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ABSTRACT

Five Egyptian and exotic wheat cultivars and their all half diallel possible
cross combinations were used to generate combining ability information and identify
suitable parents and cross combinations for further exploitation under normal (D1) and
late (D;) planting dates. Mean squares of genotype x environment interactions were
highly significant, suggesting a differential response of the genotypes under normal
and stress environments. Heat stress conditions caused reduction about 7.69%,
5.84% and 19.37% in the F1 hybrids average for heading date, 1000 grain weight and
grain yield per plant, res

pectively. The results also revealed that all cross combinations including
Dovin-2 (P3), Giza 164 (Ps) and two out of four crosses including Sakha 69 (P4) gave
susceptibility index (S) values less than the unity. This result that indicated that they
transmitted their genes controlling heat tolerance. It was also noticed that the two
crosses (P1xP3) and (P1xP4) gave the highest yield under both the two environments
with susceptibility index less than unity. Correlation coefficients between stress
susceptibility index (S) and each of grain yield per plant and heading date were -
0.34 and 0.84, respectively. Estimates of general combining ability of each parent
revealed that the parents Sakha 69 (P;), Giza 164 (P4) and Dovin-2 (P3) possessed
more desirable additive genes for all studied traits under each of the two
environments and their combined data. whereas, Gemmeiza 5 (Pz) and Bau'S" (Ps)
were the poorest general combiners for the same traits. The results indicated that the
cross combination (PixP3) exhibited significant SCA effects for earliness and high
yielding ability under normal and stress conditions. While, the two crosses (P2xP4) and
(PaxPs) revealed significant SCA effects for grain yield per plant and 1000 grain
weight, respectively, under each of the two environments and their combined data.
The results also indicated that the non additive gene action including dominance (o”o)
played a major role in the inheritance of days to heading. On the other hand, the
estimates of additive variance (¢%a) were higher than those of non additive ones (o%p)
for 1000 grain weight and grain yield per plant at optimum and stress conditions as
well as their combined data, verifying by the ratios (o®n/a%a)'? which were less than
unity. The interaction o“axE variance was positive and lower than those of o?oxE
ones for heading date, verifying by the ratios (o®oXE/o”sxE)"? which were more than
unity. In contrast, the ratio (o?oXE/c?axE )" were less than unity for 1000 grain
weight and grain yield per plant. This finding indicated that the additive gene effects
were more influenced by heat stress than non additive ones. The results showed that
the largest values of broad sense heritability were observed for heading date (87.22%
and 93.26%) under normal and stress conditions, respectively. While, the largest
estimates of narrow sense heritability were obtained for 1000 grain weight (44.46%
and 49.93%) and grain yield per plant ( 55.84% and 62.00%) under normal and stress
conditions, respectively. Estimates of nature of gene action and narrow sense
heritability in these promising populations proved that selection for heat tolerance
could be effective in early segregating generations.
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INTRODUCTION

Modern wheat cultivars are well adapted to control cultural practices,
but they are generally not highly tolerant to extreme environmental stresses,
such as high temperature. The varieties of one region are generally not
suitable for the others, and separate breeding objectives will be needed for
each situation (Rajaram 1988).

In Upper Egypt, heat stress is considered one of the most
environmental problems limiting wheat production. Since plant tolerance to
temperature stress is heritable, selection and breeding could be used to
improve this trait. Hence, development of heat tolerant cultivars in wheat is an
important aim for wheat breeders in this area. In this respect, selection of
resistant genotypes to heat is very related to its genetic ability to maintain the
duration of growth periods ( Shpiler and Blum, 1986 ). Higher grain yield
particularly under high temperature of late sown conditions, indicates
presence of genes for heat tolerance (Sharma et al 2002).

Thus, information on gene action and genetic system controlling heat
resistant provides the basis for identifying desirable parents and crosses
which may give useful segregants for this trait. Combining ability analysis
provides a guideline for selection parental cultivars and their desirable cross
combinations under different environmental conditions. Additive and non
additive gene variances were found to be controlled the expression of days
to heading, 1000 grain weight and grain yield per plant under two planting
dates ( Bakheit et al, 1989; Kheiralla and Sherif, 1992; Sharma and Tandon,
1997 and Joshi et al , 2002). However, Dhanda and Sethi (1996) reported
that additive gene effects appeared to be the important factor contributing to
the genetic control of days to heading, 1000 grain weight and grain yield per
planit under both environments.

Kheiralla and Sherif (1992) stated that narrow sense heritability
estimates were relatively high for both 1000 grain weight and days to
heading, and moderate for grain yield per plant under normal and stress
planting date conditions. While, El-Sherbeny (1999) obtained moderate
narrow sense heritability values for days to heading and grain yield per plant
under both environments.

Therefore, genetic improvement of wheat requires exploitation of
genetic variation for heat resistance and its utilization in breeding programs.
The present investigation was undertaken to study the nature of genetic
system controlling earliness, 1000 grain weight and grain yield per plant
under normal and stress planting dates conditions. It was aiso aimed to
identify genotypes that will be high in yielding ability under heat stress.

MATERIALS AND METHODS

The present investigation was carried out at the Experimental
Research Farm of Sohag Faculty of Agriculture, South Valley University. In
this study, five bread wheat cultivars (Triticum aestivum L.) representing a
wide range of diversity were chosen as parents. Three of them are local
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cultivars [ Sakha 69 (P,), Gemmeiza 5 (P;) and Giza 164 (P,)]. While, the
others are exotic [ Dovin-2 (P;) and Bau'S" (Ps) .

In 2002/2003 growing season, the five parents were crossed
according to crosses diallel mating design in all possible combinations
excluding reciprocals to produce ten F; hybrids. All parental genotypes were
also self of pollinated to increase seeds from each one.

In the growing season 2003/2004, seeds of the five parents and their
10 Fy hybrids were grown in two planting dates. The first date was 15 of
November (favourable planting time ), while the second date was 15 of
December (late planting date).

At each date, the parents and their 10 Fy hybrids were sown in a
randomized complete blocks design with three replications. Each replicate
contained 15 plots. Each plot consisted of one row with 3 m. long and 20 cm.
apart between rows. Plants were spaced by 10 cm. within row. All
recommended cultural practices were applied in the two environments.
Average of the monthly degrees of temperature (minimum and maximum) in
the growing season of 2003/2004 at Sohag Faculty of Agriculture Farm are
presented in Table 1.

Table 1 : Average of the monthly degrees of temperature ( maximum
and minimum ) at Sohag Faculty of Agriculture Experimental
Farm during 2003/2004 season.

Temp. 'C Nov. | Dec. | Jan. | Feb. | Mar. | Apr. May
Max. 275 | 216 | 199 | 225 | 264 | 309 38.7
Min. 12.5 6.9 5.4 6.2 10.3 | 139 19.6

Heading date was measured as the number of days from planting to
the day when 50% of the heads were extruded from the flag leaf sheath. At
maturity, data were recorded on 10 guarded plants chosen at random from
each plot in each replicate for 1000 grain weight (1000 GW) and grain yield
per plant (GY/P).

In each environment, data were subjected to the analysis of variance
to test the significance of the differences among the 15 genotypes ( five
parents and their ten F,; hybrids) according to Cochran and Cox (1957).
Combined data over the two environments were also subjected to the
combined analysis of variance in order to test the interaction of genotypes
with environments.

General combining ability (GCA) and specific combining ability (SCA)
variances were partitioned from total genotypic variance in each environment
according to Griffing (1956) as method 2, model 1. The combined analysis
over the two environments was calculated to partition the mean squares of
genotypes and the interaction of genotypes with environments into sources of
variations due to GCA, SCA and their interactions with the environments
(GCAXE and SCAXE). Moreover, GCA effect (g;) for each parent and SCA
effect (s;) for each cross were also estimated. The estimates of additive (o24),
non-additive (o®p) genetic variances and their interactions with environments
(0*XE and o’oXE ) were calculated according to Matzinger and Kempthorne
(1956).
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Stress susceptibility index was computed according to Fisher and
Maurer (1978) as follows:
S=[(1- Ya/Yp) /O]

Where:

Y, = mean yield in stress environment.

Y, = mean yield in non stress environment.

D = 1-(mean yield of all genotypes in stress / mean yield in non
stress).

RESULTS AND DISCUSSION

Genotypic variations

The analysis of variance of the two planting dates and
their combined data for the three studied traits are presented in Table 2.
Mean squares of environments were found to be highly significant for all
studied traits with overall means of normal date higher than those of stress
conditions ones. The differences among genotypes under each of
environment and the combined data were highly significant for the three
studied traits. In addition, the mean squares of genotype X environment
interaction were highly significant. This result suggested a differential
response of the genotypes under normal and stress environments. Similar
results were obtained by Kheiralla and Sherif (1992), Kheiralla (1894); El-
Sherbeny (1999); Sheikh et al. 2000; Singh 2002 and Joshi et al, 2002.

Table 2: Analysis of variance and mean squares of the five parents and
their ten F, hybrids for studied traits under normal (D,) and
Late (D;) planting stressed conditions as well as their

combined data (C):

S. V. D.F. Heading date 1000-grain weight Grain yield plant

Ss|C Dy D | C Dy D, c D4 D, c
nviron. (E) - 1 - - 1205.60 - - 203.40 - - 667.49
eps/ E 2| 4| 439 | 1056 | 747 | 661 | 7.48 | 7.04 | 8.29 | 11.26 | 978
enotypes(G) | 14 | 14 |32.88"|66.34"| 76.87** |35.77"|60.15™|70.877) 38.26™ 67.90**|86.36"
xE - | 14 - ~  |ezas™~| - - |25.058 - - |19.81
rror 28 | 56| 420 | 448 | 434 | 472 | 560 | 516 | 494 | 681 | 588

** Significant at 1% level of probability.

Performances of parents and their crosses

The results in Table 3 indicated that the mean
performances of the five parents and their ten F, crosses were variable from
normal (D;) to late (D2) planting dates. Heat stress conditions caused
reduction about 8.53%, 6.64% and 20.31% in parental average for heading
date, 1000 grain weight and grain yield per plant, respectively. While,
reduction in the F, hybrids average was 7.69%, 5.84% and 19.37% for
heading date, 1000 grain weight and grain yield per plant, respectively. The
findings of Tashiro and Wardlaw, (1990), Kheiralla and Sherif, (1992), Stone
and Nicolas,(1994) and Joshi et al (2002) were in agreement with the present
results. Whereas, Gibson and Paulsen (1999) found that increasing
temperatures reduced grain yield by 78% and grain weight by 29%.
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The results indicated that Sakha 69 (P,) and Dovin-2 (P,)
were the earliest parents under normal and heat stress conditions,
respectively. In both environments, Sakha 69 (P;) and Giza 164 (P,) were
found to be the best parents for grain yield per plant and 1000 grain weight,
respectively. Regarding the F, hybrids, the cross combinations (P;xP,) and
(P1xP3) in normal date planting as well as (P;xP3) and (P3xP;) in late planting
conditions were the earliest hybrids. For 1000 grain weight, the crosses
(P3xPy) and (P4xPs) under normal date, and (P;xP,) and (P3xP,) in late date
were the most promising hybrids. While, the cross (P,xP;) and (P,xP,) were
the best yielding hybrids under both environments.

Table 3: Mean performances of the five parents and their ten F, hybrids
for studies trails under normal (D) and Late (D,) planting
stressed conditions as well as their combined data (C) in
addition to the estimates of stress susceptibility index (S):

Heading date 1000-grain weight Grain yield plant
Genotypes Dy D: | C Dy D2 c D, D, c S
Sakha69 (Py) | 89.3 | 84.4 [86.9] 518 | 487 | 502 | 314 | 26.8 | 291 | 0.75
Gemmeiza 5 (P;) | 96.6 | 91.5 |94.1| 446 | 413 | 429 | 206 | 143 | 175 | 1.55
Dovin-2  (P3) [ 94.2 | 80.3 [87.3| 49.7 | 46.8 | 48.3 | 28.2 | 24.7 | 26.4 | 0.70
Giza164 (P, | 914 | 821 |86.8| 535 | 509 | 522 | 251 | 22.2 | 23.7 | 0.60
| Bau's’ (Ps) |97.3]906 |93.9] 414 |372 | 393 | 226 138 | 182 | 1.95
Parents mean | 93.8 | 858 [89.8) 48.2 [ 45.0 | 466 | 25.6 | 20.4 | 23.0
PixP: 90.4 | 852 |87.8| 48.7 | 466 | 47.7 [ 286 | 225 | 25.5 | 1.1
Py xPs 87.1|76.3 |81.7| 50.8 | 495 | 50.1 | 34.3 | 29.2 | 31.8 | 0.79
Pix Py 86.3 ( 80.7 (83.5| 519 | 50.7 | 51.3 | 31.4 | 28.8 | 30.1 | 0.42
Py x Ps 92.6 | 88.4 |90.5| 474 | 418 | 446 | 29.3 | 21.7 | 255 | 1.37
P2xP; 93.4 | 87.5 |90.5| 46.7 | 454 | 46.1 | 26.1 | 186 | 22.3 | 1.53
P2 x Py 90.7 | 85.2 [87.9| 506 | 486 | 496 | 275 | 21.1 | 243 | 1.21
P2 xPs 94.5 | 89.3 (91,9 455 | 404 | 43.0 | 24.7 | 164 | 206 | 1.79
Pyx P, 89.1 | 77.8 [83.5| S52.8 | 505 | 51.7 | 29.8 | 26.2 | 28.0 | 0.63
Py x Ps 95.3 | 88.2 [91.7| 50.2 | 453 | 47.7 | 27.2 | 224 | 248 | 0.93
Py x Ps 90.2 | 81.1 [856| 524 | 492 | 50.8 | 254 | 21.8 | 236 | 0.74
Hybrids mean | 91.0 | 84.0 [87.5] 49.7 [ 468 | 483 | 284 | 22.9 | 25.7
LSD 5% | 342) 354 |340( 363 |3.95]| 3.70 [371] 4.36 | 3.96
1% 4.61 | 4.77 |1452]| 488 | 477 | 492 | 499 | 588 | 527
R e 8.53 6.64 20.31
7.69 5.84 19.37
% F4

R% : Percentage of reduction due to heat stress.
: (M.Ppy — M.Ppz / M.Pp) x 100.
: (M.H p1= M.H g2 / M.Hp4) x100.

Stress susceptibility index (S)

The estimates of heat stress susceptibility index (S)
based on grain yield per plant are presented in Table 3 for the five parents
and their 10 crosses. It could be noticed that Sakha 69 (P,), Dovin-2 (P3) and
Giza 184 (P,) were relatively stress tolerant parents. On the other hand,
Gemmeiza 5 (P;) and Bau'S" (Ps) were susceptible parents to heat stress.
Conceming the Fy hybrids, (P1xP;), (P1xP4), (PaxPs), (P3xPs) and (P4xPs)
crosses were relatively tolerant to heat stress, whereas the other five hybrids
were susceptible.
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In general, it could be observed that all cross combinations including
Dovin-2 (P;), Giza 164 (P,) and two out of four crosses including Sakha 69
(P,) gave (S) values less than the unity. These results indicate that the
tolerant parents (Py), (P3) and (Pa) transmitted their genes controlling heat
tolerance. It is also noticed that the crosses (PyxP,) and (PyxP,) gave the
highest yield under both the two environments with susceptibility index less
than unity. Consequently, these crosses could be considered a promising
populations for isolating useful segregates to be cultivated under heat stress.

The correlation coefficients between stress susceptibility index (S)
and each of grain yield per plant and heading date were also estimated.
Grain yield per plant under stress conditions was negatively correlated with
heat susceptibility index ( r = - 0.34 ). This finding indicated that grain yield
per plant was the most variable trait for selection under heat stress
conditions. On the contrary, heading date was positively correlated with (S)
values (r = 0.84 ), suggesting that early genotypes were less susceptible to
heat stress than late ones. Evidently, early genotypes escape from the heat
stress and reach the grain filling stage when temperature is still adequate for
greater yield.

Combining ability analysis
The results of combining ability analysis in Table 4
showed that both GCA and SCA variances were highly significant for all
studied traits under each of planting date and their combined data. These
indicate that all types of gene action are involved in the inheritance of these
traits. In addition, the interactions of GCA x E and SCA x E mean squares
were found to be highly significant for all studied traits, suggesting that the
magnitude of all types of gene action fluctuated from normal date to stress
date conditions which further complicated the problem of identification of
promising parents and crosses. Therefore, selection for these traits under
more environments would be effective. In this trend, similar findings were
reported by Dasgupta and Mandol 1988; Menon and Sharma,1997; Joshi et
al, 2002 and El-Seidy, 2003.
Table (4): Combining ability analysis of variance for all studied traits
under normal (D,) and Late (D) planting stressed conditions
as well as their combined data (C):

S.V. D.F. . Heading date 1000-grain| Grain yield
weight plant
S|C Dy D, C D, D, Cc D, D2 C
GCA 2 | 4 |20.72" 4397|5161~ |25.18"|45.09"(53.80**| 30.56** |57.72"|75.29"
SCA 10 | 10 | 7.06™ [13.37**|15.23"| 6.62** [10.04**|11.63""| 5.63" 8.60** | 10.19"
GCAXE - | 4 - - |1sor| - - |1647 - - |12.99+
SCAXE - |10 - 5.20 - - 5.03 - - 4.05
Error 28 |50 | 140 | 149 | 145 | 157 | 187 | 1.72 1.65 227 | 196
GCA/SCA 293 | 329 | 339 | 3.80 | 4.49 | 462 5.43 671 | 7.39
GCAXE/SCA - B 251 - - 327 - - 3.21
xE
¥ “ Significant at 5% and 1% levels of probability, respectively.

GCA effects (g))

Estimates of general combining ability of each parent (g) for all
studied traits under the two environments and their combined data are given
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in Table 5. The results showed that Sakha 69 (P,) and Giza 164 (P,) were
excellent combiners for earliness, heaver grain weight and high yielding
under each of the two environments and their combined data, whereas,
Gemmeiza 5 (P;) and Bau'S" (Ps) were the poorest general combiners for the
same traits. Moreover, the parent Dovin-2 (P;) seemed to be a good general
combiner for earliness and 1000 grain weight under stress condition and for
grain yield per plant under each of the two environments and their combined
data. It could be concluded that the parents Sakha 69 (P,), Giza 164 (P,) and
Dovin-2 (P3) possessed more desirable additive genes for all studied traits
under each of the two environments and their combined data.
Table (5): Estimates of general combining ability effects (gi) of each
parent for studied traits under normal (D,) and heat stress
(D,) conditions as well as their combined data (C):
Parents Heading date | 1000-grain weight| Grain yield plant
D4 D, C Dy D; Cc D4 D, C
Sakha69  (P1) [2.34 |-1.15 [-1.73 | 1.03_[1.26_ [ 1.13_[3.07 [3.37 | 3.22
Gemmeiza 5 (P2) |1.55 |3.25 |2.41 [-2.07 [-1.94 |-2.00 |-2.39 |-3.57 | -2.98
Dovin-2  (P3) |-0.28/-2.437|-1.06]| 0.67 (1.02 | 0.86 (1.27 [1.94 | 1.59
Gizale4  (P4) |1.75[-2.63|-2.197(2.787[3.387[3.08 | 0.08 [1.44 | 0.69
Bau'sS’ (P5) |2.26 |2.96 |2.58 |-2.41 |-3.72 |-3.07 |-1.44 |-3.19 | -2.52
[s. E. (gi) 040/ 0.41 )| 0.41| 042|046 | 0.44 | 0.43 | 0.51 0.47
* ** Significant at 5% and 1% levels of probability, respectively.

SCA effects (Sy) .

Estimates of SCA effects (S;) of each cross for all studied traits at the
two environments and their combined data are presented in Table 6. The
results showed that the cross combination (P4xP;), which resulted from
crossing (good x good) general combiners, revealed significant SCA effects
for earliness and high yielding under normal and stress conditions. The two
cross (P;xP;) and (PaxPs), involved one good and one poor general
combiners, exhibited significant SCA effects for grain yield per plant and 1000
grain weight, respectively, under each of the two environments and their
combined data. Desirable SCA effects towards earliness and heaver grain
weight were obtained by the cross (P4xPs), which include one good and one
poor general combiners, under each of the two environments and their
combined data.

It could be concluded that the excellent cross combinations in this
study were obtained from (good x good) and (good x poor) general
combiners. Consequently, it was not necessary that parents having estimates
of GCA effects would also give high estimates of SCA effects in their
respective cross combinations. Similar results were obtained by Sheikh et al.
(2000); Singh (2002) and Joshi et al, (2002).
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Table 6: Estimates of specific combining ability (Sij) of each cross for all
studied traits under non stress (D;) and heat stress (D)

conditions as well as their combined data (C):
Crosses |  Heading date 1000-grain weight Grain yield plant
Dy D, C Dy Dy [+ Dy D; c

PixP; 070 [ -147 [ -1.11 054 | 1.08 | 0.87 | 044 0.67 | 0.50
Pix Ps 2737 | 489 | -3.74" | -010 | 1.02 | 041 | 247 2.86 | 285
Py x P4 -150 | -0.09 | -0.81 | -1.12 |-0.14|-061| 093 29 | 1.95
P, xPs 0.78 2.01 142 | -042 |-194|-1.16| 062 | -052 | 0.04
P:x P; -0.32 2.11 092 | -1.10 | 012 | -046 | -0.25 | -1.80 |-1.08
P.x Py 099 | 0.01 055 | 068 | 096|081 | 2.80 269 | 276
P;x Ps 120 | -149 | -133 | 078 |-0.14| 037 | 1.49 113 | 1.34
Pyx Py 132 | -1.70 1.48 0.14 |-0.09| 006 | 1.13 0.78 | 0.95
Ps X Ps 0.87 | 3107 | 195 | 274 |281|276 | 032 161 | 0.97
Ps X Ps -2.20° | -3.80" | -3.03" | 283" |3.35 [3.097| -0.13 1.51 | 0.67
S. E. (SI]) 1.03 1.06 1.05 1.09 [ 119 [ 114 | 112 131 | 1.22

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

Nature of gene actions

Estimates of all types of gene action for all studied traits
under the two planting dates and their combined data are presented in Table
7. The results revealed that the magnitudes of additive genetic variance (0%a)
were positive and lower than those of non additive ones (o%0) for heading
date under each of the environment and their combined data. These results
could be verified by the ratios (o’p/o”a)”* which were more than unity for
heading date under each of the two environments and their combined data,
conﬁn'mng that non additive gene action ( including dominance) played a
major role in the inheritance of this trait. On the other hand, the estlmates of
additive variance (¢”s) were higher than those of non additive ones (a p) for
1000 grain weight and grain yield per plant at non stress and stress
conditions as well as their combined data, verifying by the ratios (o”p/a*s)"
which were less than unity. These indicate the importance of additive gene
action in the genetic control of these traits under each of the two environment
and their combined data.

Regarding the interactions, the magnitude of o 2 XE
variance was positive and lower than those of orszE ones for heading date,
verifying by the ratio (o®pxE/o*axE)"? which was more than unity. These
results reveal that non additive gene effects were more affected by planting
dates than additive ones for earliness. In contrast, the ratio (o°oXE/g*aXE
)" were less than unity for 1000 grain weight and grain yield per plant,
indicating that additive gene effects were more influenced by heat stress than
non additive ones. Therefore, selection in these genetic materials could be
practiced under heat stress for 1000 grain weight and grain yield per plant.
Joshi et al, (2002) reported that additive and non-additive gene effects
controlled the expression of studied traits under two sowing dates. Whereas,
Dhanda and Sethi (1996) noticed that additive gene effects appeared to be
the important factor contributing to the genetic control of days to heading,
1000 grain weight and grain yield per plant under both environments
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Table 7: Estimates of genetic parameters for all studied traits under
normal (D) and heat stressed (D;) conditions as well as

their combined data (C):
Genetic Heading 1000-grain weight Grain
date yield plant

Parameters Dy | D, | C | Dy | D C D, D, C
o°A 3.90|8.74|4.07|5.30{10.01| 4.36 | 7.12 |14.03| 8.02
%o 5.66 |11.88/5.02|5.05|8.17| 3.31 | 3.98 |6.33| 3.07
o°A X E - - |225) - - | 333 - - | 2.56
o*s X E - - |3.75( - - | 3.30 - - | 2.09
e 1.40|1.49|1.45(1.57|1.87| 1.72 | 165 [2.27| 1.96
(o’ /o’n)” 1.20[1.17]1.11]0.98[0.82| 0.87 | 0.75 [0.67| 0.62
(o’oxEla’axE)" | - - 1129 - - | 099 - - | 0.0
H*p % 87.22/93.26/54.96(86.82/90.67| 47.88 | 87.06 [89.97| 62.66
H? , % 35.58|39.53(24.61/44.46|49.93| 27.22 | 55.84 |62.00] 45.31

Estimates of heritability

The estimates of broad sense heritability (Table 7) were larger than
their corresponding narrow sense for all studied traits under two
environments and combined data. The results indicate that the largest values
of broad sense heritability were observed for heading date (87.22% and
93.26%) under normal and stress conditions, respectively. While, the largest
estimates of narrow sense heritability were obtained for 1000 grain weight
(44.46% and 49.93%) and grain yield per plant ( 55.84% and 62.00%) under
normal and stress conditions, respectively.

Therefore, these results presented additional evidence about the
important of non additive genetic variance for heading date and additive
genetic variance for both 1000 grain weight and grain yield per plant in this
set of materials under normal and heat stress conditions. Kheiralla and
Sherif (1992) stated that narrow sense heritability estimates were relatively
high for both 1000 grain weight and days to heading, and moderate for grain
yield per plant under normal and stress planting date conditions. However,
El-Sherbeny (1999) obtained moderate narrow sense heritability values for
days to heading and grain yield per plant under both environments. While,
Dhanda and Sethi (1992) found that 1000 grain weight and days to heading
had moderate to high heritability values under both environments.

It could be concluded that plant breeders could use heading date and
grain yield as indicators for identifying desirable parents and crosses. For
instance, the cross combinations including Dovin-2 (P,), Giza 164 (P4) and
two out of four crosses including Sakha 69 (P,) gave (S) values less than the
unity, indicating that these tolerant parents (Py), (P;) and (P,) transmitted
their genes controlling heat tolerance. Moreover, the crosses (P;xP;) and
(P,xP;) gave the highest yield under both environments with susceptibility
index less than unity. In addition, heading date was positively correlated with
(S) values (r = 0.84 ), suggesting that early genotypes escape from heat
stress and reach the grain filling stage when temperature is still adequate for
greater yield. Consequently, these crosses could be considered a promising
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populations for isolating useful segregates for cultivating under heat stress.
Estimates of nature of gene action and narrow sense heritability in these
promising populations proved that selection for heat tolerance could be
effective in early segregating generations.
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