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ABSTRACT

Five bread wheat cultivars (Triticum aestivum L.)
were crossed in all possible combinations excluding reciprocals
for yield, yield components and other agronomic characters,
The parents, F; and F, generations were evaluated under
optimum and late sowing dates at Shandaweel Research
Station. Significant differences were found among the
genotypes for days to heading and maturity, grain filling index,
no. of spikes/plant, no. of kernels/spike, 100-kernel weight and
grain yield in the fwo generations under two planting dates.
Late sowing date (heat stress) reduced days to heading and
maturity by (13.2 and 6.6 %) and (13.8 and 9.6 %), grain
filling index (12.6 and 15.0 %), number of spikes/plant (7.6 and
7.4 %), number of kernels/spike (2.1 and 1.7 %), 100-kernel
weight (16.1 and 14.3 %), and grain yield /plant (20.9 and 31.2
%), in the Fiand ¥, generations respectively, when compared
with optimum sowing date. Heat tolerance index showed that
cultivars Giza 164, Giza 168 and Sids 1 were the best yielding
parents in the favorable sowing date. Giza 164, Sakha 93, Sids1
and crosses (PyxP;), (P)xP,), (P1xP;) and (P;xPs), were the best
yielding genotypes under heat stress condition. General and
specific combining ability were significant for all traits under
study in the two generations and environments except for no.
of spikes/plant, while 100- kernel weight was insignificant for
GCA in the two generations under optimum planting. Additive
genetic component effects and non-additive (H; and H;) were
significant for most traits under both eavironments, Broad
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sense. herltablllty values were relatively high for all studied
traits in the two plantmg dates and generatlons except for no.
of spikes/plant and for 100- kernel weight in the F; generation.
On the other hand, the values narrow sense heritability were
intermediate for all traits, except for no. of spikes/plant, which
was the lowest, confirming that additive and non-additive
genetic variance in the inheritance of most of these traits in
these materials.

INTRODUCTION

Many of the world’s wheat plants are exposed to short
periods of very high temperature during grain filling period. The
average wheat yield loss-due to moderately high temperature is
estimated at 10-15 % mainly due to the reduced single kernel weight
(Wardlaw and Wrigley, 1994). Overcoming the gap of cereal
production depends mainly on horizontal extension of cultivated area
of cereals. This is encountered by unfavorable conditions such ‘as a
drought, heat and high salinity of soil. The first step is to identify, the
superior tolerant genotypes to be used in these programs. Continual
heat stress (main daily temperature above 17.6 °C in the coolest month
of the year) affects approximately 7 million ha of wheat in developing
countries, while terminal heat stress is a problem in 40 % irrigated
wheat growing areas of the world (Fischer and Byerlee, 1991). Crop
damage due to high temperature under late planting condition has
become an important factor limiting wheat yields. Therefore, it is
highly desirable to develop varieties having tolerance to the heat
encountered due to late planting in the region. Elahmadi, (1993) found
that heat stress is known to cause stunted plant growth, reduced
tillering, and accelerated development and lead to small heads,
shriveled grains and low yields. By using some of these responses;
days to heading and maturity, plant height and yield and its
components; an easily identifiable character as indices for heat
tolerance can be found.

Combining ability analysis provides a guldelme to the breeder
in evaluating and selecting the- elite parents and desirable cross
combinations to be used in the formulation of systemic breeding
program for improving quantitative traits such as yield and yield
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attributes. Singh et al., 1980 found that combining analysis in wheat
involving ten diverse parents and their 45 F;s and F, § progenies
indicated significant differences for general combining ability among
the parents and for specific combining ability among crosses for days
to heading and maturity, spikes / plant, 1000-grain weight and grain
yield/plant. Additive variance was higher than dominance deviation
for all characters, (Mann and Sharma, 1995). The results of Kheiralla
et al. (2001) indicated that additive and non-additive variance were
highly significant for days to heading and maturity, no. of kernels
/spike , 1000-kernel weight and grain yield/plant under normal and
late sowing date (heat stress). the additive gene effect was the main
type of gene action in the inheritance of all traits, except for 1000-
kernel weight under late sowing date. Meanwhile, the dominance gene
effect played an important role in the inheritance of grain yield / plant
under both environments. Broad and narrow —sense heritability values
were high for all traits under both environments, except for grain yield
under the two environments and 1000-kernel weight under late sowing
date. El-Sayed (2006), found that both additive and non- additive gene
effects controlled genetic system of moropho-physiological traits
(days to heading and maturity and plant height) and grain yield and its
components. The additive gene effects were the most prevalent type
under normal and late sowing date (heat stress) for these traits except
for grain yield in F, under late sowing date and F in the two sowing
dates. Heritability values were high in both broad and narrow —sense
for moroph-physiological traits in the two sowing dates and
generations, while broad and narrow —sense values for yield and its
components varied from intermediate to high in broad and
intermediate to low in narrow sense values for all traits under two
sowing dates and (F, and F,)generations. He also found that heat
tolerance index for grain yield ranged from (53.3-89.9), (60. 7-95.4)
and (40.1-88.7) in the parents, F, and F; progenies respectively.

The objectives of this study were to identify, the genetic
behavior of some agronomic and yield characteristics under normal
and hot environment in the F; and F, generations, study the type of
gene, action which control the agronomic and yield traits under
normal and heat stresses, calculate heat tolerance index for grain yield
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for two generations and to identify the best combinations under heat
stress to be-used in heat breeding program in Upper Egypt. '

MATERIALS AND METHODS .
This investigation was carried out at Shandaweel Agricultural
Research Station, ARC, Egypt during the three successive growing
seasons 2003/04, 2004/05 and 2005/06. The genetical materials used
in this study as parents included five bread wheat cultivars, which
represent a wide range of diversity for several traits (Table 1).
Table 1: Local name, pedigree and origin of the five parents.

E:(:'  Name Pedigree Origin
1 Giza 164 | KVZ/BUHO"S" // Kal / BB=YEERY"S" #5 | Egypt
2 Giza 168 | MRL /BUC // SERI Egypt
3 Sakha 93 | SAKHA 92 /TR 810328 Egypt

. HD2F / PAVON "S" / 115857 /
4 | Sids1 MAYA74"S" Egypt
5 Debeira Sudan

In 2003/04 season, all possible cross combinations (excluding
reciprocals) among the five parents were made. In 2004/05 growing
season, ten seeds of each of the 10 F; hybrids and the parents were
sown in the field in rows spaced 30-cm apart and 10 cm between
plants within rows to produce seeds of the F, generation. In addition,
the parents were crossed again to produce more hybrid seeds for each
cross. In 2005/06 season, the parents, the F; hybrids and F,
populations were grown in two sowing dates; 25™ November (normal
sowing date = N) and 25™ December (late sowing date = heat stress =
H). The experiment was designed in a Randomized Complete Block
Design with three replications. Each of the parents and F, hybrids
were represented by three rows, while each F, population was
represented by six rows per block. Every row was 2-m long , spaced
30-cm apart and plants spaced 10 cm. The recommended agricultural
practices for wheat were applied. Data were measured on a random
samples of 10 guarded plants per row (10 plants for each parent and F,
hybrids and 60 plants from the F, population in each replicate in the
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two dates) for number of spikes/plant (No. S/P), number of
kernels/spike (No. K/S), 100-kernel weight g., (100-KW), and gram
yield /plant g. (G.Y). .

The following measurements were recorded on plot basis of each
of the parents, F; and F, populations. Days to heading (HD), days to
maturity (MD), grain filling period (GFP),

Statistical analysis was performed on entry mean base The
variation among  parents, F; hybrids -and F, generations were
partitioned into general and specific abilities as illustrated by Griffing
(1956) Method 1I, model 1, and further genetic components were
carried out as described by Hayman (1954).

Stress tolerance index (STI) = HTI for each entry was computed
according to Farshadfar, et al. (2001) as follow:
STI=Ypx Ys/(Yp) 2 x 100 =Heat Tolerance Index = HTI
Where;
Yp = grain yield under normal condition
.Ys = grain yield under stress condition.

RESULTS AND DISCUSSION

Analysis of variance and performance of wheat genotypes:-

Analysis of variance for the studied characters under normal and
late sowing presented in Table 2, show significant differences among
the genotypes for days to heading and maturity, grain filling period,
no. of spikes/plant, no. of kernels/spike,100- kernel weight and grain
yield under normal and late planting dates in the Fiand F; generations.

The mean performance under normal and late planting dates in
the F; and F, generations for days to heading and maturity, grain
filling period, no. of spikes/plant, no. of kemels/spike,100- kernel
weight, grain yield and heat tolerance index are given in Tables 3 and
4. Results revealed that the earliest parents were P; and P, (87.8 and
82.0) and (87.8 and 84.5) days under both sowing dates respectively.
Under normal and late planting dates the cross (P;xPs) was the earliest
in the F; and (P,xP;) F, generations. Generally, it could be seen that
delaying planting date (heat stress) reduced number of days to heading
in the F| generation by (13.2. %) over all genotypes when compared
with favorable condition. These resuits could be due to the fact that
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units and the accumulated metabolites required for wheat. flowering
were reduced in the late planting date. Similar results were reported by
Abdel-Karim (1991), Abd El-Shafi and Ageeb (1993), Kheiralla et
al.(2001) and El-Sayed (2006). .
Table 2: Mean squares (M.S.) for genotypes and combining ability
analysis in the F; and F; generation under normal (N) and

heat stress (H).
M.S

Ttem dfl HD | MD | GFP INO.S/PJNO.K/S ll(‘:g G.Y
F; hybrid
Normal
Reps 3 817 13.21 | 2295 0.22 71.74 0.01 7.11
Genotypes 14 | 75.67%* | 40.41* | 29.12* | 3.14* | 34.60* | 0.120* | 44.94**
GCA 4 1143,75%* 85.44** | 48,83* | 5.97* | 39.95 | 0.101 | 25.75**
SCA 10 ] 10.43%* | 22.40%% | 21.24%* | 2,00 | 32.46* (0.134* | 52.63**
GCA/SCA 13.78 3.81 2.30 2.99 1.23 0.75 0.49
Error 42| 2.39 1.04 4.67 1.20 9.11 0.02 2.16
Heat stress
Reps 3 1.13 1.088 6.33 2.19 655 | 0.180 4.25
Genotypes 14 ] 14.07% | 12,98** | 51.60* | 3.62* | 36.45* | 0.158* 13.83*
GCA 4 | 23.16* 105.36** 68.35* | 1.89 ([74.02**!0.225%} 9.36*
SCA 10| 2.69 |60.02**| 44.90* | 3.62* | 21.43 [0.131** 15.62*
GCA/SCA 8.60 1.76 1.52 0.52 345 1.72 0.60
Error 42 2.69 3.52 6.49 1.47 8.73 0.02 3.64
F, Crosses
Normal
Reps 3 2.58 0.49 2.n 7.33 1002 | 0.12 1.44
Genotypes 14 | 39.79+* | 25.54* | 29.79* | 5.31* 110.02%*| 0.17* | 49.82*
GCA 4 |79.26%* | 32.41%* | 58.17* | 893 [60.13**; 0.04 | 72.80%*
SCA 10| 24.01%* 1 22.79** | 18.44* | 3.86 [61.63**| 0.20* | 40.63**
GCA/SCA 3.30 1.42 3.15 2.31 0.97 0.57 1.79
Error 42| 1.78 2.1 525 2.30 2.03 0.07 3.14
Heat stress
Reps 3 1.79 6.64 4.28 1.77 26.44 | 0.10 1.92
Genotypes 14 | 41.38** | 14.69* | 26.20* | 5.03* | 68.25* | 0.14* | 22.78*
GCA 4 | 87.29%% | 17.55%*% | (.94 8.63 |49.61**; 0.13* | 46.61**
SCA 10 | 23.00*%* | 13.55%* | 33.90%* ] 3.59 ;75.85%* | 0.15%* [ 13.24**
GCA/SCA 3.30 L.30 0.204.93 2.40 0.65 0.87 352
Error 421 2.29 1.22 2.22 6.39 0.04 212

** ¥ Significant 0.01 and 0.05 % levels of probalities, respectively.
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Table 3: Mean performance. of days to headiﬁé (D), days to
maturity (MD), grain filling (GFP) for parents, F,
hybrids and F, populations under normal (N) and heat

conditions (H).

Genotypes HD MD - GFP

N H N H N H
Parents
Py (Gna168) 100.0 88.0 147.0 129.5 48.0 42.0
P2 (Gua 168) 87.8 84.5 144.0 127.8 50.0 44.0
P3 (Sauns 93) 87.0 82.0 139.0 127.0 47.0 47.9
Py (sigs 1) 102.0 83.0 150.0 140.0 46.0 50.0
Ps (Debira) 100.8 87.0 148.0 136.3 51.0 44.0
F;hybrids 100.0 84.3 145.0 124.0 45.0 43.0
1x2 99.5 83.8 148.0 125.2 48.3 41.0
1x3 99.5 83.5 148.0 125.3 48.5 41.0
1x4 96.3 83.5 147.0 125.3 51.5 41.0
1x5 97.0 83.0 146.0 127.5 48.5 44.0
2x3 98.3 84.3 142.0 126.8 48.5 43.0
2x4 87.0 83.0 148.0 126.8 50.0 47.0
2x5 96.0 83.0 148.0 128.0 52.0 48.0
3x4 94,5 83.8 149.0 1288 54.3 47.0
x5 97.8 86.0 148.0 128.5 53.3 42.0
4x5
Average 96.6 83.8 146.9 126.6 50.00 43.7
L.S.D 0.05 3.55 3.34 2.19 4.06 5.51 4.38
E; Cross.
1x2 Tl 93.5 90.3 143.8 133.0 50.0 40.0
1x3 ' 97.0 91.0 148.0 131.5 51.0 42.0
1x4 93.3 91.3 144.8 - | 132.0 51.5 42.0
1x5 - 949 89.0 1455 129.8 51.5 42.0
2x3 87.0 86.3 143.0 1303 54.0 45.0
2x4 92.5. [ 880 148.3::{.:-131.0 55.5 43.0
2x5 94.5 85.0 1455 | 131.8 | 495 44.0
3x4 94.3 84.5 146.3 1328 | 52.0 45.0
Ix5 94.0 86.5 147.8 1330 |, 54.0 45.0
4x5 953 1 890 144.5 131.0 | 49.0 43.0
Average: 1939 - | 877 145.7 131.7 51.3 143.6
LSD 0.05 3.00 3.41 3.41 2.50 2.12 5.18
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For days to maturity the parental mean ranged from 139 days
for P; to 150 days for Py under favorable conditions, while it was
reduced to 127 days for (P3) to 140 days for P, under late planting. In
the Fz generation the cross (PyxP;) was the earliest for maturity date
under the two environments. These results indicate that duration from
planting to heading and maturity was reduced with the delay in
sowing, but the reduction was slow down to the end of November and
rapid after November.

Grain filling period, delaying the planting date (or exposed heat
stress) reduced grain filling period by 12.6 and 15.0 % in the Fy and F,
generations respectlvely when cornpared with the normal planting
date. The decrease in grain filling perlod could be due to increasing
temperature during this period, causing decrease in grain yield. These
results are similar to those reported by Brucker and Frohberg (1987),
Abdel-Karim (1991) Abdel Ghani ef al. (1993) and El- Morshidy e al.
(2001). Fischer and Maurer (1978}, They reported that grain yield was
reduced by 4 % as a result of increasing temperature by 1 °c over the
optimum temperature if such rise occurred from end of tillering until
the grain filling stage.

The values of no. of spikes/plant ranged from 12.§ spikes (P)
to 15.0 (P2) under normal planting date, but it was reduced to 12.5
(P() and tol3.8 spike (P,) under late planting date. The average F,
hybrids for no. of spikes/plant ranged from 12.0 spikes for cross (Py x
Ps) to 14.0 for (P, x P, ) and (P; x P4) under normal condition, while it
was reduced to 10.5 for cross (P; x Ps) under heat stress. The F,
crosses ranged from 14.0 spikes for cross (P3 x P4 ) to 16.80 for cross
(P: x Ps) under normal planting, and it was ranged from 12.0 spikes
for cross (P; x P;) to 14.3 (P, x P, ) under heat stress. Delaying
planting date reduced no. of spikes/plant by 12.7, 7.6 and 7.4 % for
parents, F) and F, generations respectively when compared with the
optimum planting date. Similar results were obtained by Salim (2000)
and El-Sayed (2006).

The performance no. of kernel/spike ranged from 43.3 for (P3)
to 48.8 kernel (P,) in the favorable condifion, but it was reduced to
41.0 for (Ps) and to 46.3 kemels/spike for (P;) under late sowing date.
The reductions of parents were 4.6 % as compared with recommended
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planting date. Over all average of no. of kernels/spike decreased by
2.11 and 1.74 % in the F; and F, progenies respectively. Khierall et al. -
(2001) found that no. of kernels/spike was reduced by 8.9 % in
unfavorable condition as compared with favorable condition.

The parental average mean for 100- kernel weight ranged from:
43 ¢ for (Ps) to 5.0 g (Py) in the favorable condition, but it was
reduced to 3.5 g for (P,) and to 4.1 g (P4) under heat stress condition.
The F, values ranged from 4.5 g for cross (P;xP;) to 5.0 g (P,xP;) in
the non-stress condition and 3.7 g for (P,xP;) to 4.4 g gm (PxP;s)
cross in the stress condition. The average reduction of 100- kernel
weight of all F; was 16.1 % as compared with non-stress environment,
The values of crosses average ranged from 3.6 for (PoxP,) to 4.0-g for
(P1xP,) with 14.3 % reduction under heat stress. Similar results were
obtained by Stone and Nicolas (1995), Kheiralla ef al. (2001) and El-
Sayed (2006). With regard to grain yield / plant the parental
performance ranged from 21.78 for (Ps) to 29.38 g for (Py, in the
normal sowing date and it was 18.01 for (P,) and 24.82 g for (P)
under late sowing (Table 4). The cultivars Giza 164 (P,), Giza 168
(P,) and Sids1{(P,) were the highest yielding parents in the favorable
sowing date, while the genotypes Giza 164 (P,), Sakha 93 (P;) and
Sids1 (P4} were the best yielding parents under late sowing, date (heat
stress condition). Kheiralla et al. (2001) found that Giza 164 was the
best yielding parent under heat stress, The grain yield of the F, ranged
from (22.00 and 18.92) gm for cross (P xP3} to (33.92 and 23.19) g for
(P;xP;5) in the favorable and late sowing respectively. On the other
hand in the F, o5 (P1xP4) and (PxPs) were the best yielding and
giving (29.72 and 35.74) and (22.22 and 21.90) g/plant under
optimum and late planting dates, respectively. The yield reduction
ranged from (20.87 and 31.18 %) in the F, and F; crosses as compared
with non-stress environment. These results agree with those reported
by Abd El-Shafi and Ageeb (1993) who found that late sowing dates
reduced grain yield by 19.0 % when compared with the optimum
sowing date in Upper Egypt. They also stated that the reduction in
grain yield/plant by delaying sowing date decreased duration of grain
filling period, particularly for late heading varieties. High temperature
stress indirectly reduced yield by directly affecting various yield
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components as indicated in Table 4. These results agree with those

reported by Abdel-Karim (1991), Kherialla e al. (2001) and El-Sayed

(2006).

Table 4: Mean performance of grain yield and its components and
heat index susceptibility for their parents, ¥, and F;
generations under normal and heat stress conditions.

Genotypes NO. S/P, NO. K/§ 100KW G.Y HTI
N H N H N H N H

Parents

P1 (Gia 169 12.8 | 12.8 | 43.5 | 42.5 | 4.88 | 3.83 | 29.38[24.82| 84.5
P2 (Giza 168) 150 | 135 | 48.0 | 46.3 | 442 { 3.54 {29.17{18.01; 6L.7
P3 (Sakha 93) 13.8 1 12.3 | 433 | 448 | 448 | 3.74 |27.76 (21.24| 165
Py (sigs1) 14.8 | 13.8 { 48.8 | 44.5 1 5.00 | 4.07 [28.08|21.60| 76,9
Ps mepirs) 14.0 | 12.5 ) 46.0 | 41.0 | 4.30 | 3.80 |21.78|19.19| 88.1
F;hybrids

1x2 140 | 12.8 { 46,5 | 50.3 | 451 | 3.72 127.24:22.54) 8§2.8
1x3 12.8 | 13.0 { 47.0 | 455 | 5.00 } 3.94 [22.00]18.92| 86.0
1x4 123 | 10.8 | 45.8 | 49.5 } 4.95 | 4.07 |26.85|21.68 | 80.7
ix5 12.0 | 105 | 44.5 § 46.0 | 4.59 | 4.36 |28.81|20.05| 69.6
2x3 13.0 | 12.5 1 44.8 : 42.3 | 490 | 3.87 |28.50(19.92| 69.9
2x4 143 1 11.8 | 49.0 | 498 | 4.62 | 3.93 (25.41(24.23 954
2x5 13.3 | 12.8 | 46,8 | 47.3 | 4.81 | 4.10 | 29.27|20.94| 715
x4 14.0 | 13.0 | 49.8 | 45.8 | 4.69 | 4.02 |23.94)19.27| 80.5
3x5 12.8 | 12.8 | 455 1 43.0 | 4.82 | 3.95 |22.26(21.48| 96.5
4x5 13.5 1 12.3 | 53.0 | 43.5 | 4.81 | 4.08 {33.92{23.19| 67.6
Average 132 122 |1 473 | 46.3 | 477 | 4.00 [26.82121.22 -
L.S.D 0.05 256 23216556401 0041035319 412 | ——
F, Cross.

1x2 153 | 12.0 | 49.0 | 49.0 | 4.22 | 4.00 [ 22.5018.00 80.0
1x3 148 { 12.3 | 43.0 | 49.0 | 499 | 3,90 |23.71{19.21 | 81.0
1x4 16.0 | 14.0 | 47.0 | 48.0 | 4.22 | 3.90 |29.7222.22| 74.8
1x5 16.8 | 13.3 | 46.0 | 44.0 | 4.64 | 3.70 |35.74|21.90 61.3
2x3 4148 | 13,5 | 42.0 | 44.0 | 456 | 3.90 124.47115.21| 62.2
2x4 : 145 | 143 | 48.0 | 46.0 | 4.58 | 3.60 {27.30  16.83| 61.7
2x5 14.8 | 12.3 | 42.0 | 43.0 | 4.58 | 3,70 | 26.7613.44] 50.2
3x4 14.0 { 13.8 46.0’.L43.0 4.50 | 3.80 |22.20|16.04] 72.2
k) o 15.7 | 13.0 | 47.0'| 43.0 | 4.36 | 4.00 | 23.6516.05| 67.9
4x5 153 | 12.5 | 50.0 | 48.0 | 4.44 | 3.70 [28.33118.51]| 65.3
Average 150 | 13,1 | 46.0 | 45.2 | 4.53 | 3.88 :26.36|18.14| —--
LSD 0.05 3.41 | 3.34 |1 459 | 517 | 0.57 | 0.48 | 4.00 ; 0.03 | ——--
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The values of heat tolerance index (HTI) for grain yield/plant
show that genotypes Giza 164 (P,) and Debira (Ps) were relatively the
most tolerant parents to heat stress, while Sakba 93 (P;) and Sids 1
(P4) were moderate tolerant. Giza 168 (P;) was the most susceptible
parent. The crosses (PxPs), (PxP4) and (P;xP;) in the F; and (P,xP,)
(P1xP;) and (P,xP,) in F, were the most tolerant to heat stress.

The results in Table 2 show that the variances of general and
specific combining ability were significant for most characters. These
results indicate the presence of additive and non-additive gene effects
in the inheritance of the most studied traits. The ratio GCA/SCA mean
squares was more than one for most traits under both environments,
suggesting the predominant role of additive gene effects in the genetic
control of the traits. These results are in agreement with the finding of
El-Sayed (2004) and El-Sayed (2006).

Combining ability:-

Estimates of general combining ability (GCA) effects for
studied traits are presented in Table 5. The parental genotypes (P;) and
(P3), showed significant and negative GCA estimates for days to
heading in both planting dates, except for (P;) under late planting,
hence these genotypes could be considered good combiners for
improving earliness. For days to maturity, results revealed that (P;)
exhibited negative significant GCA estimates in both planting dates,
while the GCA effect of (P;) was negatively significant under normal
planting date. Those parents could be considered a good combiners for
earliness in maturity. Regarding grain filling period, the genotypes
(P3) for normal planting date and (P,), under late planting had
positive significant GCA estimates for.grain filling period, they could
be considered good combiners for long grain filling period in both
planting dates. El-Morshidy et al. (2001), stated that the cultivars
which are early in heading or maturity have long grain filling duration,
and vice versa. On the other hand, the genotypes ( P4) exhibited
positive significant GCA estimates in both planting dates and was
good combiners for 100- kernel weight under late sowing date,
therefore it could be used for producing heavy kernels. For grain
yield/plant the results showed that the Giza 164 (P;) was good
combiner in both planting dates, while Giza 168 (P,) was good
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combiner in normal planting date. These genotypes had positive
sngmﬁcant GCA estimates and could be con31dered for increasing
grain yield.
Table 5: Estimates of general combining ability effects of headmg
date, maturity date, grain filling period, no. spike/piant,

no. kermels/spike, 100-kernel weight and grain
_yield/plant under normal and heat conditions.

Parent HD MD GFP NO. NO. j100KW; G.Y
. S/P. K/S
Normal '

| 1.99% | 1.49* | -1.76* | -0.61 0.85 | -0.03 ; 1.27*
2 | -1.93* | -2.26* | 0.41 0.53 | -0.26 | -0.06 | 1.00*
3 -2.90% | -1,37* | 1,59* | -0.11 | -1.61 008 | -1.36*
4 1.85* | 1.59* | 0.63 0.39 1.46 0.05 0.65
5 099 | 1.55% | -0.87 | -0.19 ; -0.44 | -0.03 ; -0.56
L.S.d 0.05 1.21 0.75 1.59 0.78 2.23 2.23 1.00

Heat

1 0.57 | -1.69* | -0.44 | -0.29 1.82 0.02 | 0.39*
2 -0.50 | -1.44*% | -2,19% | 032 121 -0.13*% | -0.48*
3 -1.36% | -1.01 | -0.33 [ 0.11 -1.36 | -0.05 | -0.71*
4 0.82 | 2.56* | 1.06 0.11 0.28 | 0.09* | 0.65*%

5 047 1.59* | 1.89* | -6.25 | -1.96 | 0.07 0.15_‘
L.S.d 0.05 1.14 1.38 1.88 0.78 2.18 0.09 1.41
(gi-gi)

* Significant at 0.05 level of variability.

Specific combining ability effects of the parental combinations
for the studied traits under two planting dates and generations are
shown in Table 6. Regarding days to heading, the cross (P,xPs), gave
negative significant effect in the two environments and generations,
while the crosses (P,xPs) and (P;xP,) were negatively significant in
late sowing date. For maturity, the crosses (P1xP4), (P1xPs), (PsxPs)
and (P,xP;) had negative significant effects in planting dates and
generations, except for cross (P;xP,) under heat stress. Cross (PxPs)
exhibited negative significant SCA for heading and maturity
(earliness). The crosses (P:xP4) and (P3xPs) had negative significant
SCA values for grain filling period. For no. of spikes/plant (Table 7),
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Table 6: Estimates of specific combining ability effects of heading date,
' maturity date, and grain filling under normal and heat

conditions. o
Parent HD o MD GFP
N H N H N H
F, hybrid
1x2 3.06* -0.32 0.26* -1.30 0.58 -0.76
1x3 3.52* 0.04 2.11* 048 | -0.85 0.63
1x4 -1.22 -2.39* -0.60* -4.1*% -1.63% -0.51
1x5 -3.61* -2.04* -0.81* ~3.1* -0.13 1.67
2x3 4.95* 0.36 2.17* 1.52 -1.52 2.63*
2x4 0.20 -0.57 0.16 -2.80* ~-1.56 1.24
2x5 2.31* -1.46* 2.44* -1.85* 3.69* 1.92
3x4 0.17 -0.96 1.26* -1.97* 2.51* 2.88*
3x5 .48 0.14 2.55* -0.26 2.26* 431*
4x5 -1.98* 0.21 -0,92* -4.08* -1,27 1.92
S.Eij 0.71 0.67 0.47 0.67 0.75 1.11
L.S.D 0.05 1.52 1.46 1.00 1.75 1.60 2.63
F; cross.
1x2 0.46 091 -0.68 1.31% -1.14 -0.80
Ix3 2.21* 2,33+ 2.79* -0.62 -0.68 0.88
x4 -3.82+ -0.70 -2.07* -L.73% -1.04 1.74
1x5 -2.00* -2.35* -1.41* -2.58* -1.14 0.85
2x3 -3.89* 1.08 0.07 -0.62 | ~0.93 2.17
2xd -0.70 -0.45 3.71* -1.48* -1.68 4,77*
2x5 2.39% -2.85*% 1.18 0.67 -0.04 -2.12
x4 -0.70 -3.27* 0.93 -0.16 -0.46 1.95
3x5 0.14 -0.66 2.64*% 1.49* -0.57 2.81
4x5 -0.89 -1.45*% -2.21* -2.12* -3.68* -1.08
S.Eij - 0.57 0.66 0.63 0.50 0.99 1.48
L.S.D 0.05 1.22 1.41 L35 1.07 2.13 3.18

* Significant at 0.05 level of variability.

the crosses {(P;xP3), (P;xPs), and (P3xP,) in the F, and cross (P;xP3) in
the F, generation under heat stress, had positive significant SCA
effect. In the F ; generation four crosses (PxPy4), (P1xPs), (P,xP;) and
(P,xP;) under normal planting and two crosses (PyxPs) and {P4xP;) in
the late planting exhibited positive significant SCA effect for no. of
kemnels/spike. Also the best combination was obtained by cross
(P1xPs) in the F, generation under both planting dates. Regarding 100-
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Table 7: Estimates of specific combining ability effects for no. of
' spike/plant, no. of kernels/spike, 100- kernel weight and
grain yield/plant under normal and heat conditions.

Parent NO. S/P. NO. K/S 100KW | G.Y
u N H N | H N H N H
F, hybrids
1x2 0.62 | 0.30 | -1.56 | 3.30* | -0.10 | -0.10 | -0.99 | 1.45
1x3 0.01 {0.76* | 0.30 | -0.88 | 0.25* | 0.04 |-3.87*|-1.95*
1x4 -0.99 1-1.49* | 4.02* | 1.48 | 0.22* | 0.02 | -1.03 | -0.54
1x5 -0.67 {-1.38%|-3.38*: 0,23 | -0.05 | 0.34% | 2.14* | 2.34*
2x3 0.88 1 035 [ -0.84 {-3.52*, 0.18 | 0.11 | 1.89* | -0.06
2x4 -0.13 |-1.10% | 0.33 | 2.33 { -0.07 | 0.03 |-3.17*| 2.89*
2x5 -0.56 | 0.26% | -0.02 { 2.08 | 020 | 0.23* | 1.87* | 0.11
3x4 0.26 | 0.37* | 2.44 | 091 | -0.13 | 0.04 |-2.31%)-1.84*
3x5 -0.42 | -0.02 | 0.08 { 041 | 0.08 | -0.00 |-2.78* | 0.87
4x5 -0.17 | 002 [ 451« 074 | 0.09 | 001 | 6.87* | 1.23
S.Eij 047 { 0.17 [ 132 | 1.29 { 0.10 | 0.10 | 0.8¢ | 0.83
L.S.D 0.05 NS 037 [ 282 (2751 021 ] 021 ] 1.71 | 1.77
F cross.
1x2 -0.42 | -0.73 |-2.94% | -1.23 {-0.31* | 022 }|-4.99*| -0.09
1x3 -0.77 | -0.69 |-5.19% | 2.35 | 0.42* | -0.03 {-2.29*| 0.11
134 0.19 | -0.16 | 4.99* | 1.62 |-0.26*| 0.05 | 1.41 | 1.78*
1x5 -0.10 | -0.26 | 5.88* | 5.10* | 0.10 | -0.14 | 6.49* | 2.74*
2x3 0.01 | 1.42* | 2,99* [.2.36* | -0.23 | -0.06 | 1.10 | -0.59
2x4 -0.52 | 1.20 | 3.17* | -233 | 0.13 [ -0.25 | 1.66* | -0.31
2x5 . -1.31 | -0.16 | 1.81 |-4.01*| 6¢.08 | -0.07 | 0.15 |-2.41*
3x4 - -0.88 ) 0.24 | 0.18 |-3.51*| 0.02 | -0.19 |-1.79% | -2.11*
3x5- -0.17 | 0.13 | -0.44 [-2.69% ] -0.20 | -0.00 | -1.37 | -0.81
4x5 -0.95 |-1.38*| -0.51 | 6.49* | 0.03 | -0.18 | 1.02 | 0.31
S.Eij 0.66 | 064 | 088 | 1.10 | 0.16 | 0.10 | 0.77 | 0.63
L.S.D 0.05 NS j 1.38 | 1.90 | 236 | 021 | NS | 165 | 1.35

. * Significant at 0.05 level of variability.

kernel weight, the crosses (P,xP;) in the two generations, (P;xPy4) in
the F; under normal condition, (PxPs) and (P,xPs) under heat stress
had positive significant SCA effects. For grain yield in the normal
planting date the crosses (P;xPs), (P,xP3) and (P4xPs) in the F, and
(P1xPs) and (P,xP;) in the F, had positive significant SCA effects,
while under heat stress the crosses (P;xPs) and (P;xP,) in F; and the
crosses (P;xP;) and (P;xPs) in the F, generation, showed positive
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significant SCA effects. The cross (PxPs) have the highest positive
significant SCA values for this character, under normal and stress
conditions in the two generations. These results revealed that some of
the crosses can be used in wheat breeding program for earliness, heat
stress and high yield potential. :

Genetic components:-
Estimates of the genetic components are presented in Table 8.

The additive genetic components (D) were significant for all traits in
the Fy and F, generations under normal and late sowing dates, except
for grain yield in the ¥, under the two environments. The dominant
component (H,) was significant for all studied traits in the two
generations under normal and late sowing dates, except for no. of
spikes/plant in the F, under the two environments. However the values
of (H;) were higher in magnitude than the respective (D) for days to
heading, grain filling period, no. of spikes/plant, no. of kernels/spike
and grain yield/plant in the F; generation under the two planting dates.
In the F,, the values of (H,) for days to heading, no. of kernels/spikes
and grain yield /plant under the two environments were higher in
magnitude than the respective (D), indicating non- additive gene
action as predominant type of action in the expression of these traits.
Kheiralla er al. (2001) found that non- additive gene action played the
main role in the inheritance of 100 kernels weight under late sowing
and grain yield/plant under both planting dates. Similar results were
reported by El-Sayed (2004) and El-Sayed (2006). The components of
variation due to dominant effects associated with gene distribution
(H,) was significant for studied traits in the ¥, and F, generations
under normal and late sowing dates, except for grain filling period in
the F no. of spikes/plant and no. of kernels/spike in the ¥, under heat
stress. The values of (H,) were consistently lower than those of (H;)
which complies with the theoretical assumption of Hayman (1954),
and could be a further proof of the unequal proportions of positive and
negative alleles in the parents at all loci for these traits.
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Table 8: Estimates of genetic components for heading date, maturity

- date, grain filling, no .spike/plant, no. kernels/spike, 100
_ kernel weight and grain yield/plant under normal and heat
condltmns in the Fihybrids and F; generanon. :

Itenr’ - ‘HD MD GFP . .| NO.S/P. | NO.K/S | 100KW G.Y
F1 hybrids
Normal

54.81+4.5812.7940.53 | 8.33 £ 7.6 | 0.76+0.06 | 13.11:4.15) 0.09:0.004 | 7.20x1.05

Hti 104.545.58 | 8.83+0.51 | 39.74+7.6 | 1,14+0.06 | 26.5834.15 | 0.08+0.004 | 17.99x1.05
H2 86.5453.01 [ 11.86+5.04 | 123.4:68.4| 1.15:0.58 | 23.46+13.6 | -0.02+0.01 | 4.06+0.01
F 5.88+5.60 | 6.86+1,96 | -80.2+28.1 | 1.26+0.22 | 11.98+10.410.12+0.001 | 16.58+5.04
bt 53.53+5.58 | 1.1840.53 | 6.42+7.6 | 0.3420.06 | -2.53+4.15 | -.02+0.004 | 0.04+0.01
(H1/D)1/2 1.38 0.83 218 122 1.42 0.93 0.50
H2/4H1 0.21 0.34 .85 0.25 0.22 0.66 0.06
H. b.s 95.00 70.49 96.94 - 7488 90.52 93.70 8407
H..ns 57.94 44.00 48.71 49.88 | - 61.83 78.26 58.59
Heat stress : o
D  6.2230.33 131.99+18.6 | 2.7£1.10 | 0.12+0.05 | 4.99+3.89 | 0.03:0.003 | 1.61+0.63
H1 12.7140.33 | 9.211+8.60 | 4.98+1.10 | 1.30£0.05 | 30.62+14.0{0.02+0.003 | 7.87H0.63
H2 6.3243.23 | 447.32182 | 1.64+10.67 | 0.68+0.50 128.18+3.89 | 0.03+4.027 | §.3846.12
F 8.30+1.22 | -395468.5 { -15.4444.1 | 0.450.19 | 5.12+3.06 | 0.0740.04 | 0.15+2.33
h* 0.069+:0.33 | 73.9418.61 | 5.38+1.10 | 1.2540.05 j 3.18:4.09 | 0.10+.003 | 1.7420.63
(H1/D)1/2 143 0.54 1.36 329 6.14 0.74 221
H2/4H1 0.12 12.15 0.29 0.13 0.23 0.04 .27
H. b.s 90.97 99,50 86.46 52.46 88.82 7831 73.92
H.ns 66.38 73.31 83.84 2459 12.47 59.04 13.90
F2 Crosses N
Normal
D 55.07£19.2 | 14.1446.20 | 8.5423.84 | 0.3210.05 | 13.1244.56 | 0.08<0.01 | 4.50+12.1
F 134.7£19.2 | -83.74+6.2 | -14.0+3.84 | 0.4420.45 | 216.14.6 | 0.049+.001 | 528.2+12.1
H1 83.240.72 | 39.18435.8 | 49.72434.6 | 0.56+0.41 ; 238.6+44.2 | -0.04:0.01 | 469.8+112
H2 66.1+61.04 | 214.6+22.9 ; -59.7£14,2 | 0.082:0.4 | -26.5%15.2 { 0.020.003 | 50.28+44.4
F 41.39:19.2 | 0.48+6.3 {12.7143.84 | 2.25¢0.04 | 9.5214.6 |0.02+0.001:.0.066+12.1
h? 1.56 243 1.28 117 4.06 0.80 10.83
(H1/M)1/2 0.15 0.12 0.89 031 0.28 0.20 0.02
H2/4H1 92.88 97.84 95.62 29.48 98.13 70.83 99.44
H.bs 29.80 89.92 63.27 1827 23.63 44.25 32.16
H.ns
Heat stress
D 6.23+5,0 |32.79431.8 | 3.10+2.70 | 0.52+0.02 | 4.09+3.55 | 0.03+0.01 | 2.0£2.56
H1 -149.645.0 | -120.4:32 | -29.042.7 | -0.0320.1 | -34.0+3.55 [ 0.008+0.01 | -39.4£2.56
H2 40.18438.5 1 83.04+63.7 | 65.39425.1 | 0.02+0.18 | 9.42+18.5 | 0.032+.006 | 26.16:23.0
F -192.1+18 [ 175£117.6 | -91.949.99 | 6.63+0.06 | -41.9+13.1 | 0.0070.00 | -72.26+9.5
h? 13.1645.00 | 0.35+31.81 | 33.31+2.7 | 0.04+0.02 | 3.52+3.15 (0.12+0.002 | 9.91£2.56
(H1/D)1/2 4.90 1.92 3.05 0.24 2.88 0.53 4.43
H2/4H1 0.07 008 0.56 0.17 0.07 1.0 017
H.bs 99.04 99.42 96.78 32.44 87.82 47.83 98.01
H.ns 86.47 76.86 63.97 2207 76.62 21.74 79.25
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The over dominant effects of heterozygous loci was significant
for most studied characters in the F; and F, generations and in the two
environments, indicating that the effect of dominance is due to
heterozygosity. The average degree of dominance (H,/D)"”? ‘was. more
than unity of all traits under the two environments and generations,
indicating the presence of over-dominance effect, except in the F,
days to maturity and 100-kernel weight under the two planting dates
and grain yield in the optimum condition. These results agree with
those reported by Nayeem and Veer (1994), Abdel-Karim (1991),
Kherialla er al.(2001) and El-Sayed (2006). The values of H,/4H,
were less than 0.25 for all studied traits in the F, generation under
optimum and late sowing dates, except for grain filling period,
revealing asymmetric distribution of positive and negative alleles
among parents. Broad-sense heritability values were relatively high
for all studied traits in the two planting dates and generations except
for no. of spikes/plant and no. of spikes/plant in the F, generation
which were moderated and low, respectively. On the other hand, the
values of narrow sense heritability were moderate for all traits in the
two sowing dates and generations, except for no. of spikes/plant which
was low. ,

These results confirm that additive and non additive gene effect
controlling of genetic system of these most this traits in tested
materials and that selection in the early segregating generation for
grain yield under normal and heat conditions could be effective. These
results agree with those obtained by El-Sayed (2004) and El-Sayed
(2006).
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