz., P, x Ps, P, x Ps and Ps x Pg were
insignificantly under late sowing date. During
favorable sowing date, seventeen crosses
illustrated negative and significant (p<0.01)
response to selection as percentage of deviation
from the earlier parent varied from -18.75" (P;
x P,) to 1.87™% (P, x P;), but at late sowing
date, all crosses gave negative and significant
(p<0.01) earlier than the earlier parent except
two crosses i.e., P, x P; and P, x P; were
significantly positive. It varied from -13.46" (P,
x Pg) to 4.747% (P, x P;). Ahmad et al. (2019),
Dhoot et al. (2020), Nassar et al. (2020),
Kamara et al. (2021) and Adnan et al. (2022)
observed transgressive segregation for earliness.

3.3. Sensitivity to the environment

The sensitivity of the Fs-selected families under
favorable and heat stressed environments is
observed in Table 6. Antagonistic selection
increased the sensitivity in five Fs-selected
families, led to a mean sensitivity in 12 Fs-
selected families and decreased sensitivity in 4
Fs-selected families.

3.4. Average performance and correlated
response of the correlated traits

3.4.1. Average performance

The average performance of the correlated traits
(Spike length, 100 grain weight and grain
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yield/plant) is exhibited in Table 6. The average
of all F,-generations for spike length was 10.18
and 8.75 cm under favorable and heat stress
environments, respectively. Among the F,-
generations, the cross P, x P, were produced the
longest spikes; 11.30 and 10.60 cm, shortest
spikes;

8.43 and 7.50 cm was produced by the cross Ps
x P; at normal and late sowing dates,
respectively. The average spike length for the
Fs-selected families under normal sowing date
was 9.14 cm, which ranged from 7.63 (Ps x P;)
to 10.80 cm (P, x P,). Likewise, it varied from
6.00 (P, x P;) to 9.20 cm (Ps x Ps) with an
average of 7.52 cm under late sowing date
(Table 6). The mean values of 100-grain weight
for the F,-populations exhibited slighter (3.55 Q)
for the cross P; x Ps, whereas, the cross P; x Py
registered the heaviest 100-grain weight (4.76 g)
at favorable environment while under heat stress
environment (3.32 g) and (4.23 g) for the crosses
P, x Ps and Ps x Pg, respectively (Table 6). The
mean values for 100-grain weight of all 21 F,-
generations were 4.08 and 3.68 g at favorable
and heat stress conditions, respectively (Table
6). The average for 100-grain weight of all 21
Fs-selected families was 3.79 and 3.30 g at
favorable and late sowing dates, respectively.
Among the Fz-selected

families, Ps x Pg were produced the heaviest
grains; 4.29 and 4.19 g, the slightest grains; 3.53
and 2.45 g was obtained by the cross P, x Ps at
favorable and heat stress environments,
respectively (Table 6). The average of 100-grain
weight of F,-generations and F;-selected
families at favorable sowing date was 0.40 and
0.49 g more than the crosses sown at late sowing
date. The average performance estimated for
grain yield/plant of all 21 F,-populations were
20.32 and 16.30 g at favorable and heat stress
environments, respectively (Table 6). Among
the F,-generations, the greatest mean values was
observed in the cross P; x P5 (22.98 and 18.97
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Table 6. Average of spike length, 100-grain weight and grain yield/plant of 21-F,-populations, earliest 21-F;-
selected families and their seven parents at normal (F) and late sowing dates (S)

Spike length 100-grain weight Grain yield/plant
Populations F S F S F S
F. Fs F Fs F. Fs F. Fs F. Fs F. Fs

P, xP, 10.07 873 877 853 380 361 353 352 1930 16.18 15.62 13.62
P, x Pg 10.07 943 940 6.60 451 383 372 327 2075 17.36 17.40 12.85
P, x P, 10.77 10.07 9.20 8.10 3.97 3.7 3.71 344 2170 17.76 16.67 14.91
P, x Ps 10.33 9.07 883 763 355 374 337 281 2022 16.68 17.68 12.13
P, x Pg 1025 890 8.40 830 378 376 374 372 1895 16.63 14.85 13.54
P, x Py 1043 893 930 850 438 383 380 322 1983 15.67 14.20 12.99
P, x Pg 970 777 823 750 419 381 354 261 2077 16.61 15.69 13.38
P, x P, 11.30 10.80 10.60 6.20 4.15 374 353 268 1946 16.28 15.72 13.67
P, X Psg 10.73 947 873 697 402 376 368 327 1786 1530 13.69 12.10
P, x Pg 930 880 820 760 365 3.63 359 349 20.03 1575 1479 1242
P, x P, 985 930 820 6.00 396 361 352 336 2081 16.62 15.84 13.22
P3x P, 10.70 10.30 8.90 830 476 420 414 381 2154 17.63 16.97 1437
Ps x Ps 11.15 10.30 9.30 9.20 4.01 375 364 361 2298 17.27 18.97 15.14
Ps x Pg 950 850 860 780 386 3.84 369 338 2041 16.60 15.97 1341
Ps x P, 1047 950 867 7.80 421 372 366 3.06 2084 16.89 15.11 14.73
P, x Ps 10.09 897 860 720 397 353 332 245 2032 1694 1749 13.01
P, x Pg 11.23 867 790 620 4.08 389 389 371 19.76 16.30 16.08 13.06
P, x P 940 880 870 860 386 3.82 362 319 2031 16.71 16.23 13.60
Ps x Pg 997 853 910 680 445 429 423 419 2149 1750 18.48 12.03
Ps x P, 843 763 750 723 441 379 356 339 2052 18.01 18.66 14.85
Pg x P 10.00 950 870 690 418 376 370 317 1890 1591 16.15 13.72
Average 10.18 9.14 875 752 408 379 368 330 2032 16.70 16.30 13.46

P, 10.10 8.50 4.14 3.78 20.48 16.22

P, 10.43 9.70 3.85 3.59 21.49 16.46

Ps 11.70 8.20 4.08 3.96 21.50 16.88

P, 11.00 9.00 3.88 3.68 20.83 16.87

Ps 9.70 8.50 3.89 3.58 19.62 15.62

Ps 10.47 9.08 4.13 3.83 18.14 14.58

P, 10.75 7.60 4.04 3.44 18.62 16.07
Average  10.59 8.65 4.00 3.69 20.10 16.10
L.S.Dggs 1.08 1.18 0.27 0.27 1.78 1.53

g), the lowest mean values was registered by the
cross P, x Ps (17.86 and 13.69 @) during
favorable and heat stress environments,
respectively (Table 6). The average performance
of grain yield/plant for the Fs-selected families
ranged from 15.30 (P, x Ps) to 18.01 (Ps X
P;)with an average of 16.70 g at favorable
environment. Likewise, it ranged from 12.03 (Ps
x P7) to 15.14 (P; x Ps) with an average of 13.46
g at heat stress environments (Table 6). The
average of grain yield/plant of F,-generations
and  Fs-selected families at  favorable
environment was 4 and 3 g more than the
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crosses sown at heat stress environment. Thus,
the grain weight and grain yield/plant of F,-
generations and Fs-selected families were
decreased grain yield because of heat stress
environment and hence favorable environment
was superior to late sowing date. From the above
data, it is demonstrated that the sowing at 26" of
December (Late sowing date) decreased spike
length, 100-grain weight and grain yield/plant by
13.79, 9.80 and 19.78% in the F,-populations
and by 20.84, 12.93 and 19.40% in the F; early
selected families, respectively. Given that the
highest temperature at this time was 33.41°C
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under normal conditions and 36.09°C under
stress conditions, the decrease in both 100-grain
weight and grain yield/plant may have resulted
from rising temperatures during the grain filling
phase under heat stress conditions (late planting
date). Similar results were observed by Abd El-
Hady et al (2018), Kumar et al (2019), Awan et
al (2019), Ahmad et al (2019), Kamara et al
(2021) and Adnan et al (2022) who found that
spike length, 100-grain weight and grain yield
were decrease under heat stress conditions (Late
sowing date). Fischer and Maurer (1978)
reported that if the temperature increased by 1°C
over the optimum range between the end of the
tillering and the grain filling stage, grain
production decreased by 4%.

3.4.2. Correlated response of the correlated
traits

The correlated response of spike length, 100
grain weight and grain yield/plant is illustrated
in Table 7. Direct selection for earliness was
accompanied with an average undesirable
decrease of the correlated response of the
studied traits from the F,-populations and the
better parent under both conditions. Almost all
selections produced less spike length, 100 grain
weight and grain yield/plant than the better
parent under both environments except the cross
Ps x P; cross did not differ from the better parent
under both conditions. Also, the cross P; x Pg
did not differ from the F, mean under heat stress
condition, whereas these traits were significantly
decreased under favorable condition (Table 7).
Similar results were obtained by Ali and Abo-
El-Wafa (2006) for grain weight and grain
yield/plant. Under favorable conditions, spike
length and grain yield/plant in only one cross (P
x P7) did not deviate from the F, mean; under
heat stress, however, these traits were markedly
reduced. The cross P; x P; was significantly
reduced in spike length, 100-grain weight and
grain yield/plant under favorable conditions, but
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benefitted from early heading under heat stress
conditions in these traits. In three crosses were
significantly decreased at heat stress conditions
viz., P; X Pg, P; X P;and P5; x P, but it benefited
from earliness under heat stress conditions
(Table 7). If selection was carried out under a
normal sowing date and there was no
information available on their performance at a
late sowing date, these selections were not to be
selected. These results agree with reported by
Ali and Abo-EI-Wafa (2006), EI-Morshidy et al.
(2010), Singh et al. (2014), Mahdy et al. (2015),
Kumar et al. (2019), Awan et al. (2019), Ahmad
et al. (2019), Kamara et al. (2021) and Adnan et
al. (2022). .3.1 .3The genetic system
controlling heading date.

Table 8 shows the results of the diallel
analysis of variance for heading traits in
favorable and heat-stressed circumstances.
The results demonstrated that both additive
"a" and non-additive "b" genetic variances
were significant (p<0.01) in the F2-
generations under favorable and heat stress
environments in the two seasons. In the
genetic control of days to heading in the F2-
populations in the two habitats over both
seasons, the additive component accounted
for a significantly larger proportion than the
non-additive component, indicating that
selection in the F2 in these materials is
feasible. In the genetic control of days to
heading in the F,-populations in the two
environments over both seasons, the additive
component accounted for a much larger
proportion than the non-additive component,
indicating that selection in the F, in these
materials is feasible. EI-Morshidy et al. (2010),
Ali (2011), Hassan (2014), Mahdy et al. (2015),
Al-Ashkar (2020) and Nassar et al. (2020)
demonstrated that two cycles of selection for
early heading exhausted the genetic variation,
and that greater selection advance is expected to
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Table 7. The correlated response in spike length, 100-grain weight and grain yield/plant after selection for early heading in 21 F,-populations
of wheat plant sown under favorable and heat stress conditions

Spike length 100-grain weight Grain yield/plant

Favorable envi. Heat stress envi. Favorable envi. Heat stress envi. Favorable envi. Heat stress envi.

% Correlated response % Correlated response % Correlated response % Correlated response % Correlated response % Correlated response
as a deviation fromthe  as a deviation fromthe  as a deviation fromthe  as a deviation fromthe  as a deviation from the  as a deviation from the

Populations

F BP F BP F BP F BP F BP F BP

p,xP, -13.31° -16.30° -2.74 -12.06 500 -12.80°  -0.28 -6.88  -16.17 -24.71" -12.80 -17.25"
P, x Ps -6.36  -19.407 -29.797 -22.35° -15.08" -7.49" -12.107 -17.427 -16.347 -19.267 -26.15  -23.87
P, x P, -6.50 -8.45 -11.96  -10.00 -6.80" -10.63" -7.28°  -8.997 -18.16" -14.74" -1056  -11.62
P,xPy -12.200 -10.20° -1359° -10.24 5.35 9.66° -16.62" -25.66  -17.517 -1855" -31.39" -25.22"
P,xP, -13.17° -15.007  -1.19 -8.59 -0.53 918"  -0.53 287  -12.24° -1880" -882  -16.52"
p,xP, -14387 -16.93"  -8.60 000 -1256°  -7.49° -1526" -14.81" -20.98" -23.49" 852  -19.917
P,xP, -19.907 -33597 -887 -22.68° -9.07  -6.62° -26.27 -34.09" -20.037 -22.747 -14727 -20.73"
P, x P, -4.42 -1.82 41517 -36.08" -9.88" -3.61  -24.08" 27177 -16.347 -24.24" -13.04" -18.97"
P,xPs -11.74° 920 -20.16" -28.14"  -6.47 334 -11.147 8917  -19.05° -28.80° -11.61° -26.49"
P, X Pg 538 -1595" -732 2165 -055 -12.117  -2.79 -8.88° 21377 -26.717 -16.02" -24.54"
P, x P, 558  -13.497 -26.83" -38.147 -884" -10.64"  -455 641  -2013" -22.66" -16.54" -19.68"
P, x P, 374 -11.977 -6.74 778 -11.767 294 -7.97" -3.79  -18.157 -18.007 -15.327° -14.87"
P; X Ps 762  -11.977 -1.08 8.24 -6.48 -8.09 -0.82 -8.84° -2485" -19.677 -20197 -10.31"
P,xP, -1053 -27.35° -930 -1410° -0.52 -7.02" -8.40° -14.65" -18.677 -22.797 -16.03" -20.56"
P, x P, 926  -18.80"  -10.03 488  -11.647 -8.827 -16.397 -22.73" -18.95" -21.44" 251  -12.74"
P,xP; -11.10° -18.45" -16.28" -20.007 -11.08" 9257 -26.20" -33.42" -16.63" -18.67 -2561" -22.88"

P,xPs -22.807 -21.18" 21527 -31.727  -4.66 -5.81 -4.63 313  -17.517 -21.75° -18.787 -22.58"
P,xP, -638 -2000" -1.15 -4.44 -1.04 545  -11.88" -13.327 -17.73" -19.787 -16.207 -19.38"
PsxP, -14.447 -18537 2527 25117  -3.60 3.87 -0.95 9.40™  -1857" -10.81" -34.907 -25.14"

PsxP,  -9.49  -29.027  -3.60 -14.94" -1406"  -6.19 -478  -531™ -1223° 821  -20.42" -4.93"™
PsxP;  -5.00  -11.63° -20.69" -24.01" -10.05" -8.96 -14.327 -17.23" -10.92 -1455" -15.05" -14.62"
Average  -10.16  -16.63  -13.72  -16.60  -6.87 697  -1034  -13.10 -17.74  -20.02  -1691  -18.71
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occur after the first cycle of selection than
following the second. In addition, mean squares
due to the two items "a" and "b" differed from
environment to another. This reveals that the
interaction of both components (Additive and
dominance)  with  environments.  Similar
resultswere found by several workers (Afridi et
al.; 2017, Abd El-Hady et al.; 2018, Khan and
Hassan; 2018 and El-Said; 2018). However,
Jadoon et al. (2013) found that because the two
genetic components differed significantly, the
additive (a) and non-additive (b) components
were equally relevant in the inheritance of
heading date. In contrast, Al-Timimi et al.
(2020) observed that the dominance type of gene
action was the most prevalent genetic
component in inheritance of days to heading
trait. Mean squares due to the item b, were
significant (p<0.01) for days to heading in the
F,-generations under favorable and heat stress
conditions in the two seasons, showing that the
dominance deviation in one direction. However,
in the F,-populations at normal and late sowing
dates in the first and second seasons, the mean
square due to b2 component was significant
(p<0.01) for this trait, indicating an imbalance in
the distribution of dominant and recessive
alleles. For days to heading, it is evident from
this unequal genes distribution that some parents
have far more dominant alleles than others.
Additionally, specific ~ genes/combination
complexes for this trait in the F,-populations and
the parents at both sowing dates in the first and
second seasons were responsible for the mean
squares resulting from item bz values being
significant  (p<0.01), confirming residual
dominance (Table 8). These results are in
accordance with Ali and Abo-El-Wafa (2006),
Afridi et al. (2017), Abd El-Hady et al. (2018),
Khan and Hassan (2018) and El-Said (2018).
3.6. Graphical (Wr/Vr) analysis

The Wr/Vr graphical analysis (Figure 1)
demonstrated that the additive-dominance model
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fitted the data under both conditions in the two
seasons. Regression line does not deviate from
unity, so epistasis is absent for this trait for the
F,-generations. This shows that the non-allelic
interaction was absent for this trait.

The Wr/Vr graph indicated that the regression
line crossed the Wr-axis at the positive part for
the number of days to heading under heat stress
conditions in the two seasons. This suggests that
the gene action is incomplete or partial
dominance, and early generation selection may
be beneficial for this trait. The dominance rati
(H1/D)*°, which was less than one, supported
this conclusion. Genetic variability among the
parents is reflected by the array points dispersed
over the regression line for this trait in the F,-
generations. Parents would prefer delayed
selection for this trait since, even under
favorable conditions in the two seasons, negative
intercepts of the Wr/Vr regression line suggested
over-dominance gene activity may cause
problem for selection in early generations. In the
first season, for example, the point that
represented the latest parent P, had the most
recessive alleles because it was located farthest
from the genesis point under normal irrigation.
However, in the second season, it occupied a
position near the point of origin under conditions
of water stress, indicating a large fraction of
dominant alleles. Similar results were obtained
by Kheiralla and Sherif (1992), Kheiralla et al.,
(2001) and Ali and Abo-El-Wafa (2006). 3.7.
Genetic components

Table 9 shows the estimates of the genetic
parameters for days to heading of 7 parents and
their 21 F,-populations in the 2022/2023 and
2023/2024 seasons under favorable and heat-
stressed conditions. In the first and second
seasons, the F,-generations under favorable and
heat-stressed conditions had a significant (P <
0.01) additive effect "D" for days to heading,
according to the genetic component of variance
analysis. However, significant (P < 0.01) values
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Table 8. Daillel analysis of variance for days to heading of the 7 parents and their 21 F,-populations
sown under favorable (F) and heat stress (S) conditions.

Mean squares

Days to heading in 2022/2023

Days to heading in 2023/2024

Item df = S@ E S@

a 6 5 179.29" 363.20" 11257 55.05

b 21 15 38.11" 74.07" 72.95" 27.20"
b, 1 1 104.93” 336.20" 69.52 118.41"
b, 6 5 18.27" 23.80" 46.93" 30.09™
bs 14 9 41.85" 72.87" 87.79" 15.47"

Block x a 12 10 0.49 5.86 7.69 2.28

Block x b 42 30 0.48 5.40 6.08 1.88
Block x b, 2 2 0.08 0.07 8.31 5.87
Block x b, 12 10 0.12 2.21 5.42 3.89
Block x b 28 18 0.66 7.77 6.19 0.33

Block

ir teraction 96 70 0.27 3.15 3.70 1.13

*,** Significant at 5 and 1% probability levels, respectively.

Each item is tested against the block interaction.
@ One array omitted (6 parents)

of dominance H; and H, illustrated for the same
character in the F,-generations under all tested
conditions except at heat stress condition in the
first season. This demonstrates how both
additive and non-additive gene action play an
important role in controlling this trait. For days
to heading in the F,-generations under both
conditions in the two seasons, the asymmetrical
distribution of positive and negative genes
among the parental genotypes was demonstrated
by the greater value of H; than H, and the ratio
of Hy/4H; (Table 9). Similar results were
obtained by Kumar et al (2015), Afridi et al
(2017),

Khan and Hassan (2018), Ahmad et al. (2019)
and Al-Timimi et al. (2020) Kamara et al.
(2021) found that H, values were greater than
the H, values for days to heading. . Meanwhile,
the results in Table 9 showed positive value of F
in the F,-generations under both conditions in
2022/2023 and 2023/2024 seasons, suggesting
that the dominant alleles were more frequent
than recessive ones for days to heading.
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Furthermore, the environmental variance "E"
was non-significant and positive, suggesting that
the absence of environmental factors on the
trait's phenotypic expression. With the exception
of the first season's favorable sowing date, the
weighted measure of average degree of
dominance (H,/4D)"? for days to heading under
both conditions test was less than one, indicating
the presence of partial dominance that could be
enhanced by individual phenotypic selection in
the early generation for this character under
these conditions. However, in the first season, it
was more than unity for days to heading in the
F,-generations under avorable conditions,
suggesting that the presence of over dominance
for this trait. Consequently, selection for this
trait in the early segregating generations will be
of little wuse under this condition. The
asymmetrical distribution of positive and
negative alleles among the parents was shown
by the F,-generations' H,/4H; values, which
were lower than their maximum value (0.25) for
days to heading under favorable and
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Favorable condition

Stress condition

Fig. 1.Wr/Vr graph for days to heading during the 2022/2023 season (a&b) and 2023/2024 season
(c&d) under favorable and heat stress conditions.

heat stress conditions in the 2022/2023 and
2023/2024 seasons. The ratio of dominant to
recessive genes suggested that the parents of
these materials carried dominant alleles. For
days to heading under favorable and late sowing
dates in the first and second seasons, the ratio of
dominant to recessive genes in the parents'
KD/KR was greater than unity, indicating that
the dominant alleles control this trait in the F,-

generations under all environments. Heritability
estimates in narrow sense for days to heading
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(Table 9) were low at favourable conditions in
the two seasons, indicating that most genetic
variances were due to non-additive genetic
effects for days to heading. These findings
support the aforementioned results on genetic
components in which H; estimates played a
greater role in the inheritance of this character;
therefore, selection would be effective in later
generations. The narrow sense heritability was
low for days to heading in the F,-generation,
according to similar findings by Jadoon et al.
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Table 9. Estimates of the genetic parameters for days to heading of 7 parents and their derived 21 F,-
populations sown under favorable (F) and heat stressed (S) conditions

Days to heading in 2022/2023

Days to heading in 2023/2024

Parameters F s@ F s@
D 14.90+2.28 16.57+2.79 14.08+2.09 14.59+0.57
H, 93.75+22.00 26.99+28.35 128.20+20.11 46.82+5.51
H, 76.96+19.39 23.64+25.33 103.24+17.72 36.27+4.85
F 4.36+£10.93 9.76+13.57 26.60+9.98 14.73+2.74
E 0.92+12.93 0.92+16.88 0.92+11.81 0.48+3.24
(Hy/4D)*? 1.25 0.64 0.22 0.89
Hy/4H; (uv) 0.21 0.22 0.20 0.19
KD/KR 1.014 1.003 1.002 1.003
Narrow sense
heritability 0.37 0.75 0.39 0.70

@ Six parents.

Where:

D = additive effect variance, H; = dominance effects, H, = non-additive effects, F= relative frequencies of
dominant vs. recessive genes in the parents, E = expected environmental variation, (H,/4D)%° = mean degree of
dominance at each locus, H,/4H; = average frequency of + versus - alleles at loci exhibiting dominance, KD/KR
=total number of dominant/recessive alleles in the parents and h*(ns) = narrow sense heritability.

(2013), Afridi et al. (2017), Abd El-Hady et al.
(2018), Zaied et al. (2018), Khan and Hassan
(2018) and Kamara et al. (2021). Selection
strategies for the best combiners that improve
the trait of interest would be effective because
the narrow-sense heritability of days to heading
was rather high during heat stress conditions in
both seasons. Zare-Kohan and Herdari (2014),
Qabil (2017) and El-Said (2018) showed that the
narrow sense heritability was high for days to
heading.

4. Conclusion

The present study exhibited that mean squares
due to environments, genotypes (parents, their
F,-populations and Fs-selected families) as well
as the genotypes x environments interaction
were significant (p<0.01) for selection criterion
(Days to heading) and correlated traits under
study. Selection for earliness in these
populations was efficient to increase the
selection criterion and could be accompanied
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with adverse effects on all studied correlated
traits. The correlated response that the
reduction% in spike length and 100-grain weight
were, on average, more than that in grain yield
under both environments. From results, it
displayed that the lower spike length, 100-grain
weight and grain yield/plant under both
conditions when selection for earliness.
However, one of these selections was good grain
yield under stress condition. In order to increase
yield under heat stress, selection and testing
based solely on this small sample of populations
and settings under favorable or stressful
conditions might not be the most effective. The
F,-generations under both conditions and
seasons showed significant (p<0.01) additive "a"
and non-additive "b" genetic variations. In the
genetic control of days to heading in the F,-
populations at the two environments during both
seasons, the additive component accounted for a
much larger percentage than the non-additive
component.
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