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ABSTRACT: This study was carried out at Gemmeiza and Sids Experimental Stations,
Agricultural Research Center (ARC), Egypt. During the two- successive seasons from 2011 and
2012. In 2011 summer season, al Gemmeiza Agricultural Research Station, the S; recurrent
selection procedure was applied in the new improved cycle (Co) in the white population (AED
Pop.). One hundred and twenty one ears with enough seeds were selected and each was
divided into two parts, the first one was assigned for evaluating all studied traits and protein
analysis. The second part was kept as remnant S; seeds for developing the second cycle for
each population. In 2012 summer season, at Gemmeiza and Sids Research Stations, one
evaluation trial was conducted. The trial was executed Randomize Complete Block Design
(RCBD) with three replications. Data were recorded for grain yield its component and protein
yield. :

Mean squares of the protein yield (kg/fed), yield components and agronomic characters were
highly significant for all studied traits, indicating that the 121 S; progenies of the original cycle
(Co) for this population were different in such traits. Mean squares of genotype x location
interaction were highly significant for all characters, indicating that the 121 S progenies were
differed in their protein yield and the behavior of these progenies were significantly differed from
location to another in this respect for this population. Genotypic and phenotypic variances of
protein yield (kg/fed) of 121 8y progenies were 2921.92 and 3050.52 at Gemmeiza and 5884.95
and 6403.74 at Sids, respectively. Heritability in broad sense and expected gain from selection
of protein yield (kg/fed) of 121 Sy progenies were 95.78 and 65.13 at Gemmeiza and 91.90 and
38.10 at Sids, respectively. Estimates of heritability in broad sense of 121 S progenies were
highly vales for protein yield, grain yield and some other traits of yield components at Gemmeiza
and Sids, indicating that, Sy recurrent selection method were effective to improving of these
traits. Mean of protein yield (kgffed) of 121 8: progenies in the original cycle (Co) for the
population AED were 143.0+5.02 and 277.4+5.94 at Gemmeiza and Sids, respectively. While,
mean of protein yield (kg/fed) of the highest 10% {12 S progenies) in the same cycle (Co) were
214.3x17.01 and 373.5+12.53 at Gemmeiza and Sids, respectively.

Key words: Maize, population improvement, protein content.

INTRODUCTION with maintenance of the additive genetic

Maize (Zea mays L.) is one of the most var_iancg (amenqble to selection) 'of such
important cereal crops in Egypt. It ranks the traits in the improved population. S
third among cereal crops, after wheat and recurrent selection is widely used as an easy
rice. Maize is used as food, feed, and and highly efficient procedure for intra-
fodder. It also has several industrial uses population improvement in maize. Selection
such as oil extraction, starch, gluten, based on Si progeny performance is
alcohol, glucose and ethanol production and effective in utilizing the additive genetic
many more products. variance in a better way than other intra-

population improvement methods and
presents an opportunity for sejection against
major deleterious recessive genes that
become homozygous with inbreeding

The main advantage of recurrent
selection is to increase the frequency of
favorable alieles for the quantitative traits
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(Tanner and Smith,
Miranda, 1988).

Globally, maize (Zea mays L)
contributes 15% of the protein and 20% of
the calories derived from food crops in the warld's diet
(National Research Council, 1988). In many
developing countries in Latin  America,
Africa, and Asia, maize is the staple
food and sometimes the only source of
protein in diet. Besides using maize grain as
human food, it also contributes 70% of
animal feed and as an important secondary
source for high quality vegetable oil, as well
as many industrial purposes. Grain quality is
an important objective in corn breeding
(Mazur et al., 1999 and Wang and Larkins,
2001). In corn grain, a typical hybrid cultivar
contains approximately 4% oil, 9% protein,
73% starch, and14% other constituents
(mostly fiber).

1987; Hallauer and

Breeding for improved protein quality in
maize began in the mid-1960s with the
discovery of mutants, such as opaque-2,
that produce enhanced levels of lysine and
tryptophan, the two amino acids deficient in
maize endosperm proteins. However,
adverse pleiotropic effects imposed severe
constraints on successful exploitation of
these mutants (Prasanna et al., 2001). The
International Maize and Wheat Improvement
Center (CIMMYT) has developed” Quality
Protein Maize” (QPM) that has improved
kernel quality characteristics over opaque-2
soft genotypes, by introducing modifier
genes and selecting for a hard, vitreous
endosperm opaque-2 germplasm
(Rodrigues and Chaves, 2002). The
biological value of the common maize
protein is equivalent to approximately 40%
of the biological value of milk protein, while
for QPM maize this value is 90% (National
Research Council, 1988). The CIMMYT

QPM populations, pools, inbreds, and
hybrids adapted to subtropical and tropical
environments are widely used in the
development of high-lysine maize in Brazil,
China, Ghana, India, and several Latin
American countries (Vasal, 2001).

The main objectives of the present

study were to study:

1- The effectiveness of Sy recurrent
selection procedure for improving protein
percentage, yield and some of its
components and other agronomic
characters in two maize populations i.e.,
A.E.D. white population and G.M.Y.
yellow population.

The genotypic and phenotypic variance
components, beside some of statistical
and genetical parameters in the two
cycles (Co and C1) of the two populations
for different studied traits.

MATREIALS AND METHODS

This study was carried out at two
experimental research stations, Gemmeiza
and Sids, Agricultural Research Center
(ARC), Egypt, during the two - successive
seasons started from 2011 and 2012. The
name, origin, pedigree and protein
percentage of the maize population used in
this study are presented in Table 1.

In 2011 summer season, at Gemmeiza
Agricultural Research Station, the S
recurrent selection procedure was applied in
the new improved cycle (Co) in the AED
Population. One hundred and twenty one
ears with enough grains were selected and
each was divided into two parts, the first one
was assigned for evaluating all studied traits
and protein analysis. The second part was
kept as remnant S+ grains for developing the
second cycle for each population.

Table (1): The name, origin, pedigree and protein percentage of the maize population

used in this study.
Population

Protein%
Pedigree

Open pollinated exotic population
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In 2012 summer season, at Gemmeiza
and Sids Research Stations, one evaluation
trial was conducted. The ftrial experiment
was executed in Randomize Complete Block
Design (RCBD) with three replications. Data
were recorded for grain yield and protein
percentage.

The data were recorded on protein yield
(Kg/fed.), grain yield (ard/fed), ear length,
ear diameter, number of rows/ear, number of
kernels/row, 100- kernel weight, plant height,
ear height, ear position%, days to 50%
tassling, days to 50% silking and resistance
of late wilt%.

According to Singh and Chaudhary
(1977), the available MS was used to
estimate the following genetical parameters
for separate and combined data.

Estimation of o?g, o?gl and o?ph were
calculated for the yield evaluation of Si
families of Co and these values were to
calculate, heritability of S1 families (h? b) and
consequently expected genetic advance per
cycle from the following equation as given by
Singh and Chaudhary (1977):

Table (2): Mean squares from analysis of
components traits for 121 S,

1- Genotypic variance (0%) s and (0%) ¢
and genotypic variance x location
interaction (g%« L ).

2- Phenotypic variance (0% ) s and (o%n )c
and Phenotypic variance x location
interaction (0% x L )

3- Heritability in broad sense
h2p = 0% /a%nx 100

4- Expected genetic gain from selection
2G % =100 Kh2oph/ X
Where: K =selection intensity for (10 %)
=1.76, h2 = heritability of S1family,

o ph = phenotypic standard deviation,
and x = mean performances

RESULTS AND DISCUSSION
Protein yield and yield
components :
1-Analysis of variance and genetic
parameters for 121 S1 progenies:
Analysis of variance for protein yield
(kg/fed), grain vyield (ard/fed) and its
components traits for 121 S1 progenies for
cycle (C1) at the two locations Gemmeiza
and Sids for AED population (Tables 2 and
3).

variance for protein yield, grain yield and its
progenies in the AED population tested at

Gemmeiza and Sids in 2012 season.

M. S.
S.0. V. df Protein Grain Ear Ear No. of | No. of 100
yield yield length |diameter| rows/ | kernels/ | kernel
(kg/fed) (ardffed) | (em) | (cm) ear row weight
(@)
Gemmeiza
Rep. 2 | 4070.99 21.16 13.09 | 0.50 5.37 | 329.09 | 295.21
Genotypes | 120 | 915165~ | 4377 | 461 | 024" | 324" | 21.64* | 12.57*
Error 240 | 38578 1.82 154 008 |114 |930 | 141
CV% 13.74 1346|753 |626 |738 |881 | 285
Sids
Rep. 2 | 2241.35 10.89 3.80 [0.06 6.02 |24.28 [10.71
Genotypes | 120 | 12807.47** | 57.84* | 5.84* | 0.11** | 4.48** | 14.46™ | 28.14*
Error 240 | 1037.57 5.16 0.61 0.02 127 | 3.82 4.52
0,
C.V.% 11.61 11.68 4.42 3.11 7.86 | 5.19 5.95

** Significant at 0.01 levels of probability.
C.V.% Coefficient of Variability
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Table (3): Mean squares from analysis of variance for some agronomic and Resistance
to late wilt % traits in 121 S progenies in the AED population tested at
Gemmeiza and Sids in 2012 season.

M. S.

S.0.Vv. df | Daysto | Daysto | Plant Ear Ear | Resistance

50 % 50 % height height Position | to late wilt

tassling | silking (cm) (cm) % %
Gemmeiza
Replications 2 37.10 43.44 4556.20 | 3125.83 44.04 0.30
Genotypes 120 9.95* 11.80* | 728.98** | 479.24** | 70.05* 95.49*
Error 240 0.84 1.11 161.56 90.72 18.01 13.35
CV.% 1.51 1.72 6.97 8.39 6.80 3.90
Sids
Replications 2 6.25 55.57 37.65 6.25 0.05 64.73
Genotypes 120 14.88* | 13.95* | 708.22** | 399.23** | 24.03** 187.70**
Error 240 1.52 1.35 90.36 67.40 7.00 34,97
CV.% 2.16 1.97 4.42 7.42 5.16 6.40
** Significant at 0.01 levels of probability.
C.V.% Coefficient of Variability
Mean squares of the protein vyield respectively. Genotypic and phenotypic

(kg/fed), grain vyield (ard/fed) and its
components and agronomic characters were
highly significant for all studied traits,
indicating that the S1 progenies of the
original cycle (Co) for this population were
different in such traits. At the same time,
mean squares of genotype x location
interaction were highly significant for all
characters, indicating that the 121 S
progenies were differed in their protein yield
and the behavior of these progenies were
significantly differed from location to another.

2- Estimates of genetic

parameters for 121 S1 progenies:
Estimates of genetic parameters for the
protein yield (kg/fed) and yield components
and agronomic characters in the original
cycle (Co) at the two locations in AED
Population (Tables 4 and 5).

Genotypic and phenotypic variances of
protein yield (kg/fed) of 121 Si progenies
were 2921.92 and 3050.52 at Gemmeiza
and 588495 and 6403.74 at Sids,

variances of grain yield (ard/fed) of 121 Sy
progenies were 20.98 and 21.89 at
Gemmeiza and 26.34 and 28.92 at Sids,
respectively. For ear length (cm), genotypic
and phenotypic variances of 121 S
progenies were 1.02 and 2.05 at Gemmeiza
and 2.62 and 2.92 at Sids, respectively
(Table 4).

For ear diameter (cm), genotypic and
phenotypic variances of 121 S1 progenies
were 0.08 and 0.12 at Gemmeiza and 0.05
and 0.06 at Sids, respectively. For number
of rows/ear, genotypic and phenotypic
variances of 121 Si1 progenies were 0.70
and 1.43 at Gemmeiza and 1.61 and 2.24 at
Sids, respectively. For number of
kernels/rows, genotypic and phenotypic
variances of 121 S1 progenies were 6.17
and 10.82 at Gemmeiza and 5.32 and 7.23
at Sids, respectively. For 100-kerenl weight
(g), genotypic and phenotypic variances of
121 Sy progenies were 3.72 and 6.05 at
Gemmeiza and 11.81 and 14.07 at Sids,
respectively (Table 4).
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Table (4): Estimates of genotypic and phenotypic variance (02g and o?ph), heritability in
broad sense (h% %) and gain from selection (Ag%) for protein yield (kg/fed)
and its components traits in the AED population tested at Gemmeiza and Sids
in 2012 season.

trait

Protein Grain Ear
Parameter yield yield diameter kernels / | kernels
(kg/fed) (ard/fed) row weight

2921.92
3050.52
95.78
65.13

5884.95
6403.74
91.90

Table (5): Estimates of genotypic and phenotypic variance (8%g and &?ph), heritability in
broad sense (h%, %) and gain from selection (Ag%) for other agronomic traits
sla]e

Days to Plant Resistance
50 % 50 % height i Position to late wilt
tassling silking {cm) %
Gemmeiza
4.56 3.56 283.71
4.98 5.72 364.49
91.56 62.35 77.84
4.84 3.54 11.71
Sids
6.68 6.30 308.93
7.44 6.98 354.11
89.78 90.32 87.24
6.16

Parameter
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According days to 50% tassling, (Table
5) genotypic and phenotypic variances of
121 S1 progenies were 4.56 and 4.98 at
emmeiza and 6.68 and 7.44 at Sids,
respectively. According days to 50% silking,
genotypic and phenotypic variances of 121
1 progenies were 356 and 572 at
emmeiza and 6.30 and 6.98 at Sids,
respectively. According plant height (cm),
enotypic and phenotypic variances of 121
1 progenies were 283.71 and 364.49 at
emmeiza and 308.93 and 354.11 at Sids,
espectively. According ear height (cm),
enotypic and phenotypic variances of 121
1 progenies were 129.51 and 224.50 at
emmeiza and 165.92 and 199.62 at Sids,
respectively. For ear position%, genotypic
and phenotypic variances of 121 S
progenies were 26.02 and 3505 at
Gemmeiza and 8.52 and 12.02 at Sids,
respectively. For late wilt%, genotypic and
phenotypic variances of 121 Si progenies
were 27.38 and 45.52 at Gemmeiza and
76.37 and 93.85 at Sids, respectively (Table
5).

Estimates of heritability in broad sense
(h%) % and gain from selection (Ag %) for
the protein yield (kg/fed) and its components
and agronomic characters in the original
cycle (Co) at the two locations in AED
population are presented in (Tables 4 and
5).

Heritability in broad sense and gain from
selection of protein yield (kgffed) of 121 S1
progenies were 9578 and 6513 at
Gemmeiza and 91.90 and 38.10 at Sids,
respectively. Heritability in broad sense and
gain from selection of 121 Si progenies
were 9584 and 64.10 at Gemmeiza and
91.08 and 36.18 at Sids for grain yield
(ard/fed), respectively. For ear length (cm),
heritability in broad sense and gain from
selection of 121 $1 progenies were 49.96
and 7.63 at Gemmeiza and 89.55 and 12.49
at Sids, respectively. Heritability in broad
sense and gain from selection of 121 Si
progenies were 6667 and 51.14 at
Gemmeiza and 81.82 and 6.33 at Sids for
ear diameter (cm), respectively (Table 4).

For number of rows/ear, heritability in
broad sense and gain from selection of 121

S1 progenies were 48.95 and 7.51 at
Gemmeiza and 71.65 and 10.73 at Sids,
respectively. For number of kernels/rows,
Heritability in broad sense and gain from
selection of 121 Si progenies were 57.02
and 9.05 at Gemmeiza and 73.58 and 7.53
at Sids, respectively. For 100-kereni weight
{g), heritability in broad sense and gain from
selection of 121 S progenies were 61.49
and 5.32 at Gemmeiza and 83.94 and 12.66
at Sids, respectively (Table 4).

According days to 50% tassling,
heritability in broad sense and gain from
selection of 121 S+ progenies were 91.56
and 4.84 at Gemmeiza and 89.78 and 6.16
at Sids, respectively. According days to 50%
silking, heritability in broad sense and gain
from selection of 121 S+ progenies were
62.35 and 3.54 at Gemmeiza and 90.32 and
5.82 at Sids, respectively. According plant
height (cm), heritability in broad sense and
gain from selection of 121 81 progenies
were 77.84 and 11.71 at Gemmeiza and
B87.24 and 10.96 at Sids, respectively.
According ear height (cm), heritability in
broad sense and gain from selection of 121
S1 progenies were 57.69 and 11.31 at
Gemmeiza and 83.12 and 1526 at Sids,
respectively. For ear position%, heritability in
broad sense and gain from selection of 121
S+ progenies were 74.29 and 10.11 at
Gemmeiza and 70.87 and 6.88 at Sids,
respectively. For late wilt%, heritability in
broad sense and gain from selection of 121
S progenies were 60.15 and 6.38 at
Gemmeiza and 81.37 and 12.27 at Sids,
respectively (Table 5).

Sadek et al. (1986) found that heritability
estimates in broad sense in AED were 49.2,
22.9, 32.8, 42.2, 25.0, 13.6 and 23.4% for
silking date, plant height, late wilt resistance,
grain yield, 100-kernels weight, number of
rows/ear and ear length, respectively. While,
in Gemmeiza-7421 population, heritability
estimates were 55.0, §7.9, 37.3, 75.2, 66.0,
61.0 55.2 and 45.3 for the same traits,
respectively. Singh ef al. (1989) found that
the expected genetic gain was higher in the
spring season. Coors (1988) showed that
heritability estimates in broad sense were
76% for S1 family for grain yield. Nawar et al.
(1995) found that the highest estimates of
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the expected genetic advance from different
selection methods obtained from full-sib
family selection either based on S1 or Sa.
Soliman ef al. (1999) indicated that the
expected genetic gain from selection of the
best 10% families were 31.70 and 7.41% for
grain vyield and late wilt resistance,
respectively. Barakat (2003) found that the
expected genetic gain from selection of the
best 10% families was high and in the better
direction for all studied traits.

Generally, estimates of heritability in
broad sense of 121 S: progenies were
highly vales for protein yield, grain yield and
some other traits of yield components at
Gemmeiza and Sids indicating that, Si
recurrent selection method were effective to
improving of these traits.

3- Mean performances of 121 S4
and 12 S1 progenies of AED
Population:

Mean of the protein yield (kg/fed) and its
components and agronomic characters for
121 81 progenies and the highest selected
10 % (12 S progenies) in the original cycle
(Co) for the AED population at two locations
are presented in (Table 6).

Mean of protein yield (kg/fed) of 121 Sy
progenies in the original cycle (Co) were
143.0+£5.02 and 277.415.94 at Gemmeiza
and Sids, respectively. While, mean of
protein yield (kg/fed) of the highest 10% (12
S1 progenies) in the same cycie (Co) were
214.3+17.01 and 373.5+12.53 at Gemmeiza
and Sids, respectively. Mean of grain yield
(ard/fed) of 121 S+ progenies in the original
cycle (Co) were 10.0+0.35 and 19.5+0.40 at
Gemmeiza and Sids, respectively. While,
mean of grain yield (ard/fed) of the highest
10% (12 S1 progenies) in the same cycle
(Co) were 14.7£1.31 and 26.1+1.04 at
Gemmeiza and Sids, respectively.

Mean of ear length (cm) of 121 S
progenies in the original cycle (Co) were
16.56+£0.11 and 17.7+£0.13 at Gemmeiza and
Sids, respectively. While, mean of ear length
(cm) of the highest 10% (12 S1 progenies) in
the same cycle (Co) were 17.2+0.37 and
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19.010.37 at Gemmeiza and Sids,
respectively. Mean of ear diameter (cm) of
121 S¢ progenies in the original cycle (Co)
were 4.71£0.03 and 4.6+0.02 at Gemmeiza
and Sids, respectively. While, mean of ear
diameter (cm) of the highest 10% (12 S
progenies) in the same cycle (Co) were
4.3+0.08 and 4.410.03 at Gemmeiza and
Sids, respectively. Mean of number of
rows/ear for 121 S progenies in the original
cycle (Co) were 14.5£0.09 and 14.310.11 at
Gemmeiza and Sids, respectively. While,
mean of number of rows/ear for the highest
10% (12 S, progenies) in the same cycle
(Co) were 14.9+0.30 and 14.7t0.19 at
Gemmeiza and Sids, respectively.

Mean of number of kernels/row for 121
S1 progenies in the original cycle (Co) were
34.6+0.24, and 37.7+0.20 at Gemmeiza and
Sids, respectively. While, mean of number of
kernels/row for the highest 10% (12 Ss
progenies) in the same cycle (Co) were
36.5+0.83 and 38.8+0.38 at Gemmeiza, and
Sids, respectively. Mean of 100-kernels
weight (g) of 121 S1 progenies in the original
cycle (Co) for the population (A) were
41.7+0.19 and 35.7+0.28 at Gemmeiza and
Sids, respectively. While, mean of 100-
kernels weight (g) of the highest 10% (12 S4
progenies) in the same cycle (Co) were
40.51£0.62 and 36.610.60 at Gemmeiza and
Sids, respectively.

Mean of days to 50% tassling, days to
50% silking, plant height (cm), ear height
(cm), ear position% and resistance of late
wilt % of 121 S1 progenies in the original
cycle (Co) for the AED population 60.6+0.17,

61.4+0.18, 182.31+1.42, 113.5+1.15,
62.5+£0.44 and 93.740.51 at Gemmeiza and
57.2+0.20, 59.0+0.20, 215.1+1.40,

110.64£1.05, 51.310.26 and 92.4+0.72 at
Sids, respectively. While, mean of the same
traits of the highest 10% (12 S progenies) in

the same cycle (Co) were59.310.50,
59.8+0.49, 186.91+5.02, 117.314.19,
117.344.19 and 95.4+2.24 at Gemmeiza and
56.0+0.49, 57.4+0.40, 225.2+3.98,

115.8+£3.68, 63.2¢1.62 and 96.0%1.06 at
Sids, respectively.
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Finally, the S1 per se selection method
as effective in improvement of the two
opulations under study. Mittelmann et al.
(2003) found that genetic gain estimates for
rotein content varied from 4.07 to 8.97 %.
he lowest estimates of genetic gain were
bserved for oil content. They indicated that
stimates of additive variance for protein
nd oil content in maize populations were
ignificant. Ajala et al. (2009), found that the
rain yield varied from 1 to 4 t/ha for the S
amilies and 2.5 to 6.6 t/ha for the half-sibs.
he means showed that Si selection for
plant height and grain yield were greatly
reduced when compared with the other two
methods. Gamea (2010), found that the
average increasing rate of grain yieid per
cycle was 9.7% in the LOCAL Pop. and
6.6% in the Pop-59E. Gupta et al. (2013)
found that, Vivek Quality Protein Maize
(QPM) 9, the improved QPM hybrid, showed
41% increase in tryptophan and 30%
increase in lysine over the original hybrid.
Okporie et al. (2013), found that, genetic
gains were 2.1% from protein, 0.1% from
lysine, 1.4% from oil, 0.5% for amyipectin
and 3.7% from sugar. While, genetic losses
of -0.1 days in the number of days to 5§0%
tasseling and -2.5 days in the number of
days to 50% silking.
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