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ABSTRACT

The present work was carried out during 2008/ 2009 to 2011/ 2012 to study five populations (P, P, Fi, F, and bulk
of F3) for the three crosses i.e., Giza 168 x Pastor, Kanchan x Pastor and Debira x Kanchan under optimum and late
sowing date in two experiments. The first experiment was planted in optimum sowing date (15 November) and the second
was planted in late sowing (15 December) in Shandaweel Station, Sohag Governorate, Agriculture Research Center. The
three crosses were significantly differed for almost the studied traits. Under optimum sowing date, highly significant and
positive heterotic effects, compared to better parent, were found for maturity date in the second cross, number of kernels/
spike in the first cross, and 100-kernel weight and grain yield/ plant in the third cross. Under late sowing date, significant
and positive heterotic effects were found for maturity and grain yield/ plant in the first and second crosses, and number of
spikes/ plant in the second cross.

Overdominance towards the higher parents, was detected under optimum sowing date for number of spikes/ plant in
the second cross, grain yield/ plant in the first cross and 100-kernel weight and grain yield/ plant in the third cross. Under
optimum and late sowing dates, inbreeding depression estimates were found to be significant and positive for heading date
and 100-kernel weight.

Additive gene effects under the optimum sowing date were positive and significant for maturity date in the second
and third crosses, number of kernels/ spike in the second cross, 100-kernel weight and grain yield/ plant in the first cross.
However, the additive gene effects under late sowing date were found to be significant and positive for maturity date in
the second cross, number of kernels/ spike in the first and third crosses and grain yield/ plant in the first cross. Dominance
gene effects were significant and positive for grain yield/ plant in the first and second crosses under optimum sowing date
and maturity date in the first cross and number of kernels/ plant and grain yield/ plant in the third cross under late sowing
date.

Narrow sense heritability estimates ranged from 0% for number of spikes/ plant in the third cross, to 71.11% for 100-
kernel weight in the first cross under optimum sowing date, and from 31.14% for number of spikes/ plant in the second
cross to 78.21% for maturity date in the first cross under late sowing date. The parent off-spring regression heritability,
under optimum sowing date, were found to be high to moderate and ranged from 31.99% for number of spikes/ plant in
the third cross to 77.19% for grain yield/ plant in the first cross, and from 49.11% for 100-kernel weight in the second
cross to 77.85% for number of kernels/ spike in the first cross under late sowing date.

The expected genetic gain, under optimum sowing date ranged from 0.16% for number of spikes/ plant in the third
cross to 17.95% for grain yield/ plant in the second cross, and from 0.42% for 100-kernel weight in the third cross to
18.42% for grain yield/ plant in the first cross under late sowing date. Actual genetic gain, under optimum sowing date
ranged from 0.59% for 100-kernel weight in the third cross to 18.58% for grain yield/ plant in the second cross, while,
under late sowing date it ranged from 0.58% for 100-kernel weight in the third cross to 20.69% for grain yield/ plant in the
first cross.
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INTRODUCTION

Grain yield in wheat is a complicated

Wheat breeders are seeking to incorporate late
heat tolerance in the wheat germplasm and to
develop genotypes that are early in maturity in order

quantitative parameter and the product of its
interaction with environment and several yield
attributes affect grain yield. In Egypt, the late
planting of wheat after harvesting cotton, maize and
vegetables is one of the most limiting factors
reducing yield.

High temperature during post-anthesis, reduces
duration of maturation, grain filling, grain number,
1000-kernel weight and grain yield (Kaur and Behl,
2010). Abd-EL-Shafi and Ageeb (1994) reported
that grain yield was reduced under heat stress in
upper Egypt in late planting, in the range of 30-
46% in comparison with optimal planting.

to escape the terminal heat stress and, thus, suit well
in the maize-wheat as well as in cotton-wheat
cropping systems. The true knowledge of the gene
action for various bread wheat traits is useful in
making decision with regard to appropriate breeding
systems. Abd-Allah and Mostafa (2011) found that
additive gene effects were positive and significant
for number of kernels/ spike and 100-kernel weight.
Abd-Allah and Hassan (2012) reported that the
additive gene effects played a major role in
controlling the genetic variation for number of
spikes/ plant, number of kernels/ spike and grain
yield/ plant. Amein (2007) found that number of
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grains/ spike prevalence of dominant gene action
under both normal and heat stress, whereas, the
dominance gene effects played a major role in
controlling the genetic variations for 1000-grain
weight and grain yield/ plant. Sallam (2008) pointed
out the importance of both additive and dominance
gene effects in the inheritance of 1000-grain weight.
Fethi and Mohamed (2010) reported that dominance
and dominance X dominance epistatic effects were
more important than additive effects and other
epistatic components for the grain yield.

The heritability values are a measure of the
genetic relationship between parents and progeny,
hence considerable research work has been carried
out to incorporate desirable genes in the present
wheat varieties to increase the productivity of the
crop (Memon et al., 2007). Low, medium and high
narrow sense heritability estimates have been
reported for yield and yield components in wheat by
many researches among whom were Abd-Allah and
Abd El-Dayem (2008), Abd-Allah and Mostafa
(2011) and Abd-Allah and Hassan (2012).
Meanwhile, values of heritability in narrow sense
were more than 50% for days to heading, grain
filling period and rate grain filling (Menshawy,
2007).

Information about association between early
sowing and grain yield, and its components, can
help breeders for increasing the selection efficiency.
Tawfelis (2006) found significant variation in yield
and its components among wheat genotypes under
normal and late plantings. He also, reported that
delaying sowing date reduced number of kernels/
spike, kernel weight and grain yield.

The objectives of this study were to:

1-Obtain information about genetic variance, gene
action, heritability, actual and expected genetic
gain under optimum and late sowing dates.

2-Determine the relationships among earliness traits

(heading and maturity dates) and each of grain

yield and stress susceptibility index of these

genotypes to produce good hybrids of early-
maturity and/ or tolerant to late sowing stress.

MATERIALS AND METHODS

Four bread wheat genotypes were chosen to
form three crosses, viz., Giza 168 x Pastor, Kanchan
x Pastor and Debira x Kanchan. (Table 1) shows
name, pedigree and origin of the parental genotypes.
This study was carried out at Etay Elbaroud
Agriculture Research Station, Behera Governorate,
Egypt, during four successive seasons from 2008/
2009 to 2011/ 2012. In the first season (2008/ 2009),
the parental genotypes were crossed to obtain F,
seeds for the three studied crosses. In the second
season (2009/ 2010), the hybrid seeds of the three
crosses were sown to give the F; plants. These
plants were selfed to produce F, seeds. Moreover,
the same parents were crossed again to produce F,
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seeds. The new hybrid seeds and part of the seeds
obtained from F, selfed plants (F, seeds) were kept
in refrigerator to the final experiment. In the third
season (2010/ 2011), the F, seeds were sown to
produce F; plants, which were selfed to produce F,
seeds. In addition, the F, and F, plants were selfed
to produce F, and F; seeds, respectively. The final
experiment (the fourth season, 2011/ 2012) was
conducted at Shandaweel Research Station, Sohag
Governorate, Agriculture Research Center, A.R.C.,
where the five populations Py, P,, F;, F, and F; of
the three crosses were evaluated under optimum
sowing date (OS) and late sowing date (LS).
Planting of (OS) was on November, 15 and (LS)
was on December, 15 using a randomized complete
block design with three replications, plants within
rows were spaced 10 cm apart. Two rows were
devoted for each parent and F; progenies, five rows
for F, generation and 20 rows for F; families for
each cross. Data were recorded on individual
guarded plants for number of days to heading,
number of days to maturity, grain filling period
(number of days from heading to maturity) and
grain filling rate (the grain yield divided by grain
filling period).

Measurements were recorded, in optimum and
late sowing dates, for number of spikes/ plant,
number of kernels/ spike, 100-kernel weight and
grain yield/ plant. The susceptibility index (SI) was
used as a measure of late planting tolerance in terms
of minimization of the reduction in grain yield or
yield components caused by unfavorable versus
favorable environments. (SI) was calculated for
each genotype according to the formula of Fisher
and Maurer (1978).

_(1-Y, /Y, y
SI = LS 0s 5

Where;

SI = an index of late sowing susceptibility

Y5 = yield or yield components from late sowing
experiment of a genotype.

Yos = yield or yield components from optimum
sowing experiment of a genotype.

D = late sowing intensity = 1 — (mean Yig of all
genotypes/ mean Y og of all genotypes)

The studied traits were statistically analyzed
using split-plot design and comparison between any
two generations within the same cross, under
optimum and late sowing dates, were carried out
according to Gomez and Gomez (1984). Various
biometrical parameters, in this study, were only
calculated in the F, genetic variance that was found
to be significant. Herterosis was expressed as the
percentage deviation of F; mean performance from
better parent values (heterobelitiosis). Inbreeding
depression was calculated as the difference between
the F, and F, means expressed as percentage of the
F, mean.
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Table 1: Name, Pedigree and origin of the four bread wheat genotypes

Code No. Name Pedigree Origin
1 Giza 168 MRL/BUC//SERI Egypt
2 Pastor PFAU/SERIM82//BOBWHITE ICARDA
3 Kanchan ICARDA
4 Debira India/ Syria

The t-test was used to determine the
significance of these deviations where the standard
error (S.E) values were calculated as follows:

F1 -BP=,/(VF, +VBP

(S.E. for the better parent heterosis)

F1-F2=,/(VE +VE,)

(S.E. for inbreeding depression)

Potance ratio (P) was also calculated according
to Peter and Frey (1966). In addition, F, deviation
(E;) and F; deviation (E;) were measured as
suggested by Mather and Jinks (1971).

Types of gene effects were estimated according
to Hayman model (1958) as described by Singh and
Chaudhary (1985) as follows:

m= F» (mean effect of F,)

d'==—P/-—P, (additive effect)
2 2

h= é (4 Fi+12F2-16 1_:3) (dominance effect)

L=%(161_?3—241_32+81_?1)

(dominance x dominance)

o= o= 1= = 1

i=Pi-F+=(Pi—P2+h)-— L
2 4

(additive x additive)

The variance of these estimates were computed
as follows:
V= VF,

vd = i (VP, + VP,)

Vh =%(l6 VF, +144 VE, + 256 VE,)

1
VL= (256 VE, +576 VF, + 64 VE,)

Vi=VP, + VE, +%(VP1 + VP, +Vh)+%VL

The standard errors of additive (d°), dominance
(h), dominance X dominance (L) and additive x
additive (i) were obtained by taking the square root
of respective variances. Also, "t" test values were
calculated by dividing the effects of d, h, L and I by
their respective standard errors.

Heritability was calculated in narrow sense
according to Mather (1949) and parent off-spring
regression according to Sakai (1960). Furthermore,
the expected and actual genetic advance (A g) was
computed according to Johanson et al. (1955). Like
wise, the genetic gain, represented as percentage of
the F, and F; mean performance (A g%), was
estimated using the method of Miller et al. (1958).

RESULTS AND DISCUSSION

Parental differences in response to their genetic
background were found to be significant for most
traits under investigation. The genetic variance,
within F, population, was also found to be
significant for all studied traits, in the three crosses,
therefore, the different biometrical parameters, used
in this investigation, were estimated. Means and
variances of the five populations (P, P,, Fy, F, and
bulk F3) for the studied characters, in the crosses,
are presented in (Table 2).

Analysis of variance for the studied yield and
yield characters in optimum and late sowing date
experiments, as well as, grain filling period, grain
filling rate and the susceptibility index is presented
in (Table 3). Data further showed significant
differences between crosses under late sowing date,
for grain filling period and the susceptibility index
of number of spikes/ plant, number of kernels/
spike, 100-kernel weight, grain yield/ plant and
grain filling rate. Also, there were significant
variations between generations in all studied
characters. Meanwhile, the interactions between
generations and the crosses were highly significant
for all studied characters except grain filling rate
under late sowing date. This may be due to the
differences in the response of the studied wheat
genotypes to the climatic factors in both sowing
dates. Average of grain filling period and grain
filling rate under the two sowing dates, and the
susceptibility index of the studied traits of the three
crosses, five populations in each cross are presented
in (Table 4). Data in the first cross and the F,
generation showed that P, (Giza 168) gave the
longest grain filling period under the two sowing
dates. Also, in the second cross, the three
generations (F,, F, and F;) recorded the longest
grain filling period under the two sowing dates.
Conversely, in the third cross, the three generations
(F1, F, and F;) had the shortest grain filling period
under the two sowing dates. However, the P, (Giza
168) of the first cross, Pastor parent in the second
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cross and Fy in the third cross, recorded the highest
grain filling rate.

Susceptibility index (SI) was used as a
parameter to provide a measure of stress tolerance
based on minimization of yield, and its components,
losses under late sowing compared to optimum
sowing date. Low susceptibility (SI < 1) is
synonymous with higher stress tolerance. The
susceptibility index for number of spikes/ plant
recorded highly significant tolerance values (S.I < 1)
for P, and F; populations, in the first cross, F;, F,
and F; populations in the second cross and F;, F,
and F; populations in the third cross. Meanwhile,
the susceptibility index for number of kernels/ spike
showed highly significant tolerance values for F; in
the first cross only, but F; showed no change under
late sowing date. Only F; generation in the first
cross had highly significant tolerance for 100-kernel
weight susceptibility index value. The populations
P,, F, and F; in the first cross, F; in the second cross
and P, in the third cross had highly significant
tolerance values for grain yield/ plant. The
susceptibility index of grain filling period showed
highly significant tolerance values for Py, F, and F;
populations in the first cross, P,, F, and F;
populations in the second cross and Py, Fy, F, and F3
populations in the third cross. In this connection,
several investigators reported that there was a wide
range of response to late sowing tolerance in wheat
genotypes. Among those are Menshawy (2007),
Abdel-Nour and Zakaria (2010), and Abdel-Nour

(2011).
Heterosis, Potance Ratio and Inbreeding
depression:

Heterosis, Potance ratio (P), inbreeding

depression percentage and different gene action
parameters, in the three crosses for the studied traits
under optimum and late sowing dates, are given in
(Table 5). Under optimum sowing date, highly
significant and positive heterotic effects, compared
to better parent, were found for maturity in the
second cross, number of kernels/ spike in the first
cross, and 100-kernel weight and grain yield/ plant
in the third cross. Moreover, significant or highly
significant and negative heterotic effects were found
for number of spikes/ plant in the three crosses,
number of kernels/ spike and 100-kernel weight in
the second cross and 100-kernel weight in the first
cross. However, insignificant heterotic effects were
found for heading date in the three crosses, maturity
date and grain yield/ plant in the first cross, maturity
date and number of kernels/ spike in the third cross,
and grain yield/ plant in the second cross. Similar
findings were reported by Abd-Allah and Abd El-
Dayem (2008), Abdel Nour and Zakaria (2010),
Abd-Allah and Mostafa (2011), Abd-Allah and
Hassan (2012). Under late sowing date, the results
generally paralled with those the optimum sowing
date except for significant and positive heterotic
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effects for maturity date in the first cross, number of
spikes/ plant in the second cross, and grain yield/
plant in the first and second crosses. Also,
significant and negative heterotic effects were found
for number of kernels/ spike in the first cross, and
100-kernel weight in the third cross. These results
are in agreement with those of Joshi et al. (2003)
and Abd El-Haleem et al. (2009) who reported that
heterosis above the better parent was significant and
negative for heading and maturity indicating that
dominance direction was toward the earlier parent.
Potance ratio (P) under optimum sowing date
indicated over dominance (P > 1) towards the higher
parent for maturity date and number of spikes/ plant
in the second cross, number of kernels/ spike and
grain yield/ plant in the first cross and 100-kernel
weight and grain yield/ plant in the third cross.
Conversely, over dominance towards the lowest
parent was found for heading date and number of
spikes/ plant in the second cross, and 100-kernel
weight in the second cross. Nearly complete
dominance (P = 1) was found for maturity date and
number of kernels/ spike in the third cross. Partial
dominance towards the higher parent was recorded
for heading date in the third cross and 100-kernel
weight in the first cross. On the other hand, the
potance ratio (P) under late sowing date indicated
over dominance (P > 1) towards the higher parent
for 100-kernel weight and grain yield/ plant in the
second cross, and grain yield/ plant in the first cross.
Partial dominance towards, the higher parent was
recorded for number of spikes/ plant in the first and
second crosses, and number of kernels/ spike in the
third cross. Over dominance for number of spikes/
plant, 100-kernel weight and grain yield were
reported by Abd-Allah and Mostafa (2011) and
Abd-Allah and Hassan (2012). Partial dominance
towards the higher parent for number of kernels/
spike was reported by Abd-Allah and Mostafa
(2011) and Abd-Allah and Hassan (2012).
Inbreeding depression measured the reduction
in performance of F, generation compared to their
Fi's due to inbreeding. Under optimum sowing date,
positive and highly significant values were found
for heading date and 100-kernel weight in the first
and second crosses. Meanwhile, under late sowing
date, positive and highly significant values were
found for heading date, maturity date, number of
kernels/ spike and 100-kernel weight in the first
cross, heading date and 100-kernel weight in the
third cross and for number of kernels/ spike in the
second cross. The obtained results, for most of
studied traits, were in harmony with Abd-Allah and
Abd El-Dayem (2008), Abd-Allah and Mostafa
(2011) and Abd-Allah and Hassan (2012). However,
inbreeding depression was significant and negative,
under the two sowing dates, for number of spikes/
plant and grain yield/ plant in the three crosses, and
under late sowing date for number of kernels/ spike
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in the second cross and 100-kernel weight in the
third cross. Sharma et al. (2002) reported that
significant and negative inbreeding depression was
recorded frequently for yield and yield contributing
traits indicating that the F, was superior to the F;.
The coincidence of sign and magnitude of heterosis
and inbreeding depression was detected for most
traits, this is logic and expected since the expression
of heterosis in F; will be followed by a considerable
reduction in F, due to homozygosis.

Gene actions:

Nature of gene action was determined using the
five parameters model (Table 3). The estimated
mean effects of F, (m), which reflects the
contribution due to the over-all mean plus the locus
effect and interactions of fixed loci, were found to
be highly significant for all the studied characters in
all crosses under the two sowing dates. The additive
gene effects (d°), under the optimum sowing date
were found to be significant and positive for
maturity date in the second and third crosses,
number of kernels/ spike in the second cross, 100-
kernel weight and grain yield/ plant in the first
cross. The additive gene effects (d°), under the late
sowing date, were found to be significant and
positive for maturity date in the second and third
crosses, number of kernels/ spike in the first and
third crosses and grain yield/ plant in the first cross.
However, significant and negative additive effects
(d"), under the two sowing dates, were detected for
maturity date and number of spikes/ plant in the first
cross, number of kernels/ spike in the first and third
crosses, and grain yield/ plant in the second cross
under the optimum sowing date. Also, significant
negative additive effects (d*), under late sowing
date, were detected for number of spikes/ plant in
the third cross, and number of kernels/ spike in the
second cross. The magnitude of additive gene
effects were small relative to the corresponding
dominance effects in the former characters,
suggesting that bulk selection is a useful breeding
method for improving these populations.

Dominance gene effects (h) were found to be
significant and positive for grain yield/ plant in the
first and second crosses only under optimum sowing
date, while in the late sowing date, the dominance
gene effects (h) were found to be significant and
positive for maturity date in the first cross and
number of kernels/ plant and grain yield/ plant in the
third cross. When dominance genes are present, it
would tend to be in favor of production of hybrid
wheat, while the existence the additive gene action
in the gene pool encourages the improvement of
characters by selection program. The traits with no
genetic effects indicated that all the variability was
attributed to environment. Dominance * dominance
(L) types of gene action were found to be positive
and significant for 100-kernel weight under
optimum sowing date and for grain yield/ plant

under late sowing date in the first cross only.
However, dominance X dominance (L) type of gene
action were found to be negative and significant for
heading date and number of kernels/ spike in the
first cross under optimum sowing date, and for
number of kernels/ spike and grain yield/ plant in
the second cross under late sowing date. Significant
and positive additive x additive type of epistasis (i)
under optimum sowing date were detected for
heading and maturity dates in the third cross, and for
grain yield/ plant in the first and second crosses.
Also, significant and positive additive x additive
type of epistasis (i), under late sowing date, were
recorded for number of spikes/ plant, 100-kernerl
weight and grain yield/ plant in the first cross;
maturity date, number of spikes/ plant and number
of kernels/ spike in the third cross and 100-kernel
weight in the second cross. The important roles of
both additive and non-additive gene actions, in
certain studied characters, indicate that selection
procedures based on the accumulation of additive
effects would be successful in improving these
characters. Farag (2009), reported that, among the
epistatic components, the dominance X dominance
was greater in magnitude than additive x additive in
most studied traits. When additive effects are larger
than non-additive ones, it is suggested that selection
in early segregation generations would be effective,
while, if non-additive portion is larger than additive,
the improvement of the characters needs intensive
selection through later generations.

F, and F; deviations (E; & E,):

Significant and positive F, deviation (E;) was
found for heading and maturity date in the second
cross only under optimum sowing date, while,
negative values were obtained for maturity date,
number of spikes/ plant and grain yield/ plant in the
third cross, and number of spikes/ plant in the
second cross. On the other hand, insignificant F,
deviations were detected for heading date in the first
and third crosses, maturity date in the first cross,
number of spikes/ plant in the second cross, number
of kernels/ spike and 100-kernel weight in the three
studied crosses, and grain yield/ plant in the first and
second crosses. However, under late sowing date,
significant and positive F, deviation was found for
heading date in the third cross, and maturity date in
the first and second crosses. Meanwhile, significant
negative F, deviations were found for number of
spikes/ plant in the first and third crosses, number of
kernels/ spike in the three studied crosses, 100-
kernel weight in the first and second crosses and
grain yield/ plant in the second and third crosses.
Also, insignificant F, deviations were detected for
heading date in the first and second crosses,
maturity date in the third cross, number of spikes/
plant in the second cross, 100-kernel weight in the
third cross and grain yield/ plant in the first cross.
These results may indicate that epistatic gene effects
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had major contribution in the inheritance of these
traits under the two sowing dates.

F; deviation (E,), under optimum sowing date,
was found to be positive and significant for heading
date in the three crosses, maturity date in the second
cross and number of kernels/ spike in the first cross.
However, negative and significant F; deviation
values were detected for maturity date in the third
cross, number of spikes/ plant in the three studied
crosses and grain yield/ plant in the first and third
crosses. Also, insignificant F; deviations were
detected for maturity date in the first cross, number
of kernels/ spike in the second and third crosses,
100-kernel weight in the three crosses and grain
yield/ plant in the second cross.

Moreover, F; deviations, under late sowing
date, recorded significant and positive values for
heading date in the third cross, maturity date in the
three studied crosses and number of kernels/ spike
in the first and second crosses, while, F; deviation
was found to be significant and negative for number
of spikes/ plant in the three crosses, number of
kernels/ spike in the third cross, 100-kernel weight
in the second cross, and grain yield/ plant in the
three studied crosses. On the other hand,
insignificant F; deviation was detected for heading
date in the first and second crosses and 100-kernel
weight in the first and third crosses. The F,
deviations were accompanied by F; deviations in
most cases, indicating the presence of epistasis and
should require more attention in wheat breeding
programs.

Heritability:

Heritability estimates in narrow senses, and
between generations (parent off-spring regression),
under the two sowing dates, are presented in (Table
4). Narrow sense heritability values, under optimum
sowing date, were detected for all studied characters
and ranged from zero% for number of spikes/ plant
in the third cross, to 71.11% for 100-kernel weight
in the first cross. Moreover, narrow sense
heritability values, under late sowing date, were
recorded for all studied traits and ranged from 31.14
% for number of spikes/ plant in the second cross to
78.21% for maturity date in the first cross. The
parent off-spring regression heritability, under
optimum sowing date, were found to be high to
moderate and ranged from 31.99% for number of
spikes/ plant in the third cross to 77.19% for grain
yield plant in the first cross. Moreover, parent off
spring regression heritability, under late sowing
date, were found to be high to moderate and ranged
from 49.11% for 100-kernel weight in the second
cross to 77.85% for number of kernels/ spike in the
first cross. The differences in magnitude of both
narrow sense and parent off-spring regression
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heritability estimates, for all the studied characters,
would ascertain the presence of non-additive genes
and environmental effects in the inheritance of these
characters. The heritability estimates from the two
sowing dates showed that the first cross had the
better chance for genetic improvement in yield and
yield components. This conclusion was reported by
several researchers, i.e., Abd-Allah and Abd El-
Dayem (2008), Abd-Allah and Mostafa (2011) and
Farooq et al. (2011).

The expected genetic gain versus actual gain,
under the two sowing dates, are presented in (Table
6). The results revealed that the expected genetic
advance, as a percentage of F, (A g%), under
optimum sowing date, ranged from 0.16% for
number of spikes/ plant in the third cross to 17.95%
for grain yield/ plant in the second cross. However,
the expected genetic advance, as a percentage of F,
(A g%) under late sowing date, ranged from 0.42%
for 100-kernel weight in the third cross to 18.42%
for grain yield/ plant in the first cross. The actual
gain, as a percentage of F3, under optimum sowing
date ranged from 0.59% for 100-kernel weight in
the third cross to 18.58% for grain yield/ plant in the
second cross. Also, the actual gain, as a percentage
of F3, under late sowing date ranged from 0.58% for
100-kernel weight in the third cross to 20.69% for
grain yield/ plant in the second cross. The highest
estimates of narrow sense heritability, which was
associated with the highest genetic advance, were
detected for number of kernels/ spike in the first and
second crosses, and grain yield/ plant in all crosses,
indicating the presence of sufficient variability for
the improvement of those two characters. These
results indicate the possibility of practicing selection
in the early generations to obtain high yielding
genotypes. Therefore, selection in those particular
populations should be effective and satisfactory for
successful breeding purposes. This information
would help breeders in selecting of parental
combination which when crossed result in the
highest proportion of desirable segregates, and
identifying early cultivars under optimum and late
sowing date.

Generally, most of the significance in
biometrical parameters resulted from the first and
third crosses and were higher in their values than
those obtained from the second cross under the two
sowing dates. Consequently, it could be concluded
that the crosses (Pastor x Giza 168) and (Debira x
Kanchan) would be of interest in breeding programs
for genetic improvement of wheat for late planting
tolerance that could be used in double cropping
systems mainly, i.e., cotton-wheat and late maize-
wheat sequences.
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