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ABSTRACT: A half diallel cross was performed between six bread wheat (Triticum aestivum L.)
genotypes, Line Yr5, Shandwell 1, Gemmeiza 11, Misr 4, Sakha 95, and Sids 14 during the 2022/2023
winter season. The resulting 15 F; crosses were evaluated during the 2023/2024 season under normal
irrigation and drought stress conditions using strip plot design in RCB arrangement with 3 replications
at Khattara Research Station, Shargia, Egypt, to calculate mean performance, drought stress tolerance
measurements, effects of general and specific combining abilities, mode of gene action, and
heritability. Results were taken on number of days to heading, number of days to maturity, plant
height, chlorophyll content, number of spikes plant?, number of grains spike™, weight of thousand
grain, and grain yield plant™. Results cleared that mean squares due to genotypes, parents, and crosses,
and parents vs. crosses were highly significant for most studied characters under both conditions.
Moreover, general and specific combining abilities mean squares were highly significant for most
studied characters under two conditions. Wheat genotype Line Yr5, as well as the F; crosses (Line Yr5
x Shandwell 1), (Line Yr5 x Misr 4), and (Gemmeiza 11 x Sakha 95), exhibited the lowest reduction
ratio (R%), tolerance index (TOL), and drought sensitivity index (SSI) values for grain yield™. Hence,
these genotypes exhibited greater tolerance to drought stress compared to others. The additive genetic
component (D) was greater than the dominance component (H1 and H.) for number of days to heading,
number of days to maturity, and plant height under normal irrigation, resulting in (H1/D) being less
than unity. Nonetheless, the dominance genetic component was more than the corresponding additive
one for total chlorophyll content, number of spikes plant?, number of grains spike™, weight of
thousand grain and grain yield plant™* under the two conditions as well as number of days to heading,
number of days to maturity and plant height under drought stress condition, resulting in average
degree of dominance (H1 /D)%% was more than unity. The highest heritability in the narrow sense (Tn)
was observed for number of days to heading, number of days to maturity, and plant height under both
conditions. Additionally, under normal irrigation conditions, heritability was also high for the number
of spikes plant?, weight of thousand grains, and the number of grains spike™. On the other hand,
chlorophyll content showed moderate heritability under specific conditions, including grain vyield
plant? and the number of spikes plant?, along with the number of grains spike™ and the weight of
thousand grains under drought stress conditions. In contrast, the heritability for grain yield plant?
under drought stress conditions was low.

Key words: Wheat genotypes, drought tolerance, mean performance, combining ability effects,
heritability, sandy soils.

INTRODCTION position in feeding most of the world’s
population. Also, wheat occupies one of the

Wheat is of great importance among the most important grain crops in Egypt and comes
world's food crops. In fact, it occupies the main first in terms of its importance as food for the

Egyptian people. In fact, it has become the

* Corresponding author: Tel. :+201111941594
E-mail address: 1ASobky@agri.zu.edu.eg
DOI : 10.21608/ZJAR.2025.465666



1000 Abdallah, et al.

most important winter crop of all, and this is
due to its importance and high economic return
for the farmer. The global yearly output total
was 799 million metric tons, up from 2204
million ha. In Egypt, the cultivated area of
wheat reached to 1.35 million hectares with
production of 9.7 million tons (FAOSTAT,
2025). The increase or decrease in the cultivated
area may be due to the availability of water
needed to grow the wheat crop. The agricultural
sector also resorts to vertical development by
planting new short-lived and drought-tolerant
varieties with the same amount of water it
consumes. Furthermore, determining drought-
tolerant genotypes for great efficient water use
is needed to reduce the negative effects of
water stress under soil conditions ( Farhan et
al., 2025). Therefore, improving wheat for
water deficit tolerance is becoming a great
challenge concerning climate change and
limited irrigation water.

Combining ability analysis is a widely used
biometrical tool that helps identify parental
lines based on their ability to produce hybrids
(Griffing, 1956). This method divides the total
genetic variation into two components: the
variance effects of general combining ability,
which measures additive gene action, and
specific combining ability, which measures
non-additive gene action (Bakhet et al., 2024;
El-Karamity et al., 2025).

Estimates of the types and magnitudes of
gene action for earliness traits and yield
characteristics may help plant breeders to
choose the appropriate method to develop grain
yield under both conditions indirectly. Several
studies were implemented to ascertain the type
of gene action in wheat. They reported that the
additive gene effect is more important than the
non-additive ones in controlling number of days
to heading and thousand grain weight with high
narrow sense heritability (Yadav et al., 2022;
Kaur et al., 2023). Nevertheless, non-additive
gene effects were more important for grain yield
plant! with moderately low heritability in the
narrow sense (Elmassry et al., 2020; Feltaous,
2020; Kaur and Kumar, 2024).

The current study aimed to analyze the average
performance, general and specific combining
ability effects, and the mode of gene action related
to earliness traits, yield, and vyield attributes
under both normal irrigation and drought stress
conditions. Additionally, the investigation sought
to identify the most drought-tolerant wheat
genotypes through stress tolerance measurements.

MATERIALS AND METHODS

This study was carried out at the Experimental
farm, Faculty of Agriculture, Zagazig University
at Khattara, Shargia, Egypt, during the two
winter seasons of 2022/2023 and 2023/2024. Six
wheat genotypes were used in a half-diallel
cross, excluding reciprocal crosses. The parental
materials were selected based on significant
differences in the traits being studied. Table 1
presents the pedigree and origin of the wheat
genotypes. The experimental site’s soil mechanical
and chemical analysis is presented in Table 2
The optimum quantity of irrigation water for
crops established on water requirements of
crops, factors of the soil and climate in various
districts in Egypt is fixed annually by the
Department of Water Requirement and Field
Irrigation, Agricultural Research Center (ARC).
The recommended amount of irrigation water
for wheat in sandy soil in Khattara region under
drip irrigation system is 1356 mdfad. Thus,
wheat genotypes were evaluated under two
irrigation water regimes:

1- Normal irrigation (1356 m®/fad) was divided
to: 130 m®/fad from sowing to beginning of
the tillering stage, 410 m®/fad from tillering to
heading stage, and 816 m®/fad from heading
stage to maturity.

2- Deficit irrigation (745 m®/fad) was divided to: 130
m3/fad from sowing to beginning of the tillering
stage, 207 m3/fad from tillering to heading stage,
and 408 m®/fad from heading stage to maturity.

Treatments of irrigation water regimes were
started from the beginning of the tillering stage
up to maturity. The irrigation schedule was
twice weekly. the site exhibited variations in
temperature, humidity and precipitation (Table
3).
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Table 1. Pedigree of the evaluated 6 bread wheat genotypes

Code Name Pedigree

Gl Line Yr5 AOC-YR/QUAIU#3

SITE//MO/4/INAC/TH.AC//3*PVN/3MIRLO/BUC.CMSS93B00567S-72Y -
010M-010Y-010M-0HTY-0SH.

Bow"s"/Kz"s"//7C/aeri 82/3/Giza 168/Sakha 61. GM78922-GM-1GM-2GM-

G 2 Shandaweel 1

G 3 Gemmeiza 11

1GM-0GM.
G4 Misr 4 NS732/HER/3/PRL/ SARA// TSI/VEE 5/6/FRET 2/5/WHEAR/SOKOLL
G5 Sakha95 PASTOR//Site/MO/3/CHEN/AEGILOPSSQUARIOSA (T AUS)// BCN/
4/WbLL.CMSA01Y00158S-040P0Y-040M030ZTM-040SY -26M0OYOSY-0S.
G6 Sids 14 SW8488*2/ KUKUNA- CGSS01Y00081T-099M-099Y-099M-099B-9Y -0B-

0SD

Table 2. Soil mechanical and chemical analyses of the experimental site at 30 cm soil depth.

Soil characteristics

Mechanical analysis :

Sand 87.27 %

Silt 1.52 %

Clay 10.52 %

o.M 0.69 %

Soil texture Sandy loam
Chemical analysis :

Soil reaction pH 7.46

Soil salinity Ec 520 ppm

Nitrogen (Total) 0.02 %

Available phosphorus 5.60 ppm
Available potassium 36.44 ppm
Soluble Cations and Anions :

Na* 0.92 meq./L.

K* 0.09 meq./L.

Ca'* 4 meq./L.

Mg** 1.4 meq./L.

Cl- 3 meq./100 g soil
CO3" -

HCO ;3 0.4 meq./100 g soil
SO4 - 3.04 meq./100 g soil

*Central Laboratory, Faculty

of Agriculture, Zagazig University, Sharqia,

Egypt.
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Table 3. Meteorological data for the monthly average during the 2023/2024 growing season

Month tem';)/tlalgtnd lrJ<;n(°C) tem||\CJ/|ear):trS|l’JerTE°C) Humidity (%)
Season 2023-2024
November 17.54 25.79 56.52
December 14.42 23.45 62.04
January 13.51 22.13 59.73
February 12.97 19.41 58.79
March 15.46 25.31 51.92
April 17.96 27.75 46.17
May 20.53 30.74 47.46

Crossing and experimental layout

In the first season of 2022/2023, six parent
plants were crossed to produce a half diallel set
of crosses, resulting in 15 F; cross seeds
(without reciprocals). In the second season
(2023/2024), both the parents and their F;
crosses were grown using strip plot design in
RCB arrangement with three replications. In the
vertical plots, the wheat genotypes were
distributed randomly, while irrigation treatments
will be assigned in the horizontal plots. The
evaluation was conducted under both normal
irrigation and drought stress conditions. Each
experimental plot consisted of three rows for
each parent and one row for each F; cross. The
row length was 3 meters, with a spacing of 20
cm between rows and 10 cm between plants.

Data Analysis

Twenty plants were randomly selected from
each parents genotypes and their Fi's and labeled
to record data on number of days to heading,
number of days to maturity, chlorophyll content
(SPAD reading), plant height (cm), number of
spikes plant?, number of grains spike™, weight
of thousand grain (g) and grain yield plant™ (g).
The recorded data were analyzed statistically by
using conventional two-way analysis of variance
and differences among genotype means were
tested using a revised LSD test at the 0.05 level

according to Steel et al. (1997).

The following stress tolerance indices, inclusive
tolerance index (TOL), stress sensitivity index
(SSI), reduction ratio (R%), mean productivity
(MP), harmonic mean (HM), drought tolerance
(DT), and relative performance (RP), were
calculated using the formula below (Table 4).

General and specific combining ability were
estimated as described by Griffing (1956),
method-2, model-1. Diallel analysis procedure,
as outlined by Hayman (1954 a and b) and
Mather and Jinks (1971) was used to estimate
the relative magnitude of the genetic
components of variance and their derived
parameters.

Heritability in narrow (T,) sense was
calculated according to Mather and Jinks
(1982). using the following equation:

1 1 1 1

1ol —th, —LF

Heritability(Tr) = 42— 2 112 212
~D+ZH,--H,-ZF+E
2° 27272

The covariance (Wr) between the parents and
offspring was plotted against the variance (Vr)
of one array (one cultivar and all crosses
involving it considered) to construct the Wr/Vr
graph according to Hayman (1954a and b) and
Jinks (1954).
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Table 4. Drought tolerance indices, formula, and reference

No. Index name and formula

Reference

The low values of these indices indicate to drought stress tolerance.

1 Tolerance index (TOL) =Yn—Ys

Rosielle and Hamblin (1981)

2 Stress sensitivity index= (SSI) [1 —(Ys/ Yn)]/ [1-(Ys/Yn) Fischer and Maurer (1978)

3 Reduction % =(R%) (Yn —Ys)/ (Yn) x 100

Rybifiski et al. (2003)

The high values of these indices indicate to drought stress tolerance.

4 Mean productivity =(MP) (Yn + Ys)/2

5 Harmonic mean (HM) ={2*(Yn*Ys )}/( Yn +Ys)

6 Drought tolerance= (DT) Ys / Yn

7 Relative performance =(RP) (Ys/Yn)/ (Ys/Yn)

Rosielle and Hamblin (1981)
Jafari et al. (2009)

Fereres et al. (1986)
Abo-Elwafa and Bakheit (1999)

Where: Yn and Ys indicate to average grain yield of each genotype under normal and stress conditions, respectively. Yn
and Ys indicate to average grain yield overall genotypes under normal and stress conditions, respectively.

RESULTS AND DISCUSSION

Analysis of Variance

Genotypes, parents, and their F1 crosses
cleared significant mean squares for all studied
traits under both normal irrigation and drought
stress conditions (Table 5). This study utilized a
diverse set of genetic materials. This result
supports the findings of Qabil, Naglaa (2017),
Aboshosha et al. (2018), Hassan et al. (2020),
Rijal et al. (2021), Fouad et al. (2022), Bakhet
et al. (2024), El-Karamity et al. (2025) and
Farhan et al. (2025). The mean squares
attributed to parents and crosses, as indicated by
average heterosis, were significant for all studied
traits under both conditions. Additionally, the mean
squares for general combining ability and
specific combining ability were significant for
all characters, suggesting that both additive and
non-additive gene actions play a crucial role in
their inheritance. These findings are in general
harmonic with the results reported in previous
studies El-Hosary et al. (2019), EI Ameen et al.
(2020), Regmi et al. (2021), Dragov (2022),
Bakhet et al. (2024), Fareed et al. (2024) and
El-Karamity et al. (2025).

To find out the genetic effects of greater
importance, GCA/SCA ratio was computed. The
GCAVJSCA ratio was less than unity for number

of spikes plant® under normal irrigation conditions.
These results indicated that the non-additive
gene action predominantly controlled this
character. These findings are in agree with the
results of Shamsabadi et al. (2020), EI-Nahas
and Ali (2021), Chaudhary et al. (2022), Dragov
et al. (2022), Fouad and Mohamed (2023),
Amzeri et al. (2024), Bakhet et al. (2024) and
Farhan et al. et al. (2025). The ratio of GCA /
GCA was more than unity for number of days to
heading, number of days to maturity, chlorophyll
content, plant height, number of grains spike?,
weight of thousand grain and grain yield plant?
under the both conditions as well as number of
spikes plant? under drought stress condition,
indicating the preponderance of the additive
gene action in controlling the inheritance of
these characters. Similarly, Shamsabadi et al.
(2020), Roy et al. (2021), Kumari and Sharma
(2022), Dawwam et al. (2023), Bakhet et al.
(2024) and El-Karamity et al. (2025) recorded
predominance of the additive gene effects in
controlling the inheritance of days to heading.

Mean Performance

Results presented in Table 6 indicate the
mean performance of the traits studied of six
parental wheat genotypes and their 15 F; crosses
under normal irrigation and drought stress
conditions.
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Table 5. Analysis of variance of bread wheat for earliness characters, yield and its attributes
under normal irrigation and drought stress conditions as well as combined analyses

Days to heading Days to maturity Total chlorophyll content

S.o.V d.f (%)

S Com. Normal Stress Com. Normal Stress Com. Normal Stress Com.
Irrigation (1) 1 2484.45** 7351.67** 861.31**
Reps/I. 2 4 7.74** 021 3.97** 0.06 0.60 0.33** 11.10 856 9.83**
Genotype (G) 20 20 6.81** 10.42** 14.70** 2.97** 16.60** 15.56** 19.17** 21.97** 38.42**
Parents 5 5 11.89*%* 11.47** 53.99** 4.66** 18.02** 48.12** 28.66** 39.54** 169.02**
Fls 14 14 5.21** 10.31** 39.09** 2.38** 15.93** 43.78** 12.83** 14.74** 74.76**
P.Vs. F1 1 1 3.72** 6.69** 10.19** 2.72* 18.89** 17.98** 60.36** 35.24** 93,92**
GCA 5 5 19.96** 25.58** 41.29** 8.42** 36.83** 39.75** 32.72** 36.75** 69.07**
SCA 15 15 242** 536** 584* 1.15* 09.85** 7.50** 14.65** 17.04** 28.20**
Error 40 0.83 1.23 0.52 0.98 3.07 2.27
Gxl 20 2.52** 4.00** 2.72"
Parents x E 5 1.76 3.44** 0.60"
Flsx E 14 2.96** 4,23** 3.564ms
P.Vs.F1xE 1 243.85** 234.83** 715.77**
GCAXxI 5 4.24%* 5.49** 0.41m
SCAX | 15 1.95** 3.50** 3.48"
Pooled Erorr 80 1.03 0.75 2.67
62 GCA 6.38 8.11 13.42 263 1195 13.00 9.88 1150 22.13
62 SCA 1.60 4,13 4,81 0.62 8.87 6.75 11.58 1477 25.54
02 GCA/ 62 SCA 0.89 0.80 0.85 0.89 0.73 0.79 0.63 0.61 0.63
GCAXx1/GCA 9.74 7.23 170.30
SCA X1 /SCA 3.00 2.14 8.09

***and ns indicate significant at 0.05, 0.01 levels and insignificant, respectively.

Table 5. Cont.

d.f Plant height (cm) Number of spikes plant? Number of grains spike™
S.oV S Com. Normal Stress Com. Normal Stress Com. Normal Stress Com.
Irrigation (1) 1 1 8882.27** 462.73** 11092.94**
Reps/1. 2 4 8.82**  4.24** 6.53** 0.19 0.71 0.45 1.36 4.99 3.17**
Genotype (G) 20 64.98** 115.19** 139.30** 1.11** 0.89** 1.69** £0.55** 0565** 118.96**
Parents 5 5 124.08** 55.03** 417.54** 1.22** 0.91** 4.92** 5319%* §1.17*% 250.67**
Fls 14 14 46.89** 134.75** 402.55** 1.09** 0.90** 5.34** £2209** 104.87** 416.15**
P.Vs. F1 1 1 22.78** 14222** 139.42** 0.78** 0.58** 0.01** 73.15%* 138.87** 5.22"
GCA 5 5 187.43** 242.05*%* 382.25** 3.17** 1.61** 4.30** 134.69%* 174.72** 280.82**
SCA 15 15 24.16** 72.91** 58.32** 0.42** 0.65** 0.83** 3584%* £9.20%*  65.01**
Error 40 5.51 5.56 0.16 0.14 2.39 3.63
Gxl 20 40.88** 0.31** 37.24*%*
Parents x E 5 12.09ns 0.17** 14.08**
FlsxE 14 52.25** 0.28** 33.40**
P.Vs.F1xE 1 1994.05** 29.11** 1841.20**
GCAXxI 5 47.23** 0.48** 28.58**
SCAX | 15 38.76** 0.25** 40.13**
Pooled Erorr 80 5.54 0.15 3.01
62 GCA 1 60.64 78.83 125.57 1.00 0.49 1.38 4410 57.03 92.61
62 SCA 4 1865 6735 52.78 027 051 068 3346  65.67 62.00
62 GCA/62 SCA 20 0.87 0.70 0.83 0.88 0.66 0.80 0.72 0.63 0.75
GCAxI1/GCA 5 8.09 8.92 9.83
SCA x| /SCA 14 1.50 3.33 1.62

***and ns indicate significant at 0.05, 0.01 levels and insignificant, respectively.
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Table 5. Cont.

d.f 1000-grain weight (g) Grain yield plant (g)
S.o.V S Com. Normal Stress Com. Normal Stress Com.
Irrigation (1) 1 1 2109.70 9711.65**
Reps/I. 2 4 3.91 0.51 2.21 6.12 7.90 7.01**
Genotype (G) 20 43.06**  30.68** 65.02 127.56** 18.31**  105.83**
Parents 5 5 9.69**  56.69** 200.30 42.10* 6.92* 98.45**
Fls 14 14 408.53** 19.26** 127.20 155.89**  14.25**  362.25**
P.Vs. F1 1 1 7.93**  60.55** 327.37 158.18* 132.01**  289.59**
GCA 5 5 80.60**  70.41** 147.41 160.04**  18.34**  133.80**
SCA 15 15 30.55*%*  17.44** 37.55 116.73**  18.30** 96.51**
Error 40 3.67 3.94 13.34 2.45
Gxl 20 8.73** 40.03**
Parents x E 5 3.70™ 9.65"
Flsx E 14 7.56** 53.70**
P.Vs.F1xE 1 1176.02** 1316.54**
GCAx | 5 3.60ns 44 59**
SCA X 15 10.44ns 38.51**
Pooled Erorr 80 3.80 7.89
62 GCA 1 25.64 22.16 47.87 48.90 5.30 41.97
o2 SCA 4 26.88 13.50 33.75 103.39 15.85 88.62
62 GCA/ 62 SCA 20 0.66 0.77 0.74 0.49 0.40 0.49
GCAXx1/GCA 5 40.96 3.00
SCA x1/SCA 14 3.60 2.51

*,** and ns indicate significant at 0.05, 0.01 levels and insignificant, respectively.

Table 6. Mean performance of parental bread wheat genotypes and their F; crosses for earliness
characters, yield and its attributes under normal irrigation and drought stress conditions

Days to heading .. Total chlorophyll  Plant height
Genotypes Days to maturity content (%) (cm)

Normal Stress Normal Stress Normal Stress Normal Stress
Line Yr5 9433 86.00 153.80 136.67 4356 37.70 96.93 77.76
Shandwell 1 96.83 87.83 155.05 138.83 49.09 44.23 108.80 85.62
Gemmeiza 11 97.08 88.08 154.72 139.08 51.63 47.76  95.07  79.93
Misr 4 100.44 90.44 157.24 14211 4429 3943 9515 78.20
Sakha 95 98.00 91.17 156.47 143.17 4723 4236 9253 76.20
Sids 14 96.67 87.33 155.80 138.33 45.29 4043 104.87 86.33
Line Yr5 x Shandwell 1 9467 86.33 154.47 138.67 48.49 4430 101.00 78.33
Line Yr5 x Gemmeiza 11 97.67 86.67 154.80 139.00 45.09 38.23 98.00 75.89
Line Yr5 x Misr 4 96.33  86.33 156.13 139.00 46.29 4276 95.67 75.89
Line Yr5 x Sakha 95 95.67 88.33 155.13 140.00 49.16 44.30 105.33 77.67
Line Yr5 x Sids 14 95.00 87.33 155.47 139.33 48.26 4140 102.67 91.33
Shandwell 1 x Gemmeiza 11 97.00 87.67 157.13 144.67 52.83 46.96 103.33 88.44
Shandwell 1 x Misr 4 97.33 89.00 156.80 144.33 47.73 4053 102.67 85.56
Shandwell 1 x Sakha 95 97.67 88.33 156.80 140.67 49.76 4490 102.67 91.67
Shandwell 1 x Sids 14 96.67 87.67 155.80 141.67 49.36 4450 109.00 94.00
Gemmeiza 11 x Misr 4 98.33 89.33 156.47 140.33 48.63 4576 97.33  75.00
Gemmeiza 11 x Sakha 95 97.67 91.33 156.47 140.33 51.19 43.33 97.00 8156
Gemmeiza 11 x Sids 14 95.00 83.33 154.80 137.33 46.49 43.30 98.00 85.00
Misr 4 x Sakha 95 99.00 90.00 157.33 145.00 50.89 44.70 96.00 88.67
Misr 4 x Sids 14 97.00 87.00 156.00 142.33 5059 44.06 96.00 79.33
Sakha 95 x Sids 14 95.33 87.67 156.00 141.00 50.46 4560 98.67 91.67
Mean 96.84 87.96 155.84 14056 48.39 43.16 99.84  83.05
revised LSD o.05 1.50 1.83 1.19 1.63 2.89 2.48 3.87 3.89
revised LSD o.01 2.01 2.45 1.60 2.19 3.87 3.32 5.18 5.21
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Table 6. Cont.

Number of spikes Number of grains  1000- grain  Grain yield plant
Genotypes plant™ spike! weight (g) ()

Normal Stress Normal Stress Normal Stress Normal Stress
Line Yr5 9.01 6.00 5425 42,61 4385 36.84 28.20 13.60
Shandwell 1 9.78 5.74 53.40 4297 4595 37.77 28.81 13.68
Gemmeiza 11 10.11 6.67 61.83 46.97 49.60 4551 36.73 16.04
Misr 4 9.84 6.27 60.98 4346 47.80 4257 3455 1455
Sakha 95 8.41 5.04 5149 33.68 4141 34.01 2756 11.41
Sids 14 9.71 6.10 55.60 39.57 47.82 42.60 31.85 14.36
Line Yr5 x Shandwell 1 9.03 5.67 51.46 43.02 4750 40.42 2590 15.78
Line Yr5 x Gemmeiza 1 9.54 5.87 59.95 4254 51.21 43.61 29.70 17.27
Line Yr5 x Misr 4 9.04 5.33 52.92 30.07 47.35 42.10 24.95 15.44
Line Yr5 x Sakha 95 9.08 5.62 53.32 31.03 45.72 38.40 33.40 16.82
Line Yr5 x Sids 14 9.74 5.11 56.27 30.37 51.10 37.39 3253 1252
Shandwell 1 x Gemmeiza 1 10.11 6.27 63.44 4429 51.02 40.04 40.03 19.98
Shandwell 1 x Misr 4 10.14 5.64 60.78 34.27 53.61 43.75 39.83 16.40
Shandwell 1 x Sakha 95 9.14 5.32 58.31 33,57 5153 4162 29.03 16.85
Shandwell 1 x Sids 14 10.84 6.50 66.25 47.87 56.21 47.13 4995 20.96
Gemmeiza 1 x Misr 4 10.61 7.10 65.42 46.13 55.18 4457 45.38 20.67
Gemmeiza 1 x Sakha 95 9.31 5.37 5480 38.58 48.76 42.32 26.33 16.84
Gemmeiza 1 x Sids 14 9.78 5.35 60.33 39.72 5347 4489 3533 16.31
Misr 4 x Sakha 95 9.58 6.01 56.23 39.63 48,95 40.94 38.23 17.67
Misr 4 x Sids 14 10.54 6.00 62.50 40.07 5460 4251 33.98 18.10
Sakha 95 x Sids 14 9.34 5.20 57.67 3270 49.35 4110 37.32 1555
Mean 9.65 5.81 57.96 39.20 49.62 41.43 33.78 16.22
revised LSD" 0.05 0.66 0.62 2.55 3.14 3.16 3.28 6.03 2.58
revised LSD" o.01 0.88 0.82 3.41 4.20 4.23 4.38 8.06 3.45

Under normal irrigation conditions, the traits
studied in wheat increased compared to those
under drought stress. This suggests that drought
stress has a negative impact on wheat grain yield
a result that others have also reported by
Moustafa and Hussein (2020), Bakhet et al.
(2024) and Farhan et al. (2025).

Number of days to heading (Table 6) indicates
that the parental wheat genotypes Line YTr5,
Shandwell 1, and Sids 14 exhibited desirable
levels of earliness, which reflex in the
performance of their Fy crosses (Line Yr5 x
Shandwell 1) and (Gemmeiza 11 x Sids 14)
under both conditions, (Line Yr5 x Sids 14)
under normal irrigation condition and (Line Yr5
X Misr 4) under drought stress conditions. The
results propose that genes controlling earliness
in heading have been transmitted from the
parents to the progeny. The results indicate these
crosses are promising for identifying new
genotypes with early heading traits. While the
two parental genotypes, Misr 4 and Sakha 95, as
well as their F1 crosses (Gemmeiza 11 x Misr 4)

and (Misr 4 x Sakha 95) under both conditions,
and (Gemmeiza 11 x Sakha 95) under drought
stress conditions, were later in heading.

The mean performance of parental genotypes
and their F; crosses regarding days to maturity
indicated that the two parental genotypes, Line
Yr5 and Gemmeiza 11, under normal irrigation,
and Line Yr5 and Sids 14 under drought stress
conditions, were the earliest. The good level of
earliness pronounced in these parental genotypes
was reflected in the performance of their F;
crosses (Line Yr5 x Shandwell 1), (Line Yr5 x
Gemmeiza 11), and (Gemmeiza 11 x Sids 14)
under the two conditions, as well as (Line Yr5 x
Misr 4) under drought stress conditions. These
results denote that the genes responsible for
early maturity have been transferred from the
parents to their F; progeny. Consequently, these
genotypes are promising candidates for early
maturity. While, the parental wheat genotypes
Misr 4 and Sakha 95 and their F1 cross (Misr 4 x
Sakha 95) were the latest under both conditions.
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Chlorophyll content (Table 6) indicated that
parental wheat genotypes Shandwell 1, Gemmeiza
11, and Sakha 95 under both conditions and
their F1 crosses (Shandwell 1 x Gemmeiza 11)
and (Gemmeizall x Sakha 95) under normal
irrigation conditions as well as (Shandwell 1 x
Gemmeiza 11) and (Gemmeiza 11 x Misr 4)
under drought stress conditions gave the highest
values of total chlorophyll content among the
studied wheat genotypes. Therefore, these
genotypes could be used for selecting new
recombinations characterized by high concentrations
of chlorophyll content. Furthermore, Sakha 95
under the two conditions and the F; crosses
(Line Yr5 x Misr 4), (Misr 4 x Sakha 95) and
(Misr 4 x Sids 14) under normal irrigation
conditions in addition to (Line Yr5 x Gemmeiza
11), (Line Yr5 x Misr 4) and (Gemmeiza 11 x
Misr 4) under drought conditions gave the
shortest plants among the genotypes. Otherwise,
the two parental wheat genotypes, Shandwell 1
and Sids 14, and their respective cross
(Shandwell 1 x Sids 14) under both conditions
gave the tallest plants among the genotypes.
Previous genotypes are promising candidates in
wheat breeding programs aimed at improving
plant height.

Regarding yield and components, Table 6
presents mean performance of the parental
genotypes Gemmeiza 11 and Misr 4, as well as
their Fy cross (Gemmeiza 11 x Misr 4), along
with (Shandwell 1 x Sids 14) under both
conditions produced greatest number of spikes
plant?, number of grains spike?, weight of
thousand grain and grain yield plant?®. Also,
parental wheat genotype Sids 14 under both
conditions, as well as their F1 cross (Gemmeiza
11 x Sids 14) under drought stress conditions,
had high mean values for weight of thousand
grain, denoting the importance of these crosses
in wheat breeding programs for improving grain
yield and its components. Hereby, genes
controlling grain yield were transferred from the
parents to the progeny. The results of this study
suggest that these crosses may be promising for
isolating new recombinants with  high
productivity. This means that these genotypes
could be used for selecting new recombinants
characterized by great grain yield.

Drought Stress Tolerance Measurements

Results given in Table 7 showed stress
sensitivity index (SSI), tolerance index (TOL),
reduction ratio (R%), mean productivity (MP),
harmonic mean (HM), drought tolerance (DT),
and relative performance (RP) of 21 wheat
genotypes under normal irrigation and drought
stress conditions. Results showed that parental
wheat genotype Line Yr5, as well as the F;
crosses (Line Yr5 x Shandwell 1), (Line Yr5 x
Misr 4), and (Gemmeiza 11 x Sakha 95), gave
lower values of stress sensitivity index, tolerance
index, and reduction ratio. These results indicate
that the genotypes above, which exhibited lower
values of these measurements, were more
tolerant to drought stress. Furthermore, parental
wheat genotype Line Yr5 as well as the F;
crosses (Line Yr5 x Shandwell 1), (Line Yr5 x
Misr 4) and (Gemmeiza 11 x Sakha 95)
exhibited higher values of drought tolerance and
relative performance, also, Gemmeiza 11 and
Misr 4 as well as the F; crosses (Shandwell 1 x
Sids 14) and (Gemmeiza 11 x Misr 4) gave
greater values of mean productivity and
harmonic mean, indicating that previous
genotypes were more tolerant to drought stress,
whereas, the other wheat genotypes showed
various levels of tolerance to drought stress. In
this connection, Arifuzzaman et al. (2020), EI-
Rawy and Hassan (2021), Emam et al.,
(2022), Amzeri et al., (2024), Bakhet et al.,
(2024), Sallam et al., (2024) and Farhan et al.,
(2025), recorded varietal differences in respect
to drought stress tolerance measurements.

General and Specific Combining Ability

General combining ability effects for
earliness traits, yield, and yield attributes under
normal irrigation and drought stress conditions
are shown in Table 8. For the number of days to
heading and maturity, results show that (GCA)
effects were negative and significant for the
parental wheat genotypes Line Yr5 under both
conditions and Sids 14 under drought stress
conditions. These parents are effective
combiners and can enhance breeding programs
for earlier results. Also, negative and significant
GCA effects for plant height were obtained from
the parental wheat genotypes Gemmeiza 1land
Misr 4 under the two conditions, Sakha 95 under
normal irrigation conditions, and Line Yr5 under
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Table 7. Mean performance of stress sensitivity index, tolerance index, reduction %, mean
productivity, harmonic mean, drought tolerance and relative performance for 21 bread

wheat genotypes under normal irrigation and drought stress conditions.

Stress Tolerance Reduction Mean Harmonic Drought Relative
Genotypes ize(?eS)I(tE\S/g) index (TOL) % (R%) pr0((j|\|.j|cl;u)vny mean (HM) toI(eDrgrr)me perfa;rg])ance
Line Yr5 1.00 14.60 51.76 20.90 18.35 0.48 1.00
Shandwell 1 1.01 15.13 52.52 21.24 18.55 0.47 0.99
Gemmeiza 1 1.09 20.69 56.34 26.38 22.32 0.44 0.91
Misr 4 1.12 20.00 57.88 24.55 20.48 0.42 0.88
Sakha 95 1.13 16.15 58.60 19.48 16.14 0.41 0.86
Sids 14 1.06 17.49 54.91 23.11 19.80 0.45 0.94
Line Yr5 x Shandwell 1 0.75 10.12 39.08 20.84 19.61 0.61 1.27
Line Yr5 x Gemmeiza 1 0.81 12.43 41.85 23.48 21.84 0.58 1.21
Line Yr5 x Misr 4 0.74 9.51 38.13 20.19 19.07 0.62 1.29
Line Yr5 x Sakha 95 0.96 16.58 49.64 25.11 22.37 0.50 1.05
Line Yr5 x Sids 14 1.19 20.01 61.51 22.52 18.08 0.38 0.80
Shandwell 1 x Gemmeiza 1 0.97 20.04 50.07 30.00 26.66 0.50 1.04
Shandwell 1 x Misr 4 1.14 23.42 58.82 28.11 23.23 0.41 0.86
Shandwell 1 x Sakha 95 0.81 12.17 41.94 22.94 21.32 0.58 1.21
Shandwell 1 x Sids 14 1.12 28.99 58.03 35.46 29.53 0.42 0.87
Gemmeiza 1 x Misr 4 1.05 24.71 54.45 33.02 28.40 0.46 0.95
Gemmeiza 1 x Sakha 95 0.70 9.49 36.04 21.58 20.54 0.64 1.33
Gemmeiza 1 x Sids 14 1.04 19.01 53.82 25.82 22.32 0.46 0.96
Misr 4 x Sakha 95 1.04 20.56 53.78 27.95 24.17 0.46 0.96
Misr 4 x Sids 14 0.90 15.87 46.72 26.04 23.62 0.53 1.11
Sakha 95 x Sids 14 1.13 21.77 58.33 26.43 21.95 0.42 0.87

Table 8. General and specific combining ability effects of bread wheat genotypes for earliness
characters. yield and its attributes under normal irrigation and drought stress conditions

Days to heading Total chlorophyll

Days to maturity Plant height (cm)

Genotypes content (%)

Normal Stress Normal Stress Normal Stress Normal Stress

GCA
Line Yr5 -1.24**  -1.09** -0.91** -1.83** -1.79** -197** -0.29 -3.34**
Shandwell 1 -0.11 -0.13 0.03 0.46 0.95* 0.93* 4.67**  3.49**
Gemmeiza 1l 0.24 -0.15 -0.22 -0.52*  1.09* 1.37**  -1.89* -1.95*
Misr 4 1.37** 0.85* 0.79** 1.41** -0.76 -0.69 -2.62**  -2.56**
Sakha 95 0.43 1.53**  0.47* 1.17** 0.89 0.67 -1.77* 0.28
Sids 14 -0.70 -1.01**  -0.15 -0.70* -0.38 -0.31 1.90*  4.08**
LSD 5% (gi-gi) 0.52 0.64 0.42 0.57 1.01 0.87 1.36 1.36
LSD 1% (gi-gi) 0.70 0.86 0.56 0.76 1.35 1.16 181 1.82
SCA

Line Yr5 x Shandwell 1 -0.83 -0.40 -0.49 -0.53 0.94 2.17* -3.22 -4.86*
Line Yr5 x Gemmeiza 1 1.82* -0.05 0.09 0.78 -2.60*  -4.33** 0.34 -1.87
Line Yr5 x Misr 4 -0.65 -1.39 0.41 -1.15 0.45 2.26 -1.26 -1.26
Line Yr5 x Sakha 95 -0.37 -0.07 -0.27 0.09 1.66 2.43* 7.56** -2.33
Line Yr5 x Sids 14 0.09 1.47 0.69 1.30 2.04 0.51 1.22 7.54**
Shandwell 1xGemmeiza 1 0.03 -0.01 1.49*  4.15** 2.39 1.50 0.71 3.86*
Shandwell 1 x Misr 4 -0.77 0.32 0.14 1.90* -0.86 -2.88* 0.77 1.58
Shandwell 1 x Sakha 95 0.51 -1.03 0.46 -1.53* -0.48 0.12 -0.08 4.85*
Shandwell 1 x Sids 14 0.63 0.85 0.09 1.34 0.39 0.70 2.59 3.38*
Gemmeiza 1 x Misr 4 -0.12 0.67 0.06 -1.13 -0.10 1.92 1.99 -3.54*
Gemmeiza 1 x Sakha 95 0.15 1.99* 0.38 -0.89 0.81 -1.88 0.81 0.17
Gemmeiza 1 x Sids 14 -1.39*  -3.47**  -0.66 -2.01* -2.61 -0.93 -1.85 -0.18
Misr 4 x Sakha 95 0.35 -0.35 0.23 1.85* 2.36 1.55 0.54 7.90%*
Misr 4 x Sids 14 -0.52 -0.81 -0.48 1.06 3.33* 1.89 -3.12 -5.23*
Sakha 95 x Sids 14 -1.24 -0.82 -0.16 -0.03 1.55 2.07 -1.30 4.25*
LSD 5% (Sij-Sik) 1.39 1.70 1.11 151 2.67 2.30 3.59 3.60
LSD 1% (Sij-Ski) 1.85 2.26 1.48 2.02 3.57 3.07 4,79 4.45

*and** indicate significant at 0.05 and 0.01 levels of probability, respectively.
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Number of spikes Number of grains  1000- grain Grain yield plant?
Genotypes plant* spike? weight (g)

Normal Stress Normal Stress Normal Stress Normal  Stress

GCA
Line Yr5 -0.31* -0.14  -2.91** -152* -2.09** -1.80** -4.20** -1.07*
Shandwell 1 0.22* 0.02 0.16 1.82**  0.55 -0.19 0.73 0.47
Gemmeiza 1 -0.104  0.32** 2.73** 3.85** 1.44** 2,05** 1.71 1.19*%
Misr 4 0.32* 0.24* 1.76** 0.34 1.00* 1.12* 1.87 0.47
Sakha 95 -0.46**  -0.39** -2.80** -3.94** -252** -220** -214*  -0.88*
Sids 14 0.33* -0.04 106 -056 1.63** 1.03 2.04* -0.18
LSD 5% (gi-gi) 0.23 0.22 0.89 1.10 0.89 1.15 2.11 0.90
LSD 1% (gi-gi) 0.31 0.29 1.19 1.47 1.19 1.53 2.81 1.21
SCA

Line Yr5 x Shandwell 1 -0.45 -0.03 -3.75** 3.51* -0.58 0.98 -4.41 0.16
Line Yr5 x Gemmeiza 1 0.39 -0.13 2.17 1.01 2.25% 1.93 -1.59 0.92
Line Yr5 x Misr 4 -0.54 -0.58* -3.89** -7.95** -1.16 1.35 -6.50* -0.19
Line Yr5 x Sakha 95 0.29 0.33 1.07 -271* 0.72 0.98 5.96* 2.54*
Line Yr5 x Sids 14 0.16 -0.52 0.16 -6.74** 194  -3.26* 0.91 -2.46*
Shandwell 1 x Gemmeiza 1 0.41 0.11 2.58*  -0.58 -0.59  -3.25* 3.80 2.10
Shandwell 1 x Misr 4 0.02 -0.44 0.89 -7.09** 2.44* 1.39 3.44 -0.77
Shandwell 1 x Sakha 95 -0.19 -0.13 299 -351* 3.88** 258 -3.35 1.04
Shandwell 1 x Sids 14 0.71* 0.71* 7.06** 7.42** 4.41** 4.86** 13.40** 4.45**
Gemmeiza 1 x Misr 4 0.82* 0.73* 297 274 312 -0.04 8.01* 2.78*
Gemmeiza 1 x Sakha 95 0.31 -0.38  -3.09* -0.54 0.22 1.04 -7.04* 0.30
Gemmeiza 1 x Sids 14 -0.02 -0.74*  -142 -2.77*  0.78 0.38 -2.21 -0.93
Misr 4 x Sakha 95 0.15 0.34 -0.69  4.04* 0.86 0.59 471 1.85
Misr 4 x Sids 14 0.31 -0.01 1.72 1.10 2.36*  -1.07 -3.71 1.58
Sakha 95 x Sids 14 -0.10 -0.18 1.45 -2.00 0.63 0.85 3.63 0.38
LSD 5% (Sij-Sik) 0.61 0.57 2.36 291 2.35 3.03 5.58 2.39
LSD 5% (Sij-Ski) 0.81 0.76 3.15 3.88 3.14 4.05 7.45 2.95

*and**indicate significant at 0.05 and 0.01 levels of probability. respectively.

drought stress conditions.

While the parental

of thousand grain, positive and significant (GCA)

wheat genotypes Shandwell 1 and Gemmeiza 11
under both conditions were the best combiners
for chlorophyll content as they exhibited
positive and significant GCA effects for this
character, they could therefore be considered as
best combiners for this character. For the
number of spikes plant?, positive and highly
substantial GCA effects were registered by the
parental wheat genotypes Misr 4 under the two
conditions, Shandwell 1 and Sids 14 under
normal irrigation conditions, and Gemmeiza 11
under drought stress conditions. Positive and
significant GCA effects would be of interest for
the number of grains spike? in the parental
wheat genotypes Gemmeiza 11 under the two
conditions, Misr 4 and Sids 14, under normal
irrigation conditions, and Shandwell 1 under
drought stress conditions. Concerning the weight

effects have been shown by the parental wheat
genotype Gemmeiza 11 and Misr 4 under the
two conditions, and Sids 14 under normal
irrigation conditions. Moreover, for grain yield
Iplant, the results in Table (8) show that positive
and significant GCA effects were detected for
the parental wheat genotype Sids 14 under
normal irrigation condition and Gemmeiza 11
under drought stress conditions, these parental
genotypes were also positive and significant
GCA effects in one or more of yield
components: number of spikes plant?, number
of grains spike™ and weight of thousand grain.
Considering previous results, it could be
suggested that the foregoing parents are
considered as good combiners for improving
yield and its components. These results are
consistent with those published by Abo-Sapra
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et al. (2018), Salam et al. (2019), Kajla et al.
(2020), Gimenez et al. (2021), Kumawat et al.
(2023), Amzeri et al. (2024), Bakhet et al.
(2024), Fareed et al. (2024), El-Karamity et al.
(2025) and Farhan et al. (2025).

Regarding SCA effects for earliness characters,
yield and yield attributes under normal irrigation
and drought stress conditions (Table 8), negative
and significant SCA effects were detected by the
wheat cross (Gemmeiza 11 x Sids 14) under
both conditions for number of days to heading,
(Shandwell 1 x Sakha 95) and (Gemmeiza 11 x
Sids 14) under drought stress condition for
number of days to maturity. Furthermore, for
plant height, negative and significant SCA
effects were recorded by the wheat crosses (Line
Yr5 x Shandwell 1), (Gemmeiza 11 x Misr 4),
and (Misr 4 x Sids 14) under drought stress
conditions. Wherefore, the abovementioned
crosses are considered promising for varietal
improvement purposes for these characters.
While, positive and significant SCA effects have
been registered by the wheat cross (Misr 4 X
Sids 14) under normal irrigation condition in
addition to (Line Yr5 x Shandwell 1) and (Line
Yr5 x Sakha 95) under drought stress condition
for chlorophyll content; (Shandwell 1 x Sids 14)
and (Gemmeiza 11x Misr 4) under both conditions
for number of spikes plant?; (Shandwell 1 x
Sids 14) and (Gemmeiza 11 x Misr 4) under
both conditions, (Shandwell 1 x Gemmeiza 11)
and (Shandwell 1 x Sakha 95) under normal
irrigation condition, (Line Yr5 x Shandwell 1)
and (Misr 4 x Sakha 95) under drought stress
condition for number of grains spike?;
(Shandwell 1 x Sids 14) under both conditions,
(Line Yr5 x Gemmeiza 11), (Shandwell 1 x Misr
4) , (Shandwell 1 x Sakha 95), (Gemmeiza 11 x
Misr 4) and (Misr 4 x Sids 14) under normal
irrigation condition for weight of thousand grain
as well as (Line Yr5 x Sakha 95), (Shandwell 1
x Sids 14) and (Gemmeiza 11 x Misr 4) under
both conditions for grain yield plant®. These
crosses could be employed in breeding programs
to advance these characteristics in wheat.
Overall, the above crosses appear to be effective
F1 cross combinations for enhancing wheat grain
yield.

Generally, the SCA effects for grain yield
and yield components (Table 8) were positive
and significant, the F; crosses (Shandwell 1 x

Sids 14) and Gemmeiza 11 x Misr 4) under both
conditions detected positive and significant SCA
effects for grain yield/plant. Furthermore, the
abovementioned crosses are considered superior
F1 hybrids for being greater in one or more yield
components: number of spikes plant?, number
of grains spike and weight of thousand grain.

Mode of Gene Action, Genetic Ratios and
Heritability

Table 9 presents the genetic components of
variation and their derived parameters for
earliness traits, yield, and yield attributes under
normal irrigation and drought stress conditions.
The results indicated that both additive and
dominance (H: and H.) genetic components
were statistically significant for chlorophyll
content and number of spikes plant™ under both
conditions, number of grains spike™, and weight
of thousand grain under normal irrigation
conditions and plant height under drought
conditions, revealing the importance of both
additive and dominance gene action in the
genetics of these characters. Furthermore, the
results cleared that additive component was
significant for the number of days to heading
and maturity under both conditions, plant height
under normal irrigation conditions, and weight
of thousand grain under drought conditions,
reinforcing the importance of additive gene
action in the inheritance of these traits.
Furthermore, the dominance (H1 and H2)
genetic component was significant for grain
yield plant! under the two conditions and
number of grains spike® under the drought
condition, suggesting that exploiting dominance
gene action through hybridization is more
pronounced for improving these characters.

The results showed that, additive component
(D) was greater in magnitude than the
corresponding dominance (H: and H)) for
number of days to heading, maturity, and plant
height under normal irrigation condition,
resulting in (H/D)*° was less than unity,
indicating that the presence of partial dominance
and the improvement can occur through
individual phenotypic selection in early
generations for these traits. In this respect, the
additive genetic portion was the main type
controlling these characters (Ahmad et al.,
2020; Elmassry et al., 2020; Yadav et al., 2022;
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Table 9. Additive, dominance, genetic variances, and their derived parameters for earliness
characters, yield and its attributes in the studied bread wheat genotypes under normal
irrigation and drought stress conditions

Days to heading Total chlorophyll

Genetic parameters

Days to maturity

content (%)

Plant height (cm)

Normal Stress Normal Stress Normal Stress Normal Stress
D+S.E 3.58**  343* 1.39** 569** 8.41* 12.33** 39.47** 16.51*
+0.34 +1.22 +0.24 +1.83 +195 £2.27 +551 +5.32
H:+S.E 2.34 6.07 1.12 1251 16.13* 21.40* 29.38 98.97**
+0.87 +3.11 +0.60 +465 +496 +£5.77 £13.98 <£1351
H:+S.E 2.05 5.90 0.96 10.87 13.10* 17.44* 2455 76.38**
+0.78 +2.78 +0.54 +416 +4.43 +5.15 +1249 12.07
F+S.E 0.74 -0.79 0.18 0.78 6.79 11.66 1554 -13.92
+0.84 +2.99 +0.58 +4.48 +4.77 555 +13.45 <£13.00
h*S.E 0.59 1.23 0.50 3.90 12.40* 7.14 3.87 29.71*
+0.53 +1.87 +0.36 +2.80 +2.98 £3.47 +8.40 +8.12
E+S.E 0.38 0.39 0.17 0.32 1.15 0.86 1.89 1.83
+0.13 +0.46 +0.09 +0.69 +0.74 +0.86 +2.08 +2.01
Derived Parameters
[H1/ D]%® 0.81 1.33 0.90 1.48 1.39 1.32 0.86 2.45
H./ 4H; 0.22 0.24 0.21 0.22 0.20 0.20 0.21 0.19
h?/ H, 0.29 0.21 0.52 0.36 0.95 0.41 0.16 0.39
KD/ KR 1.29 0.84 1.16 1.10 1.82 2.12 1.59 0.71
T 63.46 53.97 62.66 51.82 34.46  30.69 64.17 55.88
*and**indicate significant at 0.05 and 0.01 levels of probability, respectively. Tm): Narrow sense heritability.
Table 9. Cont.
Number of spikes Number of grains 1000- grain  Grain yield plant?
Genetic parameters plant® spike! weight (9) )]
Normal Stress Normal Stress Normal Stress Normal Stress
D+S.E 0.41* 0.25* 16.95* 19.16 7.82* 17.64** 9.70 1.41
+0.09 +0.09 +5.45 +10.39 4254 +£2.93 £13.72 +1.58
H:+S.E 0.85* 0.75* 49.16* 89.14* 27.20* 19.15 149.02* 18.18*
+0.22 +0.24  +£13.83 +£26.37 +6.45 +7.43 +£34.83 +4.02
H.+S.E 0.67* 0.69* 37.37* 79.61* 25.06* 17.00 130.32* 16.62**
+0.20 +0.21 #1235 42356 +5.76 +6.63 +£31.11 +3.59
F+S.E 0.06 0.05 1.90 -5.51 -5.27 10.11 -6.44 -0.58
+0.22 +0.21  +£13.31 +£25.38 +6.20 +7.15 +£33.52 +3.87
h*+S.E 0.75** 0.09 15.37 29.32 67.82** 12.38 31.77 28.02**
+0.13 +0.13 8.31 +15.86 +3.88 +4.47 £20.94 +2.42
E+S.E 0.05 0.06 +0.78 1.23 1.23 1.26 4.33 0.90
+0.03 +0.04 +2.06 +3.93 +0.96 +1.11 +5.19 +0.60
Derived Parameters
[Hi/ D]%® 1.45 1.73 1.70 2.16 1.87 1.04 3.92 3.60
H./ 4H, 0.20 0.23 0.19 0.22 0.23 0.22 0.22 0.23
h?/ H, 1.12 0.14 0.41 0.37 2.71 0.73 0.24 1.69
KD /KR 111 1.12 1.07 0.87 0.69 1.76 0.84 0.89
T 54.07 36.63 57.00 44,73 50.40 46.76 32.06 25.96

*and** indicate significant at 0.05 and 0.01 levels of probability. respectively.

Tm): Narrow sense heritability.
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Darwish et al., 2024; Kaur et al., 2023). However,
the dominance genetic component had a greater
magnitude compared to the additive components
for total chlorophyll content., number of spikes
plant®, number of grains spike?, weight of
thousand grain and grain yield plant? under both
conditions as well as number of days to heading,
number of days to maturity and plant height
under drought stress condition, resulting in
average degree of dominance (H: /D)*° was
more than unity, confirming the significance of
over-dominance gene action in regulating these
traits. Therefore, the hybrid breeding method
could be used to improve these characters.
Feltaous (2020), Kaur et al. (2023) and kaur
and kumar (2024) emphasized the importance
of dominance genetic component in the
inheritance of these characters.

The (F value) was positive for number of days
to maturity, chlorophyll content and number of
spikes plant® under both conditions as well as
days to heading, plant height and number of
grains spike™ under normal irrigation condition,
indicating a higher frequency of dominant
alleles compared to recessive ones in the
parental populations, which was supported by
high value of KD/KR than unity for these traits.
Nevertheless, the F values were negative for
grain yield /plant under the both conditions as
well as number of days to heading, plant height
and number of grains spike® under drought
stress conditions, The analysis cleared that the
values of (F) indicated a higher prevalence of
recessive alleles in the parents for these traits,
supported by the KD/KR ratio, which was less
than one for previous traits.

The overall dominance effects of heterozygous
loci (h?) were positive and significant for total
chlorophyll content, number of spikes plant?,
weight of thousand grain under normal irrigation
conditions, and plant height and grain vyield
plant® under drought stress conditions. This
indicates that dominance was primarily due to
heterozygous loci and appeared to act positively.
Environmental variance (E) had an insignificant
effect on all studied characters under both
conditions.

The frequency of gene distribution in the
parents (H, /4H;) deviated from its theoretical
value (0.25) for plant height under drought

stress conditions and number of grains spike
under normal irrigation conditions, suggesting
asymmetric distribution of positive and negative
alleles among the parental population.
Nevertheless, H, /4H; ratio was around the
maximum value (0.25) for number of days to
heading, number of days to maturity,
chlorophyll content, number of spikes plant?,
weight of thousand grain and grain yield plant™
under both conditions, plant height under normal
irrigation condition as well as number of grains
spike! under drought stress condition, provide
evidence for symmetrical distribution of positive
and negative alleles among the parental
populations.

The ratio of additive genetic variance to the
total genetic variance, as indicated by heritability
in narrow sense (T,), was high for number of
days to heading, number of days to maturity,
and plant height under the two conditions, as
well as number of spikes plant?, number of
grains spike®, and thousand grain weight under
normal irrigation  conditions.  Therefore,
phenotypic selection could be used to enhance
these traits. In this context, high narrow-sense
heritability was recorded for these traits by
Wasaya et al. (2023), Amzeri et al. (2024) and
Darwish et al. (2024). Furthermore, it was
moderate for total chlorophyll content under
both conditions, grain yield plant? under normal
irrigation conditions, and number of spikes
plant?, number of grains spike?, and weight of
thousand grain under drought stress conditions.
At the same time, grain yield plant? was low
under drought stress conditions. Thus, selection
did not effectively enhance these traits in early
segregating generations. In this context, grain
yield per plant has been observed to have low
narrow-sense heritability Farhan et al., 2025).

Graphical Analysis

Figs. 1 and 2 illustrate Wr/Vr relationship for
earliness characters, yield and yield attributes
under normal irrigation and drought stress
conditions, respectively.

Under normal irrigation conditions, the
regression line cuts the Wr-axis below the point
of origin for total chlorophyll content and grain
yield plant®, showing the great role of over-
dominance gene action in genetic of these
characters suggests, that selection for desirable
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Fig. 1. Wr-Vr graph for different agronomic characters of parental bread wheat genotypes
under normal irrigation conditions. Py, Py, P3, P4 Ps and Ps indicate to bread wheat
genotypes i.e., Line Yr5, Shandwell 1, Gemmeiza 11, Misr 4 Sakha 95 and Sids 14,
respectively
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Fig. 2. Wr-Vr graph for different agronomic characters of parental bread wheat genotypes
under drought stress conditions. Pi, P2, Ps, P4, Ps and Pg indicate to bread wheat
genotypes i.e., Line Yr5, Shandwell 1, Gemmeiza 11, Misr 4 Sakha 95 and Sids 14,
respectively
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transgressive segregates would not be possible
through selection in the early generations.
Similar findings related to grain yield plant®
were reported by Darwish et al. (2024). But we
should also consider that the regression line cuts
the Wr-axis above the origin for number of days
to heading, number of days to maturity, plant
height, number of spikes plant?, number of
grains spike?, and weight of thousand grain,
showing an additive type of gene action with
partial dominance controlling the genetic
mechanism of these characters. The genetic
component supports these results, which
indicate that additive gene action is the
prevailing type in the genetics of these traits.
Similar results were reported by Ljubi¢i¢ et al.
(2017), Darwish et al. (2024), and Ali et al.
(2025). The pattern of distribution of wheat
parental genotypes along the regression lines
under normal irrigation conditions for all studied
characters (Fig.1) indicates that genotype
Shandwell 1 possessed the most recessive genes
for number of spikes plant™, number of grains
spike, weight of thousand grain, and grain
yield plant™. Moreover, Misr 4 for number of
days to heading; Gemmeiza 11 for chlorophyll
content; Sids 14 for plant height, and Shandwell
1 and Gemmeiza 11 for number of days to
maturity. However, Sids 14 for number of days
to heading and number of days to maturity had
the most dominant genes. Furthermore, Sakha
95 for chlorophyll content; Gemmeiza 11 and
Misr 4 for plant height; Gemmeiza 11 for weight
of thousand grain, as well as Line Yr5 and
Sakha 95 for number of spikes plant™, number
of grains spike?, and grain yield plant® all
possessed more dominant genes.

Under drought stress conditions, the
regression lines intercept Wr -axis below the
point of origin for total chlorophyll content and
grain yield plant. This denotes the appearance
of over-dominance gene action in the genetics of
these traits. While the regression lines intercept
Wr-axis above the point of the origin for number
of days to heading, number of days to maturity,
plant height, number of spikes plant?, number of
grains spike?, and weight of thousand grain,
display additive type of gene action with partial
dominance controlling the genetic mechanism of
these traits. Distribution of wheat parental
genotypes along the regression line presented

that, Line Yr5 and Shandwell 1 for number of
days to heading; Sakha 95 for total chlorophyll
content; Gemmeiza 11 for plant height; Line
Yr5 and Sakha 95 for number of spikes plant?;
Gemmeiza 11 and Sakha 95 for number of
grains spike™; Misr 4 for weight of thousand
grain as well as Line Yr5 for number of days to
maturity and grain yield plant? possessed the
most dominant genes for these traits. While
Gemmeiza 11 for number of days to heading,
chlorophyll content, and number of spikes plant’
- Shandwell 1 for number of days to maturity;
Sakha 95 for plant height; Line Yr5 for number
of grains spike?, as well as Shandwell 1 and
Sids 14 for weight of thousand grain and grain
yield plant?, displayed the most recessive genes
for these traits.

Conclusion

Generally, for mean squares due to genotypes,
parents, crosses, parents vs. crosses as well as
general and specific combining abilities, were
highly significant for most studied characters
under both conditions. Furthermore, the most
promising wheat genotypes for grain yield were
Gemmeiza 11 and Misr 4, as well as their F;
cross (Gemmeiza 11 x Misr 4), along with
(Shandwell 1 x Sids 14) under both conditions,
these genotypes were also superior in one or
more of yield components i.e., number of spikes
plant?, number of grains spike?® and weight of
thousand grain. Also, the genotypes Line Yr5 as
well as the F; crosses (Line Yr5 x Shandwell 1),
(Line Yr5 x Misr 4) and (Gemmeiza 11 x Sakha
95) were more tolerant in respect to drought
stress tolerance measurements. So, it could be
recommended in breeding wheat programs to
produce promising new genotypes.
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