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ABSTRACT ,

This investigation aimed to study the effect of sowing dates on performance of six
parents of bread wheat and their Fy ¢ and on general and specific combining abilities
for yield and its components. The parents included three local cvs. namely; Giza 168 (P1)
Sakha 94 ( P2) and Gemmeiza 10 (P6) and three Syrian cvs. namely; Cham § (P3),
Bohouth 6 (P4) andCham 4 (P5) .The parents were crossed in qll possible combinations,
excluding reciprocals, to obtain a total of 15 hybrids. In 2008/ 2009 season, the six
parents along with their 15 Fy g were evaluated for the various traits al three sowing
dates, ie, 23" of Oct. ( early sowing }, 16* of Nov.(recommended sowing ) and 13* of
Dec. (late sowing). A field experiment was devoted for each sowing date. The results
indicated that mean squares due to sowing dates, genotypes and genotypes x sowing
dates interaction were significant, revealing the presence of sufficient genetic variability
among genalypes and different their responses at different sowing dales for the traits
studied. Delaying sowing date to Dec. caused substantial decreases in grain yield and its
companents, i e. no. of spikes / plant , no. of spikelets / spike , no. of kernels / spike
and 1000- kernel weight, comparing with early and recommended sowing. Meantime
grain yield / plant, no. of spikes / plant and no. of kernels per spike significanily
increased on early sowing than on recommended sowing, However, the two local cvs.
Giza 168 and Sakha 94 appeared to be more suitable for growth on early sowing than
other cvs. . Also the crasses; P1 x P2, P1 x P3 and P2 x P3 were superior in grain yield
and most of its compenents under different sowing dates. General (GCA) and specific
{SCA) combining ability mean squares were found to be highly significant for all traits
studied at each sowing date and combined analysis except mean squares of SCA for no.
of spikelets /spike at the recommended sowing date was insignificant, indicating the
importance of both additive and non-additive gene effects in the inheritance of the traits
studied, The ratios of GCA/SCA variances were greater than unity for no. of
kernels/spike and 1000-kernel weight at the three sowing dates and combined data ,
indicating that additive and additive x additive types of gene action were of greater
importance in the inheritance of both traits. Also, it is evident that additive type of gene
action was the most important part of total genetic variability for no.of spikelets /spike on
Nov. sowing. For the traits; no. of spikes/ plant, no. of spikelets / spike and grain yield
/ plant the ratios of GCA / SCA were inconsistent across different sowing dates and
combined data. The two cvs. Sakha 94 and Cham 4 proved to be good general combiners
Jor no. of spikes/ plamt while the three cvs. Giza 168, Sakha 94 and Cham 8 are
considered to be good general combiners for no. of spikelets /spike no. of kernels/spike
1000-kernel weight and grain yield per plant, The cresses; PI1 x P2 ,P1 x P4, P1 x P3 and
P2 x P3 are considered to be the best F;_cross combinations for most of the studied traits
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combinations for most of the studied traits at different sowing dates, which can be used
in hybridization programs for improving grain yield of wheat at target sowing dates.

Key words: Bread wheat , Triticum aestivim , Sowing date, Combining ability.

INTRODUCTION

Increasing wheat production is considered an important national goal
to face the increasing food needs of Egyptian population. This increase
could be achieved through maximizing production per unit area (vertical
expansion) and /or cultivating more land to wheat (horizontal expansion).
However, increasing production per unit area seems to be the most
appropriate approach to minimize the gap between total local production
and consumption. This can be attained via developing high yielding
varieties and simultaneously, implementing suitable cultural practices.

One of the most important cultural practices is sowing date. It has an
active role for growth, yield and its components. The suitable date for wheat
sowing mainly depends on many factors such as weather conditions and the
previous crop (Esmail 2006). Kumar et al (1995) demonstrated that the
wheat crop sown at different dates witnesses vast differences with respect to
abiotic factors like temperature, light and humidity. The genotypes interact
differently to abiotic factors, especially temperature and light according to.
their photo thermal responses, and several morphological and productivity
traits are affected. Therefore, there is need to develop varieties capable of
facing the vagaries of environment effectively. The progress of breeding
efforts in this direction will dépend on the amount of variability present in
the germplasm. Ibrahim et a/ (19A6) showed that optimum sowing date for a
wheat cultivar is the period between 5™ and 20™ November. And either early
sowing (October) or lately sowing (December) resulted in lowering grain .
yield. Several investigators as EL-Morshidy et al (1998), EL-Marakby ef al
(2002), Esmail (2006), Mahguob and Amin (2006), EL- Marakby et al (
2007a), Menshawy (2007) and Ahmed and Mohamed { 2009) found
reduction in grain yield and its contributors owing to delay sowing by the
end of November or during December. On the other hand, Menshawy
(2005) pointed out that early sowing has increased since the mid-nineties
when high-yielding late flowering cultivars became commercially available.
Therefore, knowledge of the effect of sowing date on development is also
necessary to develop wheat cultivars adapted to early sowing. In Egypt,
increasing area of early sowing of wheat after harvesting early maturing rice
cultivars starting from the last two weeks of Sredptember i.e. about 4 weeks
garlier than currently recommend dates of ( 3™ wk of Nov.) which may
cause several problems such as agents yield reduction and increasing
possibility of rusts attacks. Samre ez al (1989), in India, found insignificant
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Estimation of the types of gene action involved in the expression of
traits, the level of additive effects and the degree of dominance are very
important in developing a breeding method for the frait of interest.
Combining ability analysis of Griffing (1956) is most widely used as
biometrical tool for identifying parental lines in terms of their ability to
combine in hybrid combinations. With this method, the resulting total
genetic variation is partitioned into the variance effects of general
combining ability as a measure of additive and additive x additive gene
action and specific combining ability as a measure of non-additive gene
action. In this respect Dawwam et al (2007), Abd EL-Rahman (2008),
Ahmed and Mohamed (2009), El-Shamarka et al (2009) and Sedek et al
(2009) indicated the preponderance of additive gene action in the
inheritance of number of spikes/plant, number of spikelets/ spike, number of
grains/spike, 1000- kernel weight and grain yield/plant , while EL-Shami et
al (1996) and Motawea ( 2006) revealed the preponderance of non-additive
gene action (dominance and epitasis) in the inheritance of these traits.
Therefore, the major objectives of this work were :

1- Evaluating performance of six parents of bread wheat and their F;
crosses on three sowing dates to identify the best performing
genotypes at each sowing date or across sowing dates

2- Estimating general and specific combining ability to identify the best
combiner.parents and SCA effects of their crosses on the basis of
their general and specific combining ability and their interactions
with the different sowing dates for grain yield and its components.

MATERIALS AND METHODS

The field experimental work of the present investigation was carried
out during the two successive growing seasons; 2007/2008 and 2008/2009.
Three local and three Syrian bread wheat cultivars (Triticum aestivum, L.)
widely differed in some agronomic traits were chosen to establish this
investigation. The three local cultivars namely; Giza 168, Sakha 94 and
Gemmeiza 10 were obtained from wheat Dept. Agric. Res. Cent., Giza,
Egypt, while the three Syrian cultivars namely: Cham 4, Cham8 and
Bohouth 6 were obtained from wheat Dept. Agric. Res. Cent., Syria. The
names and pedigree of these parents are presented in Table (1). A half
diallel set of crosses was achieved among the six parents in 2007/2008
growing season at the Agricultural Experiment Station of the Faculty of
Agriculture, Ain Shams University, at Shalakan, Kalubia Governorate and
15 F, crosses were obtained. The seeds of the F, hybrids and their respective
parents were sown in 2008/2009 season at the same station at three sowing
dates, i.e., 23™of October (carl?‘( sowing date), 16" of November
(recommended sowing date) and 13" of December (late sowing date).
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Table 1. Names, pedigree and / or selection history of the six bread
wheat parents used in the study.
Name origin Pedigree and / or selection history

Giza 168 P Egypt MRL/Buc//Seri CM93046-8M-0Y-oM-2Y-0B

Sakha—94r (P2) Egypt OPATA / RAYON // KAUZ

Cham 8 (P3) Syria JOPATICOCMG67458-F-T3/BLUEAY/VEE'S"-T-81

Bohouth 6 (P4) Syria Crow's’ CM 40457

Cham 4 (P5) Syria FIK's - Hork CM39816-1S — 1AP -0AP

MAYAT74's '/ ON// 1160-14713/BB/GLL/4/ CHAT s

Gemmeiza 10 (P6) Egypt 15/ CROW ‘s °

Temperature and relative humidity of the experimental site are shown in
Table (2). :

A field experiment was devoted for each sowing date and laid out in a
randomized complete blocks design with three replicates. The
experimental plot consisted of 2 rows and each row was 2.5 m in length
and 25 cm apart. Seeds were spaced at 15 cm within row and one plant
was left per hill after about 3 weeks of sowing.

Table 2. The average monthly degrees of maximum and minimum
temperature ("C) and relative humidity (R.H %) in the
experimental area during 200872009 season.

Month - Max temp. Min temp. Max.RH Min. RH
Oct. 28.00 19.22 80.12 41.35
Nov. 26.50 16.00 73.00 42.00
Dec. 21.45 12.61 75.80 40.35
Jan. 19.83 11.32 70.45 35.12
Feb. 21.07 12.00 66.85 - 28.53
Mar, . 2235 12.32 68.35 . 30.12
Apr. 27.53 16.13 73.23 28.30
May 30.03 18.32 69.74 27.12

The soil of the experiment was clay in texture with PH (7.98 and 7.98),
EC (2.39 and 2.88 dsm™) and total N (0.50 and 0.15 %) at the two depths of
0-15 and 15-30 cm, respectively. according to the Central Laboratory,
Division of Micro Analysis, Faculty of Agriculture, Ain Shams Univ.,
Egypt. The cultural practices were followed as recommended for wheat
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4. production in the experimental region and the preceding summer crop was
corn.

At harvest (16", 15" and 20" of May for early, normal and late sowing
date, respectively) ten plants were randomly taken from each plot and were
used for recording data of the following traits: number of spikes per plant,
number of spikelets per the main stem spike, number of kernels per spike,
1000-kernel weight (g) and grain yield per plant (g). Statistical analysis was
made for each sowing date as well as combined analysis over the three
sowing dates according to Gomez and Gomez (1984). L.S.D. was
computed to compare differences among means at 5% level. All factors
used in this study were assumed as fixed factors. The variation among
parents and F| crosses was partitioned into general (GCA) and specific
(SCA) combining ability as illustrated by Griffing (1956), method (2),
model 1, and mean squares and effects of both GCA and SCA were
estimated at each sowing date and their corrbined data.

_ RESULTS AND DISCUSSION
Analysis of Variance
Mean squares of analysis of variance of each sowing date and the
combined data over the three sowing dates for the studied traits of 21 wheat
genotypes (6 parents and 15 F; hybrids) are given in Table (3). Results
illustrated that differences among genotypes (G) as well as parents (P) and
crosses (C) are highly significant within each sowing date and over the three
sowing dates for all studied traits. These results revealed presence of
sufficient genetic variability among genotypes regarding the studied traits.
Consequently, various comparisons suggested to be done are valid and
should be conducted to fulfill the objectives of the present study. Mean
squares of sowing dates (D) as main source of variation were highly
significant for all studied traits, suggesting that most traits were markedly
. affected by different sowing dates as main factor affecting growth and yield
in wheat. However, the interaction between sowing dates (environments)
and each of genotypes, parents and crosses are also highly significant for
all traits except the interaction of G x D for 1000- kernel weight ; P x D
for no. of spikes / plant and no. of spikelets / spike and Cx D for no. of
kernels / spike. The 1000 -kernel weight and grain yield / plant were not
significant indicating that performance and ranks of wheat genotypes are
greatly affected by sowing dates for most traits investigated in the present
study. Other studies found significant interaction between wheat genotypes
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Table 3. Mean squares of single and combined analysis of variance over three sowing dates for the
traits studied in bread wheat genotypes

Source of d. L. No. of spikes / plant No. of spikelets / spike
variation 5 Com. D1 D2 D3 Comdined D1 D2 D3 Comdined
Rep/s 2 6 40.43 24.10 21.92 20.33 0.78 1.44 0.78 0.77
Sowing dates (D) 2 160.59** 10.42%%

Genotypes (G) 20 20 23.25% 9.96% 7.52%* 14.91** 8.46%* 7.29** 5.11%+ 17.11%*
Parents @) 5 5 18.48* 14.99% 1757 29.78%* 16.36**  8.00** 9.82%+ 31.62%*

Crosses {C) 14 14 23.02%% 5574+ 4.31* 10.63%* 5.09%* T.57%* 3.79%+ 12.80%+
PvsC 1 1 50.29%%  46.41%% 217 0.47 16.20%* 0.02+* 0.¢0 4.97*
G 1D : 40 12.89** 1.23%%
PXD 10 10.63 1.28
CxD 28 11.13%* 1.82*%
PvsCxD 2 49.20%* 8.62%*
GCA 5 5  10.64**  4.90*+ 12.65%* 17.43%*% 25.56**  18.90**  18.87** 16.88**
SCA 15 15  27.44%*  11.63** 5.80** 14.08%* 1.28%* .76 2.06%* 1.30%+*
GCAxD 10 537%% 0734+
SCAxD 30 _ 15.39%% 1.40**
Error 40 120 1.67 1.42 0.76 0.39 0.06 0.59 045 0.10
GCA/SCA 0.04 1.13 0.29 0.15 4,58 0.59 1.43 6.43
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Table 3. Cont.

Source of d. f. No. of kernels / spike 1000-kernel weight (g)
variation § Com. Di D2 D3 Combined D1 D2 D3 Combined
Rep/s 2 6 4.44 3448 23.35 25.4 55.1 0.58 6.22 18.0%
Sowing dates(D) 2 143.37+* 889.69%*
25.49*
Genotypes (G) 20 20 71.00% 60.37%% . 96,11*+ 198.43%%  48.19%*  48.34** * 109,07%+
172..53* 37.41*
Parents P 5 5 216..63* 105.73** * 455.68**  75.32%+  81.80** * 174.00%*
22.55*
Crosses {C) 14 14 23.61* 48.48%* 71.33%* 120.05%+ 41.7%% 39.85%* * 93.65**
PvsC 1 1 6.3 0.001 60.97%* 9.35 3.51 0.002 7.22 0.24
GxD 40 14.53* 6.48
PXD 10 1%.51% 10.27*
CxD 28 11.68 5.22
PvsC xD 2 2395 524
145.73*  196.14*
GCA 5 5 213.63** 209.75** 291.46**  697.90** * * 1.19 376.08**
SCA 15 15 23.44%* 9,594+ 31.00%* 31.95%% 15.68+%* 8.11%* 1.48 20.06*%*
GCAxD 10 8.24%+ 8.75%+
SCAxD 30 '16.62%* 5.72%*
Error 40 120 3.24 3.45 1.92 0.93 3.28 1.88 119 0.69
GCA/SCA 1.3 1.24 2.8 1.43 1.71 1.48 2.42

319
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Table 3. Cont,

Source of d. f. plant (g) / Grain yield

variation S Comb. D1 D2 D3 Combined
Repls 2 6 14.50 38.15 20.70 22.8
Sowing dates(D) 2 1675.41**
Genotypes (G) 20 20 50.87* 2577  1a.52* 79.51*
Parents P) 5 5 28.09* 30.04* 13.72** 135.16™
Crosses {C) 14 14 38.84™ 40.24* 2512 61.91*
PvsC 1 1 39.57* 13439  20.81* 47.61**
G xD .40 9.08*
PXD 10 15.07%*
CxD 28 3.05
PvsC xD 2 _ 38.40™
GCA 75 5 154.28* 70.02**  57.84* 265.05**
SCA 15 15  21.99* 11.02* 5.39* 19.87**
GCAxD 10 _ 8.54™
SCAxD 30 9,27*
Error 40 120 147 0.88 0.79 0.29
GCAI SCA 0.92 0.67 1.55 1.69

D1, D2 and D3: Early, normal and {ate sowing dates, respectively.
*,** : significant at 0.05 and 0.01 [evels of probability , respectively

and sowing dates for one or more of our studied traits as Chaudhry ef al
(1992 3y Khalifa er o/ (1998), Hassan and Gaballah (1999), Hamada
(2003),. Swelam and Hassan (2007), Menshawy (2007) and Ahmed and
Mohamed ( 2009)

Performance of wheat genotypes

Data of grain yield / plant and its components , i.e. number of spikes /
plant, number of spikelets / spike, number of kernels /spike and 1000 —
kernel weight (seed index ) measured for 21 wheat genotypes at three
" sowing dates and their combined data are recorded in Table (4). As shown
_in this table delaying sowing date caused significant reduction in grain
yield/plant and its components. Therefore, either early sowing on Oct.23 or
recommended sowing on Nov.16 produced higher number of spikes / plant.
on the basis of general mean which exceeded by 3.16 and 1.17 spikes than
late sowing on Dec.13 respectively. However, significant increase amounted
to 1.99 spikes /plant occurred on early sowing compared with normal
sowing. For no. of spikelets /spike, significant reduction was occurred at
~ late sowing by 1.57 spikelets than recommended sowing, while it was not
influenced at early sowing comparing with normal sowing ,where averages
were approximately equal. On the other hand, the early sowing produced the
highest means for no. of kernels / spike and grain yield / plant, which
significantly exceeded by 1.48 and 4.06 kernels for no. of kernels / spike
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and by 7.90 and 10.31 g for grain yield/ plant than normal and late sowing,
respectively. Meantime, significant differences amounted to 2.58 grains and
2.41 g were found between normal and late sowing dates for the two traits,
respectively. However, 1000- kernel weight was significantly heavier in
early sowing by 6.48 g than late sowing, but it did not significantly differ
from recommended sowing. These observed variations among the genotypes
in grain yield/ plant and its components may, partially, reflect their different
genetic background. The significant reduction occurred in grain yield/ plant
and its component traits by delaying sowing date was mainly due to rise in
temperature, in April (Table 2) during reproductive growth phase, which
affected the pollen grain viability and consequently no. of grains
development and resulted in immature and shriveled grains on the late
sowing. Moreover, the exposure to hot wind, even for a short time, could
drastically reduce spike fertility and grain filling (Fischer and Maurer
1978). On the other hand, high temperature accelerates organ production in
few days without any increase in net photosynthesis and assimilates
resulting in smaller biomass (Fischer 1985 and Shpiler and Blum 1986).
Several investigators as  Kheiralla and Sherif (1992), EL-Morshidy er al
(1998), Tammam and Tawfelis (2004), Mahguob and Amin (2006), Haj
et al (2007) , Menshawy (2007) and Ahmed and Mohamed ( 2009) also
obtained variant reduction in grain yield/plant and its components when
sowing date of wheat delayed to Dec.. Generally the above results showed
that wheat sown on early sowing (in Oct.) was significantly better compared
to recommended (in Nov.) and late (in Dec.) sowing for grain yield / plant
and its components.

According to the performance of the 21 wheat genotypes at different
sowing dates and combined analysis, general means of genotypes were
15.65, 13.69 and 12.23 spikes with an average of 13.85 spikes for no. of
spikes /plant at early, normal and late sowing dates and overall sowing
dates, respectively. The cross P5 x P6 gave the highest mean value of 20.33
spikes / plant at normal sowing date while the crosses; P3 x P4, P3 x P6
and P4 x P6 recorded similar lowest mean value of 10.67 spikes on late
sowing as well as some other genotypes at different sowing dates without
significant differences among them.

Across the 21 wheat genotypes, no. of spikelets / spike gave general
mean values of 20.74, 20.85 and 19.28 with an average of 20.29 spikelets at
early, normal and late sowing dates and overall sowing dates, respectively.
The two local cvs.; Giza 168 at different sowing dates and overall sowing
dates and Sakha 94 at normal and late sowing date as well as the crosses;

P1 x P2 and P1 xP3 at different sowing dates and overall sowing date, P1
PSand P1x P3 at early sowing date, P1x P6,P21x P3and P2x
P6 at normal sowing date and P1x P5 P2x P6and P3x PG at late
sowing date, recorded the highet no. of spikelets / spike. Mean values
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ranging form 20 spikelets for the cross P2 x P6 at late sowing date to 23.67
spikelets for the cross P1 x P2 at early sowing date. On the other hand, the
two Syrian cvs. Bohouth 6 at different sowing dates and overall sowing
dates and Cham 4 at normal and late sowing dates and overall sowing dates
as well as the cross P4x P6 at early sowing date and the cross P4x P5 at
early or late sowing date and overall sowing dates recorded lowest mean
values for no. of spikelets / spike which ranged form 16.33 spikelets for
the cv. Bohouth 6 and the cross P4 x P5 at late sowing date to 18.33
spikelets for the cv. Bohouth 6 at early sowing date.

General means of no. of kernels / spike across different sowing dates
were 68.03, 66.55 and 63.97 with an average of 66.19 grains at early,
normal and late sowing dates and overall sowing dates, respectively. The
higher means of no. of grains / spike across different sowing dates ranged
from 70.00 grains for the cv. Sakha 94 and the cross P2 x P3 at late sowing
date to 80.00 grains for the cv. Giza 168 at early sowing date. On the other
hand, the lowest values of no. of grains / spike across different sowing dates
ranged from 56.67 grains for Gemmeiza 10 at late sowing date to 62.33
grains for the cross P5 x P6 at normal sowing date.

For 1000-kernel weight, general means of all genotypes were 44.98,
45.03 and 38.50 g with an average of 42.84 g at early, normal and late
sowing dates and overall sowing dates, respectively. The two cvs. ; Giza
168 and Sakha 94 and the crosses; P1x P2, P1x P3 and P2 x P3 at different
sowing dates and overall sowing dates as well as the cross P3x P6 at early
sowing date recorded the heaviest grains weight ranging from 41.67 g for
the cross P2x P3 at late sowing date to 51.91 g for the cross P1x P3 at early
sowing date. On other hand, the two cvs.; Bohouth 6 and Cham 4 and the
cross P4 x P5 at different sowing dates and overall sowing dates as well as
the cv. Gemmeiza 10 and the crosses; P2x P4, P2x P5, P2x P6, P3x P4,
P3x PS5, P3x P6, P4x P6 and P5x P6 at late sowing date recorded the
lightest grains weight which ranged from 35.04 g for the ¢v. Cham 4 at
late sowing date to 39.67 g for the cv. Cham 4 at early sowing date .
- Although the cross P1x P3 was earlier in heading and amthesis dates, the
heaviest of its grains weight was attributable ,in part, to high grain filling
rate ( 0.41 g/ day ) at early sowing date

As indicated before, the effects of sowing dates on grain yield / plant
varied among genotypes in the present study, therefore general means for
this trait were 32.19, 24.29 and 21.88 g with an average of 25.98 g at early,
normal and late sowing dates and overall sowing dates, respectively. Overall
sowing dates the average of grain yield / plant was greater, in general, in the
_ Fy hybrids than in their parental genotypes, because of the effect of heterosis
" in F) generation. The three crosses; P1 x P2, P1 x P3 and P2 x P3 at
different sowing dates and overall sowing dates as well as the cv. Sakha 94
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Table 4. Mean grain yield and its components of 21 wheat genotypes at three sowing dates and
their combined data, :

No. of spikes/ plant no. of spikelets/ spike
Genotype D1 D2 b3 Combined Di . D2 D3 Combined
Giza168 P1 1433 1233 1233 1299 2333 23 2133 22.55
Sakha94 P2 17 1567 1467 1578 21 2233 2033 2122
Cham3 P3 1467 1333 12 13.33 2067 21 - 1967 2045
Bohouth6 P4 12 1233 1233 1222 1833 1833 1633 17.66
Cham4 P5 1667 1733 16 16.66 1967 19 1667 . 1845
Gemmeizal0 P6 11 1633 1167 1300 20 2033 1933 19.89
Parentsmean 1427 1455 1316 ~ 1399 2S5 2066 1894 20.03
P1xP2 15 1267 1300 1355 2367 2267 2033 nn
PIxP} 1567 1633 1333 1511 2267 23 2133 2233
PLxP4 1767 1500 1167 1478 2133 2033 20.67 20.78
P1xPS 1433 1433 1167 1344 1233 21 20 211
Pl xP§ 1367 1333 1233 1311 . 2 2233 19 20.78
P2xP3 1833 1567 1133 1511 2233 2233 1933 2133
P2 x P4 16 1133 1333 1355 1967 1933 19 1933
P2xP5 13 1133 1267 1233 2067 2045 1933 20.15
P2x P6 19 1400 1100  14.66 21 2133 20 20.77
P3xPd 15 1167 1067 1244 1967 20 19 19:56
P31PS 1867 1267 1L67 1433 2033 2067 1933 201
P3xP§ 1367 1080 1067 1168 2167 2067 2067 2100
P4 < PS 1567 14 1133 1366 1767 1967 1633 17.89
P4 x PG 1833 1267 1067 1389 - 19 20 18 19.00
PS x P6 2033 1367 1167 1522 19.67 2033 1933 19.77

Croszes mean 1628 1329 11.80 13.79 2085 2094 1944 2041

General mean 1565 1369 1223 13.85 2074 2085 1928 20.29

Range value 833 5466 4 498 534 467 500 4.89
1SD5 %

D 015 035
G 369 304 249 1.9§ 179 L8 136 0.94
DG 3.43 1.62
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Table 4.Cont.

No .of kernels/ spike 1000- kernel weight (g}
Genotype m D2 D3 Combined D1 D2 D3 Combined
Gizalé§ P1 8000 7200 7733 76.44 5144 5079 4215 48.13
Sakha94d P2 7300 7167 7100 71.89 4955 5074 4392 48.07
Cham 8 P3 7133 6733 . T0.00 69.56 4230 4746 3991 4322
Bobouth 6 P4 5967  58.00  60.00 59.22 39.65 4001  36.61 38.76

Cham 4 P5 60.00 63.00 67.00 63.33 39.67  40.13  35.04 3828
Gemmeizal0 P6 6100 6000  56.67 59.22 4504 411 36.56 40.9
Parents mean 675 6533 6700 66.61 4460 4503  39.03 42.89

“p1x P2 7100 7067 7367 71.78 4940 5017 4442 48.00
P1xP3 7233 7133 7167 71.78 5191 5171 4290 48.84
P1xP4 6533 6267 6000 62.67 4541 4647 3881 43.56
P1xP5 €767 6667 6433 66.22 4597 4584 3829 4337
P1xP6 67.67  68.67 6733 67.89 4446 4463 3912 42,74
P2 x P3 7200 7200  70.00 7133 5103 5092 41.67 47.87
P2 x P4 6633 66008  62.67 65.00 4316  44.66  35.87 41.23
P2xP5 7100 6233 6733 66.89 4450 4435 3747 42.11
P2x P 7067 6533 6833 68.11 43.82 4428  35.68 41.26
P3x P4 67.67 6433  64.67 65.56 4536 4424 3690 4217
P3 x P5 . 6667 6433 6433 65.11 42.54 4194  36.69 4039
P3xP6 6833  64.00 60.00 64.11 4637 4211 3752 42.00

- P4xPS 6200 5733 5733 58.89 3665 3803 3558 36.75
P4 x P6 66.33 6200 6233 63.56 4262 4257 3184 410
P51 P6 68.00 6233 5833 62.89 4380 4343 3547 40.90
Crosses mean 6820 6533 6482  66.11 4513 4502 3828 42.81
General mean 68.00 6533 6544 66.26 4498 4503 385 42.84
Range value 2033 1467 2066 17.55 12.26 1368 884 12.09
LSDS5%

D 1.08 0.91
G 518 511 396 1.87 518 374 312 2.41

DG 4.97 ns
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Table 4. Cont.

Grain yield / plant { g}
Genotype D1 D2 D3 Combined
Giza 168 P1 37.36 27.1% 24.05 29.54
-Sakha 94 P2 35.05 28.51 2427 2928
Cham § P3 32.77 2433 2323 26.78
Bohouth 6 P4 22.57 2138 17.32 20.43
Cham 4 P5 24.78 3. 20.41 2297
Gemmeiza 10 P6 24.93 21.41 20.05 2213
Parents mean 29.57 24.42 21.55 25.18
P1xP2 36.75 28.91 25.60 30.42
P1xP3 3746 19.66 2747 31.53
P1xP4 3292 25.82 23.20 2131
P1x PS5 .01 2234 21.68 25.81
P1xP§ 3027 25.29 2125 25.60
P2 x P3 37.19 28.44 254 3034
P2 x P2 30.72 20.96 1993 23.87
P2x PS5 317 22.59 20.17 ) 24.82
P2x P6 . 3142 24.04 20.99 25.48
P3xP4 3401 2542 2245 27.29
P3 xP5 . 3195 2287 21.6 2547
P3 x P§ 35.68 23.25 22.15 25.44
P4 x PS5 2694 20.36 2048 23.25
P4 x P§ : 32.79 23.62 19.26 24.38
 P5x P8 29.90 1946 1909 2293
Crosses mean 32.91 24.23 22.00 26.29
General mean .19 2429 21.88 2598
Range value 14.89 10.20 10.15 11.10
LSD5%
D ' 0.62
G .09 235 154 1L.65
DG 235

D1, D2 and D3: Early, nommal and Iaté sowing dates, respectively.

at early and recommended sowing date and the cv.Giza 168 and the cross
P3 x P6 at early sowing date had the highest grain yield / plant giving values
ranged from 25.40 g for the cross P2 x P3 at late sowing date to 37.46 for the
cross P1 x P3 at early sowing date.
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These genotypes were always superior in most of grain yield
components at different sowing dates .The resuits pointed out that the two
cvs. Giza 168 and Sakha 94 are more suitable for growing early than other
cvs. used in the present study. Also the three crosses; P1 x P2, P1 x P3
and P2 x P3 mdy be used by plant breeders to develop high yielding strains
under different sowing dates. However, the lowest mean values registered
for grain yield / plant across different sowing dates ranged from 17.32 g for
Bohouth 6 at late sowing date to 24.93 g for the cv. Gemmeiza 10 at the
carly sowing date

General and specific combining ability variances

Partitioning of the genetic variance to GCA and SCA variances for each
trait is given in Table (3). General and specific combining ability mean
squares were found to be highly significant for all traits studied at each
sowing date and combined analysis except mean squares of SCA for no. of
spikelets/spike at normal sowing date which was insignificant, indicating
the importance of both additive and non-additive gene effects in the
inheritance of the traits studied. In this connection Salama (2000),
Hamada et al (2002), Abdel- Nour ( 2005), Ahmed ef al (2005), Motawea
( 2006) , Dawwam et al (2007), EL- Marakby ef al ( 2007), Salama
( 2007 ), Ahmed and Mohamed (2009) and El-Shamarka ef al (2009)
also found that both general and specific combining ability variances were
significant for some of the studied traits in wheat.

The ratios of GCA/SCA variances were greater than unity for no. of
kernels/spike and 1000-kernel weight at the three sowing dates and
combined data , indicating that additive and additive x additive types of
gene action were of greater importance in the inheritance of both traits,
Also, it is evident that additive type of gene action was the most important
part of total genetic variability for no.of spikelets/spike on normal sowing.
For the rest traits; i.e. no. of spikes/ plant, no. of spikelets / spike and grain
yield / plant the ratios of GCA / SCA were inconsistent across different
sowing dates and combined data. In this respect Ahmed (1999), EI- Hindi
at el (2005), Koumber and EL-Beially (2005), Dawwam ef al (2007), Abd
EL-Rahman (2008), Ahmed and Mohamed (2009), El-Shamarka ef al
(2009) and Sedek et al (2009) indicated the preponderance of additive gene
action in the inheritance of number of spikes/plznt, number of spikelets/
spike, number of grains/spike, 1000- Kemel weight, and grain yield/plant,
while EL-Shami er a/ (1996) and Motawea (2006) revealed the
preponderance of non-additive gene action (dominance and epitasis) in the
inheritance of these traits .

Interactions of GCA and SCA with sowing dates were highly
significant for all studied traits except interaction of SCA x sowing dates
was significant for grain yield / plant. Such results revealed that nature and
the magnitude of both types of gene action varied from one sowing date to
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another illustrating importance of sowing dates as effective factor in
dectared GCA and SCA variances. Generally, the magnitude i GCA x
environments interactions was less as compared to SCA x environments
interactions for most studied traits suggesting a low sensitivity of GCA to
environments than that of SCA for these characters. In this connection
Ahmed (1999), Hamada (2003), Salama and Salem (2006), Dawwam ef
al (2007) and EL- Marakby er al (2007) indicated that the interaction of
both GCA and SCA with sowing dates was significant for number of
spikes/plant, number of kernels/spike, 1000-kernel weight and grain
yield/plant.

General and specific combining ability effects

Estimates of GCA and SCA effects for grain yield /plant and its
components at each sowing date and combined data are presented in Tables
(° and 6).For GCA effects of no. of spikes / plant, the cv. Cham 4 at early
and normal sowing date and combined data as well as the two cvs, Sakha 94
and Cham 8 at late sowing date gave significant positive GCA effects,
therefore they are considered good general combiners which have favorable
genes for improving this trait through hybridization programs. On the other
hand, the cvs.; Giza 168 at early sowing date, Bohouth 6 at late sowing
date and combined data and Gemmeiza 10 at late sowing date proved to be
poor general combiners for no. of spikes / plant which they attained negative
and significant GCA effects. Estimates of SCA effects for no. of
spikes/plant showed that four crosses out of 15 Fy,s namely; P1x P3, Plx
P4, P4 x P6 and P5 x P6 manifested significant positive SCA values.
Among these 4 crosses the cross P1xP4 is considered as the best cross
combination since it gave significant positive effects at early and normal
sowing dates and combined analysis, although it involved lowxlow general
combiner parents for this trait. On the other hand, the cross P2xP5 across
different sowing dates and combined data as well as the cross P1xP5 on
normal sowing and P3xP5 on late sowing were only the three crosses
among 15 F|,s recorded significant negative SCA effects and considered as
poor F|-cross combinations for this trait.

For number of spikelets / spike the cvs.; Giza 168, Sakha 94 and Cham 8
at each sowing date and combined data gave highly significant positive
GCA effects. Therefore these cvs. are to be considered as good general
combiners for this trait at different sowing dates. On the other hand, the
two cvs. ; Bohouth 6, and Cham 4 at each sowing date and combined
analysis as well as the cv. Gemmeiza 10 at early and late sowing date
exhibited negative and highly significant GCA effects and they were
considered as ppor general combiners. For specific combining ability
cffects of this trait, only two crosses out of 15 F),s exhibited significant
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positive SCA values The first cross was P1x P2 on early sowing giving
value of 0.85 which included goodx good general combiner parents and the
other cross was P1> P4 on late sowing giving value of 1.43 but included
good * poor general combiner parents. On the other hand, the cross P1x P6
on early and late sowing and combined data as well as the two crosses; P3x
P6 and P4x P5 on early sowing gave significant negative SCA values
ranging from -1.48 on late sowing to -0.76 at combined data for the cross
P1x P6. These crosses involved either goodx poor or poorx poor general
combiner parents.

Regarding number of kernels /spike, the cvs.; Giza 168, Sakha 94 and
Cham 8 pave hizhly significant positive GCA values towards increasing
no. of kernels / spike at each sowing date and combined data. Therefore,
they can be considering as good general combiners for improving this trait
at such sowing 'ates. On the other hand. the cvs. ; Bohouth 6, Cham 4 and
Gemmeiza 10 at all sowing dates and combined data attained negative and
highly significant GCA effects and were considered as poor general
combiners. The effects of SCA for this trait showed that the cross P4 x Po
appeared to be the best F).cross combination among all Fy,s studied which
gave highest significant positive SCA values of 3.58, 4.33 and 3.36 on
early and late sowing and combined data, respectively, although it invoived
poor x poor ueneral combiner parents. This cross followed by the cross
P5xP6 on eaily sowing and the cross P2 x P6 on laie sowing giving SCA
values of 4.21 and 3.21,respeciively, are also considered as good general
combiners for this trait. On the other side, five crosses at certain
environments exhibited significant negative SCA values ranging from
-5.75 for the cross P1 x P4 10 -2.67 for the cross P4 x P5 on late sowing
which they considered as poor F. cross combinations.

For 100 — kernel weight, the cvs. Giza 168, Sakha 94 and Cham 8 gave
highly significant positive GCA effects for this trait at each sowing date
and combited data except effect of the ¢cv. Cham 8 was insignificant at
early sowing date. These cvs. could be considered good general combiners
at such sowing dates.. On the other hand, the cvs. ; Bohouth 6, Cham 4 and
Gemmeiz:. 10 exhibited negative and highly significant GCA effects at
each sowing date and combined data except insignificant effect for
Gemmeiza 10 at early sowing date which proved to be poor general
combiner for this trait. SCA effects for 1000-kernel weight demonstrated
that, the two crosses, P1x P3 and P2x P3 at early sowing date and
combined data, as well as the cross P4 x P6 at late sowing date and
combined data and the cross P5 x P6 at normal sowing date and combined
data exhibited significant positive SCA values for this trait ranging from
1.64 for the cross P4 x P6 at combined data to 3.17 for the cross P2 x P4 at
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Table 5. Estimates of general combining ability effects for grain yield and its components in six-parent
diallel crosses of bread wheat on three sowing dates and their combined data.

No.of spikes/plant No.of spikelets/spike No.of kernels / spike
- Parent D1 D2 D3  Combined D1 D2 D3 Combined D1 D2 D3 Combined

Gizal68  PI 0.88% 005 043 042 L55* LI LII%% 1274 3.50%%  334%%  4]19%% 368+
Sakha 9 P2 054 -0.19 0.82* 0.39 0.51*+* 0.59%+ 0.44** 0.51%* 2.63%+ 2,794+ 3244+ 2.88**
Cham 8 P3 008 -040 0.74* 0.14 0.34*+ 0.32%+ 0.48*+ 0.38** L71%+ 1.67** 1.57** 1.65%*
Bohouth 6 P4 <54 032 -0.72* -0.53* ~L40%*  _125%+ .1 18%*  _127%  3.63%*  -3.63%* -3B89 -3.'{5{1**
Cham 4 PS5 092+ 0.85* 036 0.71** 065+  0.73* 0934 07T 2.58% 2294 .1.56** -2 ;4‘*
Gemmeiza 10 P6 -0.13 0.01 .-0.7‘6** -0.29 0.36%* -0.08 0.06 -0.12* -163%*  L18B¥* L35G 235w+
S.E(gi) 042 0.34 0.28 023 0.18 ¢.18 0.17 0.10 0.58 0.58 0.45 0.33
LSD (gi-gj) 0.05 1.30 107 0.88 " 0.70 0.28 Q.45 0.41 0.33 1.83 181 1.40 1.01

0.01 1.74 1.44 1.17 0.93 0.88 0.76 0.86 0.74 2.45 241 1.87 1.34
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Table §. Cont

1000- kernels weight Grain yield / plant

Parent D1 D2 D3 Combined D1 D2 D3 Combined
Giza 168 P} 3145+ 3.15%* 230%* 286+ 2.80%+ 2.05%+ 1.69** 224+
Sakha94 P2 2,024+ 2.58%* 1.68*+ 2.09%+ L7 1.49%% 0.94%* 1.45**
Cham8  P3 0.87 1334+ 0.75*% 0.98%+ 2.26%+ 1.03# 1.55+* 147+*
Bohouth 6 P4 -2.80%* -2,40%* L41* -2.20% -2.65%* -1.32%% -1.65%* -L80**
Cham4  P5 276+ 2.67%* 1994+ 2478 2.46** -LBI** 1244 1704+
Gemmeiza 10 P6 047 2.00%* L340 1274 LT3 Lddw+ 1200+ -1.66%*
S.E(gi) 0.58 0.42 0.35 0.28 0.35 0.26 0.29 0.19
LSD (gi-gi) 0.05 1.83 1.32 1.10 0.85 1.09 0.83 0.73 0.58

0.01 2.45 1.76 1.47 1.13 1.46 111 0.97 0.77

D1, D2 and b3: Early, normal and late sowing dates, respectively,

* and ** : denote signi icant at 0.05 and 0.01 levels of probability , respectively
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Table 6. Estimates of specific combining ability effects for grain yield and its components in six-parent diallef crosses of

bread wheat on three sowing dates and their combined data.

No.of spikes/plant No.of spikelets/spike No.of kernels / spike

Crosses D1 D2 D3 Combined D1 D2 D3 Cumbined D1 D2 D3 Combined
P1xP2 -0.52 0.11 ~-1.26 -0.56 0.85* 0.05 .52 0.12 -3.13 -0.79 0.8 -1.04
P1xP3 04 098 2.154+ 0.92 0.02 0.64 043 0.36 -0.88 1.00 0.46 020
PlxP4 3.238% 287 -1.08 1.58+ 0.43 -0.43 1.43%* 0.48 -2.55 -2.37 5. 784 -3.55%*
PIxPS -1.57 -2.27* 0,87 -1.60 0.68 -0.28 0.5 0.3 -1.25 0.29 -3.754* -1.57
PI1xP§ -1.19 0.44 0.65 -0.33 0.94*  0.3% -1.48** . -0.67* -2.21 1.88 1.25 0.31
P2xP3 1.85 1.57 -0.10 L11 0.72 0.54 0.9 0.12 -0.33 .21 -0.25 0.54
P2xP4 0.14 -0.86 -0.64 -0.45 -0.18 -0.86 0.43 -0.2 -0.67 1.50 -2.12 -0.43
P2xP5 432 2.02% -2.39% -2.91%+ 0.06 -0.26 0.51 0.1 2.96 -1.50* 0.21 -0.11
P2x Po .73 -1.52 0.07 0.43 0.1 -0.03 0.18 0.07 1.67 -0.92 3.21* 1.32
P3x P4 -0.40 -1.31 0.78 -0.31 -0.02 0.06 0.39 0.14 1.59 0.96 1.54 1.36
P3 x PS 1.81 -0.47 -2.30** 0.32 -0.11 0.21 0.47 0.19 -0.46 -0.38 -1.13 -0.65
P3xPé6 -2.15 -1.64 0.15 -1.21 -0.93* 043 0.81 0.43 0.25 -1.12 -3.46** -1.45
P4x P5 -0.56 0.77 0.82 035 ~1.0%* 08 -0.85 -0.35 .21 -2.09 -2.67* -1.51
Pdx F6 3.14%+ -L72 0.28 0.57 0.01 0.48 -0.18 0.1 3.58* 2.17 4,334 3364+
P5x P6 6.68%* -1.89 0.20 L.66%* .06 0.29 0.89 0.36 421+ 1.16 -2 113
S.E(st) 1.14 094 0.77 0.63 042 0.51 451 0.29 1.61 1.58 1.23 091

LSD (sij-sik) 0.05 345 2.84 2.32 1.85 0.30 0.12 0.44 0.11 4.84 4.78 3.70 2.68

0.01 4.61 380 3.11 245 0.85 045 0.08 041 6.47 639 495 3.55
LSD (sij-skl) 0.05 .19 2.63 2.15 1.72 0.42 023 0.24 0.23 4.48 442 3.43 248
0.01 4.27 3.52 2.88 227 0.81 0.88 0,52 0.47 599 59 4.58 329
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Table 6. Cont.

1000- kernels weight

Grain yield / plant

Crosses D1 . D2 D3 Combined D1 D2 D3 Combined
P1xP2 -0.74 -0.59 1.94 0.20 0.22 1.08 1.09 0.75
P1xP3 192 2.2 1.35 2.16%* 0.44 2.29%* 2.35%*% 184"
P1x P4 0.08 0.69 0.58 0.06 0.81 0.81 1.28 0.89
P1xP5 0.6 033 0.52 0.14 1.71 -2.19%* -1.25 -0.70
P1xP6 -3.20%* -1.55 -0.33 -1.69* . w2, TTH 0.40 -1.03 -0.96
P2xP3 3.7 1.98 0.74 1.96%* 1.20 1.62* 1.04 1.43%*
P2x P4 -1.04 0.55 -2.90%+ -1.50 0.36 -3.50%% -1.23 SL.76%*
P2xP5 0.26 -0.59 0.72 -0.35 0.43 -1.38 -1.40 -0.9%
P2x P6 -2.71*% -1.33 -3.16%+ -2.40** -0.58 -0.30 -0.53 0.3
P3z P4 231 0.28 094 0.55 2.44* 1.42 0.67 L6d*s
P3IxPS -0.55 -1.78 0.57 -0.96 0.18 -0.65 -0.59 -0,28
P3x P§ 0.99 -2.28% 0,39 -0.55 3.18%+ -0.63 0.01 -0.35
P4x PS5 .2, 78* -1.93 0.43 -1.41 0.09 -0.30 149 0.77
P4x P6 0.9 1.94 2.09* 1.64* 521 2.10** 0.32 2.36%*
PSxP6 2.04 3.07* 0.3 L.80* 2.12* -1.58* -0.26 0.3]
S.E(sif) 1.61 1.16 0.97 0.76 0.96 0.73 0.79 0.52

LSD (sij-sik}) 0.65 4.84 349 2.91 2.26 1.89 2.19 237 1.54 :
0.01 6.47 4.67 3.90 2,99 387 2,93 17 2.04 :
LSD (sij-skl)  0.05 448 an 2.70 2.09 2.68 2.03 2.20 143
0.01 599 4.32 3.61 2.76 3.58 2.72 2.94 1.89

D1, b2 and D3: Early, normal and late sowing dates, respectively.
* and ** : denote significant 2t 0.05 and 0.01 levels of probability , respectively
P1{Giza 168),P2(Sakha 94), P3( Cham 8), P4 (Bohouth 6), P5 (Cham 4) and P&( Gemmeiza 10 ).
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early suwing date. The first two crosses may be considered the best 1.
cross combinations, since they gave high SCA effecis und involved two
good general combiner parents, Meantime, the other two crosses tnvolved
goodx poor general combiner parents. On the other hand, five crosses
namely; PIx P6, P2 x P4, P2 x P6, P3 x P6 and P4 x P35 at certain
environments exhibited significant negative SCA values ranging from -
3.20 on early sowing to -1.69 at the combined data for the cross P1 x P6
which they considered as poor F|-cross combinations for this trait.

With respect to grain yield / plant, the cvs. Giza 168, Sakha 94 and
Cham 8 gave highly significant positive GCA effects for grain yield / plant
at each sowing date and combined data. This finding indicated that these
cvs. could be considered as good general combiners for high grain yield /
plant at different sowing dates. On the other hand, the cvs. ; Bohouth 6,
Cham 4 and Gemmeiza 10 exhibited negative and highly significant GCA
effects at each sowing date and combined data and are considered as poor
gencral combiners for grain yield / plani. Data ot SCA effects for this trait
showed that six out of 15 Fy,s crosses namely; P1xP3 on normal and latwe
sowing and combined data, P4xP6 on early and normal sowing and
combined data, P2xP3 on normal sowing and combined data, P3 x P4 on
early sowing and combined data and P3x P6 and P5xP6 on early sowing
exhibited significant positive SCA effects which considered as good F, .
hybrids for this traits. However, the two crosses; P1xP3 and P4xP6
appeared fo be the best Fj-cross combinations, since they gave high SCA
effects and involved good x good and poor x poor general combiner parents,
respectively, therefore, they can be used in wheat breeding programs for
grain yield improvement. The cross P1xP3 gave the highest grain yield /
plant overall sowing dates compared to other crosses. On the other hand,
four crosses namely; Plx PS5, Plx P6, P2 x P4 and P5 x P6 at certain
environments exhibited significant negative SCA effects, which they
considered as poor Fj-cross combinations for this trait.
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