Assiut J. Agric. Sci., (48) No. (1-1) 2017 (1-25) ISSN: 1110-0486
Website: http://www.aun.edu.eg/faculty agriculture E-mail: ajas@aun.edu.eg

Efficiency of Two Cycles of Pedigree Line Selection in Bread Wheat
(Triticum aestivum L) under Late Sowing Date

Khames, K.M.; A. Abo-Elwafa’; A.M. Mahmoud and A. Hamada

Agronomy De*pt., Faculty of Agric., Assiut Uni., Egypt
Email: Atif59eg@yahoo.com
Received on: 16/11/2016 Accepted for publication on:20/11/2016
Summary

The current study aimed to assess the efficiency of two cycles of pedigree
line selection in bread wheat (Triticum aestivum L) in late sowing date during
four successive seasons from 2011/2012 to 2014/2015 at Fac. Agric. Farm, As-
siut University, Egypt. The genetic materials were two segregating bread wheat
populations i.e. Debeira x Sahel and Giza 165 x Sakha 93.

The genotypic (gcv) and phenotypic (pcv) coefficients of variation for grain
yield/plant decreased from 14.90 and 17.12 in base population (F4) to 3.98 and
6.16% after two cycles (Fg) of selection in population I and from 21.93 and 22.65
(F4) to 2.68 and 8.85% (Fs) in population II, respectively. The same trend could
be found for correlated traits in both populations. Grain yield/plant and number
of spikes/plant in the two populations showed low heritability after two cycles of
selection compared to their values in base populations.

After two cycles of pedigree line selection for grain yield/plant, selections
mean in the Fg was 17.82 g for population I compared to their parents Debeira
(15.83 g) and Sahel (11.94 g) as well as the bulk sample (13.38 g). Also, the se-
lections of population II averaged 18.78 g compared to the less values of 12.41,
15.09 and 14.19 g for both parents Giza 165, Sakha 93 and the bulk sample; re-
spectively. The selected families in the Fg surpassed the better parent and unse-
lected bulk sample for number of spikes/plant, biological yield/plant, weight of
spikes/plant, plant height, spike length and number of spikelets/spike.

The observed direct responses of pedigree line selection for grain
yield/plant (selection criterion) were 33.18 and 32.35; 12.57 and 24.45; and
36.58 and 28.39% over two cycles of selection as accounted from unselected
bulk sample, better parent and mid parents in population I and II, respectively.

The results revealed that the mean of family score for selection response
(FSSR) over all selected F6 family of Model 1 recorded the highest value (34.57
and 36.19%), followed by Model 2 (31.50 and 33.12%) and Model 7 (29.52 and
31.12%) in population I and II, respectively.

In general, the obtained results revealed that the direct pedigree line selec-
tion for grain yield/plant in wheat scaled to be powerful tool in late sowing date
for improving the grain yield and be effective to get high yielding lines.

Introduction world (Vamshikrishna et al., 2013).

Wheat is the world's most impor- Moreover, wheat (Triticum aestivum L.)
tant crop that excels all other cereal is the strategic cereal crop not only in
crops both in area and production, Egypt, but also all over the world. Egypt
thereby providing about 20.0 percent of produces about 8.2 M tons and consumes

total food calories for the people of the 17.9 M tons. The gap between total pro-
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duction and consumption is met by im-
ports (USDA, 2014). Also, demand of
wheat is increasing with increasing
population. Consequently, the maximum
crop yield is an important objective in
most breeding program and the major
emphasis in wheat breeding is on the de-
velopment of improved varieties (Fellahi
et al., 2013). The extent of genetic vari-
ability has been considered as an impor-
tant factor which is an essential pre-
requisite for a successful wheat im-
provement program aimed to produce
high yielding progenies. Selection is one
of the important tools in crop improve-
ment. It should not only be used to grain
yield, but other components correlated to
it must also be considered. Meanwhile,
the success of selection procedure de-
pends on the choice of selection criteria
for improving grain yield (Samonte et
al., 1998).

In self-pollinated crops, breeders
often select directly for grain yield.
Many breeders of wheat indicated that
pedigree selection was effective in im-
proving grain yield of wheat (Ismail et
al., 1996; Ismail, 2001; Ahmed, 2006;
Mahdy ef al., 2012a and Mostafa, 2015).
Also, Loffler and Busch (1982) indicated
that direct selection for grain yield was
effective for increasing grain yield. Se-
lection for yield components in some
investigations resulted in yield increase.
Since, efficient selection of genetically
superior individuals requires adequate
variance in the base population and suf-
ficient high heritability (Vamshikrishna
etal., 2013).

The objective of the current study
was to estimate the efficiency of single
trait selection to increase the grain
yield/plant through two successive gen-
erations in two segregating populations
of bread wheat.

Materials and Methods
The current study was carried out

during the four successive seasons i.e.,
2011/2012, 2012/2013, 2013/2014 and

2014/2015 at Fac. Agric. Farm, Assiut
University, Egypt.

Genetic materials: The basic ge-
netic materials were a bulk sample in Fz-
generation of two segregating bread
wheat populations. The first population
were produced from the cross Debeira x
Sahel and the other one from the cross
Giza 165 x Sakha 93
Field procedures:

In 2011/2012 season (F3); each
population was sown in non-replicated
trail on Dec. 25" (2011). Each plot (3.5x
3.5 m%) included 10 rows, 1.5 m long, 30
cm apart and 5 cm between grains within
row. The recommended cultural prac-
tices for wheat populations were used
during the growing season. At harvest,
537 and 250 guarded plants for popula-
tion I and II, respectively, along with 60
plants from each parent were used to
measure the following characters:

1-Plant height (PH) in cm. 2-Spike
length (SL) in cm. 3- Number of
spikes/plant (NS/P). 4- Number of
spikelets/spike (NSe/S). 5- Weight of
spikes/plant (WS/P) in g. 6- Biological
yield (biomass)/plant (BY/P) in g. 7-
Grain yield/plant (GY/P) in g. 8- Harvest
index % (HI). 9- Threshing index % (TI)
= (GY/P)/(WS/P).

In 2012/2013 season (Fy); the F3-
plants which gave sufficient grains for
replicated trials in F4 were 497 and 210
for population 1 and II, respectively.
Both populations along with their re-
spective parents as well as unselected
bulk sample were sown on Dec. 25"
2012 in randomized complete block de-
sign (RCBD) of three replications. An
unselected bulk sample was consisted of
a mixture of equal number of grains
from each Fsfamily for each population.
The plot size was one row, 1.5 m long,
30 cm apart and 5 cm between grains
within a row. At harvest, the previous
traits were measured on 10 random
guarded plants in  each  plot
(row)/replicate.



Assiut J. Agric. Sci., (48) No. (1-1) 2017 (1-25)
Website: http://www.aun.edu.eg/faculty agriculture

ISSN: 1110-0486
E-mail: ajas@aun.edu.eg

The analysis of variance for each
population was done on plot mean basis
as outlined by Steel and Torrie, 1980.

Single trait selection was practiced
based on grain yield/plant. The best 20%
of the families (100 and 50 families for
population 1 and II; respectively) were
marked for grain yield/plant based on the
family means.

In 2013/2014 season (Fs); all the
selected families, respective parents and
bulk sample for each population were
sown in separate trails on Dec. 25™ The
same procedures and experimental de-
sign of the previous season were fol-
lowed for each trail.

The twenty and ten superior fami-
lies out of previous selections for popu-
lation I and II were saved for evaluation
in the F¢ generation.

In 2014/2015 season (Fy),; the
same experimental design of the previ-
ous season was followed.

Statistical analysis

Estimates of genotypic and pheno-
typic variances and covariance, as well
as heritability were calculated from the
Expected Mean Square (EMS) of the
variance and covariance components of
the selected families for separate analy-
sis (Steel and Torrie, 1980).

Heritability in broad sense "H"
was estimated as the ratio of genotypic
(Jﬁ) to the phenotypic (Jﬁ) variance
according to Walker (1960).

The phenotypic and genotypic co-
efficients of variation were estimated
using the formula developed by Burton
(1952) as:

a) Phenotypic coefficient of vari-

ability (P.C.V.)= (g2/X) x 100

b) Genotypic coefficient of vari-
ability (G.C.V.)= (g /X) x 100

Where; @, and Og are the pheno-
typic and genotypic standard deviations

of the families mean, respectively, and X
is a families mean also for a given trait.

The observed response to selection
was measured as the deviation percent-
age of the mean of selected families
from mid-parent, better parent and bulk
sample. Comparing the observed re-
sponse to selection was calculated using
R.L.S.D.

Family score for selection response
(FSSR) was calculated as a mean of se-
lection responses for each selected Fg
family in different models, which mainly
included grain yield/plant beside other
different trait/s, according the following
formula:

n
> (SR1 %+...+ SR, %)
FSSR % = =1

n

Where,

SR; %: selection response for trait
1, SR, %: selection response for trait n,
n: number of traits involved in the
model, and i: number of trait.

These models were designed as
follows:

a- Model 1 includes all studied
traits, b- Model 2 includes GY/P and BY/P,

c- Model 3 includes GY/P and
NS/P, d- Model 4 includes GY/P and WS/P,

e- Model 5 includes GY/P and SL,
f~ Model 6 includes GY/P, BY/P, NS/P and
WS/P, g- Model 7 includes GY/P, BY/P and
WS/P, and h- Model 8 includes GY/P, NS/P
and WS/P.
Results and Discussion

The current study was designed to
achieve two cycles of pedigree line se-
lection for improving grain yield/plant
using two segregating populations of
bread wheat (Triticum aestivum L.) in
the F4-genreation.
1- Description of the base population

The two base populations were
represented by 497 and 210 F4 replicated
families for population 1 and 2, respec-
tively along with their parents and the
unselected bulk sample.

1.1- Variance and means:
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The analysis of variance for each
trait of each population was performed
twice, the first for families to calculate
pcv, gev and heritability, and the second
one for the families, parents and bulk
sample to compare their means. The
analyses of variance (Tables 1 & 2)
showed that the F4-families possessed
high significant differences for all the
studied traits in the two base popula-
tions. These results reflect the genetic
differences among the Fs-families for the
studied traits in the two base popula-
tions, consequently, the presence of suf-
ficient genetic variation pedigree line
selection. Similar results were observed
by Ferdous et al. (2011), Subhani et al.
(2011) and Mostafa (2015). High values
of genotypic gcv (Table 3) were re-
corded for plant height (14.89 and
12.15%), spike length (11.97 and
13.20%), number of spikes/plant (12.05
and 18.39%), number of spikelets/spike
(7.01 and 12.92%), biological yield/plant
(14.51 and 20.47%), weight of
spikes/plant (14.84 and 23.13%), grain
yield/plant (14.90 and 21.93%), harvest
index (11.86 and 8.64% and threshing
index (10.43 and 11.57%) in population
I and II, respectively. These results ac-
cumpanied with high estimates of herita-
bility in broad sense which were more
than 70.0 and 84.0% for all studied traits
in population I and II, respectively, ex-
cept for number spikes/plant, harvest
index and threshing index were moderate
(58.76, 58.66 and 56.43%, respectively)
in population I.

The high estimates of heritability
obtained could be due to evaluation at
one site and one year which inflated the
genetic variance by confounding effects
of years and locations. The values of
genotypic coefficients of variation cou-
pled with the estimates of heritability
only would seem to give the best picture
of the amount of genetic advance ex-
pected from selection (Burton, 1952 and
Sanghi et al., 1964).

Moreover, heritability of a metric
character is one of its most important
properties. It expresses the proportion of
the total variance that is attributable to
the average effects of genes, and this is
what determines the degree of resem-
blance between relatives. Only the phe-
notypic values of individuals can be di-
rectly measured, but it is the breeding
value that determines their influence on
the next generation. Therefore, if the
breeder chooses individuals to be parents
according to their phenotypic values, the
success in changing the characteristics of
the population can be predicted only
from the degree of correspondence be-
tween phenotypic value and breeding
value, which is measured by the herita-
bility. Consequently, in experimental
populations, the individuals may be se-
lected on the basis of the character
whose heritability is being estimated, or
other character correlated with it (Fal-
coner, 1989).

The range and averages of the Fs-
families as well as means of both parents
and bulk sample for population I and II
were presented in Table 3. The results
exhibited that the ranges of all traits of
the F4 families fell outside the means of
both parents and bulk sample in both
populations and seem to be in normal
distribution as exhibited for grain
yield/plant (Figs. 1 and 2). Moreover, the
bulk sample was closed to the average of
all traits and slightly exceeded it in both
populations, except plant height, spike
length and number of spikelets/spike in
population II which were slightly less.
The harvest index of bulk sample
(47.23%) surpassed significantly the av-
erage of Fs-families (43.38%) in popula-
tion II. Meanwhile, the average of the
F4-families surpassed the better parent
for number of spikes/plant in population
I and II, and number of spikelets/spike in
population I by 3.01, 2.85 and 1.35%,
respectively. Mostly, the averages of Fs-
families were pointed between the means
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of their two parents as revealed for bio-
logical yield/plant, weight of
spikes/plant and grain yield/plant in both
populations and spike length in popula-
tion I and plant height in population II.
In all cases the differences were not sig-
nificant between the average of Fs-
families and their parents. The obtained
results revealed that nearly and may be
complete dominance towards the better
parent for number of spikes/ plant, bio-
logical yield/plant, weight of
spikes/plant and grain yield/plant in the
two populations, spike length and num-

ber of spikelets/spike in population I and
plant height in population II. The others
cases (harvest index, threshing index in
both populations, plant height in popula-
tion I, spike length and number of
spikelets/spike I population II) were cor-
related to the less parent. Mostafa (2015)
found non-additive effects and/or trans-
gressive segregation for grain yield/plant
and biological yield/plant, as well as the
complete dominance towards the better
parent for harvest index and partial
dominance for number of gains/spike
and weight grains/spike of bread wheat.
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Fig 1. Grain yield/plant curve in base population 1.

Fig.2. Grain yield/plant curve in base population 2.

Table 1. Analysis of variance for studied traits of population I in the F4 generation.

a- Entries:

S.0.V. d.f PH SL NS/P | NSe/S BY/P WS/P | GY/P HI TI
Reps. 2 2291.72 10.71 103.57 9.88 1095.73 192.70 420.13 211.38 2780.83
Treat 499 343.29%%* 8.24%* 5.87%% | 17.21%* | 154.59** | 51.84%* | 27.00** 70.35%* 215.45%%*
Error 998 51.05 1.00 2.43 1.54 43.96 13.16 6.58 13.01 19.52
b-families

Reps 2 1878.26 9.49 104.18 5.21 1075.75 190.79 413.41 110.11 2553.1
Treat 496 670.30** | 7.68%* 5.89%* 9.19%* 154.67** | 51.91%*% | 27.05** 128.31** | 307.05%*
Error 992 151.28 2.55 243 1.55 43.74 13.10 6.55 53.05 133.8

*, % Significant at 0.05 and 0.01 levels of probability, respectively.

Table 2. Analysis of variance for studied traits of population II in the F4 genera-

tion.
a- Entries:
S.0.V. d.f PH SL NS/P | NSe/S BY/P WS/P GY/P HI TI
Reps 2 118.99 2.58 2.40 3.34 58.16 42.42 17.34 9.47 135.57
Treat 212 | 446.26** | 6.89%* | 8.72%* | 27.73% | 310.21** | 100.08** | 44.18** | 105.43** | 289.01**
Error 424 83.67 0.38 1.29 1.03 15.42 6.05 3.19 5.49 11.77
b- families
Reps 2 130.99 2.63 2.64 3.20 59.01 39.11 17.64 8.88 132.82
Treat 209 | 551.67*% | 7.24% | 828** | 28.96%* | 226.24%* | 87.06%* | 47.96** | 47.67** | 266.04**
Error 418 84.61 0.38 1.29 1.04 14.44 5.66 2.96 5.53 11.90

*, #%: Significant at 0.05 and 0.01 levels of probability, respectively.
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Table 3. Range, average of genotypes, genotypic and phenotypic variances, coeffi-
cients of variation and heritability in broad sense for the studied traits of the

base population (F4 families) of population I and II.

PH; | SLi | nop | nses | BYP | WS [ GYP | 0 | o
em | em g | osg | g
Population 1 (F, generation)
Family's | Min | 73.10 | 895 | 5.85 | 20.40 | 24.43 | 13.22 | 8.59 [ 30.41 | 57.06
range Max | 10247 | 14.00 | 1820 | 2593 | 7521 | 4335 | 30.39 | 4848 | 8181
Average 88.33 | 10.92 | 891 | 22.56 | 41.90 | 24.24 | 17.54 | 4222 | 72.72
Bulk 0438 | 11.27 | 921 | 23.17 | 4843 | 2841 | 20.77 | 4338 | 73.72
Debeira 9505 | 11.13 | 865 | 22.26 | 43.69 | 2531 | 19.15 | 43.80 | 75.93
Sahel 9021 | 956 | 7.13 | 21.69 | 32.09 | 19.67 | 15.14 | 47.53 | 77.35
Mid-parents 92.63 | 10.35 | 7.29 | 21.98 | 37.19 | 22.49 | 17.15 | 45.67 | 76.64
ok = 5043 | 085 | 081 | 052 | 1458 | 437 | 2.18 | 17.68 | 44.59
ot = 173.01 | 199 | 1.15 | 2.55 | 3698 | 1294 | 6.83 | 25.05 | 57.75
ok = 22344 | 284 | 196 | 3.07 | 5156 | 1730 | 9.02 | 42.77 105'3
GOV % 1489 | 1197 | 1205 | 7.01 | 1451 | 1484 | 14.90 | 11.86 | 10.43
PCV % 1692 | 1543 | 1572 | 7.79 | 17.14 | 17.16 | 1712 | 1549 | 13.91
H% 7743 | 70.07 | 58.76 | 83.06 | 71.72 | 74.77 | 75.79 | 58.66 | 56.43
RLSD. | 005 | 1114 | 156 | 2.93 | 185 | 1159 | 634 | 421 | 992 | 6.60
(Entries) [ 001 | 1453 | 2.03 | 384 | 242 | 15.16 | 829 | 551 | 7.75 | 862
Population 2 (F, generation)
Family's | Min | 8748 | 10.13 | 560 | 21.27 | 2647 | 13.67 | 11.52 | 37.85 | 73.64
range | Max | 16353 | 12.87 | 11.67 | 2633 | 66.53 | 36.07 | 27.35 | 4833 | 86.94
Average 102.69 | 11.46 | 8.30 | 23.61 | 41.04 | 22.52 | 17.66 | 43.38 | 79.55
Bulk 96.14 | 11.06 | 846 | 23.07 | 41.31 | 24.00 | 19.41 | 47.23 | 82.20
Giza. 165 97.04 | 1156 | 807 | 2433 | 37.08 | 2068 | 16.55 | 45.05 | 80.72
Sakha 93 10501 | 1229 | 7.60 | 2431 | 42.19 | 23.70 | 19.51 | 46.56 | 83.32
Mid-parents 101.48 | 11.93 | 7.84 | 24.32 | 39.64 | 22.19 | 18.03 | 45.81 | 82.02
ok = 2820 | 0.13 | 043 | 035 | 481 | 189 | 0.99 | 1.84 | 3.97
0% = 15560 | 229 | 233 | 931 | 70.60 | 27.13 | 15.00 | 14.05 | 84.71
of = 183.80 | 242 | 276 | 9.66 | 7541 | 29.02 | 1599 | 15.89 | 88.68
GCV % 12.15 | 1320 | 1839 | 12.92 | 2047 | 23.13 | 21.93 | 864 | 11.57
PCV % 1321 | 13.57 | 20.02 | 13.16 | 21.16 | 23.99 | 22.65 | 9.19 | 11.84
H% 84.66 | 93.63 | 84.42 | 9638 | 93.62 | 9349 | 93.81 | 8842 | 95.52
RLSD. | 005 | 1501 | 092 | 1.77 | 147 | 587 | 3.68 | 267 | 350 | 5.13
(Entries) | 0.01 | 19.64 | 120 | 231 | 1.91 | 7.66 | 480 | 349 | 457 | 6.69

2- Pedigree line selection for grain
yield/plant

2.1- Estimates of variability
and heritability: The analyses of
variance of all entries (selected fami-
lies, their parents and unselected bulk
sample) as well as only selected fami-
lies in Fg generations (cycle two of
selection) for grain yield/plant and its
correlated traits of population I and 11
are presented in Table 4. All entries
as well as selected families after two

cycles (Fg) of pedigree line selection
showed highly significant differences
for grain yield/plant (selection crite-
rion) and its correlated traits in both
segregating populations, except the
number of spikes/ plant (entries &
families) in population I and spike
length (families) in population II
were only significant. These results
indicate the presence of variability for
further cycles of selection. Similar
results were observed by Eissa
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(1996), Ismail (2001), Hassan et al.
(2004), Ahmed (2006), Mangi et al.
(2007), Memon et al. (2007), Mo-
barek (2007), Ali et al. (2008),
Hamam (2008), Kumar et al. (2009),
El-Morshidy et al. (2010), Ali (2012),

Mahdy et al. (2012a), Abd El-Shafi
(2014), Ahmed ef al. (2014) and Mo-
stafa (2015). Nearly, normal distribu-
tion could be found for the Fy se-
lected families in both populations
(Figs. 3, 4).
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Fig.3 . Grain yield/plant curve of selected familes aftertwo cycles
of pedigree line selection in population 1

Fig.4 . Grain yield/plant curve of selected familes aftertwo cycles
of pedigree line selection in population 2.

The genotypic (gcv) and pheno-
typic (pcv) coefficients of variation
for grain yield/plant decreased from
14.90 and 17.12 in base population
(F4) to 3.98 and 6.16% after two cy-
cles (F¢) of selection in population I
(Tables 3 and 4). Also, the viewed
values decreased from 21.93 and
22.65 (F4) to 2.68 and 8.85% (Fs) in
population II (Tables 3 and 4). The
same trend could be found for corre-
lated traits in both populations. Ah-
med (2006) reported that gcv de-
creased from the base population due
to the increasing of homogeneity
among families after selection from
cycle to another. It decreased from
28.86 in the base population to 15.82
and 3.08% in grain yield/plant (as a
selection criterion) after second cycle
of early and late selection, respec-
tively. Also, Abd El-Kader (2011)
found that the gcv decreased rabidly
after two cycles of pedigree selection
for number of spikes/plant from 26.2
to 4.70 and grain yield/plant from
28.60 to 3.80% in population I in F3

and Fs-generation, respectively, and
the same trend was observed in popu-
lation 2 of wheat. Moreover, the low
differences between the pcv and gev
indicated low environmental influ-
ences in expression of grain yield and
its components of wheat (Majumder
et al., 2008; Mukherjee et al., 2008
and Mostafa, 2015). Falconer (1989)
stated that the loss of genetic variance
should lead to a reduced phenotypic
variance. But, sometimes, the pheno-
typic variance increasing by selec-
tion, this may be due to first the phe-
notypic variance is correlated with
means when the mean changes by se-
lection the variance consequently
changes with it, and second the ho-
mozygotes produced with selection
are sometimes more variable than
heterozygotes under environmental
effects.

The estimates of broad sense
heritability calculated from the ex-
pected mean squares were high (more
than 70.0%) for most the studied
traits after two cycles of selection in
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both segregating populations, except
for grain yield/plant as selection crite-
rion and its correlated traits of num-
ber of spikes/plant and harvest index
were low and accounted 41.67, 41.55
and 48.67% in population I, respec-
tively (Tables 4). Also, it is clear that
grain yield/plant and number of
spikes/plant in the two populations as
well as harvest index in population I
and spike length, number of
spikes/plant, number of
spikelets/spike, weight of spikes/plant
and threshing index in population II
had less heritability after two cycles
of selection compared to their values
in base populations. Other traits re-
corded high estimates compared to
the two base populations (Tables 3
and 4). Abd El-Shafi (2014) noted
that the different between genotypic
and phenotypic variances for grain
yield/plant were low suggesting that
the directional selection appears to
reduce the range and variability for
grain yield/plant in the F, and less
affected by environmental factors and
consequently this could be referring
to the high estimates of broad sense
heritability for two crosses in F4 gen-
eration of wheat. Moreover, Aydin et
al. (2010) estimated low values of
heritability for grain yield and plant
height which accounted 46.05 and
43.69%, respectively. Consequently,
both traits were the most affected
traits across environmental condition
on wheat. Otherwise, Assefa and
Lemma (2009) reported that the high-
est genetic gain (69.7%) with high
heritability (88.3%) for grain yield

indicated that grain yield is more reli-
ance on direct selection. Zakaria et al.
(2008) found heritability values of
85.2, 59.4 and 54.5% for grain yield
in base population, cycle 1 and cycle
2 of selection, respectively. Mean-
while, high heritability estimates
were observed for grain yield/plant,
spike length, number of spikes/spike,
harvest index, plant height (Moshref,
1996; Eid, 2009; Kumar et al., 2009;
Mohsin et al., 2009; Ajmal et al.,
2009; El-Morshidy et al., 2010;
Laghari et al., 2010 and Mahdy ef al.,
2012b). Mukherjee et al. (2008)
found that grain yield had high
heritability with moderate genetic ad-
vance which attributed to non-
additive gene action. But, Sharma and
Sharma (2007) found high heritability
(92.27%) for grain yield/plant, indi-
cating that most of variation was due
to additive gene effects. Meanwhile,
Mostafa (2015) noted that the pcv
and gcv in all traits under normal and
drought stress were very close to each
other, resulted in very high estimates
of heritability. The high values of
heritability could be attributed to two
main reasons. First, the evaluation of
the selected families at one site for
one year inflated the families mean
squares by the confound effects of the
interactions of families with locations
and years in families mean square. In
consequence, large estimates of ge-
netic variance were obtained. Second,
the small error variances which cause
the phenotypic variance tend to be
very close to genotypic one.
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Table 4. Mean squares for entries and families, variance types, heritability esti-
mates, genotypic (g.c.v.%) and phenotypic (p.c.v.%) coefficients of variability
of selected families for grain yield/plant and correlated traits in Fs genera-
tions of population I and II.

|so.v. | daf. | PH | SL [ Ns/P [NSe/s| By | WsP | GYyP | HI | TI
Population I (F¢- generation)

A- Reps. 2 76.44 0.53 2.39 0.47 56.60 15.00 7.90 30.26 2.61
Entries Entries 22 | 42.10%* | 1.94 ** | 2.65* | 3.40 ** | 4575%* | 13.85%*% | 10.49** | 18.02 ** | 21.93**
Error 44 8.21 0.42 1.43 0.50 2.56 2.67 1.86 9.69 9.46

Reps. 2 63.41 0.93 0.89 0.79 6.76 15.82 6.93 43.19 12.09

Families 19 | 43.63%* | 1.43 ** | 428 * | 2.89 ** | 4743 ** | 11.32%*% | 3,61 ** | 18.10** | 20.84**

Error 38| 8.04 | 0.41 | 251 | 045 2.65 268 | 211 | 937 | 8.15

oF 268 | 0.14 | 0.83 | 0.15 0.88 089 | 070 | 3.12 | 2.72

B- o 11.86 | 0.34 | 0.59 | 0.81 1493 | 2.88 | 050 | 291 | 4.23
Families ap 1454 | 048 | 1.42 | 096 | 1581 | 3.77 | 120 | 6.03 | 6.95
GCV % 499 | 513 | 670 | 4.23 8.55 6.64 | 3.98 | 431 | 294

PCV% 553 | 6.08 | 10.39 | 4.60 8.80 7.60 | 6.16 | 620 | 3.77

H% 81.56 | 71.31 | 41.55 | 84.57 | 94.42 | 76.34 | 41.67 | 4824 | 60.90

Average 69.02 | 11.34 | 11.46 | 21.31 | 45.18 | 25.56 | 17.82 | 39.59 | 69.84

Population II (F¢- generation)

Reps. 2| 274 | 093 | 444 | 097 6.68 504 | 385 | 1.34 | 0.20
En‘:r'ies Entries 12 [91.60%* | 2.78 ** | 9.03 ** | 7.35%* | [19.96%* | 54.51%* | 24.25%* | [3.94**| 55 53%*
Error 24| 256 | 049 | 1.51 | 0.60 2.18 358 | 1.92 | 1.78 | 1.98

Reps. 2| 983 | 152 | 496 | 155 2.57 140 | 0.85 | 4.84 | 1.82
Families | 9 |82.64%*| 1.72% | 9.09%* | 4.56%* | 84.70%* |23.41%*| 8.27 ** | 16.50%* | 24.62**

Error 18] 1.81 | 051 | 1.51 | 0.70 2.24 3.69 | 2.04 | 145 | 1.66

oF 0.60 | 0.17 | 050 | 0.23 0.75 123 | 0.68 | 048 | 0.55

B- o 2694 | 040 | 253 | 1.29 | 2749 | 657 | 2.08 | 502 | 7.65
Families op 27.54 | 057 | 3.03 | 1.52 | 2824 | 780 | 2.76 | 550 | 820
GCV % 6.65 | 5.63 | 12,60 | 534 | 11.05 | 945 | 2.68 | 5.63 | 3.98

PCV% 6.73 | 672 | 13.79 | 5.80 | 1120 | 1029 | 8.85 | 5.89 | 4.12

H% 97.82 | 70.18 | 83.50 | 84.87 | 97.38 | 84.23 | 75.36 | 91.27 | 93.29

Average 78.00 | 11.24 | 12.62 | 21.25 | 47.45 | 27.13 | 18.78 | 39.83 | 69.44

Entries: Selected families, their parents and unselected bulk sample.
* **: Significant at 0.05 and 0.01 levels of probability; respectively.

2.2- Means and selection re- 19.92 with an average of 17.82 g
sponse for grain yield/plant and compared to their parents Debeira
correlated traits (15.83) and Sahel (11.94) as well as

2.2.1- Mean of cycle two selec- bulk sample (13.38 g). Also, the se-
tion for grain yield/plant (F). lections of population II varied from

Range and averages of selec- 16.66 to 22.03 with an average of
tions as well as means of their parents 18.78 g compared to 12.41, 15.09 and
and bulk sample over the cycle II of 14.19 g for both parents Giza 165,
pedigree line selection for grain Sakha 93 and bulk sample; respec-
yield/plant for population I and II are tively (Table 5). It is clear that the
given in Table 5. After two cycles of selections of both populations sur-
pedigree line selection for grain passed their respective parents and
yield/plant, the selected families of unselected bulk sample in cycle 2

population I ranged from 16.39 to
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(Fg) of pedigree line selection for
grain yield/plant.

The averages of Fg selections in
population I for correlated traits such
as plant height, spike length, number
of spikes/plant, number of
spikelets/spike, biological yield/plant,
weight of spikes/plant, harvest index
and threshing index were 69.02,
11.34, 11.46, 21.31, 45.18, 25.56,
39.59, and 69.84, respectively. Also,
the same trend could be seen for
population II. The averages of se-
lected families were 78.00, 11.24,
12.62, 21.25, 47.45, 27.13, 39.83, and
69.44 for plant height, spike length,
number of spikes/plant, number of
spikelets/spike, biological yield/plant,
weight of spikes/plant, harvest index
and threshing index in F¢ (Table 5). It
1s clear that the selected families in Fg
for both populations surpassed the
better parent and unselected bulk
sample for number of spikes/plant,
biological yield/plant, weight of
spikes/plant, plant height, spike
length and number of spikelets/spike
in Fg. Meanwhile, the average of Fg
selections surpassed the bulk sample
for harvest index and threshing index
in population I.

2.2.2- Mean observed direct
response over two cycles of pedi-
gree selection for grain yield/plant
(F).

The observed direct responses
of pedigree line selection for grain
yield/plant (selection criterion) in
population I were 33.18, 12.57, and
28.39% over two cycles of selection
as accounted from unselected bulk
sample, better parent and mid par-
ents; respectively. These direct re-
sponses were 32.35, 24.45, and
36.58% for same respective items in
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population II (Table 6). It is clear that
the direct response for grain
yield/plant in cycle two (F¢) was
large in both populations indicating to
the effectiveness of direct pedigree
selection for grain yield in both the
studied populations of bread wheat.
These results are in line with those
obtained by Ahmed (2006), Talaat
(2006), Ali (2011) and Mostafa
(2015) who found that the observed
gain increase in grain yield/plant over
the bulk sample was more than
25.00%. Also, Mahdy et al. (2012b),
Hamam (2008) and Zakaria et al.
(2008) noted that observed gain from
the better parent was 11.00 ~20.21 %
after two cycles of selection for grain
yield. Consequently the pedigree se-
lection procedure has been proposed
in wheat as an effective breeding
method for developing high yielding
genotypes. Meanwhile, Assefa and
Lemma (2009) noted genetic gain of
69.7% for grain yield indicating that
grain yield is more reliance on direct
selection. Also, Abd El-Kader (2011)
found realized gain in Fs in relative to
the bulk of 17.39 and 36.41% for
grain yield/plant in population 1 and
II, respectively. Moreover, Abd El-
Shafi (2014) stated that actual gains
in grain yield/plant and its compo-
nents were higher than the predicted
one through cycle 1 and 2 for two
populations which indicate that the
dominance gene effects are involved
in the inheritance of yield and its
components.

2.2.3- Mean correlated re-
sponses over two cycles of pedigree
selection for grain yield/plant (Fs)

The correlated responses on
other traits after cycle two (Fg) of
pedigree  selection  for  grain
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yield/plant in percentage of the unse-
lected bulk sample, better parent and
mid parents for population I and II
are shown in Table 6. It is clear that
the three traits i.e. number of
spikes/plant, biological yield/plant
and weight of spikes/plant had the
highest positive values of correlated
response in and cycle two (Fg) in both
populations. The estimates were
22.83, 21.01 and 23.62% in popula-
tion I, and 37.47, 28.91 and 30.37%
in population II for number of
spikes/plant; 22.61, 1520 and
24.77% in population I, and 36.51,
28.98 and 39.44% in population II for
biological yield/plant and 27.04,
13.45 and 29.75% in population I,
and 34.44, 31.70 and 42.12% in
population II  for weight of
spikes/plant as relative to the bulk,
better parent and mid parents, respec-
tively. The correlated responses for
plant height and spike length were
positive and less than 11.0% (popula-
tion 1) and 14.0% (population II) in
cycle 2 (F¢). This result may be due
to the direction of selection was in
one way for these traits. Otherwise,
the negative values of correlated re-
sponses were found for harvest and
threshing index in cycle two in popu-
lation II and some cases in population
I. Last negative results may be due to
the direct increase of grain yield for
selections are less compared to the
correlated increases biological yield
and weight of spike in cycle two (Fg)
in both populations (Table 6).
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Some researchers found differ-
ent correlated response for various
traits when selection was done for
grain yield/plant in wheat. Kumar et
al. (2009) reported that the genetic
advance ranged from 2.05 to 18.61%
for plant height, spike length, number
of spikelets/spike and harvest index.
This range was from 22.67 to 47.45%
for the same traits (Vamsikrishna et
al., 2013). Talaat (2006) found corre-
lated response of 2.44 and 16.20% for
biological yield/plant and number of
spikes/plant, respectively. Mean-
while, Mostafa (2015) found corre-
lated  response for  biological
yield/plant, number of spikes/plant
and harvest index of 30.42 and 31.85,
59.7 and 15.03, and 29.99 and 15.24
with drought stress in relative to bulk
and better parent, respectively. Also,
correlated responses for plant height
were 7.49% (Kashif & Khalig, 2009),
25.29% (Ajmal et al., 2009), 18.89
(Assefa and Lemma, 2009) and
13.09% (Ali, 2011). Moreover, num-
ber of spikes/plant accounted corre-
lated response more than 5.0 % in
two wheat populations (Abd El-
Kader, 2011). High correlated genetic
advance was recorded for spike
length (Eid, 2009). Otherwise, pedi-
gree selection for grain yield/plant in
wheat proved to be an efficient selec-
tion method in increasing grain yield
with adverse effects on some corre-
lated traits (Eissa, 1996; Ismail et al.,
1996; Mahdy et al., 1996 and Alj,
2012).
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Table 5. Range and means of selections (Fg), their parents and bulk sample after
the cycle II of pedigree line selection for grain yield/plant in population I and

II.
?:1; ill; NS/P | NSe/S B‘;/P; WZ/P; G‘;’P; HI | TI
Min. | 62.15 | 10.00 | 10.13 | 19.77 | 39.69 | 23.14 | 16.39 | 36.28 | 65.44
Fe-Selec- [ 'max. | 7527 | 12.60 | 15.07 | 23.67 | 53.38 | 29.73 | 19.92 | 43.49 | 74.03
E tions Mean | 69.02 | 11.34 | 11.46 | 21.31 | 45.18 | 25.56 | 17.82 | 39.59 | 69.84
% | Bulk 67.20 | 11.03 | 933 | 2047 | 36.85 | 20.12 | 13.38 | 36.31 | 68.74
§- Debeira 68.13 | 10.53 | 9.47 | 20.13 | 39.22 | 22.53 | 15.83 | 40.36 | 70.26
* [sahel 63.40 | 9.97 | 9.07 | 19.00 | 3320 | 16.86 | 11.94 | 35.96 | 70.82
Mid. Parents 6527 | 1025 | 9.27 | 19.57 | 3621 | 19.70 | 13.88 | 38.16 | 70.46
Min. | 70.80 | 10.27 | 10.5 | 20.6 | 4026 | 23.73 | 16.66 | 35.89 | 65.09
- g‘;'nie'ec' Max. | 89.40 | 1220 | 154 | 22.87 | 56.05 | 32.51 | 22.03 | 42.88 | 73.05
g Mean | 78.00 | 11.24 | 12.62 | 21.25 | 47.45 | 27.13 | 18.78 | 39.83 | 69.44
= | Bulk 7122 | 1053 | 9.18 | 2027 | 34.76 | 20.18 | 14.19 | 40.82 | 70.32
§- Giza 165 68.00 | 9.80 | 9.56 | 19.80 | 31.32 | 17.58 | 12.41 | 39.62 | 70.60
* [ Sakna 93 73.67 | 993 | 979 | 19.93 | 36.79 | 20.60 | 15.09 | 41.07 | 73.24
Mid. Parents 70.83 | 9.87 | 9.68 | 19.87 | 34.03 | 19.09 | 13.75 | 40.34 | 71.92

Table 6. Mean observed direct and correlated response after the cycle II (F¢) of
pedigree line selection for grain yield/plant percentage from the mid parents,

better parent and bulk sample in population I and II.
PH SL | NS/P | NSe/S | BY/P | WS/P | GY/P | HI TI
5 Bulk 271 | 281 | 22.83 | 4.10 | 22.61 | 27.04 | 33.18 | 9.03 | 1.60
%- Bet. Parent 131 | 7.69 | 21.01 | 586 | 1520 | 1345 | 12.57 | -1.91 | -1.38
& Mid. Parents | 5.75 | 10.63 | 23.62 | 7.97 | 24.77 | 29.75 | 2839 | 3.75 | -0.88
E Bulk 9.52 | 6.74 | 3747 | 483 | 36.51 | 3444 | 3235 | 243 | -1.25
%: Bet. Parent 588 | 13.19 | 2891 | 6.62 | 28.98 | 31.70 | 24.45 | -3.02 | -5.19
& Mid. Parents | 10.12 | 13.88 | 3037 | 6.95 | 39.44 | 42.12 | 36.58 | -1.26 | -3.45

2.2.4- The direct responses
for selected (F¢) families (cycle two)
of pedigree selection for grain
yield/plant

Means, direct and correlated re-
sponse of the studied traits for the se-
lected families in cycle two (Fg) in
percentage of the better parent, mid
parents and bulk sample in population
I and II are shown in Tables 7 and 8,
respectively. Direct response to pedi-
gree line selection for grain
yield/plant in population I revealed
that all selections (20-F¢ families) in
cycle two of selection exceeded sig-
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nificantly the mid parents and unse-
lected bulk sample. The direct re-
sponse for grain yield/plant ranged
from 18.08 to 43.52 with an average
of 28.39% over the mid parents; and
from 3.54 to 25.84 with an average
12.57% over the better parent and
from 22.50 to 48.88 with an average
of 33.18% over the bulk sample. All
the largest values of direct response
were recorded for the Fam. no. 536.
Otherwise, the lowest one was Fam.
no. 289. Moreover, seven and five
families among all F¢ families sur-
passed significantly and highly sig-
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nificantly the mean of better parent.
These last superior families number
were 28, 41, 108, 296, 460, 518 and
536 and accounted direct response of
15.35, 19.27, 14.97, 21.98, 22.05,
24.13 and 25.84% over the better
parent (Debeira), respectively (Table
7).

The direct response for grain
yield/plant in population II were in
the same trend as in population I, and
all the selected Fg families surpassed
significantly the mid parents and bulk
sample. Moreover, eight and six se-
lected families out of the ten families
were exceeded significantly and
highly significantly the better parent,
respectively. The direct response for
grain yield/plant ranged from 21.16
to 60.22 with an average of 36.58%
over the mid parent; from 10.40 to
45.99 with an average of 24.45 over
the better parent and from 17.41 to
55.25 with an average of 32.35%
over the bulk sample. The highest
values of direct response were re-
corded to the Fam. no. 249. But, the
lowest values attached with Fam.
279. The superior families surpassed
significantly in rank the better parent
(Sakha 93) in values of 45.99 (no.
249), 32.94 (no. 1), 32.60 (no. 70),
29.89 (no. 289), 23.06 (no. 192),
21.47 (no. 266), 20.34 (no. 236) and
16.04% (no. 154) (Table 8).

The obtained results revealed
that the direct pedigree line selection
for grain yield/plant in wheat could
be a powerful tool for improving the
grain yield and effective to get high
yielding lines. Same conclusion was
proven by many authors such as
Whan et al. (1982), Kheiralla (1993),
Hamam (2008), Zakaria et al. (2008),
Ajmal et al. (2009), Assefa and
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Lemma (2009), El-Morshidy et al.
(2010), Ali (2011), Ali (2012), Ah-
med et al. (2014) and Mostafa
(2015). Also, Alexander et al.,
(1984), Mahdy (1988), Nanda et al.,
(1990) and Ismail (1995) obtained
realized genetic gain of 129 ~
44.02% for grain yield/plant after two
cycles of direct selection in wheat.

2.2.5- The correlated re-
sponses for selected F¢ families (cy-
cle two) of pedigree selection for
grain yield/plant

The correlated responses for se-
lected F¢ families (cycle two) of
pedigree  selection  for  grain
yield/plant in percentage of the bulk
sample, better parent and mid parents
for population I and II are presented
in Tables 7 and 8, respectively.

The F¢-families of the three
traits i.e. number of spikes/plant, bio-
logical yield/plant and weight of
spikes/plant showed the highest and
positive correlated response. In popu-
lation I, the correlated responses for
number of spikes/plant ranged from
90.28 to 62.57 with an average of
23.62% over the mid parent, and var-
ied from 6.97 to 59.13 with an aver-
age of 21.01% over the better parent.
Also, it ranged from 8.57 to 61.52
with an average of 22.83% over the
bulk sample. The highest correlated
response matched the family no. 41.
There were five families (nos. 41,
291, 474, 518 and 536) surpassed in
highly significant means the mid par-
ents, better parent and bulk sample.
These five families surpassed the bet-
ter parent and bulk sample by 59.13
and 61.52, 42.87 and 45.02, 35.16
and 37.19, 28.62 and 30.55, and
28.83 and 30.76%, respectively. In
population 1I, the correlated re-
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sponses for number of spikes/ plant
ranged from 8.47 to 59.09 with an
average of 30.37% over the mid par-
ents, and varied from 7.25 to 57.30
with an average of 28.91% over the
better parent. It also, ranged from
14.38 to 67.76 with an average of
37.47% over the bulk sample. There
were six out of the ten selected fami-
lies 1.e. No. 59, No.154, No.192,
No0.236, No.249 and No.289 highly
significant exceeded the bulk sample,
better parent and mid parents. The
values of correlated response of the
above families in number of
spike/plant over the bulk sample and
better parent were 35.08 and 26.66,
37.25 and 28.70, 67.76 and 57.30,
42.37 and 33.50, 58.28 and 48.42,
and 44.55 and 35.55%, respectively.
The correlated response for bio-
logical yield/plant in population I re-
vealed that the means of all the
twenty selected F¢ families were sig-
nificantly surpassed the bulk sample
and mid parent, eighteen of these
families were highly significant.
Also, there were fourteen F¢ families
surpassed highly significant the better
parent. The values of correlated re-
sponse ranged from 9.61 to 47.42
with an average of 24.77% over the
mid parent and varied from 1.20 to
36.10 with an average of 15.20 over
the better parent. Meanwhile, it
ranged from 7.71 to 44.86 with an
average of 22.61% over the bulk
sample. The highest correlated re-
sponse was for Fam. no. 536 over the
three scales. The highest ten superior
F¢ families in respective rank sur-
passed highly significant the better
parent by 36.10 (no. 536), 34.40 (no.
41), 25.75 (no. 401), 24.66 (no. 28),
22.03 (no. 460), 20.86 (no. 261),
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18.84 (no. 518), 18.41 (no. 291),
18.03 (no. 296), and 16.37% (no.
313) in biological yield/plant. In
population 11, the means of all the ten
F¢ families were exceeded the bulk
sample, mid parents and better parent
in highly significant differences. The
correlated response for biological
yield/plant varied from 18.31 to 64.71
with an average of 39.44% over the
mid parent, and ranged from 9.43 to
52.35 with an average of 28.98%
over the better parent.In addition to, it
ranged from 15.82 to 61.25 with an
average of 36.51% over the bulk
sample. The family no. 249 had the
highest correlated response over the
three scales. The ten selected Fg fami-
lies were exceeded in highly signifi-
cant differences the better parent and
recorded values in respective rank of
52.35 (no. 249), 48.90 (no. 1), 40.07
(no. 192), 31.39 (no. 289), 26.64 (no.
226), 26.61 (no. 70), 22.48 (no. 236),
20.01 (no. 59), 11.96 (no. 154) and
9.43 (no. 279).

Means of selected F¢ families in
population [ for weight of spikes/
plant exhibited that all families ex-
ceeded significan or high signifi-
cantly the bulk sample and mid par-
ents. Moreover, two and seven fami-
lies surpassed in high significant and
significant differences the better par-
ent (Table 7). The correlated response
ranged from 15.01 to 47.76 with an
average of 27.04% over the bulk
sample, and varied from 17.46 to
5091 with an average of 29.75%
over the mid parents. Moreover, it
ranged from 2.71 to 31.96 with an
average of 13.45% over the better
parent. The nine families surpassed
significantly the better parent showed
by 31.96 (no. 536), 26.59 (no. 460),
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26.28 (no. 41), 23.70 (no. 28), 20.73
(no. 518), 19.62 (no. 401), 17.49 (no.
296), 13.14 (no. 108) and 12.21%
(no. 261). For population II, the ten
selected F¢ families exceeded signifi-
cantly or highly, significantly the
bulk sample, mid parents and better
parent for weight of spikes/plant (Ta-
ble 8). The correlated response
ranged from 17.59 to 61.10 with an
average of 34.44% over the bulk
sample and from 24.31 to 70.30 with
an average of 42.12% over mid par-
ent. Likewise, it ranged from 15.19 to
57.82 with an average of 31.70 over
the better parent. The ten selected Fg
families surpassed the better parent
for weight of spikes/plant by 57.82
(no. 249), 49.90 (1), 34.85 (no. 289),
34.08 (no. 192), 32.82 (no. 70), 27.52
(no. 226), 24.61 (no. 59), 22.38 (no.
236), 17.72 (no. 154) and 15.19%
(no. 279). Concerning the other corre-
lated response for the rest studied
traits were less or adverse trend for
some families.

In general, in population I, the
family no. 536 has the highest values
of both direct response for grain
yield/plant and correlated responses
for  spike  length,  biological
yield/plant and weight of
spikes/plant. Likewise, in population
11, the family no. 249 has the highest
value of direct response for grain
yield/plant as well as correlated re-
sponses for spike length, spikelets
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number/spike, biological yield/plant
and weight of spikes/plant. These re-
sults revealed that the superiority in
grain yield/ plant was depending on
selection for grain yield per se or
with these correlated traits. Ali ef al.
(2008) found high genetic advance
for plant height, number of
spikelets/spike, spike length and
yield/plant. Also, high genetic ad-
vance obtained for plant height, har-
vest index and grain yield (Majumder
et al., 2008). Otherwise, low genetic
advance was recorded for plant
height (Eid, 2009). The observed re-
sponse of selection was 20.21% for
grain yield/plant after two cycles of
pedigree selection over better parent.
Direct pedigree selection for grain
yield was effective to get high yield-
ing lines (Zakaria ef al., 2008). Range
of 2.05-18.61% of genetic advance
was reported for plant height, length
of spike, number of spikelets/spike,
grain yield and harvest index (Kumar
et al., 2009). The best family resulted
from pedigree selection surpassed the
bulk for grain yield by 21.43 -
44.02% in two populations (Whan et
al., 1982 and Ismail, 1995). Also, Is-
mail (1995) concluded that the in-
crease of yield was accompanied with
adverse effect on the correlated traits.
Moreover, Hamam (2008) concluded
that pedigree selection procedure was
effective breeding tool for developing
high yielding genotypes of wheat.
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Table 7. Observed direct and correlated responses in cycle two (F¢) of pedigree line
selection for grain yield/plant in percentage better parent, mid parents and
bulk sample in population 1.

Plant height, cm Spike length, cm Spikes number/plant
Fam. No. Mean | Bulk Better. M.- Mean | Bulk Better. M.- Mean | Bulk Better. M.-
parent | parents parent | parents parent | parents
28 71.87 | 6.95 5.49 10.11 12.60 | 1423 | 19.66 2293 | 10.13 | 8.57 6.97 9.28
34 73.60 | 9.52 8.03 1276 | 10.27 | -6.89 | -2.47 0.20 10.87 | 16.51 | 14.78 17.26
36 70.13 | 4.36 2.94 7.45 1073 | -2.72 1.90 4.68 10.47 | 1222 | 10.56 12.94
41 74.13 | 10.31 8.81 1357 | 11.87 | 7.62 | 12.73 1580 | 15.07 | 61.52 | 59.13 62.57
108 67.53 | 049 | -0.88 3.46 1133 | 2.72 7.60 10.54 | 11.20 | 20.04 | 18.27 20.82
141 69.40 | 3.27 1.86 6.33 1133 | 2.72 7.60 10.54 | 10.60 | 13.61 | 11.93 14.35
258 69.00 | 2.68 1.28 5.71 11.47 | 3.99 8.93 11.90 | 1047 | 12.22 | 10.56 12.94
261 69.53 | 347 2.05 6.53 11.87 | 7.62 | 12.73 1580 | 11.20 | 20.04 | 18.27 20.82
289 6520 | -2.98 | -4.30 -0.11 1073 | -2.72 1.90 4.68 11.00 | 17.90 | 16.16 18.66
291 73.20 | 8.93 7.44 1215 | 1133 | 2.72 7.60 10.54 | 13.53 | 45.02 | 42.87 45.95
296 6573 | -2.19 | -3.52 0.70 1133 | 2.72 7.60 10.54 | 11.20 | 20.04 | 18.27 20.82
313 7527 | 12.01 | 10.48 1532 | 11.07 | 0.36 5.13 8.00 11.67 | 25.08 | 23.23 25.89
321 62.67 | -6.74 | -8.01 -3.98 10.00 | -9.34 | -5.03 -2.44 1093 | 17.15 | 1542 17.91
401 74.47 110.82 | 9.31 1410 | 12.00 | 8.79 | 13.96 17.07 | 10.80 | 15.76 | 14.04 16.50
441 67.47 | 040 | -0.97 3.37 11.67 | 5.80 | 10.83 13.85 | 10.67 | 1436 | 12.67 15.10
460 6593 | -1.89 | -3.23 1.01 11.53 | 4.53 9.50 1249 | 1133 | 2144 | 19.64 22.22
466 67.47 | 040 | -0.97 3.37 11.73 | 6.35 | 1140 1444 | 1093 | 17.15 | 1542 17.91
474 67.13 | -0.10 | -1.47 2.85 1073 | -2.72 1.90 4.68 12.80 | 37.19 | 35.16 38.08
518 62.15 | -7.51 | -8.78 -4.78 10.68 | -3.17 1.42 4.20 12.18 | 30.55 | 28.62 31.39
536 68.53 | 1.98 0.59 4.99 12.60 | 1423 | 19.66 2293 | 12.20 | 30.76 | 28.83 31.61
Average 69.02 | 2.71 1.31 5.75 11.34 | 2.81 7.69 10.63 | 11.46 | 22.83 | 21.01 23.62
Bulk 67.20 11.03 9.33
Debeira 68.13 10.53 9.47
Sahel 63.40 9.97 9.07
Mid-parents | 65.27 10.25 9.27
L.S.D. | 0.05 | 4.72 1.07 1.97
Entr. | 0.01 | 6.29 1.42 2.63
L.S.D. | 0.05 | 4.68 1.06 2.61
Fam. | 0.01 | 6.28 1.42 3.51
Spikelets number/spike Biological yield/plant, g Weight of spikes/plant, g
28 23.67 | 15.63 | 17.59 20.95 | 48.89 | 32.67 | 24.66 35.02 | 27.87 | 38.52 | 23.70 41.47
34 20.20 | -1.32 | 035 3.22 4329 | 17.48 | 10.38 19.55 | 24.30 | 20.78 | 7.86 23.35
36 20.07 | -1.95 | -0.30 2.55 4241 | 15.09 | 8.13 17.12 | 23.84 | 1849 | 5.81 21.02
41 23.07 | 12.70 | 14.61 17.88 | 52.71 | 43.04 | 34.40 4557 | 2845 | 4140 | 26.28 44.42
108 20.07 | -1.95 | -0.30 2.55 42.59 | 15.58 | 8.59 17.62 | 2549 | 26.69 | 13.14 29.39
141 21.00 | 2.59 4.32 7.31 40.54 | 10.01 | 3.37 11.96 | 2331 | 1585 | 3.46 18.32
258 20.73 | 1.27 2.98 5.93 41.06 | 1142 | 4.69 1339 | 24.84 | 2346 | 10.25 26.09
261 2140 | 4.54 6.31 9.35 47.40 | 28.63 | 20.86 30.90 | 25.28 | 25.65 | 12.21 28.32
289 21.13 | 322 4.97 7.97 41.61 | 1292 | 6.09 1491 | 23.14 | 15.01 | 2.71 17.46
291 2220 | 845 | 10.28 1344 | 46.44 [ 26.02 | 1841 2825 | 2453 | 21.92 | 8.88 24.52
296 21.40 | 454 6.31 9.35 46.29 | 25.62 | 18.03 27.84 | 2647 | 31.56 | 17.49 34.37
313 2240 | 943 | 11.28 1446 | 45.64 | 23.85 | 16.37 26.04 | 2397 | 19.14 | 6.39 21.68
321 21.00 | 2.59 4.32 7.31 40.16 | 8.98 2.40 1091 | 23.65 | 17.54 | 4.97 20.05
401 21.27 | 391 5.66 8.69 49.32 | 33.84 | 25.75 3621 | 26.95 | 33.95 | 19.62 36.80
441 20.87 | 1.95 3.68 6.64 39.69 | 7.71 1.20 9.61 24.33 12092 | 7.99 23.50
460 21.40 | 454 6.31 9.35 47.86 | 29.88 | 22.03 32.17 | 28.52 | 41.75 | 26.59 44.77
466 21.40 | 454 6.31 9.35 44.28 | 20.16 | 12.90 2229 | 24.69 | 22.71 | 9.59 25.33
474 21.67 | 5.86 7.65 10.73 | 4345 | 17.91 | 10.79 1999 | 24.65 | 22.51 | 9.41 25.13
518 19.77 | 342 | -1.79 1.02 46.61 | 26.49 | 18.84 28.72 | 27.20 | 35.19 | 20.73 38.07
536 21.53 | 5.18 6.95 10.02 | 53.38 | 44.86 | 36.10 4742 | 29.73 | 47.76 | 31.96 50.91
Average 21.31 | 4.10 5.86 8.89 45.18 | 22.61 | 15.20 2477 | 25.56 | 27.04 | 13.45 29.75
Bulk 20.47 36.85 20.12
Debeira 20.13 39.22 22.53
Sahel 19.00 33.20 16.86
Mid-parents | 19.57 36.21 19.70
L.S.D. | 0.05 | 1.16 2.64 2.70
Entr. | 0.01 | 1.55 3.51 3.59
L.S.D. | 0.05 | 1.10 2.68 2.70
Fam. | 0.01 | 148 3.60 3.62
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Table 7. Continued.

Grains yield/plant, g Harvest index, % Threshing index, %
Fam. No. Mean | Bulk Better M.- Mean | Bulk Better M.- Mean | Bulk Better M.-
parent parents parent | parents parent | parents

28 18.26 | 36.47 | 15.35 31.56 37.25 | 2.59 -7.71 -2.38 65.44 | -4.80 -7.60 -7.12

34 17.18 | 28.40 8.53 23.78 39.42 | 8.57 -2.33 3.30 70.56 | 2.65 -0.37 0.14

36 16.96 | 26.76 | 7.14 22.19 40.20 | 10.71 -0.40 5.35 71.60 | 4.16 1.10 1.62

41 18.88 | 41.11 | 19.27 36.02 36.28 | -0.08 | -10.11 -4.93 66.34 | -3.49 -6.33 -5.85

108 18.20 | 36.02 | 14.97 31.12 42.64 | 17.43 5.65 11.74 7134 | 3.78 0.73 1.25

141 16.53 | 23.54 | 442 19.09 40.83 | 12.45 1.16 7.00 70.84 | 3.05 0.03 0.54

258 17.53 | 31.02 | 10.74 26.30 42.74 | 17.71 5.90 12.00 70.70 | 2.85 -0.17 0.34

261 17.74 | 32.59 | 12.07 27.81 37.64 | 3.66 -6.74 -1.36 70.99 | 3.27 0.24 0.75

289 16.39 | 22.50 | 3.54 18.08 38.79 | 6.83 -3.89 1.65 70.95 | 3.22 0.18 0.70

291 17.06 | 27.50 | 7.77 2291 36.52 | 0.58 -9.51 -4.30 69.41 | 0.97 -1.99 -1.49

296 19.31 | 4432 | 2198 39.12 41.62 | 14.62 3.12 9.07 73.42 | 6.81 3.67 4.20

313 17.40 | 30.04 | 9.92 25.36 38.05 | 4.79 -5.72 -0.29 72.64 | 5.67 2.57 3.09

321 17.55 | 31.17 | 10.87 26.44 43.40 | 19.53 7.53 13.73 74.03 | 7.70 4.53 5.07

401 18.06 | 34.98 | 14.09 30.12 36.53 | 0.61 -9.49 -4.27 66.84 | -2.76 -5.62 -5.14

441 16.86 | 26.01 6.51 21.47 4235 | 16.63 4.93 10.98 69.33 | 0.86 -2.10 -1.60

460 19.32 | 44.39 | 22.05 39.19 39.36 | 8.40 -2.48 3.14 66.40 | -3.40 -6.24 -5.76

466 1642 | 22.72 | 3.73 18.30 37.18 | 2.40 -7.88 -2.57 66.31 | -3.54 -6.37 -5.89

474 17.10 | 27.80 8.02 23.20 39.87 | 9.80 -1.21 4.48 69.44 | 1.02 -1.95 -1.45

518 19.65 | 46.86 | 24.13 41.57 43.49 | 19.77 7.76 13.97 73.11 | 6.36 3.23 3.76

536 19.92 | 48.88 | 25.84 43.52 37.59 | 3.53 -6.86 -1.49 67.11 | -2.37 -5.24 -4.75

Average 17.82 | 33.18 | 12.57 28.39 39.59 | 9.03 -1.91 3.75 69.84 | 1.60 -1.38 -0.88
Bulk 13.38 36.31 68.74
Debeira 15.83 40.36 70.26
Sahel 11.94 35.96 70.82
Mid-parents | 13.88 38.16 70.46
L.S.D. | 0.05 2.25 5.13 5.07
Entr. |0.01 3.00 6.84 6.75
L.S.D. | 0.05 2.40 5.05 4.71
Fam. |0.01 3.21 6.77 6.32

L.S.D. Entr.: to compare families with parents and bulk sample.

L.S.D. Fam.: to compare families with each other.

0.05 & 0.01, significant at 0.05 and 0.01 levels of probability, respectively.
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Table 8. Observed direct and correlated responses in cycle two (F¢) of pedigree line
selection for grain yield/plant in percentage of the better parent, mid parents

and bulk sample in population II.

Plant height, cm Spike length, cm Spikes number/plant
Fam. No. Mean | Bulk Better M.- Mean | Bulk Better M.-parents | Mean | Bulk Better M.-
parent | parents parent parent | parents

1 70.80 | -0.59 -3.90 -0.04 11.87 | 12.73 19.54 20.26 11.80 | 28.54 [ 20.53 21.90

59 78.13 | 9.70 6.05 10.31 11.87 | 12.73 19.54 20.26 12.40 | 35.08 | 26.66 28.10

70 89.40 | 25.53 | 21.35 26.22 11.20 [ 6.36 12.79 13.48 10.50 | 14.38 7.25 8.47

154 74.00 | 3.90 0.45 4.48 10.53 | 0.00 6.04 6.69 12.60 | 37.25 [ 28.70 30.17

192 77.40 | 8.68 5.06 9.28 10.27 | -2.47 3.42 4.05 15.40 | 67.76 | 57.30 59.09

226 79.67 | 11.86 8.14 12.48 10.60 | 0.66 6.75 7.40 11.87 | 29.30 [ 21.25 22.62

236 7320 | 2.78 -0.64 3.35 10.27 | -2.47 3.42 4.05 13.07 | 42.37 | 33.50 35.02

249 82.27 | 15.52 11.67 16.15 12.20 | 15.86 | 22.86 23.61 14.53 | 58.28 | 48.42 50.10

279 7593 | 6.61 3.07 7.20 11.87 | 12.73 19.54 20.26 10.80 | 17.65 10.32 11.57

289 79.20 | 11.20 7.51 11.82 11.73 | 11.40 18.13 18.84 13.27 | 44.55 | 35.55 37.09

Average 78.00 | 9.52 5.88 10.12 11.24 | 6.74 13.19 13.88 12.62 | 3747 [ 28091 30.37
Bulk 71.22 10.53 9.18
Giza 165 68.00 9.80 9.56
Sakha 93 73.67 9.93 9.79
Mid-parents | 70.83 9.87 9.68
L.S.D. | 0.05 2.69 1.18 2.07
Entr. |0.01 3.65 1.60 2.81
L.S.D. | 0.05 2.31 1.22 2.11
Fam. |0.01 3.16 1.68 2.89

Table 8. Continued.

Spikelets number/spike Biological yield/plant, g Weight of spikes/plant, g
Fam. No. Better. M.- Better. M.- Better. M.-
Mean | Bulk parent | parents Mean | Bulk parent | parents Mean Bulk parent | parents
1 2247 | 10.85 | 12.74 13.09 | 54.78 | 57.59 | 48.90 60.98 30.88 53.02 49.90 61.76
59 2133 | 5.23 7.02 7.35 44.15 | 27.01 20.01 29.74 25.67 27.21 24.61 34.47
70 20.60 | 1.63 3.36 3.67 46.58 | 34.00 | 26.61 36.88 27.36 35.58 32.82 43.32
154 20.60 | 1.63 3.36 3.67 41.19 | 18.50 11.96 21.04 24.25 20.17 17.72 27.03
192 20.60 | 1.63 3.36 3.67 51.53 | 48.25 | 40.07 51.43 27.62 36.87 34.08 44.68
226 21.27 | 493 6.72 7.05 46.59 | 34.03 | 26.64 36.91 26.27 30.18 27.52 37.61
236 20.60 | 1.63 3.36 3.67 45.06 | 29.63 | 22.48 32.41 25.21 24.93 22.38 32.06
249 22.87 | 12.83 | 14.75 15.10 | 56.05 | 61.25 | 52.35 64.71 32.51 61.10 57.82 70.30
279 21.33 | 5.23 7.02 7.35 40.26 | 15.82 9.43 18.31 23.73 17.59 15.19 2431
289 20.80 | 2.61 4.37 4.68 48.34 | 39.07 | 31.39 42.05 27.78 37.66 34.85 45.52
Average 21.25 | 4.83 6.62 6.95 4745 | 36.51 28.98 39.44 27.13 34.44 31.70 42.12
Bulk 20.27 34.76 20.18
Giza 165 19.80 31.32 17.58
Sakha 93 19.93 36.79 20.60
Mid-parents | 19.87 34.03 19.09
L.S.D.| 0.05 | 131 2.49 3.18
Entr. | 0.01 1.78 3.38 433
L.S.D.| 0.05 | 143 2.57 3.29
Fam. | 0.01 1.97 2.52 4.52
Grains yield/plant, g Harvest index, % Threshing index, %
1 20.06 | 41.37 | 32.94 45.89 | 36.74 | -10.0 | -10.54 -8.92 65.09 -7.44 -11.13 -9.50
59 16.85 | 18.75 | 11.66 22.55 | 38.36 | -6.03 -6.60 491 65.60 -6.71 -10.43 -8.79
70 20.01 | 41.01 | 32.60 45.53 | 42.88 | 5.05 441 6.30 73.05 3.88 -0.26 1.57
154 17.51 | 23.40 | 16.04 2735 | 4275 | 4.73 4.09 5.97 72.47 3.06 -1.05 0.76
192 18.57 | 30.87 | 23.06 35.05 | 35.89 | -12.08 | -12.61 -11.03 67.00 -4.72 -8.52 -6.84
226 18.33 | 29.18 | 2147 3331 | 39.39 | -3.50 -4.09 -2.35 69.92 -0.57 -4.53 -2.78
236 18.16 | 27.98 | 20.34 32.07 | 40.40 | -1.03 -1.63 0.15 71.99 2.37 -1.71 0.10
249 22.03 | 55.25 | 45.99 60.22 | 39.69 | -2.77 -3.36 -1.61 67.93 -3.40 -7.25 -5.55
279 16.66 | 17.41 | 10.40 21.16 | 41.66 | 2.06 1.44 3.27 70.48 0.23 -3.77 -2.00
289 19.60 | 38.13 | 29.89 42.55 | 40.58 | -0.59 -1.19 0.59 70.82 0.71 -3.30 -1.53
Average 18.78 | 32.35 | 2445 36.58 | 39.83 | -2.43 -3.02 -1.26 69.44 -1.25 -5.19 -3.45
Bulk 14.19 40.82 70.32
Giza 165 1241 39.62 70.60
Sakha 93 15.09 41.07 73.24
Mid-parents | 13.75 40.34 71.92
L.S.D.| 0.05 | 233 2.24 2.37
Entr. | 0.01 | 3.17 3.05 3.22
L.S.D.| 0.05 | 245 2.06 2.21
Fam. | 0.01 | 3.36 2.83 3.03
L.S.D. Entr.: to compare families with parents and bulk sample.
L.S.D. Fam.: to compare families with each other.

0.05 & 0.01, significant at 0.05 and 0.01 levels of probability, respectively.
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2.2.6-Family score for selec-
tion response (FSSR) in cycle two
(F¢) of pedigree line selection

The family score for selection
response (FSSR) was calculated as a
mean of selection responses for each
selected Fg family in different models
which  included mainly  grain
yield/plant beside other different
traits in both populations (Tables 9).
Also, the FSSR was accounted for
each F¢ family in relative to better
parent, mid parents and unselected
bulk sample for each model (Tables
9). The results revealed that the mean
of family score for selection response
(FSSR) over all selected F¢ family of
Model 1 recorded the highest value
(34.57 and 36.19%), followed by
Model 2 (31.50 and 33.12%) and
Model 7 (29.52 and 31.12%) in popu-
lation I and I, respectively. This re-
sults may be due to those models
were including traits possessed high
selection response such as grain
yield/plant, biological yield/plant and
weight of spikes/plant. Moreover,
means of FSSR over all selected Fq
families in relative to bulk sample
were high in rank for model 4 (30.11)
and model 6 (35.19%); followed by
model 3 (28.01) and model 3
(34.91%); and model 2 (27.89) and
model 8 (34.57%) for population I
and II, respectively. These models
had traits accounted high selection
response such as grain yield/plant,
biological yield, number and weight
of spikes/plant. Meanwhile, the re-
spective rank for FSSR in comparing
to the better parent exhibited that the
model 3 (16.79) and model 6
(28.51%) were the first order, fol-
lowed by model 8 (15.68) and model
7 (28.38%) in the second rank and

19

then model 6 (15.56) and model 8
(28.35%) in population I and II, re-
spectively. Same previous traits in
different combinations were belonged
to these models. These results re-
vealed that the genes controlled these
traits expressed high genetic direct
(GY/P) and indirect (BY/P, NS/P and
WS/P) responses to pedigree selec-
tion in wheat.

The FSSR for individual se-
lected Fg families scaled that the fam-
ily no. 536 in population I ranked the
highest order in four models (nos. 2,
4, 5 and 7) and second order in four
models (nos. 1, 3, 6 and 8) as a mean
and also in relative to bulk sample,
better parent and mid parents. Its
FSSR ranged from 21.65 (mod. 1) to
48.32% (mod. 4), from 15.31 (mod.
1) to 31.30% (mod. 7) and from
22.79 (mod. 1) to 47.28% (mod. 7) in
relative to bulk sample, better parent
and mid parent, respectively. Also,
the family no. 41 in population I ar-
ranged to be the first order in four
models (nos. 1, 3, 6 and 8), second
order in two models (nos. 2 and 7)
and the third one in two models (nos.
4 and 5). Its FSSR varied from 23.79
(mod. 1) to 51.31% (mod. 3) from
16.00 (mod. 5) to 39.20% (mod. 3)
and from 25.01 (mod. 1) to 49.30%
(mod. 3) comparing to the bulk sam-
ple, better parent and mid parents, re-
spectively.

It is remark result that both
families nos. 41 and 536 were in suc-
cesses order through the first and
second order. Also, the first rank for
family no. 536 was correlated with
the models having GW/P, BY/P and
WS/P and the second order connected
with models which had NS/P and vice
versa for family no. 41. In general,
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the lowest FSSR yielded from the
model no. 1 which had all studied
traits, this due to some traits pos-
sessed less selection response such as
plant height and other revealed nega-
tive values such as harvest index and
threshing index (Table 9).

Also, in population II, the FSSR
for individual selected Fq families
(cycle two) graded that the family no.
249 ranked to be in the first order in
all models for mean of FSSR and
relative to the bulk, better parent and
mid parents. Its FSSR ranged from
30.43 (mod. 1) to 59.20% (mod. 7),
from 27.03 (mod. 1) to 52.05% (mod.
7) and from 32.56 (mod. 1) to
65.26% (mod. 4) comparing to unse-
lected bulk, better parent and mid
parents, respectively. Moreover, the
family no. 1 exerted to be in the sec-
ond order for FSSR in five models
(nos. 1, 2, 4, 5 and 7) and third order
in two models (nos. 6 and 8). Its
FSSR varied from 20.68 (mod. 1) to
50.66% (mod. 7), from 17.66 (mod.
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1) to 43.91% (mod. 7) and from
22.82 (mod. 1) to 56.21% (mod. 7) in
relative to bulk sample, better parent
and mid parents, respectively. Also,
family no. 192 ranked in second order
in two models (nos. 3 and 8) and third
order in two models (nos. 2 and 7).
In general, it is clear that the highest
response was exerted from model 7
which includes grain yield/plant, bio-
logical yield/plant and weight of
spikes/plant (Table 9). These traits
had the highest correlation coefficient
between each other in base popula-
tion.

The lowest FSSR accounted
from model 1, as revealed in popula-
tion I and connected to the same con-
clusion.

The superior families of 41 and
536 in population I and 1 and 249 in
population II and others in both popu-
lations appear to be in grate order
evaluation as a new genotypes ex-
erted from this study.
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Table 9. Family score for selection response (FSSR) in cycle two (F¢) of pedigree
line selection for grain yield/plant in population I and II.

Fam. No. Model | Model | Model | Model | Model | Model | Model | Model

1 2 3 4 5 6 7 8
28 35.11 33.58 14.20 23.07 15.43 26.29 31.67 18.75
34 34.41 30.24 14.03 20.74 13.73 23.91 28.26 17.45
36 34.05 29.69 13.72 20.40 13.85 23.42 27.74 17.09
41 36.31 35.80 16.98 23.67 15.38 28.78 33.35 20.80
108 34.49 30.40 14.70 21.85 14.77 24.37 28.76 18.30
141 33.82 28.54 13.57 19.92 13.93 22.75 26.79 16.81
258 34.28 29.30 14.00 21.19 14.50 23.48 27.81 17.61
i 261 34.78 32.57 14.47 21.51 14.81 25.41 30.14 18.07
E: 289 33.22 29.00 13.70 19.77 13.56 23.04 27.05 10.84
= 291 3491 31.75 15.30 20.80 14.20 25.39 29.34 18.37
E- 296 35.20 32.80 15.26 22.89 15.32 25.82 30.69 18.99
A~ 313 35.35 31.52 14.54 20.69 14.24 24.67 29.00 17.68
321 33.71 28.86 14.24 20.60 13.78 23.07 27.12 17.38
401 35.14 33.69 14.43 22.51 15.03 26.28 31.44 18.60
441 33.69 28.28 13.77 20.60 14.27 22.89 20.06 17.29
460 34.63 33.59 15.33 23.92 15.43 26.76 31.90 10.72
466 33.38 30.35 13.68 20.56 14.08 24.08 28.46 17.35
474 34.09 30.28 14.95 20.88 13.92 24.50 28.40 18.18
518 3498 33.13 15.92 23.43 15.17 26.41 31.15 19.68
536 35.84 36.65 16.06 24.83 16.26 28.81 34.34 20.62
Average 34.57 31.50 14.64 21.69 14.58 25.01 29.52 18.28
Fam. No. Model | Model | Model | Model | Model | Model | Model | Model

1 2 3 4 5 6 7 8
1 36.05 37.42 15.03 25.47 15.97 29.38 35.24 20.91
59 34.93 30.50 14.63 21.26 14.36 24.77 28.89 18.31
= 70 37.95 33.30 15.26 23.69 15.61 26.11 31.32 19.29
.§ 154 35.10 29.35 15.06 20.88 14.02 23.89 27.65 18.12
f« 192 36.03 35.05 16.98 23.10 14.42 28.28 32.57 20.53
2 226 35.99 32.46 15.10 22.30 14.47 25.77 30.40 18.82
& 236 35.33 31.61 15.62 21.69 14.22 25.38 29.48 18.81
249 38.90 39.04 18.28 27.27 17.12 31.28 36.86 23.02
279 34.75 28.46 13.73 20.20 14.27 22.86 26.88 17.06
289 36.90 33.97 16.44 23.69 15.67 27.25 31.91 20.22
Average 36.19 33.12 15.70 22.96 15.01 26.50 31.12 19.51
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