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I. INTRODUCTION

Wheat is the world’s most important strategic food crop. In
Egypt, it is the main winter cereal crop as it occupies approximately
3.07* million feddan producing 8.25* million tons. Moreover, wheat
is the primary stable food source of the most Egyptian population; its
straw is an important fodder for animal.

Since 70,; of the last century attempts have been made to
develop high yielding wheat cultivars aiming to decrease its imports
and to meet the consumption of the rapid growing population. These
great challenges encourage the Egyptian scientists to develop several
adapted wheat genotypes with desirable characteristics and high yield
potential (Abd EL Ghani et al., 1994).

The new high yielding Egyptian cultivars affected wheat
imports, which reached a maximum level of around 7.5* million tons
in 1987 and dropped to around 5.5* million tons by year 2000 the
acreage of wheat reached 3.07* million Feddan in 2010/2011 season
and it produced about 8.25* million tones with average production of
Feddan nearly 17.9* Ardab = 2.685* tone per feddan.

The long term strategic plan of wheat research program in Egypt
is aiming to select among introductions and regionally collected
germplasm that possess good adaptation to the variable conditions and
good tolerance to the major pests (Enayat H. Ghanem, 1993).

Breeding early maturing wheat (Triticum aestivum, vulgare L))
cultivars is an important objective in most wheat improvement
programs. Knowledge of the inheritance of early maturing and its
components are important to wheat breeders in developing short
duration cultivars.

The development of more efficient breeding procedures is
dependent upon a better understanding of the types of gene action
controlling the inheritance of quantitative traits. One of the most
important procedures used to supply genetic information about the
parents and their crosses.

*(refer to the ministry of agriculture and land reclamation- economic
affairs sector in 2011).
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A crop breeding programs amid to increasing plant
productivity requires consideration not only for yield but also of its
components which have direct or indirect contribution on yield.

Several methods of selection can be used in segregating
generation after crossing in self pollinated crops. The information for
each of the method of selection as well as the relationship between
these methods of selection and yield would help in determining the
best method of selection for breeding program to follow for high
yielding varieties of wheat and applied this method in the following
breeding program.

Improvement of complex character like yield may be
accomplished through component breeding (Grafius, 1964). Also,
many workers suggested that selection for component traits can help
to increase productivity.

The main objectives of this study were to:

1- Compare the effectiveness of pedigree, bulk and single seed
descent (SSD) breeding methods in increasing grain yield in
wheat.

2- Compare the effectiveness of indirect selection for yield via yield
components with direct one for grain yield.

3- Estimate some genetic parameters i.e. heritability, genetic gain and
genetic coefficient of variation in F5 and F4 generations.

Introduction 2
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II. REVIEW OF LITERATURE

The available literature concerning this study can be
reviewed under the following heading.

I1.1. Breeding methodology

11.2. Selection criteria

I1.3. Heritability and genetic advance
11.1. Breeding methodology:

A synthetic variety is produced by inter crossing a number
of genotypes selected for good combining ability in all
combinations with subsequent maintenance of the variety by
open pollination (Allard 1960).

Briggs and Shebeski (1970), compared the results of

visual selection with random selection in wheat. They noticed
when positive visual selection pressure of ten percent was
applied; yielding ability was significantly improved relative to
random selections. Visual selection was considered effective.
Tee and Qualset (1975), reported that, after four
generations, random single seed descent and bulk population
derived lines from two hybrids of wheat were evaluated in the
F,, Fs and Fg¢ generations in the field experiment at the two
Jocations for yield. Selection for plant height and maturity was
practiced in the separate populations during the program.

Generation means showed increase in plant height and grain

Review of Literature 3
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yield per plant from F; to Fg in one hybrid but no change in the
second hybrid with the two methods except for plant height in
single seed descent method. Genetic variation among families
within each generation was greater in single seed descent
populations than in bulk populations for heading time and grain
yield in hybrid 1, but in hybrid II, the reverse was true for plant
height and grain yield per plant with no difference for heading
time. Significant response to selection during the cycle for
tallness and shortness was obtained, but greater for shortness,
while slight response for earliness was observed. The single seed
descent and bulk population methods were comparable except
for the important competition effect to plant height. Thus, tall
plants increased in bulk population method changing
significantly the gene frequencies. They recommended the
random bulk method unless competition effects were important
where upon single seed descent become the preferred methods.
Salmon et al. (1978), evaluated four F; populations of
hexaploid triticale for yield. F; yield nursery and a head row
nursery were planted. Ten high yielding, ten low yielding and ten
randomly sampled families along with ten families selected
visually for yield in the head row nursery were returned to be
used in a ten replications yield trial at the four locations. They
did not noticed no significant difference existed between bulk

produced from high yielding families selected by the early
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generation yield test and the head row nursery. Both of the two
procedures produced families superior in yield to the bulk of
randomly sampled families. The present results suggest that
pedigree selection and early generation yield testing procedures
were equally efficient for yield selection in triticale. The random
selection and visual selection bulk were significantly higher than
that of the high yielding bulk and significantly lower than that of
low yielding bulk with respect to 200-kernel weight.

Knott (1979) found that, the early generation yield testing
lines were slight increase in grain yield/plant over single seed
descent lines (1.5 to 3.8 %) in the two wheat crosses. He stated
that selection based on Fj yield test may had a slight effect on
yield which would result in undesirable delay in maturity. His
results indicated that F; selection based on a two replications test
compared with families from single seed descent lines did not
justify the extra work and labor more than the simple test with no
replications.

Whan et al. (1982) investigated aspects of selection for
yield and harvest index by simulating selection using data from
random pedigree Fy, F3, Fyand Fs derived lines from two crosses
of wheat grown in plots at two sites over two years.
Improvement in yield through selection was pained when the
response was measured at the same site and in the same year as

the selection. Selecting the best 10% of F; to F, derived lines
gave Fs derived lines that out yielded random selection by 19 to
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53% for one cross and 5 to 23% for the second cross. These lines
were 41 to 50 percent better than mid-parent in one cross, but
were less than the mid-parent in the other cross. However, the
response to selection when measured in a different years was
little better than random selection. The effect of different sites
also reduced the effectiveness of selection. Selection of harvest
index in early generations for improvement of yield was
ineffective when response was measured at the same site in the
same year, or in different years. Contrary to same theoretical
propels, the same improvement in yield was obtained by
selecting in early or late generations. While high yielding
genotypes may be last by delaying selection, this is counteracted
by the better predictive value of late generations due to their
greater homozygosis and homogeneity.

Martynov et al. (1983) reported that, in a hybrid-

population of spring bread wheat (Sarator-Skaya 52 x As 29),
subjected to the two selection regimes (two cycles of pedigree
selection for yield in the F5 and F4, and single seed descent from
the F; to the Fs ), evaluation of F¢ and F, families derived from
the Fs obtained by both selection methods were carried out over
two sites and two years. The means grain yields of the top 10 %
of families were similar under both selection regimes. The single
seed descent method was therefore recommended as a means of
reducing the area required for sowing breeding material and the

time required to produce a new variety.

Review of Literature 6

www.manaraa.com



Pawar et al. (1985), studied some crosses up to the F for
seven characters (grain yield and its components). Mean values
for all characters in the selected F; and F, were higher than those
in the F,, selection in the F; appeared to the better than selection
in the F,, owing to additive gene effects and epistasis. The single
seed descent was considered to be better than bulk selection.

Pawar ef al. (1986), reported that, the pedigree selection
was the best method for selecting number of spikes per plant,
number of kernels per spike, 100-grain weight and grain yield
per plant. Selection was more effective at the F; than at the F;
stage.

Picard et al. (1986), showed that, the variance in the few
doubled haploids was of the same order of magnitude as that in
the single seed descent and bulk families for earliness.

Salmeron and Kronstad (1986), revealed that, the
modified bulk and pedigree methods were most effective in
selecting for semi-dwarf stature. Differences between selection
methods were slight when selection was for grain weight. For
grain yield, the modified bulk method was superior to the others
in one cross only when Fs family values were averaged. The
modified bulk method proved to be superior overall when

individual F5 families were compared.
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Chen and Chen (1987), found that, no significant
differences for the means, variances and distributions of several
characters.

Pawar ef al. (1989), found significant differences
between populations in the F; followed by three procedures of
selection: single plant selection, single seed descent and bulk
selection. Heritability estimates for number of days to heading
and 1000-grain weight were higher than those for number of
spikes per plant and grain yield per plant. Single plant selection
and single seed descent were almost equally effective and both
were superior than bulk selection.

Srivastava et al. (1989), found that, the following
selection procedures were compared in F; and F4 generations: (1)
single seed descent, (2) single plant selection, (3) bulk
population and (4) mechanical mass selection. In the Fs, the
single plant selection and single seed descent selection methods
resulted in higher grain yields per plant and more improvements
in many yield components than did the bulk population and
mechanical mass selection methods. The F; single seed descent
population did not differ significantly from the F; single plant
selection population for any trait but the single seed descent
population retained more variability than the other populations.
The mechanical mass selection method was useful for increasing

grain weight.
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Deghais and Auriau (1993), applied three breeding
methods (pedigree, modified bulk and single seed descent) in six
crosses and 20 families per cross (F¢ or F), selected by each
method, were yield tested The pedigree and single seed descent
methods proved to be more efficient than the modified bulk
method for selection based on grain yield. The single seed
descent method had the additional advantage of requiring less
land area and labor.

Ismail (1995), used pedigree selection for two cycles of
selection in the two populations. He found that the realized gain
for heading date was reduced by 7.58 % (Pop.;), and 3.66 %
(Pop.,) compared to the bulk. Grain yield per plant increased
after two cycles of selections in both populations compared to
the bulk and the better parent by 8.47 % and 4.86 % (Pop.;), and
6.96 % and 6.41 % (Pop.,), respectively. Thousand kernel weight
was increased by 3.06 % and 3.85 % (Pop.;), and 4.05 % and
4.00 % (Pop.,) as a deviation from the base populations and the
better parent after the two cycles of selection. Pedigree selection
was an efficient selection procedure in increasing the selection
criterion. However, such increase was accompanied with adverse
effects on the correlated traits.

Pawar ef al. (1995), reported that, five F3 populations
were produced by applying single plant selection, single spike

selection, single seed descent, selection on yield per se and
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mechanical mass selection in the two bread crosses.
Comparisons were made between the different selection
procedures for six yield components. Single plant selection
followed by single spike selection proved better than other
selection procedures in terms of mean performance. Highest
levels of genetic variance and coefficient of variation were
observed for F3 single seed descent followed by F; single spike
selection and F; single plant selection.

Perovic (1997), evaluated 12 crosses of 11 winter wheat
cultivars and 35 breeding families of their F; and Fs hybrid
generations for five yield components. He found that plant height
and spike length were controlled genetically, while the
phenotypic expression of the number of grains per spike and
grain weight per spike were predominantly affected by
environmental conditions. There was significant genetic
divergence  between parental cultivars and desirable
recombination of certain genes were obtained in their crosses.
Pedigree method of individual selection was very efficient in
breeding for increased values of some grain yield components.
Average values of parental cultivars used had powerful influence
on the progeny in F4 and Fs generations. Realized genetic gain
was determined for all the examined hybrid combinations.

Singh and Singh (1997), compared between random bulk

and individual plant selection for grain yield and its contributing
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characters on the basis of performance of five diverse F;
populations. Yields were similar under both methods; however,
higher estimates for component characters were observed using
individual plant selection in some of the populations. This trend
was not consistent across all the populations. They concluded
that, yield would be appropriate to advance the generation from
the F, to F3 without any selection.

Pande ef al. (1998), advanced a segregating population of
durum wheat cross CPAN-6140 x Raj 1555 by single seed
descent and pedigree selection up to the F; generation. Breeding
methods were compared with respect to genetic gain and residual
variability. Sixty plants selected by single seed descent and
pedigree selection were evaluated in the F,4 generation. Single
seed descent progenies exhibited good coefficients of variation
as compared to pedigree selection progenies. Heritability
estimates was also of higher magnitude in single seed descent
progenies.

Pawar et al. (2001), three selection procedures (single
spike selection, single plant selection and single seed descent)
were used in F, populations of two wheat crosses, (HFW-41 x
WH 542 and Raj 3957 x WH 147). The coefficient of variation
in single seed descent method was slightly greater than single
plant selection and single spike selection. This indicated that

single seed descent was better or equal in effectiveness
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compared to the other two methods. Single spike and single plant
selection can be used to supplement pedigree selection in early

segregating generation.

Arunachalam et al. (2002) evaluated the efficiency of three
breeding methods namely; pedigree, bulk and single seed
descent (SSD) in Cowpea. The SSD population matured early
followed by bulk and pedigree populations. The shift in means in
positive direction were better achieved through pedigree method
as compared to bulk and SSD methods in F; to F, generations for
all the traits in both the crosses, whereas, in SSD and bulk
populations the shift in means were in either directions. The
pedigree populations had high heritability estimates. The bulk
and SSD populations had moderate to high value of heritability
and genetic advance for most of the traits. The pedigree and SSD
populations were equally efficient, but the bulk method turned
out to be less efficient.

El-Hosary and El-Badawy (2003) estimated the response
of faba bean to different methods of plant breeding i.e. pedigree,
bulk and single pod descent (SPD) in both crosses Triple white x
ILB938 (the first cross) and Rebaya 40 x Line 109 (the second
cross). The bulk method led to significant higher no. of
pods/plant, seed yield/plant and no. of seeds/pod in the first
cross. The pedigree method produced more superior lines

compared to the over all mean in the first and second cross,
respectively.
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II. 2. Selection criteria:

Nass (1973) studied 22 cultivars of spring wheat
(Triticum aestivum L.) in two years. The results showed that
yield per ear and number of ears per plant reduced yield
variance. These two components were negatively correlated.
Kernels per ear and kernel weight were associated with yield per
ear. Morphological characters influenced plot yield indirectly in
that ears/area, flag leaf width, and total photosynthetic area
above the flag leaf node were associated with yield per ear. Ears
per plant, yield per ear and harvest index considered together in a
selection program should be an effective means of selection for
increased yield.

McNeal et al. (1978) from F2 population of 700 plants from
a cross of two spring wheat (Triticum aestivum L.) CT13242 and
Cher, Selected 10 plants for maximum expression of grain yield
per plant, spike number/plant, Kernel number/spike, spikelet
number/spike and kernel weight. In each subsequent generation
through the F5, selected lines for each of the five characters were
advanced by selecting the 10 plants with the highest value from a
population of about 400 plants. A performance trial was
conducted at three locations in one year with five generations
(F1 to F5) of each of the five selection lines and the two parents.
Yield and yield components were evaluated and compared with
mid parent values and as linear regression on generation number.
Selection for kernel weight and kernels/spike in F4 generation
gave 11 and 16% yield increases over the mid parent, whereas
direct effects of selection for the two characteristics were 13 and
10%, respectively. Direct effects of selection for grain yield and
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spikes/m2 at the F5 generation were significantly lower than mid
parent (-13 and -7%). Non-symmetrical correlated responses for
increased kernel weight with selection for high kernel weight
were large and unexpected. Spike number per plant was not an
effective selection criterion for increasing spike number per m2
or grain yield. Only 3 of 20 regression coefficients for response
in F4 through F8 generation were significant compared with 15
of 20 significant differences from the mid parent at F8.
Apparently, selection was effective in F2 and F3 generations (13
of 20 mid parent differences were significant at F4) with little
subsequent response. In this population, kernel weight and kernel
number per spike were good characters for indirect selection for
yield improvement.

Lungu et al. (1990) studied the relationships between yield,
its components and other associated characteristics, both within
and across generations in the f2, F3 and F4 of two hard red
spring wheat (Triticum aestivum L.) crosses using simple
correlation path coefficient and step-wise multiple regression
analysis. F2 and F3 plants were grown 50cm apart while in F4
they were grown under the usual farm practices. Selection was
practiced for high and low yield in the F2 and F3 mainly on the
basis of individual plant yield. Statistically significant, but not
always practically useful correlations were found between yield
and its components and other associated characters. The
relationship between yield and protein content was negative and
significant within all generations but not so between F2 (and F3)
and F4. The intergeneration correlation coefficients between F4
grain yields and grain yields measured in the F2 and F3 were all
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positive and highly significant. These coefficients, which are
also heritability estimates in standard units, were small in
magnitude.

Sharma et al. (1995) performed mechanical mass selection
for grain size, followed by two cycles of intermating among the
high grain-weight populations, to achieve improvement in grain
yield. Forty progenies each from five mass selected, eight
populations of the first and fourth of the second intermating
cycles were evaluated for number of grains/spike, 1000-grain
weight, and grain yield. Mechanical mass selection and each
cycle of intermating were effective to increase 1000-grain
weight, indicating accumulation of favourable alleles in the
segregates. There was slight improvement in number of
grains/spike also in the progenies of the first intermated
populations which increased grain yield. However, the second
cycle of intermating was not effective in increasing grain yield
due to reduction in number of grains/spike. Correlation studies
also revealed the usefulness of one cycle of intermating for
improving grain yield. Therefore, it is proposed that one cycle of
intermating is needed to achieve optimum expression of yield
components.

Dokuyucu and Akkaya(1999). In Turkey found in a trial
with 22 common wheat cultivars in 1996-98, that there were
positive and significant correlations between grain yield and
number of heads/m?, number of grains/head, grain weight/head
and test weight. Path coefficients also indicated that both direct
effects of number of heads/m’ and grain weight/head, and
indirect effect of number of grains/head by grain weight/head on
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grain yield were significant and positive. Therefore, number of
heads/m2, grain weight/head, and number of grains/head may be
used as selection criteria in breeding programmes to develop

high yielding bread wheat varieties.

Baser ef al. (2000) studied three bread wheat varieties
sown at six plant densities in the experimental field of Tekirdag
Agricultural Faculty. It was found that the number of fertile
tillers/plant was the most suitable character as a selection
criterion for improving grain yield in Thrace Region. According
to path analysis, the direct and indirect effects of the measured
characters on grain yield/ plant and grain yield/hectare showed
that the number of spikes / plant and grain weight of tillers /
plant had direct positive effect on grain yield / plant. However,
the number of spikes / plant and number of tillers / plant had
negative effect on grain yield / hectare, while the harvest index
and grain yield / plant had positive direct effect.

El-Hosary and El-Badawy (2003) estimated the response
of faba bean to direct and indirect selection criteria for increased
seed yield in both crosses. The results indicated that selection of
high no. of pods/plant gave the highest seed yield/plant and
followed by selection of heavier seed index in both crosses. Also
in the first cross eight, one, two, four and two lines significantly
over yielded population mean when selected plants were of high
no. of pods, heavy seeds, high no. of seeds/pod and high and low
seed yield/plant, respectively. In addition, in the second cross
seven, three, two, three and two lines surpassed significantly the
best parent or population mean in the same order.
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Tejbir-Singh and Balyan. (2003) evaluated the relative
efficiency of various single F, plant selection criteria in three F,
populations of wheat (Triticum aestivam L.). the criteria
considered were : (i) selection for high as well as low values of
seven individual plant traits (grain yield per se, plant height,
grains /spike, 100 grain weight, tiller number, biological yield
and harvest index), (ii) selection of single plants based on an
index involving greater values of the seven traits rather than their
means of the population and, (iii) random selection in association
with and without yield testing in the F3 generation. The selection
pattern of the parent F, plant (s) of each of the selected ten
highest yielding F3; F, bulk progenies and F, bulk progenies
revealed that (i) selection of plants in F, populations on the basis
of a single trait was relatively more effective than selection at
random, while selection based on the index was ineffective, (ii)
selection of plants with higher expression of trait (s) resulted into
75% of the highest yielding F4 bulk progenies, (iii) selection of
individual plants in F, generation based on grain yield per se
proved most effective and, (iv) the yield testing in F3 generation
was only moderately efficient in identification of high yielding
F4 bulk progenies.

Yadav (2007) evaluated thirty diverse genotypes of soybean
during Kharif 2003-04, in Raipur, Chhattisgarh, India to study
the genetic variability and co heritability with seed yield and its
attributes. Seed yield per plant, number of pods per plant,
number of seeds per plant, pod bearing length and plant height
exhibited maximum genotypic coefficient of variation. High
heritability coupled with high genetic advance as percentage of
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mean was noted for plant height, pod bearing length, pods per
plant, seeds per plant and seed yield per plant. Significant
contribution of additive genetic variance was observed for all the
above characters. Co heritability was high for character pairs like
seed yield per plant with all characters. Hence, selection for
these characters might be as effective as direct selection for yield
itself.

I1.3 Heritability and genetic advance:
Allard and Harding (1963), found that, the observed

gains in the direction of earliness and lateness for F; families
were 11.30 and 14.40 days, respectively.

Mitchell er al.(1982), showed that, the response to
selection in the two crosses were 7.10 and 14.00 % for grain
yield per plant.

Johanson er al. (1983) found that heritability values
computed via components of variance ranged from 0.50 to 0.57
for the three traits, i.e. harvest index, vegetative growth rate and
grain yield on oat, where as regression heritability ranged from
0.41 to 0.55 realized heritability were 0.33, 1.00 and 0.89 for the
three traits, respectively. Selection via all criteria caused
significant changes in nearly all agronomic traits except weight
per volume vegetative growth rate, which gave the greatest gain
in grain yield, caused less drastic changes in days to an thesis
plant height, biological yield and vegetative yield than did direct

selection for grain yield.
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Pathak and Nema (1985), found that, high values of
genotypic coefficient of variability and genetic advance for
kernel weight, grain yield per plant and number of spikes per
plant, indicating that selection for these traits might be effective
to improve the landraces of Indian wheat.

Wells and Kofoid (1986), estimated the broad sense
heritability which were, 69.0, 87.0, 61.0 % for each of grain
yield per plant, kernel weight and number of kernels per spike,
respectively.

Masood and Chaudhary (1987), reported that, broad
sense heritability was generally high for number of spikes per
plant, number of kernels per spike and grain yield per plant.

Natarajan ef al. (1988) reported high genotypic coefficient
of variation for seed yield, number of pods, and plant height in
mung bean. Also, results showed high heritability estimates for
100- seed weight (97.3); followed by days to flowering (93.2),

plant height (73.7) and pod length (69.7).
Ehdaie and Waines (1989), found that, moderate genetic

variation was displayed by the number of spikes per plant,
number of grains per spike and 1000-grain weight in the
landraces genotypes. Heritability estimates ranged from 43 to 97
%.

Amin ef al. (1992), found that, in wheat significant
differences among genotypes for all the characters studied. The

genotypic coefficient of variation (G.C.V.%) was highest for
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grain yield per plant followed by number of kernels per spike.
Broad sense heritability estimates were high values for grain
yield per plant, while, it was moderate for 1000-grain weight.
High heritability and appreciable genetic advance for grain yield
per plant were detecting, predominance of an additive gene
effect in controlling of these traits.

Chander et al. (1993), showed that, in wheat broad sense
heritability varied from 79 to 90 % for number of spikes per
plant, 81 to 89 % for number of kernels per spike, 74 to 82 % for
grain weight and 79 to 88 % for grain yield per plant.

Raut et al. (1995) from information on genetic variability
and yield correlations derived from data on 9 yield components
in 32 genotypes of wheat (Triticum aestivum L.) grown at Akola,
Mabharashtra, during rabi 1989-90 found that grain yield, 100-
grain weight, number of tillers’'m row and peduncle length
exhibited high estimates of heritability accompanied with high
genetic advance. Among component characters, harvest index,
number of grains/ear and number of spikelets/ear were positively
and significantly associated with grain yield. Path analysis
revealed the importance of harvest index, 100-grain weight,
number of tillers/m row and number of spikelets/ear.

Moshref (1996), reported that, in wheat there were

significant differences between the six populations for 1000-
grain weight. While, no significant differences for grain yield per
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plant and number of grains/spike. Broad sense heritability values
were high for number of spikes per plant and number of grains
per spike, as well as, moderate for 1000-grain weight and grain
yield per plant.

Dhonde et al. (2000) recorded information on 9 yield
components in 40 genotypes. The higher genotypic and
phenotypic coefficient of variations was observed for productive
tillers per plant, grain yield per plant and grains per ear.
Productive tillers per plant and grains per ear expressed high
heritability accompanied with high genetic advance. There were
highly significant positive associations of grain yield with
productive tillers and grain weight per ear. The number of grains
per ear (0.947) and grain weight per ear (0.757) had the highest
direct effect on grain yield. Plant height, productive tillers,
length of spike, grains per ear and 1000-grain weight are very
important yield contributing characters and should be given more
emphasis during selection.

Shukla ef al. (2000) studied some 25 cross combinations
of wheat over F, and F; generations for yield components. High
genotypic coefficient of variation, high heritability and high
genetic advance were observed for grain yield/plant, 1000-grain
weight and harvest index. Good association of desirable traits
like grains/ear, tillers/plant, grains/spike, biological yield/plant
and harvest index was recorded. Results of the present study
suggested that these traits could be utilized as selection criteria
for the improvement of grain yield in bread wheat under rainfed
condition.
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Dixit et al. (2002) studied biometrical parameters in 38
newly developed genotypes of soybean. Harvest index, seed
yield per plant and biological yield per plant showed
comparatively high estimates of genetic variation and
heritability; hence, direct selection for these traits would be
effective for yield improvement in soybean.

Bangar et al. (2003) found that phenotypic coefficient of

variation (PCV) was higher than genotypic coefficient of
variation (GCV) in soybean. The GCV and PCV estimates were
higher for branch number per plant and plant height among the
characters. The GCV and PCV were of moderate magnitude for
the pod number/plant, 100-seed weight (g) and seed yield/plant
(g). Days to 50% flowering and days to maturity had very low
GCV and PCV estimates. The differences between GCV and
PCV magnitudes were very high for 100-seed weight (12.94) and
pod number/plant (10.30). Among the characters, days to
maturity (97.80%), branch number per plant (91.39%) and plant
height (60.82%) showed the highest magnitude of heritability.
Genetic advance was high for branch number/plant and seed
yield. The regression of seed yield on seed weight, plant height
and pod number/plant was positive and highly significant.
Tammam (2004), found that, significant differences
among the selection methods in response to phenotypic selection
in all studied characters. The values of phenotypic and genotypic

variances were high for number of kernels/spike, while, the
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values were low for number of spikes/plant, 100-kernel weight
and grain yield/plant. But, the values of phenotypic and
genotypic coefficients of variability and the values of broad

sense heritability were high for all traits.

Chettri ef al. (2005) studied the genetic variability in 18
soybean genotypes in Darjeeling, West Bengal, India, for the
Kharif seasons of 1998, 1999 and 2000. Plant height, days to
50% flowering, days to maturity, number of pods per plant,
number of seed per pod, 100-seed weight and seed yield/ unit
area were measured. The number of pods/plant showed a wide
range of variation (50.78-80.89, general mean of 63.96+ 12.09).
Plant height and seed yield/unit area exhibited high estimates of
heritability, genetic advance and genetic advance as percent of
mean along with appropriate broad sense heritability values.
Days to maturity, followed by days to 50% flowering recorded
the lowest phenotypic and genotypic variances and coefficients
of phenotypic and genotypic variation. The number of seed per
pod and 100- seed weight showed high heritability values but
low genetic advance and genetic advance as percent of mean,
indicating the presence of poor genetic variance in the materials.
Hence, breeding methods that consider heterosis is suggested to
make effective improvement in those characters.

Dev Vart et al. (2005) found that the phenotypic
coefficient of variation was slightly higher than the genotypic
coefficient of variation for all the traits in soybean. Heritability
was high for all the characters except for pods per plant, whereas
expected genetic gain in terms of percentage of mean was
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highest for clusters per plant and lowest for days to maturity.
Traits with high heritability and high genetic advance also had
moderate to high genotypic and phenotypic coefficients of
variation.

Sultana et al. (2005) studied thirty genotypes of soybean
with a view to find out genetic variability, correlation, and path
coefficient analysis for yield and its quantitative characters. All
the tested characters was showed significant variation among the
genotypes. The highest genetic variability was found in 100-seed
weight followed by pod/plant, grain yield and branch /plant.
High heritability together with high genetic advance in
percentage of mean was observed for 100-seed weight/plant, and
branches/plant and yield/plant.  Genotypic  correlation
coefficients were higher than the corresponding phenotypic
correlation coefficients for most of the cases.

Gohil ef al. (2006) studied the genetic variability, broad-
sense heritability and expected genetic advance for seed yield
and its component traits in 55 diverse soybean genotypes
collected from different soybean growing states of India. The
field experiment was conducted in Gujarat during the Kharif
season of 2001. The highest genotypic coefficient of variation
was observed for number of pods per plant followed by seed
yield per plant. High heritability was observed for all the
characters studied in soybean. Further, plant height, number of
clusters per plant, number of pods per plant and seed yield per
plant had high genetic advance coupled with high heritability,
which suggested that these four traits are under the control of
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additive gene action and can be improved through simple
selection procedures.

Malik et al. (2006) subjected data on 16-yield related
traits of 25 soybean genotypes to analysis of variance,
heritability, correlation coefficient and path analysis in an
experiment conducted in Pakistan from July to October 2002.
Highly significant differences among the genotypes for all the
characters examined were recorded. High heritability was
recorded for 100-grain weight, number of days to maturity,
number of days to flowering completion, number of days to pod
initiation, leaf area, number of days to 50% flowering, oil
content, number of shattered pods per plants, grain yield per
plant, plant height and protein contents, indicating the additive
type of gene action governing these traits.

Mohamed (2006), found that, in wheat the values of
actual response to selection for Fs generation were high for
number of days to maturity, number of kernels per spike, 100-
kernel weight, grain yield per plant, while, the values were low
for number of spikes per plant.

Results for values of phenotypic and genotypic variances
were high for number of days to maturity and number of kernels
per spike while, the values were low for number of spikes per
plant, 100-kernel weight and grain yield per plant in the Fs
generation. Moreover, phenotypic and genotypic coefficients of

variability in the Fs generation were high for number of spikes

/plant, number of kernels per spike, 100-kernel weight and grain
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yield / plant while, the values were low for number of days to
maturity. Furthermore, results for values of broad sense
heritability in the Fs generation were high for number of days to
maturity, number of spikes/plant, number of kernels per spike,

100-kernel weight and grain yield per plant.

Gupta and Punetha (2007) studied twenty-three
genetically diverse genotypes of soybean for genotypic and
phenotypic variability, heritability and genetic advance in 12
quantitative traits: field emergence, days to initial flowering,
days to 50% flowering, plant height, days to maturity, pods per
plant, seeds per pod, 100-seed weight, seed yield per plot, seed
vigor I and I, and viability. The pods per plant exhibited the
highest amount of genetic variability, followed by the seed
vigor-1I, seed yield per plot, seed per pod, and 100-seed weight.
The pods per plant also expressed the highest heritability and
expected genetic advance.
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lll. MATERIALS AND METHODS

This study was carried out during the three successive
seasons, 1. €., 2007/2008, 2008/2009 and 2009/2010, at the Sids
Agricultural Research Station conditions, Agricultural Research

Center, Egypt.

The present study aimed to measuring the efficiency of
three methods of selection used in wheat breeding program
namely; pedigree method (PM), bulk method (BM) and single
seed descent method (SSDM) on two bread wheat from (Wheat
Research Program, Field Crops Research Institute, A.R.C.
Egypt) chosen from wheat research program on the basis of their
genetic diversity and performance under field conditions. Also,
direct and indirect selection for increasing grain yield was
carried out. Selection intensity was 10 % approximately was
used with direct selection(grain yield per plant) while, with
indirect selection was yield components in wheat, i.e, number of
spikes per plant, number of grains per spike and 1000-kernel
weight (g). The pedigree of the parents of the two wheat
populations is given in (Table 1).

Table (1): The pedigree of the parents of the two wheat

populations (crosses).

Population genotypes Pedigree

P1 WEAVER/WL3926//SW893064

First cross P2 | Desconocido #6/4/Bl 1133/3/Cmh 79A.955%2/ Cno 79//Cmh

79A.955/Bow’s’

Pl LFN/1158.57//PRL/3/HAHN/4/KAUZ/5/KAUZ
Second cross

P2 | Sids4
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The objective of this study was to estimate the response to
different methods of plant breeding i.e., pedigree, bulk and
single seed descent (SSD). Also, direct and indirect selection for
increased grain yield was carried out. The selection intensity of
10 % approximately was used with direct selection and with
indirect selection using yield component in wheat, i.e., number
of spikes/plant, number of grains/spike and 1000-grain weight.

In 2007/2008 growing season, two groups each consisted

of 400 plants of F, populations were sown in the field in spaced
15 ¢cm apart in one row 3 m long and 30cm between rows. The
sowing date was: 15 November in the 1* season (F; generation
2007/2008), 18 November in the 2™ season (2008/2009), and 19
November in the 3™ season (2009/2010). Under all studied
methods, each selected plant, the two parents and the checks
cultivar (Sids 12 and Sids13) were represented by one row per
plot. Other cultural practices were followed as recommended for

wheat production in the area.

From each F, population two groups of random plants
were taken, each group consisted of 400 plants. The first group
of random plants was handled by taken single seed from each
plant to produce (SSD), and then plants were harvested in mass
to produce bulk population. The second group of random plants
was threshed each plant separately and recorded the following
characters, i.e., number of spikes/plant, number of grains/spike,

1000-grain weight and grain yield/plant, the highest 10%
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approximately of each character was determined. The highest
plants of each yield components were used as indirect selection.
While, high 10 % approximately of plants for grain yield were
used as direct selection and pedigree method. In the F;
generation 80 families from the first and the second crosses were
grown in three replications in a randomized complete block

design (RCBD).

Also, high selected plants for pedigree method, number of
spikes/plant, number of grain/spike, 1000-grain weight and high
grain yield/plant, were grown in 2007/2008. At maturity,
selection between and within families was done and the highest
yield/plant from each selected family was chosen as the
procedure of pedigree method, and 40 plants in the first and
second crosses were used for F, generation. Also, number of
spikes/plant, number of grains/spike and 1000-grain weight were
selected from each group to be grown in the F4 generation.

The SSD population was obtained by composting a single
seed taken from each plant. Also, a random sample of 100-grain
was taken from all bulk population plants after threshing.

In 2008/2009 season, the number of F, families for
pedigree method were grown in three replications in a RCBD for
each cross, also, bulk and SSD. Also, the selected plants for each
number of spikes/plant, number of grains/spike, 1000-grain
weight and high grain yield/plant were chosen individually. At
maturity 20 lines high yielding, number of spikes/plant, number
of grains/spike and 1000-grain weight from each population
were selected and evaluated in Fs. Also, high selected plants (20
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lines) from each pedigree, SSD, and bulk methods were chosen
for evaluation in the next generation (Fs).

In 2009/1010 season, the high yielding selected lines (20)
from each method of breeding (three methods i.e. pedigree, bulk
and SSD) were evaluated in nested design. Also, the high
selected lines (20) for direct (grain yield/plant) and indirect
selection i.e. number of spikes/plant, number of grains/spike and
1000-grain weight for high yielding, and the two parents were
evaluated in nested design in each cross.

The following characteristics were measured on random
sample of 10 guarded plants in each plot for each in F3 and Fy
and each line in Fs generation. The mean of the 10 plants were
subjected to the statistical and genetic analysis for:

1- Days to maturity: was measured as number of days from

sowing date to two cm from peduncle leaf became yellow.

2- Number of spikes per plant: was determined by counting the
number of spikes per plant.
3- Number of grains/spike: average number of grains per spike

(Main spike) counted manually.

4- 1000- grains weight: the weight of 1000-grains from the bulk

of the guarded plants in grams.

5- Grain yicld/plant: average grain weight of individual guarded

plants, in grams.
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The heritability in broad-sense, the predicted genetic
advance under selection (Ag) and genetic coefficient of variation
(G.C.V %) were computed according to Johanson et al. (1955).
Also, the expected gain represented as a percentage (Ag %) was
estimated according to Merril ef al. (1958).

The form of the analysis of variance used in driving
components of variance for estimating heritability of the fine
studied traits as mentioned by Johanson et al. (1955), and is
shown in the following table.

Form of variance analysis and mean square expectation:

Source of df E.M.Square
variance
Replications r-1 -
Families F-1 o’e+ro’F
Error (r-1)(F-1) o’e

Where: F = number of families.
r = number of replications.
The following variance components were estimated:

6°F = the genetic variance i.e., the family component due
to genetic differences among family within each of the
population (Vg in this study).

e = plot error variance i.e., environmental variance.

Estimates of the wvarious variance components were
substituted in the formula given below to obtain estimates of
heritability, genetic coefficient of variation and expected gain
(Merril et al. 1958).
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Heritability (h?) of differences among families means and single

plots.

2
F
Family plot basis = —7—6——2—— x100
e+ ¢'F

The genetic coefficient of variation (G.C.V) as used by
Johanson ef al. (1955).

(G.C.V.%)=0cg/ x. 100.

Where: o F is the genetic standard deviation and x is the
population mean. The genetic advance under selection (Ag) was
estimated according to Merril ef al. (1958), as followed:
¢’F
¢’ph

Ag:k«/;;ph.

Where: ¢ ph is the phenotypic variance among family means (6*
etr cst).

2

ey is the heritability value in broad- sense,
s p

k: is the selection differential expressed in phenotypic
standard deviations. For the purpose of this study, k was given
the value 2.06, which is expectation in the case of five percent
selection in large samples.

The pattern of generation advance for pedigree, single
seed descent (SSD) and bulk breeding methods, direct and
indirect selection is presented in Fig (1) for each population.
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IV. RESULTS AND DISCUSSION

4.1. First cross:
4.1.1. F; generation:

The mean squares associated with F3 families were found
to be high significant for all studied traits (Table 2).

The mean performance of F3 families and their parents for
the five traits are presented in Table (3).

For maturity date, the families' number 8 and 28 showed
significant values for earliness than the early parent.

On the other hand, the families' number 41, 52, 74, 78 and
79 significantly surpassed the better parent for number of
spikes/plant. While, the other families showed lower spikes/plant
relative to better parent (Parent 1). Also, the families' number 2,
9, 10, 19, 24, 27, 54 and 70 exhibited significant higher
grains/spike than the better parent, while, 1000-grains weight,
families number 20 and 62 surpassed significantly the heavier
parent. With respect to grain yield/plant the family's number 20
and 52 significantly out yielded the better parent (parent 1).

Table (2): Mean squares of the F; families for the five studied
traits in the first cross.

Degrees No. of 1000 Grain
Source of of Days to No. grain / grain / Grain yield/plant
variation freedom maturity plant spike weight (2)
Replicates 2 87.158** 3.297 22.695 101.151* 31.068
Lines 81 38.156** 56.447** | 594.080** | 98.774** | 259.640**
Erorr 162 6.463 3.308 59.18 27.37 64.883
*, *% Significant and highly significant at 0.05 and 0.01 respectively.
33
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Table (3): Mean performances of the selected F; families, their parents
and genetic parameters (heritability, genetic coefficient. of
variation and genetic gain) in the first cross.

Days to . Grain

F3 . No. of No. of 1000- grain .

families m(::jtau;'sl)ty spikes/plant | grains/spike weight (g) y lel?glant
1 149.67 9.41 63.67 50.77 18.92
2 151.33 12.40 103.33 43.49 33.93
3 150.33 10.04 66.00 32.90 18.63
4 146.00 6.11 72.33 48.53 17.02
5 149.33 8.31 72.00 44.15 29.25
6 150.33 17.67 50.67 42.77 42.35
7 152.33 13.94 55.00 41.03 31.47
8 136.00 6.67 54.67 37.51 13.30
9 145.00 7.16 82.67 44.91 18.34
10 147.00 7.43 87.00 48.34 20.29
11 145.33 8.68 61.33 56.01 20.55
12 145.00 10.00 65.33 48.69 18.85
13 149.33 8.10 61.33 48.68 13.25
14 148.33 4.64 50.00 56.43 16.73
15 145.00 4.46 65.33 44.65 19.55
16 145.33 5.83 61.33 42.93 9.59
17 145.67 14.86 64.67 48.22 36.73
18 148.00 8.15 68.00 50.37 30.56
19 149.33 11.29 101.33 42.45 35.92
20 151.00 10.45 78.00 57.22 53.02
21 150.33 13.92 54.00 43.73 18.83
22 146.67 7.46 60.67 39.42 18.07
23 149.67 7.26 63.33 34.57 14.69
24 148.67 6.19 87.67 45.45 18.79
25 145.33 8.74 64.67 38.55 32.10
26 143.00 7.00 59.00 45.95 15.90
27 148.33 13.00 85.33 47.09 33.19
28 135.33 4.39 54.33 46.27 12.05
29 147.00 12.33 74.00 39.09 19.54
30 145.33 9.33 49.33 37.77 16.57
31 145.00 7.00 47.67 33.69 13.96
32 144.33 7.19 60.67 46.56 26.02
33 142.67 7.68 49.00 40.16 12.71
34 150.00 11.65 44.33 44.33 28.07
35 148.33 13.33 67.67 47.90 23.85
36 155.00 15.97 70.00 51.41 27.66
37 153.67 13.67 45.33 45.10 21.96
38 141.33 8.67 59.00 43.67 27.34
39 147.33 18.33 71.00 43.78 17.81
40 149.00 18.25 79.33 49.08 18.22
41 149.00 19.00 59.67 54.66 43.15
42 149.00 14.88 45.33 49.20 34.61
43 152.00 11.64 51.00 44.25 22.14
44 151.33 10.54 45.67 51.18 24.53
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Table (3): continued

F3 Days to Grain
families maturity N.of N. of 1000- grain | yield/plant
(days) spike/plant | grain/spike weight (g) (2)
45 151.33 10.68 44.67 45.29 19.38
46 148.00 7.50 43.67 51.85 9.80
47 149.00 16.33 40.33 51.71 17.87
48 149.00 16.88 49.00 51.88 27.98
49 146.00 7.79 61.67 41.11 19.73
50 145.67 15.13 60.33 50.50 22.74
51 148.33 8.91 66.33 51.62 26.41
52 153.67 21.79 50.33 52.75 54.49
53 152.00 16.00 65.00 55.44 31.06
54 147.67 13.00 84.33 48.48 29.41
55 147.67 9.42 57.67 40.91 25.26
56 148.33 13.48 57.33 43.73 28.07
57 152.67 8.07 60.33 49.82 20.81
58 149.67 16.91 57.00 49.08 28.33
59 151.00 9.04 62.00 49.63 38.86
60 151.67 11.95 58.33 49.81 22.75
61 151.00 12.51 53.00 47.82 24.41
62 150.33 11.51 68.67 62.68 42.68
63 149.33 13.38 57.00 55.79 38.00
64 150.00 16.67 66.33 49.88 23.50
65 150.67 17.33 43.33 55.88 21.67
66 147.67 9.71 62.00 52.22 29.77
67 147.67 5.67 52.00 54.67 22.86
68 148.67 16.24 37.33 43.50 34.00
69 150.33 12.07 46.00 56.18 26.86
70 149.00 9.08 107.67 53.45 27.53
71 148.67 13.33 65.33 49.64 29.91
72 142.67 13.11 59.33 46.59 23.30
73 144.00 14.00 68.33 40.48 23.31
74 151.00 20.33 52.67 40.46 37.78
75 149.33 15.39 50.33 46.94 24.78
76 151.33 14.10 50.00 48.47 27.45
77 147.33 9.00 42.67 50.38 9.38
78 149.67 21.88 38.00 50.17 41.91
79 151.33 21.62 65.67 39.83 33.61
80 144.00 17.39 62.33 46.76 26.33
Parent 1 144.67 16.00 66.67 45.18 34.87
Parent 2 138.33 13.33 70.00 48.56 34.14
Over
mean 148.00 11.82 61.40 47.07 25.62
LSD 0.05 4.15 2.97 12.56 8.54 13.15
LSD 0.01 5.52 3.95 16.71 11.36 17.49
h’ 62.043 84.263 75.080 46.513 50.014
Ag 5.274 7.959 23.834 6.854 11.738
G.CV 7.14 149.80 290.38 50.56 253.37
Ag% 3.563 67.307 38.816 14.554 45.811
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The genetic coefficient of variation (G.C.V %), AG, AG%
and heritability in broad-sense are presented in Table (3). High
to moderate estimates of heritability in broad-sense in the F;
families were detected for all studied traits which ranged from
46.513 to 84.263. The same results had been reported by Wells
and Kofoid (1986) for coefficient of variation for grain yield/plant,
kernel weight and number of grains/spike in wheat; Masood and
Chaudhary (1987) and Ehdaie and Waines(1989) for high
heritability for number of spikes/plant, number of grains /spike,
1000-grain weight and grain yield/plant

Genetic gain was rather higher for number of spikes/plant,
number of grains/spike and grain yield/plant. However, low to
moderate genetic gain from selection was obtained for maturity
date and 1000-grain weight (g), respectively. Also, high
G.C.V%. was detected for number of spikes/plant, grain
yield/plant and number of grains/spike. However, low to
moderate G.C.V. was obtained for other traits.

The same results had been reported by Amin et al. (1992);
they found that the genotypic coefficient of variation (G.C.V.%) was
highest for grain yield/plant followed by number of kernels/spike.

4.1.2. F4 generation:

The mean squares due to F4 selected families were found
to be high significant for all studied traits (Table 4), indicating

that the forty F, selected families behaved some what differently
from each to other.

The mean performance of 40 F, families as well as the
two parents' for the five traits is presented in Table (5).
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For maturity date, the range of the selected families
ranged from 135.67 to 154.67 with an average of 146.60 days.
The two families' number 31 and 37 had earlier compared with
early parent.

As for number of spikes/plant, the range of selected
families varied from 5 to 21spikes. With the exception of
selected families number 11, 12, 15, 28, 33, 39 and 40 none of
the selected families' significant superiority than the best parent.
The families' number 28 and 33 gave the highest number of
spikes/plant. However, the family number 31 gave the lowest
one. Concerning number of grains/spike, the range of selected
families varied from 46.67(family number 23) to 103 (family
number 31). With the exception of families number 2, 9, 14, 15,
27,29, 30, 31, 32 and 36, all selected families had not significant
superiority than the best parent.

Regarding 1000-grain weight with the exception of
families' number 2, 16, 25, 28 and 34 none of the selected
families surpassed significantly the best parent. The mean values
of selected families ranged from 33.19 (family number 6) to
64.58 (family number 34).With regard to grain yield/plant 2
selected families surpassed significant than the best parent. The
range of selected families varied from 13.27 (family number 33)
to 54.25 (family number 2). The best families were number 2,
and 16.

The estimates of genetic components of variation (G.C.V
%), genetic gain (AG), genetic gain % (AG %) and heritability in
broad-sense are presented in Table (5).
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Table (4): Mean squares of the F, families for the five studied traits in the first cross.

Source of Degrees of Days to No. spikes / | No. of grains | 1000 Grain Grain

variation freedom maturity plant / spike weight yield/plant(g)

Replicates 2 40.5%* 7.214%* 75.007** 35.417%* 21.693*
Lines 41 64.057** 42.256** 758.553** 135.99** 233,752 % *
Erorr 82 5.231 1.178 6.552 5.017 5.907

* %% Sjgnificant and highly significant at 0.05 and 0.01 respectively.
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Table (5): Mean performance of the selected F4 families, their
parents, heritability genetic coefficient of variation and
genetic gain in the first cross.

F4 families mD:t)l,lsr:?y No. of No.of | 1000- grain yie(l;dr/i;)lll;nt
(days) spikes/plant | grains/spike | weight (g) @
1 144.67 12.33 75.00 42.29 21.94
2 150.67 10.83 80.33 56.10 54.25
3 150.00 11.83 52.33 41.81 26.81
4 146.33 14.33 65.33 40.65 19.29
5 149.67 10.33 74.33 43.77 35.16
6 148.67 9.50 68.33 33.19 21.96
7 148.00 10.00 63.33 51.03 23.34
8 144.67 11.67 60.33 48.69 22.44
9 146.33 10.50 81.67 47.42 20.47
10 149.00 9.89 74.33 41.24 30.47
11 153.00 18.50 56.33 41.36 38.41
12 152.00 19.00 54.33 38.65 32.70
13 149.33 13.00 55.33 42.11 17.08
14 144.33 8.00 85.00 42.15 23.00
15 153.00 17.00 99.33 41.11 23.56
16 145.00 9.53 63.67 61.87 44.36
17 144.67 10.00 67.67 45.39 17.94
18 148.00 13.33 53.67 43.63 21.24
19 145.00 9.00 65.67 38.04 13.43
20 139.00 6.52 47.67 43.76 17.09
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Table (5): continued

Days to . Grain
fa nlf ;‘lies maturity spilljt:)s./ glrant gralivnos./::)‘ike lv?'g?ghgtr(agl)n yield/plant
(days) (€:4]
21 145.67 12.50 94.67 33.87 20.77
22 149.33 9.00 51.67 41.20 20.17
23 151.00 11.47 46.67 41.28 29.30
24 148.33 12.50 70.00 42.72 34.57
25 145.33 14.00 76.67 56.36 37.96
26 147.67 9.30 62.33 43.21 31.78
27 152.33 11.93 93.33 42.62 37.15
28 150.33 20.33 49.00 60.80 15.92
29 148.00 12.00 91.33 44.34 20.01
30 143.00 10.00 100.33 34.92 33.33
31 136.00 5.00 103.00 45.84 19.94
32 148.00 10.33 87.67 44.18 34.42
33 154.67 21.00 54.33 42.71 13.27
34 144.67 9.00 56.33 64.58 17.78
35 143.33 9.17 57.33 45.78 29.80
36 137.67 6.50 97.67 44.94 28.89
37 135.67 10.00 53.33 44.14 24.16
38 143.33 9.17 65.00 45.74 28.56
39 147.67 17.00 67.33 43.91 23.85
40 151.67 19.04 70.33 43.41 34.50
Parent 1 145.33 14.33 68.33 45.88 36.22
Parent 2 136.67 12.33 71.00 49.83 33.45
Over
mean 146.60 11.93 69.80 44.92 26.92
LSD 0.05 3.697 1.755 4.138 3.621 3.929
LSD 0.01 4.887 2.319 5.469 4.786 5.193
h’ 78.938 92.078 97.453 89.693 92.784
Ag 8.104 7.315 32.197 12.891 17.293
G.CV 13.376 114.784 359.114 97.197 282.102
Ag% 5.528 61.316 46.126 28.699 64.231
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High heritability values were detected for all characters,
indicating the effectiveness of selection in this material for these
traits. The values of expected gain (AG) reported in table (5)
show the possible gain from selection as percent increase in the
Fs over the F, are selected.

Genetic gain was rather higher for number of grains/spike
and grain yield/plant. However, low to moderate genetic gain
from selection was obtained for maturity date and 1000-grain
weight (g), respectively.

These results are in general agreement with those
obtained by Ehdaie and Waines (1989) who found that, moderate
genetic variation was displayed by the number of spikes/plant, number
of grains/spike and 1000-grain weight.

Table (5) shows high genetic coefficient of variation
(G.C.V) for number of spikes/plant, number of grains/spike and
grain yield/plant, moderate G.C.V for 1000-grain weight and low
G.C.V value for maturity date, were detected.

Amin et al. (1992), found that, significant differences among
genotypes for all the characters studied. The genotypic coefficient of

variation (G.C.V.%) was highest for grain yield/plant followed by
number of kernels/spike. High heritability and appreciable genetic
advance for grain yield/plant were detecting, predominance of an

additive gene effect in controlling of these traits.

In the present work number of grains/spike and grain
yield/plant high genetic gain was found to be associated with
rather high heritability and G.C.V. estimate.
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Therefore, selection for the two traits should be effective
and satisfactory for successful breeding purposes. High
heritability values and moderate G.C.V. estimate associated with
high gain from selection was obtained for number of
spikes/plant. Hence it could be concluded that selection for this
trait will be effective but probably of less success than in the

former two traits.
4.1.3. F5 generation:
4.1.3.1. Comparison between three breeding methods:

The mean squares for breeding methods were significant
for maturity date, yield and its components (Table 6). These
results indicated the differences between breeding methods.

The bulk method gave the best value for maturity date and
grain yield/plant. While the single seed descent (SSD) method
exhibited significant 1000- grain weight. While, pedigree
method gave the highest value for number of spikes/plant and
number of grains/spike (Table 7). It could be concluded that bulk
method considered the best breeding method for grain yield/plant
and maturity date and the second for number of spikes/plant,
than those pedigree and SSD in this cross.

This result attributed to working on self pollinated crops,

breeders applied one or more different breeding methods
efficiency in selecting high grain yield. Among those Salmeron
and Kronstad (1986), Shalaby ef al. (2001), Arunachalam et al.
(2002) and Shoba-Immadi ef al. (2004) on wheat, Cowpea,
soybean and faba bean using two or more methods of breeding.

On the other hand Pawar et al. (1989) found that single plant
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Table (6): Mean squares of the breeding methods for the five studied traits in the first cross.

mmwm“.emooh Degrees of Days to No. of Zc. of 58- grain O._.»:.
freedom maturity spikes/plant grains/spike weight (g) yield/plant (g)
Replications 2 1.950 16.331%* 88.763** 4.954 18.743
Lines 59 128.727%* 43.376** 427.310** 52.702** 530.620**
Methods 2 64.267** 14.955* 68.021* 99.976** 1111.210%*
Lines/Methods 57 130.988** 44.373** 439.916** 51.044** 510.249**
Error 118 1.317 3.328 17.215 1.857 14.489

*, ** Significant and highly significant at 0.05 and 0.01 respectively.

Table (7): Mean performance of the breeding methods of the F; lines for the five studied traits in the first cross.

Breeding methodology | Days to maturity mE_mM.\M_mg ¢ mqwﬂ_ﬂ.\“mrn ﬁmwm.:ma.m_v: Grain yield/plant (g)
Pedigree 143.700 20.087 72.527 47.431 61.041
Bulk 142.767 19.608 70.405 49.282 63.121
Single seed descent 144.833 19.088 71.311 49.915 54.848
LSD 5% 0.415 0.660 1.500 0.493 1.376
LSD 1% 0.548 0.872 1.982 0.651 1.819
43

Results & Discussion

www.manaraa.com



selection and single seed descent were almost equally effective

and both were superior than bulk selection.

Whan et al. (1982) found that the effect of selection
using the means of lines, from the F; and F,4 rather than the
individual F, or F; derived lines, can be assessed by the yields
obtained in the following generations.

Mean squares due to promising lines and two parents
were significant for the five traits under study (Table 8).

Also, the efficiency of the breeding methods in the
present study was evaluated based on the number of superior
lines having higher values of grain yield/plant than the best
parent.

Data presented in Table (9) show that the bulk method
produced consistently more superior lines for grain yield
compared to the best parent or the average population or Sids 13.
The best lines were number 18 (95.378g), number 12 (94.350g),
number 5 (82.418g) and number 2 (78.494g) in bulk method and
number 13 (80.853g) in pedigree method. But single seed
descent only number 15 (80.903g) produced consistently more
superior lines compared to the best parent or the average
population.

For number of spikes/plant the results indicated that the
pedigree method produced more superior lines followed by bulk
and then by SSD compared to the best parent or average over
lines with one line for each method.
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Table (8): Mean squares of the breeding methods and both parents for the five studied

traits in the first cross.

source of Degrees of Days to No. spikes / No. of 1000 G.W Grain
variation freedom maturity plant grains/ spike """ | yield/plant
Replicates 2 2.185 17.685** 88.435*%* 4.353 20.426
Lines 63 130.483** 42.389%** 404.072** 51.228%* 506.362**
Error 126 1.259 3.252 16.752 1.771 14.139
* ** Significant and highly significant at 0.05 and 0.01 respectively.
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Table (9): Mean performance of the selected lines of breeding
methods and two parents and tow check varieties in

the first cross population.

Breeding No. of | Days to _No. of No. of gg?l; yie(l}dr/?)lll;nt
methods lines maturity | spikes/plant grains/spike weight (2)

1 140.667 24,332 80.221 49.997 71.906

2 135.333 15.112 57.443 47.995 59.050

3 141.000 19.332 72.777 43.722 57.867

4 148.667 14.111 65.443 51.486 59.504

5 131.667 23.002 72.553 42.772 65.230

6 151.333 20.111 78.999 39.704 49.283

7 130.667 21.862 63.222 44.331 60.511

8 134.000 17.668 57.111 50.756 60.483

g 9 153.000 21.484 55.000 45.806 47.433
y 10 150.333 22.666 64.332 40.510 45.160
:§ 11 141.333 29.610 71.777 51.302 75.139
R 12 144.667 19.889 83.778 47.027 70.751
13 140.667 21.331 65.556 53.293 80.853

14 151.333 20.444 63.554 52.192 52.889

15 141.333 18.444 77.778 52.027 48.427

16 144.000 18.111 68.444 45.622 73.661

17 147.667 23.777 78.332 42.332 56.900

18 147.333 18.334 80.777 47.999 63.993

19 149.000 12.333 116.889 53.271 49.950

20 150.000 19.778 76.556 46.474 71.830

1 135.333 23.222 84.333 40.450 61.643

2 141.000 22.333 78.110 44.846 78.494

3 148.667 21.269 46.779 52.069 65.373

4 135.333 20.000 67.666 48.404 75.800

5 149.000 17.667 72.222 53.883 82.418

6 136.333 15.889 65.888 51.110 46.810

7 135.333 13.444 83.778 50.438 33.659

8 149.000 19.777 80.777 42.086 55.572

2 9 151.333 18.778 87.333 54.365 61.233
= 10 141.333 15.777 86.223 44.686 59.850
/ 11 144.000 15.444 61.667 52.252 50.700
12 148.667 24.333 65.556 57.312 94.350

13 146.333 19.556 59.110 47.908 64.461

14 141.000 11.777 81.554 45.899 50.211

15 148.667 18.111 66.554 48.681 57.670

16 131.667 22.444 45.222 52.277 47.866

17 151.333 27.667 71.778 45.922 53.791

18 138.000 18.889 71.999 49.267 95.378

19 137.667 20.110 72.443 55.196 60.389

20 145.333 25.667 59.111 48.590 66.743
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Table (9): continued

Breeding | No. of | Daysto No. of No. of 1000-grain _Grain
methods lines maturity | spikes/plant | grains/spike weight ylelt(iglant

1 141.000 23.999 68.779 54.849 72.617

2 148.667 16.554 68.887 50.176 47.156

3 131.667 22.889 | 65.002 49.543 52.033

4 141.000 18.778 65.777 47.240 41.644

5 148.667 18.779 82.890 47.324 52.418

6 148.667 20.333 64.332 48.838 37.122

7 131.667 17.667 76.333 46.704 62.694

8 151.333 18.001 66.443 49.294 41.110

9 134.000 19.666 67.443 44.843 57.194

§° 10 | 153.000 21.109 63.890 58.295 73.432

n 11 153.000 16.888 87.888 52.358 56.037

12 150.333 16.333 91.331 48.952 48.290

13 141.333 27.554 76.889 50.554 45.982

14 140.667 14.778 83.443 45.427 45.216

15 149.000 23.554 66.334 46.370 80.903

16 151.333 14.889 61.889 53.381 55.179

17 141.333 22.778 88.333 46.800 71.516

18 144.000 15.443 63.999 56.230 39.212

19 148.667 13.443 63.223 50.485 61.478

20 147.333 18.333 53.113 50.633 55.722

Parent 1 137.670 22.300 74.780 49.960 63.370

Parent 2 134.780 23.820 68.550 47.970 66.030

Over mean 143.523 19.706 71.423 48.879 59.832

Sids 12 134.780 18.220 73.960 46.460 60.860

Sids 13 139.000 22.960 63.920 43.180 71.970

LSD 5% 1.855 2.949 6.708 2.203 6.154

LSD 1% 2.452 3.898 8.866 2.912 8.134
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For number of grains/spike, the results indicated the
pedigree method produced more superior lines followed by
single seed descent and then by bulk compared to the best parent
or average over lines with two, four and two lines, respectively.
The best lines were number 19 in pedigree method, number 9 in
bulk methods and 12 in SSD method.

Regarding to 1000-grain weight, five, six and three lines
showed, significant higher than the best parent for SSD, bulk and
pedigree methods, respectively. However, the heavier line was
number 10 (58.295g) in1000-grain weight (g) than grand mean
in single seed descent methods.

4.1.3.2. Direct and indirect selection:

Selection for yield and yield components deserves
considerable interest. A crop breeding program aimed to
increasing plant productivity requires consideration interest not
only of yield but also of its components which have a direct and
indirect bearing on yield. The present part was under taken to
compare the efficiency of indirect selection for yield via yield
components with direct selection for grain yield/plant.

Mean squares due to four selection criteria i.e. number of
spikes/plant, 1000-grain weight and number of grains/spike
(indirect selection), and high yield/plant (direct selection) were
high significant (Table 10). For the five traits under study.

Generally, the selection of high number of grains/spike,
gave the highest grain yield/plant, but without superiority of

grain yield per plant and number of spikes/plant, followed by
1000-grain weight (Table 11).
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Table (10): Mean squares for lines, four selection criteria and lines/selection criteria in the first cross.

Source of Degrees of Days to No. of No. of 1000- grain | Grain
variation freedom maturity spikes/plant | grains/spike weight (g) yield/plant (g)
Replications 2 7.554** 82.077** 27.154 0.336 14.001
Lines 79 122.760** 33.968** 284.003** 163.976** 329.682**
Methods 3 86.089** 38.004** 389.019** 1217.838** 806.938**
Lines/Methods 76 124.208** 33.809** 279.858%* 122.376** 310.842%*
Error 158 0.921 3.858 20.086 2.566 18.131
*, %% Significant and highly significant at 0.05 and 0.01 respectively.
Table (11): Mean values of the four selection criteria in the first cross.
Selection criteria Days to No. of No. of :5.:- grain . Grain
maturity spikes/plant grains/spike weight (g) yield/plant (g)
No. of spikes/plant 143.983 23.544 67.572 48.501 56.243
No. of grains/spike 142.050 21.689 65.249 49.475 57.053
1000- grain weight (g) 142.350 22.750 62.638 57.934 49.468
Grain yield/plant (g) 144.483 23.133 68.266 48.901 57.000
LSD 5% 0.347 0.710 1.620 0.579 1.539
LSD 1% 0.459 0.938 2.141 0.765 2.034
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In 1999, Dokuyucu and A. Akkaya suggested that
improvement of complex characters like yield may be
accomplished through component breeding subsequently, many
workers (Johanson et al. 1983; Sharma et al. 1995) suggested
that selection for component traits can help to increase
productivity. The present investigation expressed that the
selection for high number of grains/spike was more efficiency as
indirect selection for yield gave the best one.

With respect to the effect of selection criteria on 1000-
grain weight, the results revealed that selection for 1000-grain
weight gave significant heavier grain index followed by selection
high number of grains/spike. However, selection of high number
of spikes per plant gave the lowest one (Table 11).

Also, the selection criteria on number of spikes/plant, the
results revealed that selection for number of spikes/plant and
grain yield/plant gave significant higher values for this trait
number followed by selection high criteria of 1000-grain weight.
However, selection of high number of grains/spike gave the
lowest one (Table 11).

For the selection criteria on number of grains/spike, the
selection of high grain yield per plant gave significant highest
value of number of grains/spike. However, the selection of
number of spikes/plant gave the second of number of
grains/spike. However, the selection criteria on number of
grains/spike gave the third of number of grains/spike, but it was
the first in grain yield/plant and earliest in maturity date.

Concerning grain yield/plant, the selection method of high
number of grains/spike exhibited significantly higher value of
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this trait, followed by high number of spikes/plant and heavier
grain index were detected revealing that the selection criteria
differed among them (Table 11).

The results indicated that selection for number of grain
per spike, number of spikes/plant and 1000-grain weights were
more efficient in breeding forward superior yielding F5 lines.

It could be concluded that selection for number of
grains/spike, for (indirect selection) three successive generations
was successful in improving the mean grain yield in the F5 lines.

The mean values of selected F5 lines for maturity date,
number of spikes/plant, 1000-grain weight, number of
grains/spike and grain yield/plant were affected by selection
criteria indirect selection i.e. (high number of grains/spike,
heavier grain index and high number of spikes/plant) and direct
selection (high grain yield/plant) are presented in Table (12).

For days to maturity two, one, two and zero lines in the
F5 generation had significantly the earliest than the best parent
for selected when selected was based on number of spikes/plant,
number of grains/spike, 1000- grain weight and grain yield/plant,
respectively.

This result is logically expected. The best lines were
number 7 and 18 when selected with number of spikes/plant.
However, number 13 when selected with number of grains/spike
and number 5 and 7 when selected with 1000- grain weight.

For number of spikes/plant, two, three, four and four lines
were significantly higher than the best parent with number of
spikes/plant, number of grains/spike, 1000- grain weight and
grain yield/plant, respectively (table 12). This result is logically
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expected. The best lines were number 17 when selected with
number of spikes/plant. However, number 17 when selected with
number of grains/spike also, number 4 when selected with 1000-
grain weight and number 9 when selected with grain yield/plant.

For number of grains/spike, one, two, two and three lines
were significantly higher than the best cultivar Sids 12 when
selected with number of spikes/plant, number of grains/spike,
1000- grain weight and grain yield/plant, respectively.

This result is logically expected. The best lines were
number 11 when selected with number of spikes/plant. However,
number 6 when selected with number of grains/spike also,
number 1 when selected with 1000- grain weight and number 6
when selected with grain yield/plant.
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Table (12): Mean performance of the Fs selected lines from direct and indirect

selection two parents and check variety in the first cross for the
studied characters.

Sel.ecti.on # of Days to No. of No. of 1000- grain Grain
criteria line maturity | spikes/plant [ grains/spike weight (g) yield/plant (g)

1 134.333 16.667 68.332 42.419 47.961

2 149.333 23.556 62.668 47.782 58.186

3 150.667 22.333 78.667 46.809 60.336

4 146.000 22.999 51.664 41.440 58.033

5 139.667 21.110 57.999 51.756 58.783

6 151.000 27.110 63.111 52.530 68.087

< 7 131.333 21777 64.333 45.267 65.243

L;. 8 150.000 24.777 62.557 49.552 56.983

> 9 139.667 27.000 72.332 51.039 42.056

E 10 150.333 22.221 77.443 47.339 66.013

) 11 140.667 24.444 83.443 51.301 29.932

S 12 148.333 27.000 75.333 39.011 48.283

S 13 138.333 21.111 79.554 49.234 52.917

z 14 150.667 22.999 55.443 53.321 68.677

15 146.000 25.000 71.110 47.516 59.193

16 135.000 24.556 67.777 49.366 42.994

17 148.000 29.667 55.443 49.397 70.767

18 132.667 22.222 62.111 55.994 41.113

19 149.000 21.888 67.000 47.944 60.122

20 148.667 22.443 75.111 51.003 69.189

1 134.333 21.668 64.998 54.592 73.494

2 134.333 26.778 49.553 40.508 65.096

3 150.667 19.111 74.000 41.457 38.089

4 136.000 16.666 70.110 47.103 58.386

5 152.333 26.332 75.556 46.231 63.987

6 136.667 21.333 91.111 46.441 58.078

= 7 138.000 21.998 67.443 50.833 80.999

‘B 8 142.000 20.109 72.997 54.748 50.153

3 9 138.000 23.112 80.779 43.389 63.307

~§ 10 140.000 21.889 55.222 49.164 71.790

5o 11 145.000 23.444 74.999 47.611 68.881

s 12 139.000 20.777 72.331 49.456 59.198

S 13 133.667 21.667 55.778 48.790 46.706

z 14 148.333 19.444 53.109 42.039 55.346

15 134.333 21.887 52.110 48.241 44.624

16 150.000 20.000 53.776 45.963 34.511

17 149.667 27.222 66.666 45.420 50.111

18 140.667 20.890 48.221 52.810 45.852

19 150.667 20.556 63.443 78.567 54.097

290 147.333 18.889 62.777 56.128 58.358

Parent 1 143.33 20.06 62.81 47.27 54.53

Parent 2 134.92 21.06 67.56 50.34 61.39

Over mean 143.12 22.72 65.91 51.14 55.01

Sids 12 135.42 14.58 72.92 47.88 61.54

Sids 13 139.92 16.28 67.61 41.88 64.52

LSD 5% 1.552 3.175 7.245 2.590 6.884

LSD 1% 2.051 4.197 9.576 3.423 9.098
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Table (12): continued

Selection # of Days to No. of No. of 1000- grain Grain
criteria line maturity | spikes/plant | grains/spike weight (g) yield/plant (g)
1 140.000 18.443 84.556 51.448 45.090
2 136.000 22.111 53.778 55.170 43.774
3 140.000 22.888 57.332 50.903 57.411
4 148.000 28.221 66.443 61.149 64.568
5 132.667 18.553 57.443 65.550 50.914
6 151.000 24.556 53.999 60.090 60.377
C 7 131.333 20.332 63.000 61.731 48.950
= 8 134.000 24.889 53.553 51.794 57.390
2 9 136.667 18.668 63.890 53.903 33.218
s 10 150.333 19.778 67.778 51.317 36.191
E 11 140.667 27.554 59.443 53.363 61.262
5 12 148.333 22.332 66.333 63.010 37.460
g' 13 140.667 19.668 58.111 61.387 58.884
S 14 151.333 26.002 53.110 50.272 43.931
15 138.000 27.444 52.332 55.320 55.092
16 135.000 19.223 63.332 61.295 45.382
17 147.667 24.890 63.667 54.810 54.493
18 147.333 21.336 83.889 62.030 37.114
19 149.000 23.333 68.111 69.036 40.897
20 149.000 24.777 62.666 65.103 56.963
1 141.333 16.999 67.442 44.899 52.167
2 136.000 24,113 70.667 44.013 53.879
3 141.000 24.666 65.667 43.434 63.330
4 149.333 24.110 72.668 50.100 69.747
5 136.000 23.109 65.110 49.652 63.867
6 152.333 17.557 89.888 46.797 47.330
C) 7 136.667 23.443 68.443 62.030 68.740
€ 8 138.000 21.109 85.556 52.682 60.353
.g_ 9 153.000 35.556 61.223 45.340 55.906
= 10 149.667 19.444 68.777 42.266 51.329
2 11 141.333 29.999 64.666 44.449 62.488
: 12 144.333 22.222 65.334 66.290 71.036
s 13 141.000 28.333 64.443 41.807 55.653
©} 14 150.000 23.333 71.443 42.939 55.250
15 141.333 26.221 82.889 52.649 55.754
16 144.667 19.222 65.777 44.383 58.370
17 147.333 19.221 62.999 44.603 48.749
18 148.000 21.110 55.998 59.408 48.133
19 149.333 22.889 55.888 52.096 46.782
20 149.000 19.999 60.443 48.188 51.130
Parent 1 143.33 20.06 62.81 47.27 54.53
Parent 2 134.92 21.06 67.56 50.34 61.39
Over mean 143.12 22.72 65.91 51.14 55.01
Sids 12 135.42 14.58 72.92 47.88 61.54
Sids 13 139.92 16.28 67.61 41.88 64.52
LSD 5% 1.552 3.175 7.245 2.590 6.884
LSD 1% 2.051 4.197 9.576 3.423 9.098
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For grain index, one, four, fourteen and three lines were
significantly heavier than the best grand mean for selection high
number of spikes/plant, number of grains/spike, 1000- grain
weight and grain yield/plant, respectively. The best lines were
number 18, 19, 19 and 12 when selected with number of spikes
per plant, number of grains/spike and 1000- grain weight grain
yield/plant, respectively. Regarding grain yield/plant the range of
selected lines ranged from 29.932g to 70.767g; 34.511g to
80.999g; 33.218g to 64.569g and 46.782g to 71.036g when
selection plants with number of spikes/ plant, number of
grains/spike, 1000- grain weight and heavier grain yield/plant,
respectively. Also, zero, two, zero and zero lines significantly
surpassed higher grain yield/plant than the best cultivar Sids 13,
in the same order.

In addition, the best lines were number 6, 10, 14, 17 and
20 when selecting plants with high number of spikes/plant,
number 1, 2, 7, 10 and 11 when selected for number of
grains/spike, number 4 when selected for 1000- grain weight and
number 4, 5, 7 and 12 for selection grain yield/plant.It could be
concluded that indirect selection for yield via number of grains
per spike is more efficient than direct selection for yield.

The comparison of selection criteria revealed the
efficiency of selecting for number of grains/spike and high grain
yield/plant and then by number of spikes/plant and heavier grain
index, in improving mean yield of F5 lines in this cross and also
extracting a higher number of high yielding lines (selection for
high number of grains/spike, number of spikes/plant and heavier
grain index). It, also, appeared that indirect selection for yield
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via number of grains/spike was more efficient than direct effects

of selection for yield.

4.2. Second cross:
4.2.1. F; generation:

The results indicated that F3 families' mean squares were
highly significant for all the five studied traits indicating wide
differences between the F5 families' (Table 13).

Mean performance of F3 families as well as two parents'
for the five traits under study are presented in Table (14).

For maturity date, there are not families from 80 families
of F3 showed earlier than the early patent P2 (Sids 4). While, the
families' number 1, 14, 18, 34, 66, 71, 74 and 76 significantly
surpassed the better parent for number of spikes/plant. On the
other hand, the families' number 10, 24, 27, 29, 31, 32, 33, 35,
36, 37, 38, 39, 42, 44, 47, 53, 54, 59, 60, 61, 62, 66 and 67
exhibited significant higher number of grains/spike than the
better parent. Regarding 1000-grain weight, the families' number
2,9, 10, 16, 28, 35, 48 and 58 surpassed significantly the heavier
parent. With respect to grain yield/plant all F; families none
surpassed significantly higher than the best parent, except
families' number 18, 32, 33 and 66 These results indicated the
importance of selection in this material for these traits. The
family number 66 gave the highest grain yield/plant followed by
number 33 and 18.The genetic components of variation (Table
14) showed the high estimate of AG and AG% values and
G.C.V. for number of spikes/plant, number of grains/spike and
grain yield/plant. However, moderate values were detected for
maturity date and 1000-grains weight.
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Table (14): Mean performances of the selected F;3 families, their
parents and genetic parameters heritability, the
predicted genetic advance under selection and
genetic coefficient of variation.

F3 Days to No. of No. of 1000- grain Grain
families maturity spikes/plant | grains/spike weight (g) yield/plant (g
| 148.33 17.00 55.00 52.73 22.89
2 147.33 10.77 60.00 57.42 20.21
3 146.67 12.67 32.67 47.92 11.57
4 145.00 7.23 48.67 53.85 13.40
5 146.00 11.83 58.00 37.30 24.28
6 146.00 9.50 61.67 49.87 33.89
7 144.00 9.29 58.00 50.27 23.42
[ 144.00 11.68 60.00 42.54 27.17
9 148.67 10.53 49.33 64.48 21.18
10 146.00 8.12 81.00 58.59 38.73
11 145.00 9.91 70.67 47.38 14.21
12 148.67 8.42 69.33 50.50 29.74
13 145.33 9.40 48.67 47.10 12.91
14 150.33 19.50 53.33 46.46 40.48
15 144.33 7.97 68.33 47.34 18.77
16 137.00 5.20 44.00 72.11 12.27
17 131.00 6.00 55.00 44.10 17.76
18 150.67 20.33 65.33 51.42 42.84
19 149.67 16.19 58.33 44.66 31.20
20 145.33 9.82 63.67 46.48 27.79
21 143.00 14.63 52.67 43.60 15.93
22 143.33 9.44 63.67 47.71 30.78
23 144.33 11.12 69.00 49.92 25.02
24 142.67 8.62 76.00 45.29 20.02
25 145.33 11.64 67.33 43.19 27.00
26 144.33 14.61 70.67 49.21 23.22
27 133.00 4.11 78.67 55.16 13.82
28 132.33 5.33 68.67 60.93 20.27
29 136.67 6.00 87.00 55.48 10.97
30 145.00 8.75 59.67 51.25 13.61
31 144.00 10.48 77.67 46.05 32.50
32 148.33 12.88 115.00 44.30 42.83
33 151.67 16.33 74.67 48.36 42.89
34 151.33 19.42 66.67 43.98 25.21
35 144.67 5.28 76.67 60.29 15.49
36 145.33 7.04 86.00 49.20 26.64
37 145.33 8.88 72.67 46.89 24.69
38 146.00 12.14 77.33 39.01 21.12
39 134.00 4.93 94.00 44.83 14.94
40 148.33 9.92 70.00 46.01 31.66
41 137.67 5.64 52.67 52.08 12.10
42 147.67 12.95 80.00 39.06 31.75
43 144.00 7.84 56.33 50.31 23.14
44 146.33 9.11 74.33 50.77 20.70
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4): continued

Table (1
F3

Days to No. of No. of 1000- grain Grain
families maturity | spikes/plant | grains/spike weight (g) | yield/plant (g)
45 142.67 13.01 60.67 54.85 20.52
46 135.67 4.01 65.33 50.85 11.55
47 143.67 5.00 80.33 45.17 10.56
48 145.00 6.83 55.00 61.04 18.33
49 144.33 7.63 47.50 48.42 16.34
50 145.67 9.94 61.33 42.66 19.87
51 144.33 5.92 55.67 49.56 14.79
52 144.00 3.78 63.00 50.17 11.95
53 143.33 5.80 74.50 51.56 23.04
54 145.67 6.00 76.33 51.49 14.36
55 147.33 6.33 61.83 47.56 19.39
56 142.67 6.04 53.33 38.86 9.27
57 148.67 7.54 46.00 55.12 19.01
58 144.33 7.45 53.00 67.86 25.97
59 141.33 3.29 87.00 54.79 14.35
60 142.00 4.06 77.50 52.47 15.95
61 144.33 6.08 104.50 53.67 34.32
62 144.00 4.36 86.67 54.91 19.19
63 144.67 4.35 71.00 55.70 14.34
64 145.00 12.20 69.33 39.42 23.35
65 145.33 9.41 59.00 47.49 22.13
66 150.00 22.98 81.67 54.08 44.40
67 146.00 10.98 79.50 51.05 33.56
68 142.00 5.94 47.50 49.36 13.75
69 145.67 11.26 69.50 45.18 25.36
70 146.00 9.49 64.50 42.07 12.60
71 147.33 18.94 57.50 47.72 39.96
72 145.67 9.03 59.50 44.88 21.11
73 145.67 16.41 62.67 50.63 31.18
74 144.67 17.77 43.33 48.70 24.33
75 145.00 13.09 46.50 49.13 22.30
76 149.67 25.00 38.50 44.64 28.26
77 147.00 16.41 44.00 45.34 28.96
78 145.33 12.38 41.83 56.18 24.28
79 146.67 11.71 41.33 44.26 20.65
80 149.00 11.86 60.00 47.53 32.75
Parent 1 140.00 14.33 62.67 49.81 35.83
Parent 2 133.00 9.33 60.33 50.70 30.03
gz:; 144.47 10.18 64.61 49.64 23.16
LSD 0.01 4.138 2.969 11.506 7.611 7.233
LSD 0.05 3.111 2.232 8.651 5.722 5.438
h* 82.214 91.900 88.050 73.895 86.912
Ag 7.652 9.094 27.798 10.440 16.483
G.C.V 11.618 208.404 320.095 70.029 318.107
Ag% 5.296 89.369 43.051 21.033 71.178
59
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The high heritability values in broad sense were detected
for five traits under study.

The same trend was previously reported by Pathak and
Nema (1985); Chander ef al. (1993) and Mohamed (2006) for grain
yield/plant, number of grains/spike and number of spikes/plant
for genetic coefficient of variation (GCV), heritability and
genetic advance.

4.2.2. F, generation:

The mean squares due to Fy selected families were found
to be highly significant for all studied traits (Table 15),
indicating that the forty Fj.selected families behaved some what
differently from each to other. For maturity date, none of the
selected families of F4 showed earlier than the early patent
(Table 16).

As for number of spikes/plant, the range of the selected
families varied from number 10 (4.53) to number 12 (19.67)
spikes/plant. The selected families' number 12, 18, 19, 25, 33, 36
and 38 had significant superiority than the best parent. The
family 12 followed by number 18 gave the highest number of
spikes/plant. However, the family number 10 gave the lowest
one (Table 16).

Regarding number of grains/spike, family's number 3, 14,
16, 24, 29, 31, 32, 34, 37 and 40 surpassed significantly the best
parent. The mean values of selected families ranged from 44.67
to 119. On the other hand, family's number 3, 4, 10, 13, 14 and

37 had significantly from the best parent with 1000-grains
weight.
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Table (16): Mean performance of the selected F, families in
the second cross, their parents and genetic
parameters heritability, the predicted genetic
advance under selection and genetic coefficient

of variation.
Days to g . Grain
far:;‘lies maturity spillj(g/[(::ant gral;lr:)s./;);ike 1v(:'((:?ghgtr(agl)n yield/plant
(days) ()

1 144.00 10.98 68.00 46.38 25.83
2 143.00 13.94 71.33 50.03 22.05
3 132.00 5.67 85.33 58.49 12.65
4 131.67 5.00 69.33 61.75 19.10
5 144.67 11.16 58.67 38.13 23.10
6 144.67 8.83 62.33 49.95 32.72
7 142.67 8.63 58.67 51.09 22.25
8 142.67 10.81 60.67 43.36 24.56
9 143.00 7.31 69.00 48.17 17.59
10 134.67 4.53 44.67 67.63 11.10
11 129.67 5.33 55.67 44.73 16.59
12 149.33 19.67 66.00 52.25 41.67
13 147.33 9.87 50.00 65.58 21.65
14 138.33 7.45 81.67 58.65 25.65
15 143.67 11.58 71.33 45.01 13.04
16 147.33 7.76 100.67 46.27 28.57
17 140.33 8.73 49.33 50.06 11.73
18 150.33 19.00 56.33 47.28 37.68
19 148.33 18.33 59.00 47.45 28.72
20 144.00 9.15 64.33 46.89 26.61
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Table (16): continued

Days to . Grain
fanl:;ies maturity spilljeos./olfant raliilos./: fike lv?'g? -hgtr(a l)“ yield/plant
(days) P g p ghtie (®)
21 141.67 13.96 53.33 44.42 14.76
22 142.00 8.77 64.33 45.66 26.40
23 143.00 10.45 69.67 52.83 23.84
24 141.33 11.67 76.67 46.11 18.84
25 147.67 17.00 54.67 51.74 21.72
26 145.67 10.10 62.33 53.31 19.84
27 143.33 12.00 59.33 49.49 11.07
28 143.67 6.56 49.33 55.03 12.99
29 13533 6.33 103.33 5331 12.62
30 143.67 8.08 60.33 52.07 12.44
31 143.67 9.81 78.33 46.87 31.32
32 147.00 12.21 115.67 45.12 39.59
33 150.33 15.67 7533 48.56 42.90
34 132.67 4.26 119.00 54.73 13.77
35 146.67 9.25 74.33 44.15 30.49
36 150.00 18.75 67.33 44.81 24.04
37 143.33 4.61 77.33 67.45 14.32
38 144.00 14.67 54.00 50.03 27.22
39 144.00 8.21 73.33 45.36 25.31
40 144.67 11.47 78.00 38.64 19.94
Parle“t 139.33 12.33 64.33 50.38 36.40
P ”;e“t 131.33 8.33 67.67 54.88 31.32
Over | s 10.43 69.06 50.34 23.19
mean
LSD
0.01 3.735 2.458 9.376 4.637 4761
LSD
0.05 2.826 1.860 7.094 3.508 3.602
h? 90.022 92.530 93.234 90.277 93.757
Ag 10.263 8.025 32.402 12.945 17.225
G.C.V | 19.346 157.176 384.260 86.900 321.584
Ag% 7.200 76.908 46.921 25.717 74.278
63
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With regard to grain yield/plant, none of the selected
families of F, surpassed significantly than the better parent
except families number 12 and 33 The range of selected families
varied from 11.07 (family number 27) to 42.90 (family number
33).

From the previous mentioned data, it is observed that the
pedigree method was more effective for selected superior
families or lines. The estimates of genetic coefficient of
variation, genetic gain % and heritability in broad sense are
presented in Table (16).

Heritability in broad sense in the F4 families for the five
traits under study was estimated and the obtained values are
presented in Table (16). The high heritability values in broad
sense were detected for five traits under study, indicating the
effectiveness of selection in these materials for these traits.

4.2.3. F5 generation:
4.2.3.1. Comparison between breeding methods:

Mean squares due to breeding methods were significant
for maturity date, yield and its components (Table 17). This
result indicated the differences between breeding methods.

The pedigree method expressed significant desirable
values for number of spikes/plant and grain yield/plant (Table
18). While the single seed descent method exhibited significantly
earlier of maturity date, highest 1000-grain weight and high
number of grains/spike. It could be concluded that pedigree
method considered the best breeding method for number of
spikes/plant
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and grain yield/plant than those bulk and SSD methods in this

Cross.

Working on self pollination crops, breeders applied one or
more different breeding methods in order to investigate or
compare their efficiency in selecting high grain yield. Among
those Pawar ef al. (1985), Pawar et al. (1986), Pawar ef al. (2001)
and Arunachalam et al. (2002) on self pollinated crops using
two or more methods of breeding.

Whan et al. (1982) found that the effect of selection
using the means of lines from the F; and F, rather than the
individual F, or F; derived lines, can be assessed by the yields
obtained in the following generations.

Mean squares due to lines of breeding methods as well as
two parents were significant for the five traits under study (Table
19). Also, the efficiency of the breeding methods in the present
study was evaluated based on the number of superior lines
having higher values of grain yield/plant than the best parent.

Data presented in Table (20) show that the pedigree
‘method produced consistently more superior lines for grain yield
per plant compared to the best parent or the average population
or check (Sids 13 or Sids 12). The best lines were number 4
(86.56g) in pedigree method, number 12 (89.946g) in bulk
method and number 12 (69.400g) in SSD method.

For maturity date, two lines number 7 (130.667 days) and
number 5 (131.667 days) in pedigree method had the earliest
than the best parent. There aren't any lines significant earlier in
bulk methods and single seed method than the best parent (Sids
4) in this cross.
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Table (20): Mean performances of the selected lines of
breeding methods and their parents and two
check varieties in the second cross.

. Grain
Breeding | No. of Days to No. of No. of 1000- grain yield/plant
methods lines maturity | spikes/plant | grains/spike weight @
1 140.667 20.557 80.333 45.273 37.467
2 135.333 22.778 68.667 47.215 67.156
3 141.000 26.813 61.667 53.000 48.478
4 148.667 24.443 63.000 50.377 86.056
5 131.667 22.443 75.667 47.962 59.089
6 151.333 15.636 65.000 47.872 47.584
7 130.667 18.222 65.999 53.996 46.946
8 134.000 20.221 72.442 50.413 68.640
g 9 153.000 16.993 69.444 49.964 62.299
) 10 150.333 16.777 72.332 50.000 39.056
§ 11 141.333 25.556 54.222 50.887 73.902
e 12 144.667 20.000 69.888 49.933 56.944
13 140.667 26.331 63.000 52.788 59.250
14 151.333 19.444 53.999 51.394 62.097
15 141.333 19.444 51.999 52.730 46.957
16 144.000 13.889 61.221 47.890 53.344
17 147.667 21.111 67.444 50.394 60.148
18 147.333 16.033 77.333 49.184 53.513
19 149.000 18.557 67.666 53.799 38.640
20 150.000 20.999 02.666 51.043 56.053
1 147.667 13.221 72.667 52.804 37.078
2 146.000 19.889 66.223 48.591 46.989
3 143.667 20.332 42.444 40.647 50.247
4 145.333 20.001 58.000 50.672 57.367
5 140.667 22,999 71.443 53.590 75.291
6 143.667 13.778 62.778 45.948 36.560
7 148.667 17.222 68.222 47.632 65.933
8 151.333 19.223 65.666 45.930 51.520
9 148.667 15.777 66.554 43.947 48.789
—_: 10 146.667 16.111 57.332 50.218 55.006
2 11 150.667 11.889 46.110 47.644 48.737
12 136.333 21.222 67.999 49.007 89.946
13 146.333 10.889 53.332 46.255 42.167
14 133.667 13.890 73.111 50.944 45.723
15 148.333 14.444 58.667 50.497 50.757
16 134.333 12.666 61.111 55.388 53.536
17 150.000 19.444 66.668 51.213 62.326
18 140.667 16.667 71.333 44.956 49.626
19 150.667 13.777 61.890 45.403 48.867
20 146.000 21.889 62.556 49.359 64.022
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Table (20): continued

Breeding | No. of | Days to No. of No. of 1000- grain Grain
methods | lines maturity | spikes/plant | grains/spike weight yield/plant (g)

1 134.333 21.444 68.000 44,718 52.408

2 135.333 18.778 51.787 48.805 49.854

3 149.000 10.667 80.999 50.404 47.111

4 136.333 13.667 57.334 52.809 50.476

5 148.333 14.443 71.111 50.970 55.264

6 151.333 16.001 69.110 56.081 59.724

7 143.000 14.889 79.221 54.791 52.553

:i 8 143.333 13.000 72.223 49.491 33.072
i 9 138.000 17.444 64.778 58.971 45.697
3 10 138.000 15.889 67.112 57.178 61.143
§ 11 145.000 14.889 63.666 53.884 58.296
%D 12 135.000 19.556 85.332 52.457 69.400
;,5) 13 145.000 16.333 57.777 52.944 69.129
14 138.000 14.111 70.000 54.722 47.922

15 137.667 15.332 53.890 56.600 32.594

16 145.333 22.443 50.333 55.856 44.657

17 134.333 21.223 53.888 59.351 66.022

18 150.667 14.000 99.779 56.965 49.607

19 139.000 9.332 65.554 50.966 41.164

20 147.333 20.222 61.556 51.018 58.164

Parent 1 139.220 10.920 59.700 44.750 53.040
Parent 2 134.780 18.040 66.550 48.600 50.320
Over mean 143.253 17.648 65.287 50.630 54.060
Sids 12 134.780 13.070 69.780 47.600 63.140
Sids 13 139.000 14.780 65.040 46.250 69.190
LSD 5% 1.627 3.041 8.960 2.763 8.641
LSD 1% 2.151 4.020 11.842 3.652 11.421
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For number of spikes/plant the results indicated that the
pedigree method produced more superior lines followed by bulk
and then by single seed descent compared to the best parent or
average population or checks (Sids 13 or Sids 12). Seven lines
from twenty lines showed significant higher spike number than
the average of all lines or best parent for pedigree breeding
method. But bulk methods three lines showed significant higher
spike number than the average of all lines or best parent.
However, single seed, three lines from twenty lines showed
significant higher.

Regarding to 1000-grain weight, ten, two and two lines
showed, significant higher than the average of all lines for SSD,
pedigree and bulk methods, respectively. However, the heavier
line was number 17 (59.351g) in this trait than grand mean in
single seed descent method.

For number of grains/spike, line number one showed
significant higher grain number than the high number from the
average of all lines or best parent or check for pedigree breeding
method. The line number 1 in pedigree breeding method gave
the highest number of grains/spike. But bulk methods zero lines
showed significant higher grain number than the high number
from the average of all lines or best parent or check. However,
the third method in this cross is single seed descent, four lines
showed significant higher grain number than the high number
from the average of all lines or best parent or check (Sids 12).
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4.2.3.2. Direct and indirect selection:

Selection for yield and yield components deserves
considerable interest. A crop breeding program aimed to
increasing plant productivity requires consideration interest not
only of yield but also of its components which have a direct and
indirect bearing for yield. The present part was undertaken to
compare the efficiency of indirect selection for yield via yield
components with direct selection for grain yield/plant.

Mean squares due to four selection criteria i.e. number of
spikes/plant, 1000-grain weight and number of grains/spike
(indirect selection), and high yield/plant (direct selection) were
significant (Table 21). Significant differences between the five
traits in number of spikes/plant, 1000-grain weight, number of
grain/spike and maturity and high yield/plant.

Generally, the selection of high number of spikes/plant,
gave the highest grain yield/plant and the second for number of
grains/spike, grain yield/plant and 1000-grain weight (Table 22).

The present investigation expressed that the selection for
high number of spikes/plant was more efficiency as indirect
selection for yield gave the highest one.

With respect to the effect of selection criteria on 1000-
grain weight, the results revealed that selection for 1000-grain
weight gave significant heavier grain index followed by selection
high number of spikes/plant, number of grains/spike and number
of grains/spike. However, selection of high grain yield per plant
gave the lowest one (Table 22).
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Also, the selection criteria on number of spikes/plant, the
results revealed that selection for number of spikes/plant gave
significant high grain yield per plant and number of spikes per
plant followed by selection high number of grains per spike and
grain yield/plant. However, selection of high 1000- grain weight
gave the lowest one (Table 22).

Also, the selection criteria on number of grains/spike, the
results revealed that selection for number of grains/spike gave
significant high value for this trait followed by selection high
criteria of grain yield/plant. However, selection of high 1000-
grain weight gave the lowest one. But it was the second in grain
yield/plant and earliest nearly in maturity date (Table 22).

Concerning grain yield/plant, the selection method of high
number of spikes per plant exhibited significantly higher value
of this trait, followed by high number of grains/spike and grain
yield per plant were detected revealing that the selection criteria
differed among them (Table 22).

The results indicated that selection for grain number,
number of spikes/plant and 1000-grain weights were more
efficient in breeding for word superior yielding FS5 lines.

It could be concluded that selection for number of
spikes/plant, number of grains/spike, for (indirect selection)
three successive generations was successful in improving the
mean grain yield in the F5 lines.

The mean values of selected F5 lines for maturity date,
number of spikes/plant, 1000-grain weight, number of
grains/spike and grain yield/plant were affected by selection
criteria indirect selection ie. (high number of grains/spike,
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heavier grain index and high number of spikes/plant) and direct
selection (high grain yield/plant) are presented in Table (23).

For days to maturity there are no lines in the F5
generation had significantly the earliest than the best parent with
all selection criteria under study.

For number of spikes/plant, nine, one, zero and three lines
were significantly higher than the best parent when selected with
number of spikes/plant, number of grains/spike, 1000- grain
weight and grain yield/plant, respectively (table 23). This result
is logically expected. The best lines were number 2 when
selected with number of spikes/plant. However, number 8 when
selected with number of grains/spike also, number 18 when
selected with 1000- grain weight and number 12 when selected
with grain yield/plant.

For number of grains/spike, one, six, zero and one lines
were significantly higher than the best cultivar Sids 12 with
number of spikes/plant, number of grains/spike, 1000- grain
weight and grain yield/plant, respectively. This result is logically
expected. The best lines were number 14 when selected with
number of spikes/plant. However, number 12 when selected with
number of grains/spike also, number 19 when selected with
1000- grain weight and number 17 when selected with grain
yield/plant.

For 1000- grain weight, seven, four, ten and one lines
were significantly heavier than the best grand mean for selection
high number of spikes/plant, number of grains/spike, 1000- grain
weight and grain yield/plant, respectively. The best line was
number 5 when selected with number of spikes/plant, however,
number 18 when selected with number of grains/spike also and
number 1 when selected with 1000- grain weight and number 11
when selected with grain yield/plan
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Table (23): Mean performance of the F5 selected lines from
direct and indirect selection criteria, parents and
check variety in the second cross.

Selection | # of | Days to No. of No. of ;22?1; y.Sdl;;ill:‘ t
criteria | line | maturi i i i ! n
aturity | spikes/plant | grains/spike weight (g) @

1 137.333 27.000 66.889 52.126 76.952

2 148.333 28.889 69.887 44.690 91.900

3 152.333 21.221 61.553 49.058 50.267

4 136.000 23.333 59.000 52.763 60.570

5 148.667 19,778 49.109 61.450 76.727

6 131.667 22.222 53.221 57.623 60.850

- 7 147.333 21.890 65.889 50.424 67.782
E 8 148.000 26.333 53.667 59.145 61.762
& 9 148.000 27.554 63.778 43.637 74.594
2 10 149.333 22.888 67.888 55.483 88.887
> 11 147.667 16.110 60.000 48.194 62.776
s 12 148.333 16.667 55.663 57.840 59.097
2 13 140.667 23.111 62.333 47.212 85.650
14 135.333 18.554 83.887 49.359 52.719

15 145.000 22.443 57.332 55.908 58.616

16 135.667 18.568 58.443 45.462 60.210

17 141.667 15.999 49.332 47.315 63.882

18 149.000 20.110 53.554 49.053 54.403

19 143.667 13.554 61.779 40.602 53.304

20 152.333 13.777 53.890 56.960 42.879

1 133.667 10.220 73.109 52.619 58.280

2 148.333 8.222 81.444 46.410 45.509

3 152.333 11.889 64.000 50.898 44.438

4 136.000 11.777 67.556 49.100 64.233

5 148.667 8.666 80.999 47.713 49.178

6 131.667 15.333 84.889 45.215 77.453

° 7 147.667 12.557 77.442 43.756 66.113
i 8 147.333 22.553 73.110 51.353 62.754
2 9 148.000 21.554 73.001 58.213 74.989
-5 10 149.333 20.223 75.333 51.461 65.872
) 11 147.667 12.778 85.333 48.566 35.211
S 12 146.000 9.444 90.887 45.987 43.819
2 13 140.667 15.333 81.667 50.218 60.133
14 135.333 13.333 77.666 47.522 36.333

15 145.000 16.221 62.556 44.182 55.739

16 135.667 11.221 49.888 46.473 43.583

17 141.667 19.777 67.888 56.244 77.883

18 149.000 14.890 73.887 62.513 62.822

19 143.667 10.000 72.111 49.519 50.387

20 145.333 8.556 61.221 55.023 44.320
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Table (23): continued

Selection | # of Days to No. of No. of 1000- grain yie(l;(;;;;ll:mt
criteria line maturity | spikes/plant | grains/spike weight (g) ()

1 147.667 7.222 55.666 66.323 47.393

2 147.333 11.553 46.778 51.143 45.140

3 148.000 9.333 55.666 55.191 36.506

4 149.333 7.554 50.333 51.974 40.511

5 148.333 17.110 62.444 55.567 26.547

6 151.000 7.554 59.554 60.450 30.244

Ci 7 152.333 10.110 57.667 63.976 35.211
= 8 136.000 14.888 64.442 49.550 31.870

= 9 131.667 9.668 65.666 51.879 34.564

= 10 141.333 10.888 53.222 55.892 33.600
'5 11 144.667 15.223 51.443 51.182 47.461

) 12 140.667 10.443 57.556 61.257 33.794

g’ 13 134.333 14.443 62.111 53.455 23.353

< 14 145.000 21.554 61.556 47.808 53.457

15 140.667 20.444 57.222 52.181 46.650

16 150.667 19.888 58.000 63.509 45.600

17 135.333 17.666 61.001 60.307 50.380

18 141.000 21.667 64.778 51.871 48.753

19 144.667 8.333 75.002 54.202 29.368

20 140.000 16.220 54.333 53.298 58.131

1 147.333 13.221 62.167 51.818 46.680

2 140.667 13.333 56.667 52.178 34.830

3 143.667 18.221 61.500 47.554 47.611

4 148.667 21.333 70.833 50.595 60.692

5 151.333 20.779 64.667 48.064 65.800

6 148.667 18.110 65.667 47.103 63.821

@ 7 146.667 18.556 56.888 51.830 56.727

< 8 148.667 20.666 68.000 46.716 56.723

%_ 9 146.667 19.001 55.220 43.945 56.487

= 10 150.667 19.666 60.167 40.830 63.152

E 11 136.333 21.222 51.722 54.678 61.646
= 12 146.333 26.111 63.833 50.799 61.411

s 13 133.667 24.556 65.167 50.746 60.050

o 14 148.333 23.110 53.167 52.803 52.604
15 153.000 13.554 63.000 47.085 44.541

16 150.333 18.443 55.167 45,588 45.538

17 141.333 13.777 83.667 45.069 59.564

18 144.667 21.333 66.667 46.896 60.562

19 140.667 20.889 62.167 51.421 41.830

20 148.333 17.556 63.667 48.686 58.650
Parent 1 139.58 18.78 64.65 50.37 60.41
Parent 2 130.67 10.92 62.17 50.12 55.62
Over mean 144.09 16.82 63.81 51.38 54.10
Sids 12 134.75 14.06 70.57 47.71 58.05
Sids 13 139.42 16.11 69.72 44.09 57.13
LSD 5% 1.665 3.356 7.651 2.500 7.120
LSD 1% 2.200 4.435 10.112 3.304 9.411

Results & Discussion 76

www.manaraa.com



Regarding grain yield/plant the range of selected lines
ranged from 42.879g to 91.900g; 35.211g to 77.883g; 23.353¢g to
58.131g and 34.830g to 65.800g when selection plants with
number of spikes/plant, number of grains/spike, 1000-grain
weight and grain yield/plant, respectively. Also, seven, three,
zero and zero lines significantly surpassed higher grain yield per
plant than the best parent, in the same order.

In addition, the best lines were numberl, 2, 5, 7, 9, 10 and
13 when selecting plants with high number of spikes/plant,
number 6, 9, and 17 when selected for number of grains/spike.

It could be concluded that indirect selection for yield via
number of spikes/plant is more efficient than direct selection for
yield.

The comparison of selection criteria revealed the
efficiency of selecting for number of spikes/plant followed by
number of grains/spike and then by grain yield/plant and heavier
grain index, in improving mean yield of F5 lines in this cross and
also extracting a higher number of high yielding lines (selection
for high number of grains/spike, number of spikes/plant and
heavier grain index). It, also, appeared that indirect selection for
yield via number of spikes/plant was more efficient than direct
effects of selection for yield.
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V. SUMMARY

This study was carried out during the three successive
seasons, i. e., 2007/2008, 2008/2009 and 2009/2010, at the Sids
Agricultural Research Station conditions, Agricultural Research

Center, Egypt.

The present study aimed to measuring the efficiency of
three methods of selection used in the wheat breeding program
namely; pedigree method (PM), bulk method (BM) and single
seed descent method (SSDM) on two hexaploid bread wheat
(Triticum  aestivum vulgare., L.) populations (2n = 42
chromosomes) chosen from wheat research program on the basis
of their genetic diversity and performance under field conditions.
Also, direct and indirect selection for increasing grain yield was
carried out. The selection intensity of 10% approximately was
used with direct selection and with indirect selection using yield
component in wheat, i.e, number of spikes/plant, number of
grains/spike and 1000-grains weight in gm.

Two F, populations derived from the two crosses; the first
cross (I)
(WEAVER/WL3926//SW893064/5/Desconocido#6/4/B11133/3/
Cmh 79A.955*2/ Cno 79//Cmh 79A.955/Bow’s’) and the second
cross (II)
(LFN/1158.57//PRL/3/HAHN/4/KAUZ/5/KAUZ/6/Sids 4) were
used.

The obtained results could be summarized as follow:
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A- The first cross:

A-1- F; and F, generations:

1- The mean squares associated with F3 families were found to

be significant for all the studied traits. High estimates of
heritability in broad-sense in the F3 families were detected for
all the studied traits.

In the Fi, genetic gain was rather higher for number of
spikes/plant, number of grains/spike and grain yield/plant.
However, low to moderate genetic gain from selection was
obtained for maturity date and 1000-grain weight (g). Also,
high G.C.V%. was detected for number of spikes/plant, grain
yield/plant and number of grains/spike. However, low to
moderate G.C.V%. was obtained for other traits.From the
previous mentioned data, it is observed that the pedigree
method was more effective for selected superior families or
lines.

3- In the F4 high heritability values were detected for number of

spikes/plant, number of grains/spike and maturity date
indicating the effectiveness of selection in this material for
these traits. However, moderate values were obtained for
1000-grain weight and grain yield/plant. The values of
expected gain (AG) and AG % reported the possible gain
from selection as percent increase in the Fs5 over the F4 are
selected. Also, genetic gain was rather higher for grains/spike
and grain yield/plant. However, low gain was found for
maturity date.
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A-2- F5 generation:

A-2-a- Breeding methods:

1- The mean squares due to breeding methods were significant

for maturity date, yield and its components.

2- The bulk method was considered the best breeding method for

grain yield/plant and maturity date. While the single seed
descent (SSD) method exhibited significant 1000- grain
weight. While, pedigree method gave the highest value for
number of spikes/plant and number of grains/spike.

3- The best lines of grain yield/plant were number 18 (95.3 78g),

number 12 (94.350g), number 5 (82.418g), number 2
(78.494g) and number 4 (75.800g) in bulk method and
number 13 (80.853g), number 11(75.139g) and number 16
(73.661g) in pedigree method. But number 15 (80.903g),
number 10 (73.432g) and number 1 (72.617g) in single seed
descent.

A-2-b- selection criteria:

1-

Mean squares due to four selection criteria i.e. number of
spikes/plant, 1000-grain weight and number of grains/spike
(indirect selection), and high yield/plant (direct selection)
were high significant. For the five traits under study.

The present investigation expressed the selection for high
spikes/plant, 1000-grain weight, number of grains/spike and
days to maturity and high yield/plant. With respect to the
effect of selection criteria on 1000-grain weight, the results
revealed that selection for 1000-grain weight gave significant
heavier seed index followed by selection high number of
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grains/spike. However, selection of high number of spikes
per plant gave the lowest one.

3- The comparison of selection criteria revealed the efficiency
of selecting for number of grains/spike and high grain
yield/plant and then by number of spikes/plant and heavier
grain index, in improving mean yield of F5 lines in this cross
and also extracting a higher number of high yielding lines
(selection for high number of grains/spike, number of
spikes/plant and heavier grain index). It, also, appeared that
indirect selection for yield via number of grains/spike was
more efficient than direct effects of selection for yield.

B- The second cross:
B-1- F5 and F, generation:
1- Significant F; mean squares were detected for all the five

studied traits indicating wide differences between the F;
families'

2- For maturity date, there are not families from 80 families of F3
showed earlier than the early patent (Sids 4).

3- The families' number 1, 14, 18, 34, 66, 71, 74 and 76
significantly surpassed the better parent for number of
spikes/plant.

4- The families' number 10, 24, 27, 29, 31, 32, 33, 35, 36, 37, 38,
39, 42, 44, 47, 53, 54, 59, 60, 61, 62, 66 and 67 exhibited
significant higher number of grains /spike than the better
parent.
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5- Regarding 1000-grain weight, the families' number 2, 9, 10,
16, 28, 35, 48 and 58 surpassed significantly the heavier
parent.

6- The genetic components of variation showed the high
estimates of AG and AG% and G.C.V% for number of
spikes/plant, number of grains/spike and grain yield/plant.
However, moderate values were detected for maturity date
and 1000-grain weight. The high heritability values in broad
sense were detected for the five traits under study.

7- The mean squares due to F, selected families were found to be
highly significant for all studied traits.

8- For maturity date, none of the selected families of F, showed
earlier than the early patent.

9- As for number of spikes/plant, the range of the selected
families varied from number 10 (4.53) to number 12 (19.67)
spikes/plant for this trait.

10- Regarding number of grains/spike, family's number 3, 14,
16, 24, 29, 31, 32, 34, 37 and 40 surpassed significantly the
best parent.

11- With regard to grain yield/plant, none of the selected
families of F4 showed surpassed significantly than the better
parent except family's number 12 and 33.

12- High heritability values in broad sense were detected for the
five traits under study, indicating the effectiveness of
selection in these materials for these traits.
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B-2- F5 generation:
B-2-a- Breeding methods:

1- Mean squares due to breeding methods were significant for
maturity date, yield and its components.

2- The pedigree method expressed significant desirable values
for spikes/plant and grain yield/plant. While the single seed
descent method exhibited significantly earlier of maturity
date, 1000-grain weight and high number of grains/spike.

3- The pedigree method produced consistently more superior
lines compared to the best parent or the average population or
check (Sids 13 or Sids 12). The best lines were number 4
(86.56g) and number 11 (73.902g) in pedigree method
number 12 (89.946g) and number 5 (75.291g) in bulk method
and number 12 (69.400g) in SSD method.

4- For maturity date, two lines number 7 (130.667 days) and
number 5 (131.667 days) in pedigree method had the earliest
than the best parent. There aren't any lines significant earlier
in bulk methods and single seed method than the best parent
(Sids 4) in this cross.

5- For number of spikes/plant the results indicated that the
pedigree method produced more superior lines followed by
bulk and then by single seed descent compared to the best
parent or average population or checks (Sids 13 or Sids 12).
Seven lines from twenty lines showed significant higher
spike number than the average of all lines or best parent for
pedigree breeding method. But bulk methods three lines
showed significant higher spike number than the average of
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all lines or best parent. However, single seed, three lines from
twenty lines showed significant higher.

6 Regarding to 1000-grain weight, ten, two and two lines
showed, significant higher than the average of all lines for
SSD, pedigree and bulk methods, respectively. However, the
heavier line was number 17 (59.351g) in this trait than grand
mean in single seed descent method.

7- For number of grains/spike, line number one showed
significant higher grain number than the high number from
the average of all lines or best parent or check for pedigree
breeding method. The line number 1 in pedigree breeding
method gave the highest number of grains/spike. But bulk
methods zero lines showed significant higher grain number
than the high number from the average of all lines or best
parent or check. However, the third method in this cross is
single seed descent, four lines showed significant higher
grain number than the high number from the average of all
lines or best parent or check (Sids 12).

B-2-b- selection criteria:

1- Mean squares due to four selection criteria i.e. number of
spikes/plant, 1000-grain weight and number of grains/spike
and high yield/plant were significant.

2- Generally, the selection of high number of spikes/plant, gave
the highest grain yield/plant and the second for number of
grains/spike, grain yield/plant and 1000-grain weight.

3- Selection criteria on number of spikes/plant, the results
revealed that selection for number of spikes/plant gave
significant high grain yield per plant and number of spikes
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per plant followed by selection high number of grains per
spike and grain yield/plant. However, selection of high 1000-
grain weight gave the lowest one.

4- For days to maturity there are no lines in the F5 generation
had significantly the earliest than the best parent

5- For number of spikes/plant, nine, one, zero and three lines
were significantly higher than the best parent when selected
with number of spikes/plant, number of grains/spike, 1000-
grain weight and grain yield/plant, respectively. This result is
logically expected. The best lines were number 2 when
selected with number of spikes/plant. However, number 8
when selected with number of grains/spike also, number 18
when selected with 1000- grain weight and number 12 when
selected with grain yield/plant.

6- The comparison of selection criteria revealed the efficiency
of selecting for number of spikes/plant followed by number
of grains/spike and then by grain yield/plant and heavier
grain index, in improving mean yield of F5 lines in this cross
and also extracting a higher number of high yielding lines
(selection for high number of grains/spike, number of
spikes/plant and heavier grain index). It, also, appeared that
indirect selection for yield via number of spikes/plant was
more efficient than direct effects of selection for yield.
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