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Abstract

The present investigation was carried out at El-Mattana Agricultural Research Station, Agricultural Research Center,
Egypt, during the seasons 2017/2018 and 2018/2019. Seven diverse cultivars of wheat (Triticum aestivum L.)
namely, Gemmeiza 11, Misr 1, Sids12, Giza 171, Sakha 93, Shandaweel 1 and Sids13 and their 21 F1 hybrids were
sown in two sowing dates to study the effect of heat stress on gene action of yield and its components i.e. number of
spikes/ plant, biological yield/plant, number of grains/spike, grain yield/plant, 1000-grain weight, harvest index and
straw yield /plant under both conditions. The differences among genotypes, parents, crosses, and parents versus
crosses were highly significant under both conditions for most studied traits. Highly significant differences due to
general (GCA) and specific (SCA) combining abilities were detected for all assessed traits in both environments as
well as the combined analysis. GCA/SCA estimates were less than unity in most of the study traits in each
environment and combined analysis. Results showed that both additive and non-additive types of gene effects were
affected by planting date conditions. Five parents (Ps, P4, P7, P1and Ps) gave highly significant positive GCA effects
for biological yield /plant, number of grains/spike and harvest index traits under both conditions. Six crosses P1 x Ps,
P1x Ps, P1x P7, P3x P4, P3x Ps and Ps x Pg had highly significant SCA effects under both conditions. The estimates
of heterosis showed that there were positive and significant or highly significant heterotic effects over better parent
under normal and late sowing dates in all studied traits and were recorded for no. of spikes/plant (6 and 17 crosses),
biological yield/plant (7 and 21 crosses), no of grains/spike (6 and 6 crosses), harvest index (8 and 3crosses) and
straw yield/plant (7 and 19 crosses) respectively. Four crosses (P2 x Ps), (P4 % Ps), (P4 % Pg) and (P4 x P7) including
Giza 171 (P4) have heat susceptibility index (HSI) values less than unity. This indicates that the tolerant parent (P4)
transmitted its genes controlling tolerance to heat stress to its hybrids. Such results cleared that high-temperature
stress caused a reduction for all studied traits.
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1. Introduction

Wheat (Triticum aestivum L.) is one of
the important strategic crops all over the
world, and in Egypt. In Egypt all people
approximately depend on wheat in their
food. Despite the importance of wheat,
the national production is not sufficient to
meet the local demand due to the high
increase in population, especially in the
recent years. The cultivated area of wheat
in Egypt is about 1.37 million hectares
with a production of approximately 9.2
million tons as in (FAO, 2019). Although,
the importance of wheat for the food
security of Egyptian people, the local
production that reached to 9 million tons
produced from 1370235 ha is not
sufficient (FAO, 2020). Delaying sowing
date exposes the wheat crop to high
temperature in the end of growing
duration. This could expose the wheat
crop to some damages. Igbal et al. (2017)
confirmed that wheat cultivars that can
with stand abiotic stresses particularly
terminal heat tolerance will be able to
fulfill the food demand in coming years.
Therefore, development of new improved

wheat cultivars with  high genetic
potential for yield under stress
environment has become a major

objective in wheat breeding programs.
Many studies were carried out and
confirmed the adverse effects of late
sowing on vyield and, Singh and Pal
(2003) emphasized that sowing date is
playing an important role among various
agronomic factors, which influencing the
quality and yield of wheat. Sowing date is
one of the most important factors that
govern the crop phonological
development and efficient conversion of

biomass into economic yield. Normal
sowing date has longer growth during
which  consequently  provides an
opportunity to accumulate more biomass
as compared to late sowing, hence
manifested in higher grain and biological
yields. Tolba (2000) reported that high
temperature  stress is a  major
environmental factor that limits yield in
wheat. Every 1°C increase over a mean
temperature of 23°C reduces wheat yield
by 10%. Zhongfu et al. (2014) showed
that delay in planting usually decreases
individual plant growth and tillering
potential and reduction in grain yield of
wheat due to reduction in number of
spikes/unit area, number of fertile
spikes/plant and number of grains/spike.
Wollenweber et al. (2003) reported that
high temperature stress caused reduction
in grain weight. Wiegard and Cuellar
(1981) mentioned that the period of grain
filling of wheat decreases by three days
with an increase of 1.0 C° in mean daily
air temperature during grain filling.
Therefore, more breeding efforts are
required to improve new high yielding
cultivars resistant/and or tolerant to heat
stress. The study of combining ability and
identification of gene action such as
additive, dominance and epistatic effects
are very important for the choice of the
parents for any breeding program. Also,
the magnitude of genetic variability for
the different studied traits are very useful
to identify the best progenies in the
breeding program. Kumar et al. (2017)
reported that knowledge of general and
specific combining ability along with the
mode of gene action in the available
breeding materials are very important to
start the effective wheat breeding
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program. The main objectives of the study
were: to determine the combining ability
and heterosis in bread wheat genotypes
under normal and late sowing dates, and
to identify the best combiners and its
combinations under heat stress conditions.

2. Materials and methods

2.1 Experimental site and treatments
description

The present investigation was carried out
at EIl-Mattana Agricultural Research
Station, Agricultural Research Center,
Egypt, during 2017/2018 and 2018/2019
seasons. Seven varied bread wheat

(Triticum aestivum L.) genotypes were
used as parental lines in this study, their
pedigree and origin are given in Table

(1.
2.2 Hybridization and field procedure

In 2017/2018 season, the seven parents
were sown on three different dates, 15"
November 25" November and 5%
December, to avoid differences in
flowering time, and to secure enough
hybrid seed. Hybridization was made by
hand for at least 25 spikes for each cross
after 2-4 days from hand emasculation.
All possible crosses among parents,
excluding reciprocals were made.

Table (1): Pedigree and origin of the seven parental genotypes used in the present

investigation.

Name

Pedigree Origin

Gemmeiza 11 (P1)

BOW"S"/KVZ"S"/[7C/SERI82/3/G1ZA168/SAKHA61.CGM7892-2GM—1GM-2GM-1GMOGM

Egypt

Masr 1 (P2)

OASIS/SKAUZ//4*BCN/3/2*PASTOR

Egypt

Sids 12 (Ps)

BUC//7C/ALD/5/MAYAT74/0N//1160-147/3/BB/GLL/4/ CHAT "S" /6/MAYA/NVUL//ICMHT74A.630/4*SX, SD7096-

4SD- LSD-0SD Egypt

Giza 171 (P2)

SAKHA 93/ GEMMEIZA 9 S.6-1GZ-4GZ-1GZ-2GZ-0S

Egypt

Sakha 93(Ps)

SAKHA 92/TR 810328:

Egypt

Shandaweel 1 (Ps)

SITE//IMO/4/NAC/TH.AC//3*PVN/3/MIRLO/BUC

Egypt

Sids 13 (P))

ALMAZ-19=KAUZ "S" // TSI/SNB "S" ICW94-0375-4AP-2AP-030AP-0APS-3AP-0APS-050AP-0AP-0SD

Egypt

In the season of 2018/2019, hundred
eighty grains of each of the 7 parents and
the twenty-one F1 hybrids were grown in
two sowing dates i.e., 20" November
(normal sowing date) and 20" December
(late sowing date). The experiment was
designed in a randomized complete block
design with three replications. Each of
the parents and Fi; hybrids were
represented by one row per block. The
plants were grown in three-meter-long
rows, spaced 30 cm apart and plants
spaced 10 cm between plants within

rows, within each row. The
recommended agricultural practices were
applied from sowing to harvest. The
following characteristics were measured
on 10 guarded plants from the parents
and F1 hybrids in each plot in the two
planting dates.

2.3 Data collected for yield and its
components

The following characters were recorded
on plot basis for each of the parents and
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their 21 F1 hybrids i.e. number of spikes/
plant (NS/P) was calculated by counting
the number of effective or fertile tillers
for spikes/plant, Biological yield/plant
(BY/P, g) was determined by the total
biomass produced of the plant during the
season (excluding the roots),number of
grains/spike (NG/S) was estimated by
counting the number of grains per spike
as average of 10 random spikes, grain
yield/plant (GY/P, @) average grain
weight of individual guarded plants after
sun dried then were weighted at 13%
moisture,1000-grain weight (GW, g), the
weight of  1000-grains of each
sample/plot, harvest index (HI, %), was
estimated as the ratio between grain yield
per plant (economic) and biological yield
per plant i.e., total biomass (excluding
the roots) as the following formula:
harvest index = (grain yield per plant /
biological yield per plant)x100 and straw
yield /plant (SY/P, g), was estimated by
the difference between the biological
yield /plant and grain yield /plant.

2.4 Statistical analysis

Statistical analysis was made on plot
mean basis.

2.4.1 Combining ability analysis

Estimates of general and specific
combining ability variances and their
effects were calculated using the ordinary
method for analysis of variance in a
randomized block design. If the

differences between genotypes were
significant, further analysis for general
and specific combining ability were
made according to Griffing (1956),
Method 2, Model 1 (Fixed effects for the
parents), the degrees of freedom and
expectation of mean squares for general
and specific combining ability for one
date and combined over two dates are
presented in Table (2).

Where, d, r, g and p are number of dates,
replications, genotypes and parents,
respectively.

Estimates of the combining abilities are
obtained as follows:

GCAss=1/ (n+2) [ (Yi.+Yii)? - (4/n)Y.?]
SCAg=YsiYij? - 1/n + 23i(Yi+Yii)? + 2/(n+1) (n+2) Y.
The general (gi) and specific (sij)

combining ability effects were computed
for each parent and cross as follows:

gi = 1/n+2 [ X(Yi+Yii) -2/nY.]

sij=Yij-1/n+2[Yi+Yii+Yj+Yjj]+[2/(n+1) (n+2)]Y..

Standard error of estimates of
components and effects for Fi's were
computed as follows:

S.E. (gi) = [(n-1) 6% /n (n+2)] %

S.E. (gi-gj) = [2 0% / (n+2)] %

S.E. (sij) = [(n®*+n +2) 6% / (n+1) (n+2)] %

S.E. (sij-sik) = [2(n+1) 0% / (n+2)] %

S.E. (sij-skl) = [2n 6% / (n+2)] %
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Table (2): Analysis of variance for the seven parents and their 21 F; crosses as
well as expected mean (E.M.S) squares according to Griffing (1956), Method 11,

Model I.
S.0.V [D.F [ MS[EMS
One date
Reps (R) (rr-1)=2
Genotypes (G) | (g-1) =27
Parents (P) (P-1)=6
Crosses (C) {P(P-1)/2}-1=20
P. vs. C. =1 Mg | % +(P+2) (1/P-1)Y g2
GCA (P-1)=6 Ms | o% +{2/P(P-1)} 3 ¥jS%
SCA {P(P-1)/2} = 21 Me | o%
Pooled error (r-1) (g-1) =54
Over dates
Dates (D) (d-1)=1
Reps/Dates d(r-1) =4
Genotypes (G) | (g-1) =27
Parents (P) (P-1)=6
Crosses (C) {P(P-1)/2}-1=20 Mg | o% + 1> Sd?ija +rd (2/n(n-2) > s%; + 1Y g di +rd (n+2) (1/n-1)> g
P.vs. C. =1
GCA (p-1)=6 0% + 1rY'Sd?jjg + rd (2/n(n-2) ¥ s?%j
SCA {P(P-1)/2} = 21 Ms
GxD (g-1) (d-1) =26
PxD (P-1) (d-1)=6 0% + 1> gid
CxD {P(P-1)/2-1} (d-1) = 20 6% +1).Sd? ija
GCAxD (P-1) (d-1)=6 Mgd | o%
SCA x D {P(P-1)/2} (d-1) =21 Msd
Pooled error d(r-1) (g-1) = 108 Me

L.S.D. = S5 x ta. Sz for mid-parent = [3 Mse/2r]*%, Sz for better parent = [2 Mse/r]*. t = tabulated value at the degree
of freedom for the error. Mse = Mean squares for error or pooled error. r = number of replications.

2.4.2 Heterosis for better parent

Heterosis was calculated as a deviation of
percentage of F1 mean from the mean of
higher parent according to following
formula:

Heterosis (B.P) = [(F1 - B.P.) / B.P.] X 100

F1 =Mean performance of Fi cross.
B.P.=Mean performance of the better
parent. Significance of heterosis: L.S.D.
(least significant differences) was used to
test the significance of heterosis.

2.4.3 Calculation of heat susceptibility
index (HSI)

Heat susceptibility index (HSI) was
calculated according to the method of

Fisher and Maurer (1978) as follows:
HSI=(1-Yd /Yp)/SI

Where, Yd = Mean vyield in stress
environment. Yp = Mean yield in non-
stress environment. Sl= Environmental
stress intensity. SI= 1- (Mean of Yd for
all genotypes in stress / Means of Yp for
all genotypes in non-stress
environments).

2.4.4 Meteorological data

As shown in Table (3), meteorological
data i.e, monthly temperature (C°) and
relative humidity (%) at Mattana
agricultural experimental station from
two planting dates which were on 20%
November (normal sowing date) and 20"
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December (late sowing date) to data is the Egyptian Ministry of
physiological maturity date, during Agriculture and Land Reclamation;
winter season 2018/2019. Source of these  Agricultural Research Center (ARC).

Table (3): Monthly maximum, minimum and daily mean temperature (C°) and
relative humidity (%) at Mattana agricultural experimental station, during winter
season 2018/2019.

Season Temperature (C°) . -
Month Day Maximum Minimum Daily mean i)
November 22-30 24.3 13.1 18.7 42.78
Average 24.3 13.1 18.7 42.78
1-10 23.3 11.0 17.2 49.1
December 11-20 23.2 8.7 16.0 49.00
21-31 21.7 8.9 15.3 53.36
Average 22.7 9.5 16.1 50.49
1-10 20.1 6.4 13.3 44.80
January 11-20 18.7 6.2 125 40.00
21-31 19.5 4.7 12.1 40.55
Average 19.4 5.8 16.6 41.78
1-10 23.4 7.7 15.6 37.9
February 11-20 24.5 10.5 175 38.6
21-28 195 7.6 13.6 33.75
Average 22.5 8.6 15.5 36.75
1-10 24.5 9.4 17.0 32.50
March 11-20 28.0 11.9 20.0 27.40
21-31 28.0 145 213 24.18
Average 26.8 11.9 19.4 28.03
1-10 30.9 15.8 23.4 34.20
April 11-20 32.1 16.5 24.3 30.25
21-30 34.9 18.1 26.5 23.40
Average 32.6 16.8 24.7 29.28
1-10 37.61 22.89 30.25 24.82
May 11-20 38.11 23.10 30.58 23.36
21-31 44.14 26.36 35.24 23.10
Average 39.95 24.12 32.02 23.76

Source : Meteorological Authority at EI-Mattanaa, Luxor governorate, Egypt.

significant except (P vs C) for NS/P in
normal sowing date and crosses and (P vs
C) for HI in late sowing date only,

3. Results and discussion

3.1 Analysis of variance and mean

performance

Analysis of variance for yield and its
components i.e., number of spikes/plant
(NS/P), biological yield/plant (BY/P, g),
number of grains/spike (NG/S), grain
yield/plant (GY/P, g), 1000-grain weight
(GW, g), harvest index (HI, %) and straw
yield/plant (SY/P, g) of the 7x7 half
dialell cross are presented in Table (4).
The results showed that were highly

confirming the presence of differences
among the varied genotypes and their Fy
hybrids and ranked differently in the two
sowing date treatments. Variances of
both GCA and SCA were also highly
significant for all studied traits in both
separate and combined analysis, except
GCA for HI in late sowing date,
indicating both additive and non-additive
gene action controlled in the inheritance
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of all traits. The o> GCA / 6® SCA ratio
was less than unity for most cases
including both separate and combined for
all studied traits, except for GW trait
which was more than unity in both two
sowing dates and combined. These
results showed that the largest part of the
total genetic variance due to non-additive
gene action effect than additive. Baker
(1978) stated that if the ratio of 6> GCA /
o SCA equal one or more, parents of
high  performance transmit  their
characteristics to their hybrids. If this
ratio is less than unity, the performance
of the hybrids could not be predicted.
Results in Table (4) showed that the
mean squares of dates and genotypes x
dates were significant or highly
significant, indicating differential
response of genotypes from date to
another. Variances of the interaction
between dates and both types of
combining abilities were significant or
highly significant for all studied traits
revealing that the magnitude of all types
of gene action effects and varied from
date to another. The results indicated that
the ratio of (GCA x Dates / GCA) was
higher than (SCA x Dates / SCA) for
NS/P and BY/P, while the ratio of (SCA
x Dates / SCA) was higher than (GCA x
Dates / GCA) for both NG/S and G Y/P,
but both ratios were equal (= 0.50) for
GW , HI and SY/P, confirming that both
additive and non-additive type of gene
effects were affected by sowing date
conditions. Gilbert (1958) reported that

the specific combining ability was more
sensitive to environmental changes than
general combining ability. Concerning
the means of yield and its components
traits for the seven parental varieties and
their 21 F1-hybrids under normal and late
sowing dates are presented in Table (5).
For NS/P, the parental average was 11.29
in the normal sowing date and reduced to
5.57 under late sowing date (heat stress
conditions), indicating 50.66% reduction
in NS/P. The average NS/ P of the F;-
hybrids decreased from 11.40 in the
normal sowing date to 6.89 under heat
stress  condition  making  39.56%
reduction in NS/P. In the two sowing
dates, however, the variety Sakha 93 (Ps)
was the best in NS/P (15 and 6) under
normal and late sowing dates,
respectively. Whereas the variety Sids 12
(P3) displayed the lowest N S/P (9.67 and
5.0) under normal and late sowing dates,
respectively. The average of BY/P of the
hybrids decreased from 77.54 in the
normal environment to 42.06 in the late
sowing dates, demonstrating 45.76
reduction in the BY/P. Also, the variety
Sakha 93(Ps) was the highest in BY/P
(95.33 and 33.33) under normal and late
sowing dates, respectively. Shandaweel 1
(Ps) was the lowest performance for the
BY/P (68.17 and 28.67) in both normal
and late sowing dates, respectively.
Regarding the average NG/S of the F1
hybrids decreased from 68.02 in the
normal environment to 58.51 in the
stressed environment.
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Table (4): Mean squares of the studied traits under normal (N), late (L) sowing dates and their combined of 7 bread wheat varieties and their 21 F; hybrids during 2018/2019

season.
M.S
LAY DF | Number of spikes/plant Biological yield/plant Number of grains/spike Grain yield plant 1000-prain weight Harvest index Straw vield!
L [Comb. | N L Comb. N L Comb. | N L Comb. | N L Comb. | N L |Combh.| N L

Rep 0.62 1588 | 24 608 | 123 023 | 030 3819 | 756 0.9 | 059 1274 | 146
Genotypes 3347|6037 [108.3%* | 75.02%* | 163.8%% | 1252 | T138** | 103.8%* | 18.86** | 7.03** | 18.73%* | 56.01* | 58.30°% | §8.86* |15.56*% | 7.36%* | 12.65°% | 133.6%% | 30.73** | 02.4(**
Parents 2487 387.9%* | 1775%= 1114 |48.64** 4.53% | 260* 0147 | 120.9** 21.20% | 11,03 3184 | 1471%

Crosses 301 131.0% | 41.69% 1354%* | 5051%* 16.21% | 3.20% 40.01% |3031= 1207 | 319 §135%= | 13.80%
Parentsvs Crosses | 1 | 019 | 1407* 406.7%* | 1085 4.00%* [4506%* | —— [1570%* | 10B.4** 183.6%% | 47,9 0.9+ | 8467 69.80** | 508.5**

GCA 6 | 2017%F | 305 |GRITH | 473.4%F | 5034 |3DLSI | 27004 | 40447 | 120 05%* | 3350+ | 407* 187.0%% |175.7% | 20279%* | 42.69%* | 470 |27.00% | 356.4** | 28.10*= | 235.04**
SCA 213047 (3307 10957 | 119.7% | §2.08%* | 132.53* | BL26* | B0A48** | T048%* | 1467 | 1.87** 3091 | 25.03** | 30.53* BII™F | 8277 | §0.96* |43.06*% | 51.33**
Error M7 0 320 | 1M 1210 | 388 130 | 082 §38 | 1055 183 260 | 334

Dates 1 071.5% 5290.2%+ 408095 202885 205 9% 265194
Rep. (dates) 4 0.67 10.69* 0.60 3304+ 1.09 6.97*
Genotypes x Dates | 2 438 100.5%* 76.20% 2635+ 10.27% 80.93+=
GCA * Dates 6 0.25%* 174.7% §g.22%= 146.6% 13.96* 1807
SCA x Dates 3540 41.35% 15.28% 414 25.68%
Error (Comb.) 108 0.95 iEl 48 a19 2) 248
o GCA/g?5CA 087 | 027 | 084 | 063 15 035 0.4 174 |t | 1 017 | 040 0.52
GCA « Dates /GCA | - 0.13 0.54 039 3.04 030 0.50 0.50
SCA x Dates / SCA 010 042 0.2 1032 030 0.50 0.50
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The Shandaweel 1 (Ps) was the highest in
NG/S (71.33 and 61.00) under normal
and late sowing dates, respectively.
Meanwhile, the Sakha 93 (Ps) was the
lowest one for NG/S (62.67 and 48.00)
under normal and late sowing dates,
respectively. Concerning GY/P, the
parental average reached 17.67 in the
optimum sowing date but was reduced to
9.52 g. under late sowing dates,
indicating 46.12% reduction in GY/P.
The average GY/P of the F1 hybrids
decreased from 20.63 under normal
sowing date down to 12.14 under late
sowing dates with 41.15% reduction in
GY/P. The average 1000-grain weight
(GW, g.) of parental varieties reached
58.48g under normal sowing date and
down to 50.37 in late sowing date,
13.87% average reduction in 1000-GW.
Also, Sids 12 (P3) was the heaviest for
GW (66.83 and 54.29) under normal and
late sowing dates, respectively. Whereas
the parent variety Sids 13 (P7) was the
lightest in GW (53.23 and 42.77) under
both normal and late sowing dates,
respectively. The average of GW of the
F1-hybrids decreased from 61.67 in the
normal sowing date down to 54.55g in
late sowing dates with 11.55% reduction
in GW. For HI trait, the parental average
reached to 28.10g. in the normal sowing
date but was reduced to 24.66 in late
sowing date with 12.24% reduction in
HI. The variety Shandaweel 1 (Ps) was
the great grain size among the set of
parents, while the cultivar Sakha 93 (Ps)

was the lowest parent (29.and 21.37) in
the normal and late sowing dates,
respectively. The average HI of the F1
hybrids decreased from 28.84 in the
optimum environment down to 26.45 in
late sowing dates with reduction 8.29%.
For the average SY/P, the parental
variety reached to 54.81g. in optimum
sowing date but was reduced to 24.24g.
in late sowing dates with reduction
55.77%. Meanwhile, the cultivar Sakha
93 (Ps) was the highest in SY/P (75.00
and 23.53) under normal and stressed
conditions, respectively. The cultivar
Shandaweel 1 (Ps) displayed the lowest
performance for SY/P (52.17 and 19.63)
under normal and late sowing dates,
respectively. The average SY/P of the
F1-hybrids decreased from 56.91 in the
normal sowing date down to 29.92 under
stress environment making 47.43%
reduction in SY/P. Such reduction under
heat stress conditions agree with those
reported by Rao et al. (1980) stated that
late sowing have a high day temperature
during the grain filling stage, it could be
responsible for low yield, as it adversely
affect the number of grains and grain
weight. These results are in line with
those obtained by Motawea (2006),
Ahmed et al. (2009), Hassan (2015),
Hassan (2016), Shrief et al. (2017),
Ahmed et al. (2017), Jaiswal et al.
(2017), Asmaa et al. (2018), Sharma et
al. (2019) and Ali et al (2020), while
Moshref (1996) cleared that sowing date
did not affect number of grains/spike.
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Table (5): Mean performance of the parental varieties and their Fi-hybrids grown under normal (N) and (L) sowing dates and their combined (Comb.) and reduction (Red. %) for the

studied traits during 2018/2019 season.

Parents & Crosses Number of spikes/plant Biological yield/plant Number of grains/spike Grain yield/plant 1000-grain weight Harvest index Straw yield /plant
N L | Comb. |Red% |N L Comb. |Red% |N L Comb. |Red % [N L Comb. |Red% [N L Comb. |Red% |N L Comb. |Red% |N L Comb. | Red.%
10.00 [6.00 | 8.00 40.00 ]63.33 [35.67 [49.3 43.68 | 64.00 [ 5433 |50.17 1501 1833 |10.00 | 14.17 [4544 |61.00 |48.01 |5451 |21.30 |28.87 |28.17 [28.52 [242 45.00 |25.67 [35.34 |42.96
12.67 [5.67 | 9.17 5525 [76.87 |35.00 | 5594 |5447 |65.33 [51.00 | 5817 |21.93 16.67 | 8.67 |12.67 [48.00 |56.03 |52.03 |5403 |7.14 2467 |21.66 |23.17 [12.20 |60.20 |26.33 [43.27 |56.26
067 | 500|734 4820 |67.00 [35.00 |51.00 |4776 |63.67 | 5467 | 5017 |1414 16.90 | 1033 | 13.62 [3888 |66.83 | 5420 |60.56 |1876 |2020 |2517 [2719 [1380 |5011 [24.67 | 3730 |5077
033 533 1733 [42.87 [74.03 3533 |54.68 |5228 |68.67 |53.00 |60.84 2280 |19.03 |10.67 |14.85 [43.93 |62.77 [54.01 |58.39 [13.96 |30.00 |25.88 [27.94 |13.73 |55.00 |24.67 | 30.84 | 60.66
1533 | 6.00 | 10.67 | 60.86 [95.33 |33.33 | 6433 |65.04 |62.67 [48.00 | 5534 2341 2037 |9.81 [15.00 [51.84 |58.60 |52.11 |55.36 |11.10 |20.00 |21.37 [25.19 [2631 |75.00 |23.53 |40.27 | 68.63
10.00 [5.33 | 7.67 46.70 |68.17 [28.67 (4842 |5794 |71.33 | 6100 |66.17 | 1448 16.00 19.02 1251 [43.63 |350.91 [4940 |50.16 |2.97 3133 |23.55 |2744 2483 |52.17 |19.63 [35.90 |62.37
12.00 [5.67 |8.84 5275 [62.50 | 3333 | 4792 | 4667 |66.00 [52.00 |59.00 |2121 1637 | 813 1225 [5034 [5323 |4277 4800 |1065 |2600 |2433 [2521 |675 46.17 |2520 [3584 |4542
Parent mean 1129 | 557 | 843 |50.66 |7246 |33.76 | 53.11 |5341 |67.24 |5343 |6034 |2054 |17.67 [9.52 |13.60 5848 5037 | 5443 |13.87 |28.10 |24.66 [26.38 |1224 |54.81 |24.24 |3053 5597
PixPs 12.00 | 8.00 | 10.00 |3333 |73.00 |41.00 |57.00 |43.84 |58.67 [56.00 |57.34 [455 18.73 | 12.67 [15.70 64.63 [53.75 |50.10 |16.83 |30.67 |25.67 [28.17 |1631 |54.27 |2833 |41.30 4780
P1xP3 1133 [7.33 | 933 3530 [82.67 |41.00 | 61.84 |5041 |64.00 [53.67 |58.84 |16.14 |23.00 | 1167 [17.34 65.97 | 59.97 162.97 |9.10 2833 |27.70 | 28.02 222 50.67 [29.33 | 44.50 | 5085
P1#Psg 10.67 [5.67 | 8.17 4686 |73.33 [3733 5533 |49.10 |64.67 |53.33 | 5000 |17.54 |21.67 [11.00 |16.34 64.03 | 6343 |63.73 | 0.94 2047 2033 | 2040 |048 51.67 [26.33 | 30.00 |49.04
P1xPs 1333 [6.67 |10.00 [4906 |8333 [47.00 | 6517 |43.60 |64.67 |5600 [6034 |1341 [24.00 |14.00 |10.00 6187 | 53.80 | 5783 |13.04 |2067 | 2833 |2000 |452 5033 [33.00 | 4617 4438
P1xPs 13.67 | 6.00 |9.84 | 5611 |86.57 |38.67 | 62.62 |5533 |64.33 [55.67 |60.00 [1346 |2523 | 1133 |18.28 5047 5240 |55.98 |11.74 2933 |28.83 [20.08 |170 |61.33 |2733 | 4433 554
PixP; 14.00 | 6.67 | 1034 |52.36 |82.00 |41.67 | 61.84 [49.18 |72.00 |58.00 |65.00 |10.44 2333 [1233 |1783 56.83 [50.50 |53.71 [1098 30.00 |28.23 (2012 |500 |58.67 |20.33 |44.00 |50.01
P1xPs 10.00 [5.67 | 7.84 4330 | 72.67 [41.67 [57.07 |42.66 | 57.67 |36.67 |57.17 |1.03 18.03 |12.00 | 15.02 66.13 | 5471 | 6042 | 1727 |28.67 | 24.67 |26.67 |13.95 |54.63 |20.33 [41.98 |4631
P1xPs 1033 [7.33 |18.83 2004 7533 [3633 5583 |51.97 |62.67 |62.00 |62.34 |1.10 1843 | 10.67 | 14.55 61.67 | 54.33 |58.00 |11.90 |2033 |2433 |26.83 |17.05 |356.90 |25.67 [4129 |54.89
P1xPs 13.00 | 6.33 [9.67 | 5131 [79.33 |45.67 |62.5 |4243 |62.33 |60.33 |61.33 |3.21 21.63 1333 1748 6050 {3331 | 5691 |11.88 |29.00 |27.23 (2812 |6.10 [57.70 |32.33 |45.02 4397
P2xPs 11.00 | 6.00 |85 4545|7833 [38.33 | 5833 [51.10 |74.67 |50.67 | 62.67 |32.14 | 1647 | 11.67 |14.07 56.83 [51.01 |53.92 1024 |30.00 |21.00 [25.50 |30.00 |61.87 |26.67 |44.27 |56.89
PaxPr 12.00 [6.67 | 934 4442 (7177 [4233 |57.05 | 41.02 | 78.33 | 6L.00 | 69.67 |22.12 19.17 |12.67 | 13.92 56.47 | 51.17 |53.82 |9.3% 30.00 | 26.33 |28.17 |12.23 |52.60 |30.00 [41.30 |42.97
Pi %Py 10.00 [5.00 |7.5 50.00 [79.00 | 42.00 | 60.50 |46.84 |66.00 [53.33 |59.67 |1920 |22.00 |12.00 [17.00 64.57 | 63.07 | 63.82 232 28.67 |27.60 |28.14 |33 57.00 [30.00 | 43.50 | 4737
Py xPs 10.67 | 6.67 | 8.67 3749 [85.00 | 4333 | 6417 |4902 |73.00 [66.00 | 69.50 |959 20.80 [ 1233 | 1657 6363 | 5526 | 5045 1315 | 2833 | 2433 |2633 1412 | 6420 |31.10 [4765 |5156
PixPs 1033 | 6.67 |8.50 3543 |74.33 |43.00 | 58.67 |42.15 |79.33 |58.67 |69.00 |26.04 | 1833 | 1133 |14.83 62.57 [358.62 | 60.60 | 631 12633 |24.53 [2543 |6.84 | 56.00 |31.67 |43.84 4345
PixP; 10.67 | 7.33 |0.00 3130 [74.17 |36.33 | 5525 |51.00 |76.00 |53.67 |64.84 |2038 | 19.67 | 10.33 |15.00 61.00 | 54.67 |58.20 |11.68 |28.67 |26.33 [27.50 |8.16 |54.50 |26.00 | 40.25 5229
Py % Ps 1033 [8.00 | 9.7 2256 |79.67 [51.00 |65.34 |3599 |63.33 [357.67 |60.50 |8.94 21.67 | 14.00 | 17.84 6743 | 55.93 | 61.68 |17.10 |27.10 | 27.67 |2739 |1.01 58.00 [37.00 |47.50 |36.21
P4 % Pg 033 |6.33 |7.83 3215 [75.67 | 30.33 | 57.50 |48.02 |69.00 [60.00 |64.50 |13.04 | 20.67 | 11.00 [15.84 60.07 | 5641 |58.24 | 6.09 27.67 |27.30 | 2749 |134 55.00 [28.33 |41.67 | 4849
P4xPr 1033 | 8.00 |9.17 2256 |63.23 |45.67 |5445 |27.77 |69.00 [62.33 | 6567 |0.67 1733 | 13.67 [15.50 61.80 {35217 |56.99 |15.58 |29.67 |27.23 (2845 |822 |45.90 |32.00 |38.95 |30.28
PsxPs 12.00 |7.33 |0.67 3802 [93.73 |42.67 | 6820 |5448 |72.00 |64.67 |68.34 |10.18 |22.83 |12.00 | 1742 62.50 [51.00 |57.20 |16.96 |28.00 |24.17 [26.10 |13.68 |70.90 |30.67 | 50.79 |56.74
PsxPr 1233 (933 1083 [2433 |74.23 [46.67 |6045 [37.13 |66.00 | 62.67 | 6434 |5.09 20.50 | 13.00 | 16.75 5847 | 4833 [5340 1734 |27.67 |27.57 |27.62 | 036 53.73 [33.67 |43.70 3733
Psx P 12.00 [7.67 | 9.84 36.10 [71.00 |42.33 | 56.67 |4038 |74.00 [63.00 |68.50 |14.86 19.67 |12.00 | 15.84 5823 | 50.58 [ 5441 |13.14 | 2867 |27.50 |28.10 |4.08 51.33 [30.33 |40.83 4091
Cross mean 1140 [6.89 |9.15 3056 [77.54 |42.06 | 5980 |4576 |6802 5851 |6327 |1398 2063 |12.14 [1639 6167 | 5455 |5811 | 1155 |2884 |2645 |2765 |820 5601 (2002 14342 (4743
P +C mean 1137 | 6.56 | 847 4230 [76.27 |30.99 |58.13 4757 |67.62 | 5744 |62.33 |1510 |19.80 | 1140 |15.60 60.67 |53.72 [57.20 | 1146 |28.66 | 26.00 |27.33 [928 |36.30 [28.50 |4245 4046
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3.2 Combining ability analysis
3.2.1 General combining ability

Results in Table (6) showed that Sakha
93 (Ps) has a desirable significant
(P<0.01) GCA effects for NS/P, BY/P,
GY/P and also it had significant GCA
effects for NG/S under both normal and
late sowing date conditions, so (Ps) could
be considered a good combiner to
improve these traits under both
environment conditions. Also, Giza 171
(P4), has a desirable highly significant
GCA effects for GW and HI in both
conditions, and was significant GCA
effects for BY/P and GY/P in late sowing
date only. So (P4), is considered a good
combiner for improving GW and HI
under both environment conditions. The
parental variety Sids 13 (P7), gave highly
significant GCA effects for NS/P and
NG/S under both environment conditions
revealed that the Sids 13 (P7) is the best
GCA combiner among the parents to
improve NS/P and NG/S traits under
both conditions. The variety Gemmeiza
11 (P1) had highly significant GCA
effects for NS/P, GY/P, GW and HI
under normal sowing date, and also gave
highly significant GCA effects for GW
and HI under late sowing date, so (P1)
has GCA effects for improving these
traits under normal and late sowing dates,
respectively. Shandaweel 1 (Ps) showed
highly significant GCA effects for BY/P,
NG/S and HI traits wunder both
conditions. The results showed none of

the parent was the good combiner for all
traits, but the parent Sakha 93 (Ps) was
the good combiner for three traits i.e.
NS/P, BY/P and GY/P at both
environments.

3.2.2 Specific combining ability

Specific combining ability effects are
presented in Table (6). Five and ten
crosses showed favourable positive and
highly significant SCA effects for NS/P
under normal and late sowing dates,
respectively. These crosses involved one
or more parents of positive GCA effects
under both environments. Two crosses,
(P1 x P3) and (Ps x P7) gave the
favourable positive and significant SCA
effects for NS/P under both conditions,
indicating non-additive genetic variance.
However, one cross (P, x P3) gave
negative and significant SCA effects
under both conditions. Regarding to
BY/P trait, ten and eighteen crosses had
highly significant SCA effects under
normal and late sowing dates,
respectively. Seven crosses (P1 % P3), (P1
X Pg), (P1x P7), (P2% Psg), (P2 x P7), (P3 %
P4) and (Ps x Ps) gave a desirable positive
and highly significant SCA effects for
BY/P under both environments. On the
other hand, one cross P1 x P4 was the
worse one in  both  conditions.
Concerning to the NG/S trait, eight and
twelve crosses had favourable positive
and highly significant SCA effects for
NG/S under favourable and heat stress
conditions, respectively.
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Table (6): General (GCA) and specific (SCA) combining ability effects of seven bread wheat varieties and their F1 hybrids under normal and late planting dates for the studied traits
during 2018/2019 season.
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Genotype Number of spikes/plant Biological yield/plant orains/spike Gram yield/plant 1000-grain weight Harvest ndex Straw yield /plant
N L N L L N L N L N L N L
0.45%* -0.02 -0.20* -0.21 -1.73** L.50%* -0.12* 0.10 0.98** 2.00%* 0.49% -1.80%* -0.33**
0.30** 0.13*- -0.67%* 0.58** -1.48** -1.68** -1.72%# 0.25* -0.34**
0.96**- 0.42%=- -0.93** 0.80** -0.39** 3.67%* -0.28**
1.25%*- 0.16**- 0.50** 0.08 2.12%*
0.43%* 1.02%* 145%* -0.89%%
0.29%*. 0.20%*- 1.68** -2.00%%
0.49%* 0.50%* 0.94%* -2.80%%
SEgi 0.07 0.06 0.13 0.22
SE (gi-gj) 0.22 0.17 0.40 0.66
PixP 0.12- 1.58** 353 4.66**
PixPs 1.21%* -1.25%* 0.64
PixPy 0.10 0.71%*- L84 -0.34
P1xPs 0.25* 031*=- 0.73* -0.48
PixPs 2.14* -0.34** -1.73** 0.81*
PixP; 1.69** -0.38%* 1.34** -2.2*
PaxPs 0.71%* 1.60** 346"
PaxPs -0.08 5.68** 53
X Ps 0.07 445 081*
x Ps -0.38%* 356%* -1.88%* 083
x P71 -0.16 10.56** 3.19% 0.2
x Py 0.84%* 0.78* 207 190+
x Ps -L01** 141 834+ -1.40%*
PixPs 0.21 567 0.34 121**
PixPr 0.3 367 -3.90%* 0.36
P4xPs -1.05** -L1T** 0.2 3.95*%
PsxPs -0.49** 3.5+ 1.42%* 0.26
Pix Py -0.19 4.49%* 181%*
PsxPs -0.34** 0.67 4.53%* 4.13%*
PsxPr -0.79** .33 6.60** .10
PsxPr 0.44* 207 2.94%* 335
SEsij 0.12 040 037
SE (sij-sik) 033 031 1.00 093
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Three crosses (P1 % P7), (P2 xP7) and (Ps
x Ps) were highly significant positive
SCA effects under both conditions, two
out of them involved two parents, P1 and
Pz, confirming that these parents were
good combiners for this trait. The SCA
effects for GY/P showed eleven and
fourteen crosses were highly significant
positive under normal and late sowing
dates, respectively. Seven crosses (P1 %
Ps), (P1 x P7), (P2 x Ps), (P2 x P7), (P3 %
P4), (Ps % Ps) and (Ps x P7) gave highly
significant ~ positive  under  both
environments. Four out of them involved
P1 or P7 proving that these parents could
be recommended under two environment
conditions for GY/P trait. Some crosses
(P1 % P2, P2 x Pg, P3x Pg, P4 x P7) and (P:
X Pa, P2 x P3, P2 x P4, P3 x P7) showed
negative significant SCA effects for
GY/P under normal and late sowing

dates, respectively. These crosses
included one or more parents had
positive GCA effects under one

environment or both, confirming that
GY/P in the preponderance of non-
additive performance could not be
expected. For 1000-grain weight (GW,
g), eight hybrids in each environment had
a desirable and highly significant SCA
effects. Three crosses Pz x P4, P3 x Pg and
Ps x P7 gave a desirable positive and
highly significant SCA effects under both
environments. These crosses involved
two or one parent had positive GCA
effects under both  environments,
confirming that the performance of GW
depend on both additive and non-additive
gene effects. The SCA effects of HI

showed eleven and eight crosses were
favourable significant (P<0.01) SCA
effects under normal and stress condition,
respectively. Three crosses P1 x Ps, Py x
Ps and P, x P7 gave highly significant
positive SCA effects under both
conditions, these crosses included two
parents P> and Ps had highly significant
positive GCA effects under both
conditions. Also, two crosses P2 x Ps and
P3 x Ps under normal and five crosses Py
X P7, P3x Pg, P4 x Ps, P4 x Pg and Ps x Pg
under late sowing date gave highly
significant negative SCA effects, despite
of the three parents P1, Ps and Ps gave
highly significant positive GCA effects
under late conditions. These results state
that the presence of dominance and
epistasis effects in the inheritance for HI.
Regarding SY/P nine and seventeen
crosses gave a desirable positive and
highly significant SCA effects under
normal and late sowing dates,
respectively. Six crosses P1 % P3, P1 X Pe,
P1 x P7, P3x P4, P3x Ps and Ps x Pg had a
desirable and highly significant SCA
effects under both conditions, five out of
them included two parents P; and Ps3
which gave highly significant negative
GCA effects under both conditions. Two
crosses PixPs and P2xPs gave highly
significant negative SCA effects under
both conditions. The results of HI
indicate that presence of both additive
and non-additive gene effects. The results
indicated that in the presence of non-
additive makes the performance of the
hybrids could not be expected according
to GCA effects. These results agree with
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the findings of Baker (1978), ElI-
Borhamy (2004), Ahmed et al. (2009),
Hassan (2016), Ahmed et al. (2017),
Asmaa et al. (2018), Sharma et al. (2019)
and Ali et al (2020). Singh and Pal
(2003) and Hassan (2015) reported that
SCA mean square was greater than GCA
mean square for 1000-kernel weight,
number of tillers/plant, number of grains
/spike, and grain yield /plant.

3.3 Heterosis

Heterosis or hybrid vigor can be regarded
as the converse of the deterioration that
accompanies inbreeding. Fehr (1987)
recognized heterosis as the superiority in
performance of hybrid individual
compared with their parents. Better-
parent heterosis is a comparison of the
performance of a hybrid with that of its
better parent. Heterosis estimates over
better parent for NS/P, BY/P, NG/S,
GY/P, GW, HI and SY/P under both
environments are shown in Table (7).
Estimates of heterosis for NS/P over the
better parent (BP) under normal and late
sowing dates and late sowing dates
showed that there are 6 and 17 crosses
gave significantly higher than its BP
under normal and late sowing dates,
respectively. The highest crosses in NS/P
were (P1 x P3) and (Ps x P7) they gave
4433 and 55.55 of heterosis under
normal and late sowing dates,
respectively. These results go with highly
significant positive SCA effects of these
two crosses. With respect to BY/P the
estimates of heterosis showed that there

are 7 and 20 crosses significantly higher
than its BP under normal and late sowing
dates, respectively. Two crosses (P1 x P7)
and (P4 x Ps) were the highest hybrids in
BY/P, and they gave 29.47 and 44.34%
of heterosis under normal and late
sowing dates, respectively. For NG/S
estimates of heterosis demonstrated that
there are 5 and 9 crosses significantly
higher than its BP under normal and late
sowing dates, respectively. The higher
crosses in NG/S were (P2 x P7) and (P3
Ps) they gave 18.68 and 20.72 of
heterosis under normal and late sowing
dates, respectively. Results of heterosis
estimates for GY/P showed clearly that
there are 15 and 17 crosses significantly
higher than its BP under normal and late
sowing dates, respectively. The (P1 x Pe)
and (P2 x P7) were the best hybrids, they
gave 37.64 and 46.14 of heterosis under
normal and late sowing dates,
respectively. Estimates of heterosis for
GW showed that there are 4 and 5
crosses were highly significantly than its
BP under normal and late sowing dates,
respectively. The greatest crosses in GW
were (Ps X P7) and (P3 x P4), it gave 9.39
and 12.36 of heterosis under normal and
late sowing dates, respectively. With
regard to HI estimates of heterosis
showed that there are 7 and 3 crosses
significantly higher than its BP under
normal and late sowing dates,
respectively. The great grain size among
the set of crosses in HI were (P2 x Ps) and
(P2 x Py), it gave 25.75 and 21.62 of
heterosis under normal and late sowing
dates, respectively.
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Table (7): Heterosis percentage over better parent for yield and its components traits under recommended (N) and late sowing dates (L) in 2018/2019 season.

Crosses Number of spikes/ plant Biological vield'plant Nugnber of eraing/spike (orain vield plant 1000-grain weight Harvest index Straw vield /plant
N L N L N L N L N L X L N L
MxD 5207 335 S0 1495+ ) 6o 307 218 21.70% 5.06* 33l 1100 §8gt D86+ 750+
B xB; 433+ 00 138 1405+ 000 18 1548+ 12,07+ 130 1046+ 4047 207 1008+ 14.20%
PxBy 6.70% 555 1% 467 S50 1Y 1387+ 30 1.06 11.09% 208 20 406" 260%
Pxhs 1305+ 1107+ 1050 LR 105 0 1781+ 4000+ 14] 14 1.8 130 -0 §0** W37
P xBs 3870% 00 6904 g41% D80 4 37644 1330+ 2351 6.26* 912 438 1757+ 649%
16,67+ 11.12# 2047+ 16.80+ 000+ 676" 1728 130+ 683+ 337 210% f31%* 1708 14.20%
L7 0.00 546" 10,05+ 11.20# 305 f.60% 16,17+ 105 0 100 1.8 925 11.30%
1§47 2040+ -100 2183 B 74 16.98* 315 000 175 030 508 10 S48 255
15204 355 -16.78% 3048+ 430 13734 610+ 3588 361 130 AN 000 307 078
1318 .88 191 030 468 -16.93% -120 038+ 020 196 -1082%* 426 177 117
S0 17.65% 663+ 2005+ 18,68+ 1731% 15.00% 46.14% §.07* 163 095 U4+ -1060% 13.97#
141 b4 671 1887+ 380 245 15.61% 12.46% 330 1236* f.65% 444 J64% 11607
040 115 | -108* B+ 1465+ 07 Al 10.36% 470 170 331 )07 -l 4 26087
330 B 005 086+ 11.21% S8 R4+ 068 6384 708+ 250 1506 735% W38
1108 2040+ 10,70+ R b 15154 1§ 16,30+ 0.00 138+ 0 095 1.8 g7 37
32604 335 1643 434 178 §ae= 638 = 143 35 47 178 )67 50.00%
6707 1§.75% 21 1130+ 30 1§ g6 300 430 14 j40e 1170 000 14.86%
1300 117+ -4 50%¢ 2025+ 048 1760* 503 W10+ 134 341 440% -1 -1635% 26087
L7 02 -168 1004 093 600 12,08+ 03 6.66% 040 263 345 547 031#
-0 57 3554 2015 40+ 000 050+ 064 30 41 1257 A7 460 -8 36+ 33.60%
PexP; 00 35208 416% 100+ N 308 016* 34 039% 13 34 Sk -160 037
LSDO03 177 140 164 130 5N in 10 3 478 531 16 175 146 148
LSD001 13 1.8 331 iR 158 48 388 42 6.6 706 7 365 148 197
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Regarding for SY/P estimates of
heterosis showed that there are 7 and 19
crosses were highly significantly than its
BP under normal and late sowing dates,
respectively. The higher crosses in SY/P
were (P1x P7) and (P4 x Ps), it gave 27.08
and 50.00 of heterosis under normal and
late sowing dates, respectively. The
results showed that there is no hybrid
gave positive values over better parent
under two environment conditions for all
studied traits, but the cross Gemmeiza 1
x Sids 13 (P1 x P7) was the best one for
all studied traits, except for GW and HI
traits under normal sowing date. This
result is confirmed by positive favorable
significant SCA effects of this hybrid (P1
x P7) for all traits under two environment
conditions except for NS/P trait under
late sowing date, HI under both
conditions and GW trait under late
sowing date. This cross could be
considered the best hybrid and it can be
used in breeding program as promising
hybrids for tolerant to heat under late
sowing date. Variable estimates of
heterosis were found from planting date
to another which could be due to the
highly significant interaction between
genotypes x sowing dates and P vs C.
Furthermore, the sensitivity of the
parents to heat stress which was one of
the  major causes of heterosis
fluctuations. It is of interest to indicate
that the highest yielding hybrids were not
always the highest in heterosis because of
the sensitivity of parents which are taken
as a measure of heterosis. These results
are in line with those obtained by Zaied

(1995), Moshref (1996), El-Sayed
(1997), Tammam and Abdel-Gawad
(1999), Jahanzeb and Ihsan (2004),
Darwish et al. (2006), Abd-El-kader
(2006), Akinci (2009), Nassar (2013),
Hassan (2015), Sherif et al. (2017),

Asmaa et al. (2018) and Ali et al. (2020).

3.4 Heat susceptibility index (HSI)

High temperature stress is a major
environmental factor that limits yield in
wheat. Every 1°C increase over a mean
temperature of 23°C reduces wheat yield
by 10% (Tolba, 2000). Delaying in
planting usually decreases individual
plant growth and tillering potential and
reduction in grain yield of wheat due to
reduction in number of spikes/unit area,
number of fertile spikes/plant and
number of grains/spike (Zhongfu et al.,
2014). Therefore, more breeding efforts
are required to develop new high yielding
cultivars tolerant to heat stress. Heat
susceptibility index (HSI) was calculated
for NS/P, NG/S, GY/P and GW are given
in Table (8). For NS/P values of heat
susceptibility index (HSI) of the parental
genotypes ranged from 0.95 for
Gemmeiza 11 (P1) to 1.44 for Sakha 93
(Ps), indicating that Gemmeiza 11 (Pa)
were relatively stress tolerant. However,
the most susceptible parents were Misr 1
(P2), Sids 12 (P3), Giza 171 (P4), Sakha
93 (Ps), Shandaweel 1 (Ps) and Sids 13
(P7) while the F1 hybrids ranged from
0.53 for both crosses (P4 x Ps) and (P4 x
P7) to 1.33 for cross (P1 x Pg). Some
crosses (P1 x P2), (P1 % P3), (P2 x P4), (P3
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X Ps), (P3 x Pe), (P3 x P7), (P4% Ps), (P4
Pe), (P4 X P7), (Ps X Ps), (P5 X P7) and (P6
x P7) showed relatively stress tolerant.
For NG/S heat susceptibility index (HSI)
of the parental genotypes ranged from
0.87 for Sids 12 (Ps) to 1.44 for Sakha 93

(Ps). These results indicating that
Gemmeiza 11 (P1), Sids 12 (Ps) and
Shandaweel 1 (Ps) were relatively stress
tolerant. However, the most susceptible
parents were Masr 1 (P.), Giza 171 (Pa4),
Sakha 93 (Ps) and Sids 13 (P7).

Table (8): Mean performance for number of spikes/plant, number of grains/spike,
grain yield/plant and 1000-grain weight under normal (N) and late sowing dates (L)
and estimates of heat susceptibility index (HSI) of 7 bread wheat varieties and their 21

F1 crosses, during 2018/2019 season.

Parents & Crosses NS/P NG/S GY/P GW

N L HSI N L HSI N L HSI N L HSI
P 10.00 6.00 0.95 64.00 54.33 0.93 18.33 10.00 1.08 61.00 48.01 1.71
P2 12.67 5.67 1.31 65.33 51.00 1.35 16.67 8.67 1.14 56.03 52.03 0.57
P3 9.67 5.00 1.14 63.67 54.67 0.87 16.90 10.33 0.92 66.83 54.29 151
Py 9.33 5.33 1.01 | 68.67 | 53.00 | 1.40 [ 19.03 10.67 | 1.04 | 62.77 | 54.01 112
Ps 15.33 | 6.00 144 | 62.67 | 48.00 | 144 | 20.37 9.81 123 | 58.60 | 52.11 | 0.89
Ps 10.00 | 5.33 110 | 71.33 | 61.00 | 0.89 [ 16.00 9.02 1.03 | 51.00 | 49.40 | 0.25
Pz 12.00 5.67 1.25 66.00 52.00 1.30 16.37 8.13 1.19 53.23 42.77 1.58
P1 X Py 12.00 8.00 0.79 59.00 56.00 0.31 18.73 12.67 0.77 64.63 53.75 1.35
P1 X P3 11.33 7.33 0.83 64.00 53.67 0.99 23.00 11.67 1.17 65.97 59.97 0.73
P1 X Py 10.67 | 5.67 111 | 64.67 | 5333 | 1.08 | 21.67 11.00 | 1.17 | 64.03 | 60.00 | 0.51
P1 X Ps 13.33 | 6.67 118 | 64.67 | 56.00 | 0.82 | 24.00 14.00 | 0.99 | 61.87 | 53.80 | 1.05
P1 X Pg 13.67 | 6.00 133 | 64.33 | 5567 | 0.83 | 25.23 11.33 | 1.30 | 59.47 | 5249 | 0.94
P1 X P7 14.00 6.67 1.24 72.00 58.00 1.19 23.33 12.33 1.12 56.83 50.59 0.88
P2 X P3 10.00 5.67 1.02 58.00 53.00 0.53 18.03 12.00 0.79 66.13 54.71 1.39
P2 X Py 10.33 7.33 0.69 62.67 62.00 0.07 18.43 10.67 1.00 61.67 54.33 0.96
P2 X Ps 13.00 | 6.33 121 | 62.33 | 58.00 | 0.43 | 21.63 13.33 | 091 | 60.50 | 5331 | 0.95
Py X Pg 11.00 | 6.00 1.07 | 74.67 | 5067 | 1.98 | 16.47 11.67 | 0.69 | 56.83 | 5101 | 0.82
Py x P7 12.00 | 6.67 105 | 7833 | 61.00 | 136 | 19.17 12.67 | 0.80 | 56.47 | 5117 | 0.75
P3 X Py 10.00 | 5.00 118 | 66.00 | 53.33 | 1.18 [ 22.00 12.00 | 1.08 | 6457 | 61.00 | 0.44
P3 X Ps 10.67 | 6.67 | 0.89 | 73.00 | 66.00 | 0.59 [ 20.80 12.33 | 0.96 | 63.63 | 55.26 1.06
P3 X Pg 1033 | 667 | 084 | 79.33 | 58.67 | 1.60 | 18.33 11.33 | 0.90 [ 62.57 | 5862 | 0.51
P3 x P7 10.67 | 7.33 | 0.74 | 76.00 | 53.67 | 1.81 [ 19.67 1033 | 1.12 | 61.90 | 5467 | 0.94
P4 X Ps 10.33 | 8.00 | 053 | 63.33 | 57.67 | 055 [ 21.67 14.00 | 0.84 | 67.43 | 55.93 1.37
P4 X Pg 9.33 633 | 0.76 | 69.00 | 60.00 | 0.80 | 20.67 11.00 [ 1.11 | 60.07 | 56.41 | 0.49
P4 X P7 1033 | 800 | 053 | 69.00 | 62.33 | 0.59 | 17.33 1367 | 050 | 61.80 [ 52.17 1.25
Ps x Pg 12.00 | 7.33 | 0.92 | 72.00 | 64.67 | 0.63 [ 22.83 12.00 | 112 | 6250 | 51.90 | 1.36
Ps x P7 12.33 | 9.33 | 057 | 66.00 | 62.67 | 0.31 [ 20.50 13.00 | 0.87 | 58.47 | 4833 1.39
Ps x P7 12.00 | 7.67 | 0.85 | 74.00 | 63.00 | 091 [ 19.67 12.00 | 0.92 | 5823 | 50.58 1.05
Mean 11.37 | 6.56 100 | 6764 | 56.91 | 0.98 | 19.89 1149 | 1.00 | 60.89 | 53.31 1.00

While the F; hybrids ranged from 0.07
(near zero) for crosses (P2 x Ps) to 1.98
for cross (P2 x Ps). Some crosses (P1 X
P2), (P1 x P3), (P1x Ps), (P1 x Pg), (P2 x
P3), (P2 X Pyg), (P2 X Ps), (P3 % Ps), (P4 %
Ps), (Ps x Pg), (P4 X P7), (Ps x Pg), (Ps x
P7) and (Ps %P7) showed relatively stress
tolerant. Regarding to GY/P values of
heat susceptibility index (HSI) of the
parental genotypes ranged from 0.92 for
Sids 12 (P3) to 1.23 for Sakha 93 (Ps),

while the F1 hybrids ranged from 0.50 for
crosses (P4 x P7) to 1.30 for cross (P1 x
Ps), results indicating that Sids 12 (Ps)
was relatively stress tolerant. However,
the most susceptible parents were
Gemmeiza 11 (P1), Masrl (P2), Giza 171
(P4), Sakha 93 (Ps), Shandaweel 1 (Ps)
and Sids 13 (P7). Some crosses (P1 x P),
(P1 % Ps), (P2 x P3), (P2 x Ps), (P2 x Pg),
(P2 x P7), (P3 x Ps), (Ps x Pg), (P4 x Ps),
(P4 x P7), (Ps x P7) and (Ps x P7) showed
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relatively stress tolerant. For GW values
of heat susceptibility index (HSI) of the
parental genotypes ranged from 0.25 for
Shandaweel 1 (Ps) to 1.71 for Gemmeiza
11 (P1), while the F1 hybrids ranged from
0.44 for crosses (P3 x P4) to 1.39 for both
crosses (P2 x P3) and (Ps x P7), results
indicating that Masrl (P.), Sakha 93 (Ps)
and Shandaweel 1 (Ps) were relatively
stress tolerant. However, the most
susceptible parents were Gemmeiza 11
(Py1), Sids 12 (Ps), Giza 171 (P4), and Sids
13 (P7). Some crosses (P1 x P3), (P1 % Pa),
(P1 % Pg), (P1 % P7), (P2 xPs), (P2 xPs),
(P2 % Pe) , (Ps x P7), (P3 % Ps), (P3 % Pe),
(P3 x P7), and (P4 % Ps) showed relatively
stress tolerant. It could be concluded that
the most tolerant parents for most traits
were Gemmeiza 11 (P1), Sids 12 (Ps) and
Shandaweel 1 (Pe). However, (P1 x Py),
(P1 % P3), (P2 % P4), (P3s x Ps), (P3s x Pe),
(Pa x Ps), (Pa x Pe), (Pa x P7), (Ps x P7)
and (Ps x P7) showed relatively stress
tolerant for most studied traits. It is of
interest to note that 4 crosses (P2 x Pa),
(P4 X Ps), (P4 X Pe) and (P4 X P7)
including Giza 171 (Ps) have (HSI)
values less than unity as previously
mentioned. This indicates that the
tolerant parent (P4) transmitted its genes
controlling tolerance to heat stress to its
hybrids and these mentioned crosses
above could be considered promising
hybrids, and selection for heat tolerance
could be feasible in their segregating
generations. These results are agreed
with those obtained by Moshref (1996),
Zakaria (1999), Dencic et al. (2000), EI-
Morshidy et al. (2001), Taghian and

Abo-Elwafa (2003), Hoffman and Burucs
(2005), Motawea (2006), Khan et al.
(2007), Ahmed et al. (2009), Nassar
(2013), Hassan (2015), Hassan (2016),
Ahmed et al. (2017), Jaiswal et al.
(2017), Bajaniya et al. (2019) and Ali et
al. (2020).
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