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ABSTRACT

This study was conducted at the Experimental Farm of the Faculty of Agriculture, Ain Shams University, at Shalakan,
Kalubia Governorate, Egypt during the three successive growing seasons 2012/2013, 2013/ 2014 and 2014/2015 to study the
relative response to selection in three bread wheat crosses for two cycles started in F3 using pedigree selection procedure for
improving grain yield and some other agronomic traits, i. e. days to heading, plant height, spike length, number of spikes/ plant,
number of spikelets/ spike, number of kernels/ spike and 1000-kernel weight. The results obtained revealed the presence of
sufficient genetic variability among selected families or genotypes regarding the studied traits and a great response to selection
can be expected from the progenies of these crosses. Genotypic coefficient of variation values were near those of phenotypic
coefficient of variation for all traits, indicating minor role for the environment on variation among genotypes. This may interprets
the high values of heritability and expected genetic gain of selection. The highest estimates of phenotypic and genotypic
coefficient of variation were shown by number of spikes/ plant and grain yield/ plant while, the low estimates were shown by
days to heading and no. of spikelets/ spik across the F3, F4 and F5 generations. The heritability estimates in broad sense were;
low for number of spikes/ plant, moderate for spike length, number of spikelets/ spike and 1000-kernel weight and high for days
to heading, plant height, number of kernels/ spike and grain yield/ plant across the three generations. The promising lines; 7, 8,
10, 19, 24, 27, 30 and 31 exhibited the best performance in F5 —generation and surpassed most check cvs. in grain yield and most
yield components. Thus, these promising lines could be used in breeding programs for improving wheat grain yield. Grin yield
was positively and significantly correlated with each of spike length, no. of spikelets/ spike, no. of spikes/ plant, no. of kernels/
spike and 1000-kernel weight at phenotypic and genotypic levels and with each of days to heading and plant height at genotypic
level only. Thus, these traits could be considered as selection criteria in wheat breeding programs for yield improvement.
Keywords: Triticum aestivum L., Selection, Phenotypic and genotypic coefficient of variation, Heritability, Expected genetic

gain, Correlation.

INTRODUCTION

Increasing wheat production is considered an
important national goal to face the increasing food
needs of Egyptian population. This increment could be
achieved through maximizing production per unit area
(vertical expansion) and /or cultivating more land with
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. The main objective of most wheat breeding
programs is to develop high yielding varieties with good
qualities. Pedigree selection for yielding potential in
wheat assumes selection in the F2 generation of
individual plants spaced apart to enable their evaluation
then, selection from F3 to F6 generation is practiced
among and within families following evaluation in row
plots and /or in yield trials (Poehlman and Sleper,
1995). Wheat breeders improve grain yield through
selection by using grain yield itself as a selection
criterion (Loffler and Busch, 1982). Mahdy (1988),
Mahmoud (2007) and Ali (2011) reported that selection
could be also based on grain yield as well as increased
spike length, number of spikes/ plant and number of
kernels/ spike. Information about phenotypic and
genotypic  coefficients of variation, heritability,
expected genetic gain and correlation coefficients
among studied traits can help breeders for increasing the
selection efficiency. Rady et al. (1981), Ehdaie and
Waines (1989), Belay et al.(1993), Moghaddam et al
.(1997), Menshawy (2007), Abd El-Fattah et al. (2009),
Khalil et al. (2010), ElI-Ameen (2012), Ahmed et al.
(2014) and Mohamed (2014) found; significant
variation in yield and its components among wheat

genotypes, moderate values of phenotypic and
genotypic variation for grain yield, moderate to high
values of heritability and expected genetic gain for grain
yield and its compounds and significant positive
correlation between grain yield and its components. The
main objectives of this work were to: (1) Estimate the
efficiency of pedigree selection method for improving
grain yield by comparing the resultant promising lines
with commercial cultivars. (2) Estimate phenotypic and
genotypic coefficients of variation, heritability in the
broad sense, expected genetic gain upon selection and
correlation coefficients among studied traits to
formulate appropriate breeding program to improve
yield.

MATERIALS AND METHODS

The field experimental work of the present
investigation was carried out at the Experimental Farm
of the Faculty of Agriculture, Ain Shams University, at
Shalakan, Kalubia Governorate, Egypt during the three
successive growing seasons 2012/2013, 2013/ 2014 and
2014/2015 to study the relative response to selection in
three bread wheat crosses for three cycles started in F3
using pedigree selection procedure for improving grain
yield and its components. Besides estimating
phenotypic and genotypic coefficients of variation,
heritability in the broad sense, expected genetic gain
upon selection through three generations (F3, F4 and
F5). The F2 seeds of the three crosses; Gizal68 x
Cham8 (Crossl), Gizal68 x Bohouth6 (Cross 2) and
Sakha 94 x Bohouth6 (Cross 3) were obtained from a
previous work by Osman et al. (2013). While, the six
check cultivars; (Sids 1, Sids12, Sakha93, Gemmeiza 9,
Gemmeiza 12 and masr2) were obtained from wheat
Dept. Agric. Res. Cent., Giza, Egypt.

In 2012/2013 (F3 generation), 150 superior F2
plant were planted on 21"™ Nov. where the progeny of
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each plant was planted in three single rows represent
three replication. Single plants were grown in rows 3 m
long and spaced 25cm apart and 15 cm between plants
within rows. Data were recorded for eight characters;
days to heading, plant height (cm), spike length (cm),
number of spikelets/ spike, number of spikes/ plant,
number of kernels/ spike, 100- kernel weight (g) and
grain yield/ plant. The 20 superior families (progenies)
were selected using different selection criteria in each
cross (60 families) and seeds of the superior plant of
each selected families were saved to initiate the first
cycle of early pedigree line selection.

In 2013/ 2014 (F4 generation), The progeny of
each selected plant from F3 was grown on 25" Nov. in
three rows as done in F3.The seeds of best; 15 plants
from the first cross, 12 plants from the second cross and
13 plants the third cross were saved to the next season
(a total of 40 promising lines).

In 2014/2015 (F5 generation), the 40 superior
promising lines, their parents and the six check
cultivars; (Sids 1, Sidsl2, Sakha93, Gemmeiza 9,
Gemmeiza 12 and masr2) were sown on 2™ Dec. in a
randomized complete block design with three
replications; each replicate consisted of 50 plots of
wheat entries distributed randomly within the replicate.
The plot consisted of three rows. Each row was 3 m. in
length and 20 cm apart. Grains were spaced at 10 cm
within row and one plant was left per hill. The
recommended cultural practices for wheat production
were followed during the growing season. Days to
heading, was measured as the number of days from
sowing till the main stem spikes of about 50% of plants
per plot were fully emerged from the flag leaf. At the
harvest, plant height (cm), spike length (cm), number of
spikes/ plant, number of spikelets/ spike, number of
kernels/ spike, 1000-kernel weight (g) and grain yield/
plant (g) were recorded on 10 competitive individual
plants for each genotype in each replicate. The analysis
of variance for F3, F4 and F5 populations were
performed according to Gomez and Gomez (1984).
L.S.D was computed to compare differences among
means at 5% level. The phenotypic and genotypic
coefficients of variability were calculated according to
Burton (1952).

-Phenotypic (P.C.V) and genotypic (G.C.V) coefficient
of variation.

PCY = C’j; 100 oG

G.C.V=7x100

Where: oP, og and X are the phenotypic, the
genotypic standard deviation and genotypes
mean, respectively.

-Broad sense heritability (h”) was estimated following

Walker (1960).
ng
P

h = x100
O

Where: 6°g and o°P denote variance of genotypes and
phenotypic, respectively.

- The expected genetic gain upon selection (AG):

a-As an amount AG = (h%) (op) (K)

Where: h” = the broad sense heritability. op = standard
deviation of phenotypic variance.

K = selection differential coefficient given the value

2.06 at 5% selection intensity.

b- As percentage of the mean = £ x100
X

Where: X = genotypes mean.

4- Phenotypic and genotypic correlation coefficients
were calculated between all possible pairs of studied
traits according to Singh and Narayanan (2000).

RESULTS AND DISCUSSION

Analysis of variance

The analysis of variance for all studied traits are
presented in Table (1). The analysis indicates the
presence of high significant differences among
genotypes for all studied traits across the three
generations F3, F4 and F5 for all studied traits. These
results reveal presence of sufficient genetic variability
among selected families or genotypes regarding the
studied traits and a greater response to selection can be
expected from the progenies of these crosses. Similar
results were found by Tammam (2004), Menshawy
(2007) and Abd El-Fattah er al. (2009), Khalil et al.
(2010), El-Ameen (2012), El-Ameen et al(2013),
Ahmed et al. (2014), Mohamed (2014).

Table 1. Analysis of variance for all the traits studied of bread wheat genotypes in the F3, F4 and F5 -

generation.

Source of Df Days to Plant Spike Number of Number of Number of 100-kernel Grain yield/
variation heading height(cm) length(cm) spikelets/spike spikes/plant kernels/spike weight (g)  plant (g)
F3
Families 59 84.35%*  254.07** 5.83%* 5.44%* 11.34%* 340.28** 1.41%** 70.08**
Error 118 1.75 4.71 0.76 1.28 6.32 14.78 0.24 4.24
F4 100-kernel

weight (g)
Families 59 60.39%*  578.67** 5.15%* 5.52%* 47.04%* 411.19** 1.04** 70.21%*
Error 118 0.39 4.68 0.79 1.04 21.33 8.07 0.21 4.32
F5 1000-kernel

weight (g)
Genotypes 49 38.01**  497.49%* 1.86%* 3.20%* 15.21%** 120.94** 74.89%* 127.15%*
Error 98 1.01 3.39 0.59 0.57 3.25 8.73 3.61 3.89

** = denote significant at 0.01 level of probability.
Genetic parameters

Variance is considered as an important
measure for efficiency of selection and breeding
methods. The data of phenotypic (P.C.V) and genotypic
(G.C.V) coefficient of variations, broad-sense

heritability (h® b.s) and expected genetic gain are shown
in Table (2). For number of days to heading, the
genotypic coefficient of variation across the three
generations (F3, F4 and F5) gave a value of 5.39, 4.66
and 3.84 % respectively which was approximately equal
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to the corresponding phenotypic coefficient of variation
5.56, 4.70 and 3.99 %, through the three generation F3,
F4 and F5, respectively, indicating that most variation
exists among genotypes is genetic in nature for days to
heading.Estimates of the broad sense heritability for this
trait gave a value of 94.02, 98.09 and 92.43 % across
the three generations F3, F4 and F5, respectively which
is considered as a high estimate, indicating that this trait
is mainly affected by the genetic factors and partially by
the environmental ones. The expected genetic gain upon
selecting the earliest 5% of wheat genotypes would be
10.48, 9.12 and 6.96 day or about 10.77, 9.50 and 7.61
% through the three generations F3, F4 and FS5,
respectively of the population mean. These results
suggested that a relative progress can achieved through
the selection for early lines.

Concerning plant height, the phenotypic and
genotypic coefficient of variation had values of (9.68,
12.64 and 12.67 %) and (9.42, 12.49 and 12.54 %)

across the three generations F3, F4 and F5, respectively.
These inclined estimates detected for P.C.V and G.C.V,
suggested that the effect of environment on the
expression of this is relatively less than the genotypic
effect. Thus, selection for this trait may be providing a
chance for some genetic improvement. The broad sense
heritability for this trait gave an estimate of 94.64, 97.61
and 97.98 % in F3, F4 and F5- generation, respectively
which is considered a high percentage, indicating that
plant height is mainly determined by the genetic factors
with few environmental influences. Thus, selection may
lead to progressive genetic improvement for this trait.
The expected genetic gain upon selecting the best 5%
for plant height in the wheat genotypes would be 18.27,
28.15 and 26.17 cm or about 18.87, 25.42 25.57 % in
F3, F4 and F5-generations, respectively of the
population mean. This relatively high gain percentage
support the conclusion mentioned above for importance
of the genetic role in the expression of this trait.

Table 2. Means, phenotypic (P.C.V) and genotypic (G.C.V) coefficients of variation, broad sense heritability
(h2 b.s) and expected genetic gain for the traits studied of bread wheat genotypes in the F3, F4 and

F5 — generation.

Traits Mean PCV%  GCV%  h’bs% Expected genetic gain
mount "0 mean

F3 generation

Days to heading 97.33 5.56 5.39 94.02 10.48 10.77
Plant height (cm) 96.83 9.68 9.42 94.64 18.27 18.87
Spike length (cm) 11.43 13.69 11.37 68.98 222 19.46
No. of spikelets/spike 22.09 7.39 5.33 52.00 1.75 7.92
No. of spikes/plant 8.51 33.22 15.20 20.93 1.22 14.33
No. of kernels/spike 73.84 15.04 14.11 88.01 20.13 27.26
100-kernel weight (g) 4.51 17.60 13.85 61.90 1.01 22.44
Grain yield/plant (g) 20.78 24.63 22.54 83.81 8.83 42.52
F4 generation

Days to heading 96.05 4.70 4.66 98.09 9.12 9.50
Plant height (cm) 110.73 12.64 12.49 97.61 28.15 2542
Spike length (cm) 13.43 11.15 8.98 64.78 2.00 14.88
No. of spikelets/spike 25.17 6.32 4.86 58.95 1.93 7.68
No. of spikes/plant 18.03 30.33 16.24 28.66 3.23 17.91
No. of kernels/spike 77.68 15.36 14.92 94.33 23.19 29.86
100-kernel weight (g) 3.29 21.20 15.99 56.85 0.82 24.83
Grain yield/plant (g) 30.93 16.58 15.15 83.56 8.83 28.53
F5 generation

Days to heading 91.45 3.99 3.84 92.43 6.96 7.61
Plant height (cm) 102.33 12.67 12.54 97.98 26.17 25.57
Spike length (cm) 12.24 8.22 5.32 41.78 0.87 7.08
No. of spikelets/spike 22.72 5.35 4.19 61.40 1.54 6.76
No. of spikes/plant 14.89 18.07 13.41 55.09 3.05 20.50
No. of kernels/spike 70.80 9.59 8.64 81.08 11.34 16.02
1000-kernel weight (g) 45.13 11.59 10.80 86.81 9.36 20.73
Grain yield/plant (g) 26.77 25.05 23.94 91.35 12.62 47.14

With respect to spike length, the phenotypic
coefficient of variation across the three generations F3,
F4 and F5 gave a value of 13.69, 11.15 and 8.22 %,
respectively whereas the genotypic one gave a value of
11.37 8.98 and 5.32 % in F3, F4 and F5-generations,
respectively, indicating that this trait is affected by both
genetic and environmental factors. The broad sense
heritability for this trait had an estimate of 68.98, 64.78

and 41.78 % for F3, F4 and F5- generation,
respectively, which is considered a moderate
percentage, indicating that this trait is mainly
determined by genetic factors and partially by

environmental ones. The expected genetic gain upon
selecting the best 5% of the genotypes for spike length
would be 2.22, 2.00 and 0.87 cm or about 19.49, 14.88
and 7.08 % in F3, F4 and F5-generations, respectively
of the population mean.

Concerning number of spikelets/ spike, the
phenotypic and genotypic coefficients of variation
across the three generations F3, F4 and F5 had values of
(7.39, 6.32 and 5.35 %) and (5.33, 4.86 and 4.19 %),
respectively. The inclined estimates detected for the
P.C.V and the G.C.V., suggesting that the effect of
environment on the expression of this trait is relatively
less than the genotypic effects. Thus selection for this
trait may provide a chance for some genetic
improvement. Estimation of the broad sense heritability
for this trait gave a value of 52.00, 58.95 and 61.40 %
for F3, F4 and F5- generation, respectively, which is
considered a moderate percentage, indicating that this
trait is mainly determined by genetic factors and
partially by environmental ones. The expected genetic
gain upon selecting the best 5% of wheat populations
would be 1.75, 1.93 and 1.54 spikelet or about 7.92,
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7.68 and 6.76 % in F3, F4 and F5-generations of
populations mean.

For number of spikes/ plant the phenotypic
coefficient of variation across the three generations F3,
F4 and F5 gave a value of 33.22, 30.33 and 18.07%,
whereas the genotypic one gave a value of 15.20, 16.24
and 13.41 %, indicating that this trait is affected by both
genetic and environmental factors. The broad sense
heritability for no. of spikes/ plant had an estimate of
20.93, 28.66 and 55.09 %, which is considered a low
percentage for F3 and F4 generation meantime
moderate for F5 generation, indicating that no. of
spikes/ plant is determined by the genetic factors with
great environmental influences. Thus, selection may
lead to progressive genetic improvement for this trait.
The expected genetic gain upon selecting the best 5% of
the genotypes for no. of spikes/ plant would be 1.22,
3.23 and 3.05 spike or about 14.33, 17.91 and 20.50 %
in F3, F4 and F5-generations of the population mean.

Regarding number of kernels/ spike, the
phenotypic and genotypic coefficient of variation had
values of (15.04, 15.36 and 9.59 %) and (14.11, 14.92
and 8.64 %) across the three generations F3, F4 and F5,
respectively. These inclined estimates detected for
P.C.V and G.C.V, suggested that the effect of
environment on the expression of this is relatively less
than the genotypic effect. Thus, selection for this trait
may be providing a chance for some genetic
improvement. The broad sense heritability for this trait
gave an estimate of 88.01, 94.33 and 81.08 % in F3, F4
and F5- generation, respectively which is considered a
high percentage, indicating that no. of kernels/ spike is
mainly determined by the genetic factors with few
environmental influences. Thus, selection may lead to
progressive genetic improvement for this trait. The
expected genetic gain upon selecting the best 5% for
number of kernels/ spike in the wheat genotypes would
be 20.13, 23.19 and 11.34 spikes or about 27.26, 29.86
and 16.02 % in F3, F4 and F5-generations, respectively
of the population mean. This relatively high gain
percentage support the conclusion mentioned above for
importance of the genetic role in the expression of this
trait.

With respect to 1000-kernel weight, the
phenotypic coefficient of variation across the three
generations F3, F4 and F5 gave a value of 17.60, 21.20
and 11.59 %, respectively whereas the genotypic one
gave a value of 13.85, 15.99 and 10.80 % in F3, F4 and
F5-generations, respectively, indicating that this trait is
affected by both genetic and environmental factors. The
broad sense heritability for this trait had an estimate of
61.90, 56.85 and 86.81 % for F3, F4 and F5- generation,
respectively, which is considered a moderate percentage
for F3 and F4 generation meantime high for F5
generation, indicating that this trait is mainly
determined by genetic factors and partially by
environmental ones. The expected genetic gain upon
selecting the best 5% of the genotypes for 1000-kernel
weight would be 1.01, 0.82 and 9.36 g or about 22.44,
24.83 and 20.73 % in F3, F4 and F5-generations,
respectively of the population mean.

Regarding grain yield/ plant, the phenotypic
coefficient of variation across the three generations F3,
F4 and F5 gave a value of 24.63, 16.58 and 25.05 %,
respectively which is somewhat near the value of the
genotypic one (22.54, 15.15 and 23.94 %) in F3, F4 and
F5-generations, respectively, indicating that, this trait is
determined by both genetic and environmental factors
with predominance of the genetic ones. The broad sense
heritability for grain yield/plant gave an estimate of
83.81, 83.56 and 91.36 % for F3, F4 and F5- generation,
respectively which is considered a relatively high
estimate, indicating that this trait is mainly determined
by the genetic factors and partially by the environmental
ones. The expected genetic gain upon selecting the best
5% of the wheat genotypes would be 8.83, 8.83 and
12.62 g or about 42.52, 28.53 and 47.14 % of the
population mean. This result suggested that a relatively
high progress can be achieved through the selection for
this trait in such population.

From the above mentioned results, it is noticed
that the values of G.C.V. and P.C.V. decreased from
cycle one to cycle two of direct pedigree selection under
different selection criteria and the late pedigree single
trait selection was more effective than early selection in
wheat.

Results in the same direction were obtained by
Rady et al. (1981), Mahdy (1988), Ehdaie and Waines
(1989), Belay et al.(1993), Moghaddam et al .(1997),
Tammam (2004), Mahmoud (2007), Menshawy (2007)
and Abd El-Fattah et al. (2009), Khalil et al. (2010), Ali
(2011), El-Ameen (2012), El-Ameen et al. (2013),
Ahmed et al. (2014) and Mohamed (2014) who reported
that the phenotypic and genotypic coefficient of
variation, heritability and expected genetic gain for
grain yield and its components were moderate to high.
Performance of wheat genotypes

The mean values of the studied genotypes for
grain yield/ plant and its related agronomic traits in F5-
generation are shown in Table (3). The results reveal
that wheat genotypes greatly differed in their response
in F5- generation for the studied traits. Number of days
to heading ranged from 85 days (line 37) to 99.33 days
(Bouhoth 6 (P4)) with an average of 91.45 days. Table
(3) shows that some lines; 2, 4, 8, 15, 32 and 37 were
earlier than the earliest check varieties and parents
(Sakha 93 which gave a value of 88 days). With respect
to plant height, it ranged from 84.25 cm (line 20) to
142.00 cm (line 25) with an average of 102.33 cm. The
two lines 22 and 25 were the tallest and surpassed all
the check varieties and parents. Concerning spike
length, it ranged from 10.00 cm (line 37) to 13.58 cm
(line 14) with an average of 12.24 cm. The lines; 14, 24
and 31 showed the highest values of spike length
without differ significantly from the best check variety
(Sids 1 which gave a value of 13.54 cm). With respect
to number of spikes/ plant, it ranged from 11.17 (line
17) to 19.92 (the cv. Sids 1 ) with an average of 14.89
spikes . Meantime, the lines; 8, 27, 30 and the cv.
Gemmeiza 12 gave the highest values for no. of spikes/
plant without differ significantly from the best check
variety ( Sids 1 which gave a value of 19.92 spikes).
Number of spikelets/ spike, ranged from 19.92 (line 34)
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to 24.25 (the cv. Sids 1) with an average of 22.72
spikelets. Table (3) shows that some lines were superior
to some the check varieties in no. of spikelets/ spike
meantime, the lines; 7, 13, 17, 19, 24, 27, 30, 31 and the
cvs. Sakha 94, Sids 12 and Gemmeiza 9 recorded the
highest values for no. of spikelets/ spike without differ
significantly from the best check variety ( Sids 1 which
gave a value of 24.25 spikelets). Concerning number of
kernels/ spike, it ranged from 56.75 (line 25) to 82.42
(line 19) with an average of 70.80 kernels. The lines;
18, 19 and 31 and the cvs. Sakha 94 and Gemmeiza 9
showed the highest values of no. of kernels/ spike
without differ significantly from the best check variety
(Sids 1 which gave a value of 81.67 kernels). For 1000-
kernel weight, it ranged from 32.06 g (line 16) to 53.57

g (the cv. Gemmeiza 9) with an average of 45.13 g.
Some lines were superior to some the check varieties in
1000-kernel weight meantime, the lines; 10, 14, 22, 24,
26 and 27 and the cv. Gemmeiza 12 recorded the
highest values for 1000-kernel weight without differ
significantly from the best check variety ( Gemmeiza 9
which gave a value of 53.57 g). Grain yield/ plant,
ranged from 13.50 g (line 23) to 38.58 g (line 24) with
an average of 26.77 g. Table (3) shows that some lines
were superior to the most check varieties and their
parents in grain yield/ plant in the F5- generation
meantime, the lines; 7, 24, 27, 30 and 31 showed the
highest values of grain yield/ plant without differ
significantly from the best check variety (Sids 1 which
gave a value of 37.67 g).

Table 3. Mean performance of; promising lines from three crosses, parents and six check varieties for studied

traits.
Genotypes Days to Plant Spike Number of  Number of N]l(l:;gglrs /Of 1000-kernel Grain yield/
P heading height(cm) length(cm) spikelets/spike spikes/ plant spike weight (g)  plant (g)
Eirr‘l’ssll 91.67  116.83 11.75 21.50 15.33 66.67 43.93 21.58
2 86.33 103.50 12.08 22.17 15.17 70.67 34.07 26.38
3 87.00 101.42 11.67 22.33 13.75 67.00 40.57 14.88
4 86.00 98.92 12.58 23.17 16.14 74.33 38.50 31.08
5 93.00 99.17 12.25 22.33 11.25 63.25 44.07 24.25
6 95.00 95.00 12.33 23.00 14.00 69.17 44.76 22.50
7 93.00 103.08 12.42 23.50 16.58 75.50 47.33 35.92
8 86.00 102.67 12.50 23.33 18.33 68.92 47.94 34.00
9 90.00 103.67 12.75 22.83 12.42 77.00 40.75 27.42
10 87.00 106.58 13.00 25.00 17.33 76.42 51.62 33.17
11 87.33 104.00 11.83 22.50 13.75 66.92 43.41 21.83
12 91.33 98.92 12.25 23.00 12.58 74.17 45.01 24.00
13 91.00 102.25 11.75 23.67 13.25 66.50 44.01 29.58
14 91.33 104.00 13.58 23.17 15.65 59.08 50.51 29.25
15 86.67 101.00 11.17 22.83 12.92 64.00 4423 25.50
Cross II Line 16 90.67 132.08 12.42 23.33 12.50 73.08 32.06 27.50
17 88.67 85.92 12.83 24.00 11.17 70.17 36.85 15.42
18 87.33 109.25 11.75 22.17 14.33 80.42 41.85 27.42
19 95.33 94.92 12.67 23.83 16.58 82.42 36.20 34.75
20 91.00 84.25 11.83 22.25 14.17 64.25 46.26 20.75
21 92.33 100.25 11.83 22.50 14.25 66.33 40.10 19.17
22 91.00 139.00 12.00 22.33 12.83 73.17 51.82 22.25
23 91.67 93.50 11.17 21.83 12.25 73.50 41.15 13.50
24 88.00 123.67 13.00 23.50 14.58 64.25 52.10 38.58
25 89.67 142.00 12.33 23.17 14.83 56.75 46.43 24.25
26 90.00 97.06 12.50 23.33 11.25 67.42 51.43 24.83
27 91.67 125.25 11.83 23.83 18.33 70.00 51.33 35.67
Cross III Line 28 96.00 86.25 12.58 22.50 13.67 69.42 47.75 25.25
29 94.00 95.33 12.00 22.50 12.92 68.17 43.44 19.08
30 97.00 101.42 12.50 23.67 18.42 74.42 46.94 37.08
31 94.00 100.42 13.56 23.67 16.83 79.00 49.71 34.04
32 86.00 93.42 12.25 21.75 14.58 65.50 45.10 24.75
33 89.67 96.83 11.42 22.17 13.83 74.75 37.72 18.42
34 91.00 94.08 11.17 19.92 15.42 65.50 42.59 19.17
35 95.00 92.92 11.25 20.25 13.58 60.58 49.88 26.25
36 91.00 84.58 10.58 20.75 13.92 63.92 41.12 23.08
37 85.00 112.17 10.00 23.08 13.42 72.17 47.81 20.83
Table 3. Cont. 38 94.67 103.75 12.17 22.00 13.77 72.17 46.28 26.92
39 89.00 91.83 10.75 21.83 13.25 66.17 47.07 26.17
40 93.00 115.42 12.50 22.33 13.08 61.00 47.67 22.08
Parents Giza 168 (P1) 97.00 94.50 12.17 21.33 12.85 81.25 46.55 17.33
Sakha 94  (P2) 95.33 101.75 13.50 23.50 18.93 73.42 43.28 32.17
cham 8 (P3) 96.00 89.92 12.17 22.50 17.30 68.92 43.39 31.75
Bouhoth 6 (P4) 99.33 86.83 13.08 20.17 17.92 74.33 45.68 34.75
Check varities Sids 1~ 94.00 112.92 13.54 24.25 19.92 81.67 52.18 37.67
Sid12 90.33 103.25 13.42 24.00 16.78 81.17 46.33 29.75
Sakha 93 88.00 84.28 12.25 23.33 14.75 72.00 41.17 24.42
Gemmiza 9 96.00 103.25 12.50 23.50 18.33 81.58 53.57 33.33
Gemmiza 12 94.00 97.58 13.08 23.00 18.92 72.00 51.67 32.58
Masr 2 97.00 105.83 13.25 23.67 16.67 79.50 51.27 36.08
Mean 91.45 102.33 12.24 22.72 14.89 70.80 45.13 26.77
L.S.D. 0.05 1.63 2.98 1.24 1.22 2.92 4.79 3.08 3.20
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Generally, the promising lines; 7, 8, 10, 19, 24,
27, 30 and 31 exhibited the best performance in F5-
generation and surpassed the most check cvs. for grain
yield and most yield components. Thus, these promising
lines could be used in breeding programs for improving
wheat grain yield.
Phenotypic and genotypic correlation coefficients

Phenotypic and genotypic correlation coefficients
among the various studied characters for 50 genotypes
of bread wheat are presented in Table (4). Generally,
phenotypic and genotypic correlation coefficients were
similar in signs in all cases except correlation between
days to heading and no. of spikelets/ spike. Also,
genotypic correlation coefficients were comparatively
higher in magnitudes than the corresponding phenotypic
one. These findings reflect that, the significant
correlation detected herein in most cases were mainly
due to genetic effect. Grain yield/ plant showed
significant relationship under phenotypic and genotypic

levels with all studied traits except days to heading and
plant height under phenotypic level, whereas, grain
yield/ plant was positively associated and significant
with spike length, no. of spikelets/ spike, no. of spikes/
plant, no. of kernels/ spike and 1000-kernel weight for
the two types of correlations and days to heading and
plant height only at genotypic level. These results
indicated that, the breeder can utilize such correlated
response to obtain high grain yield genotypes through
selection for one or more of these traits. These results
are in agreement with the results that obtained by Salem
and El-Banna (1982); Belay et al. (1993); Moghaddam
et al. (1997); Tammam et al. (2005); Abd El-Fattah et
al. (2009), Khalil et al. (2010), Saleh (2011), El-Ameen
(2012) who found positive and significant correlation
coefficient between grain yield/ plant and each of spike
length, no. of spikelets/ spike, no. of spikes/ plant, no. of
kernels/ spike and 1000-kernel weight.

Table 4. Phenotypic (rph) and genotypic (rg) correlation coefficients between all pairs of eight traits recorded
for bread wheat genotypes in the F5- generation.

1 2 3 4 5 6 7 8
1- Grain yield/plant r, 0 024 0.17 0.55%* 0.44%* 0.73%* 0.31%* 0.39%*
r, 0 025% 0.18%* 0.69%* 0.51%* 0.84** 0.33%* 0.41%*
2- Days to heading Tph 0 -0.18 0.34%* -0.14 0.29* 0.25 0.25
I, 0 -0.19* 0.42%* 0.16* 0.35%* 0.26* 0.26%*
3- Plant height Toh 0 0.10 0.29%* 0.05 -0.05 0.20
I, 0 0.12 0.32%* 0.07 -0.05 0.21%*
4- Spike length Tph 0 0.53%* 0.47%* 0.35% 0.25
Iy 0 0.61%* 0.62%%* 0.46%* 0.30%*
5- No.of spikelets/spike Toh 0 0.29%* 0.35% 0.18
Iy 0 0.36%* 0.39%* 0.20%*
6- No.of spikes/plant Toh 0 0.36%* 0.33*
I, 0 0.41%* 0.37%*
7- No.of kernels/spike Tph 0 -0.01
Iy 0 0.02
8- 1000-kernel weight Toh 0
I, 0

*and** denote significant differences at 0.05 and 0.01of probability levels, respectively.

Other inter-traits correlations revealed that days
to heading was significantly and positively correlated
with spike length and no. of spikes/ plant at the two
levels of correlation and no. of spikelets/ spike, no. of
kernels/ spike and 1000-kernel weight only at genotypic
level, while it gave negative and significant correlation
with plant height only at genotypic level.

Regarding plant height, positive and significant
correlation coefficient was obtained with each of no. of
spikelets/ spike under both types of correlations and
1000-kernel weight only at genotypic level. Spike
length gave positive and significant correlation
coefficient with no. of spikelets/ spike, no. of spikes/
plant, no. of kernels/ spike at phenotypic and genotypic
levels and 1000-kernel weight only at genotypic levels.
Number of spikelets/ spike exhibited positive and
significant correlation coefficient with no. of spikes/
plant and no. of kernels/ spike under both phenotypic
and genotypic correlations and 1000-kernel weight only
at genotypic level. Number of spikes/ plant showed
positive and significant correlation with no. of kernels/
spike and 1000-kernel weight at phenotypic and
genotypic levels. However, number of kernels/ spike
showed insignificant correlation coefficient with 1000-
kernel weight under both types of correlations. Similar

results were obtained by Belay ez al. (1993), Hassan et
al. (1995), Iskandar (2000), Seleem and Hendawy
(2007), Abd El-Moneam and Sultan (2009), Khalil ez al.
(2010), Saleh (2011) and El-Ameen (2012) who found
significant and positive correlation between different
pairs of studied traits. The rest cases of correlations
were insignificant.
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