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ABSTRACT: The objective of this research was designed to assess the
expected improvement of grain yield and other valuable agronomic traits in
Gemmeiza yellow maize population (EV-2), through S1 progeny selection
method. A total of 256 S1 random families were selected in 2000 season at
Gemmeiza Research Station, and evaluated at Sakha and Gemmeiza
Research Stations during the summer season of 2001. Data of each location
and combined indicated that the average performance for grain yield was
ranged from 3.17-32.91, 0.89-32.80 and 3.35-32.86 at Sakha, Gemmeiza and
combined, respectively. However, all other studied traits were varied with the
same pattern. However, the combined data indicated that the percentage of
increase or decrease In the average performance of the selected families
based on 10% selection Intensity was 52, 48.9, -5.9, -16.3 -21.8 and 11.5% for
grain yield per fad and per plant, namber of days to 50% silking plant and ear
height and resistance to late wilt, respectively. Estimates of phenotypic
(o2ph) and genotypic (c2g) variances were significant for all studied traits at
both locations and combined. The méagnitude of c2g was high for all studied
traits in both locations and combined. It constitutes the major part of oc2ph
for all studied tralts. Heritability estimates were generally high for all studied
traits at both locations and when data were combined over locations, except
Iate wilt resistance (45.9 and 43.2 %) at Gemmeiza and in the combined data,
respectively. Expected genetic gain from selection of the best 10% families
was high and in the better direction for all studied traits indicating that this
population could be considered as the best source for inbred lines isolation
which could be utilized as a good material in hybrid breeding program.
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INTRODUCTION

Present attempts to increase maize (Zea mays L) production in Egypt
seem to provide an excellent opportunity for populations improvement that
are considered the backbone of breeding programs around the world. By
inter- and intra-population improvement, the improved population(s) could be
utilized per se as a new variety or used it as a source of new inbred lines for
developing new high yielding hybrids.

S1 families’ recurrent selection is widely -used as an easy and simple
procedure for intra-population improvement in maize. Evaluation of selected
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lines (families) per se, however, allows measuring the breeding values of
individuals of population without the masking effect of testers on the
genotype being tested. In this respect, Genter (1971&1973), Dawoud (1984),
- Ismail et al (1984), Aboul-Saad et al (1989), Getschman and Hallauer (1991),
El-Agamy et al (1992), Barakat (1998) and Mahmoud et al (1999) reported that
selection based on S1 progeny performance is effective for selecting additive
_genetic effects and presents an opportunity for selection against major
deleterious recessive genes that become homozygous with breeding.

Theoretically, selection based on S1 is expected to utilize additive genetic
variance better than intra-population selection methods as reported by
Hallauer and Mirenda (1981), Tanner and Smith (1987), Soliman. (1991) and
Mahmoud et al (1999). In this respect, Sulivan and Kannenberg (1987),
Soliman (1991), and Aboul-Saad et al (1994) found a linear genetic gain for
yield and other traits through two to eight cycles of S1 selection.

Heritability estimates from S1 families are higher than the other selection
procedures because the component of genetic variance is mostly additive
genetic effects. However, heritability estimates differed according to
populations (genetic variance), characters, selection methods and
environmental conditions as reported by, Adara and Kannenberg (1981),
Abdalla et al (1984), Coors (1988), Aboul-Saad et al (1989), Soliman (1991),
Walter et al (1991), El-Agamy et al (1992), Barakat (1998) Mahmoud et al
(1999).and Vales et al (2001).

The genetic gain upon selection is considered among the most important
contributions of quantitative genetic to maize breeders. Burten et al (1971),
Mulumba et al (1983), Smith (1983), Sullivan and Kannenberg (1987), Soliman
(1991), Aboul Saad et al (1994), Barakat (1998) and Mahmoud et al (1999)
reported that change in genetic variance resulting from S1 selection for grain
yield and some other yield components was related to the observed change
with a sngmf' cant average increase in population mean.

Heritability estimates were differed according to populatlon, characters,
selection methods and environmental factors. However, heritability estimated
from 81 families was higher than that estimated from other selection
methods (Hanson, 1963, Adara and Kannenberg, 1981, El-Kady et al 1983,
Abdalla et al 1984, Walter et al 1991, El-Agamy et al 1992 and Barakat, 1998).
This is'due to that S1 selection utilizes additive genetic effects as reported by
Genter (1971), Embig et al (1972) and Goulas and Lonnquist (1977).

The recent investigation was designed and carried out to provide
information about genetic variance, heritability estimates and expected
genetic gain used to improve Gemmeiza yellow maize population (C-2) for
grain yield and some other agronomic traits.
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MATERIALS AND METHODS

The present investigation was implemented in population Gemmeiza
yellow maize population (C-2). This population was constructed (1987) at
Gemmeiza Agriculture Research Statlon and this composed from two groups
first one eight yellow maize genotypes, pool-33, pop-34, Giza-2, 4-T-2, pop-
45-C,, pop-31, Black see star (from turkey) and syn-73, second one B-ss- syn
and yellow suptropical maize population (lITA) after two cycles improvement
by recurrent selection methods, Half-sib and S, per se. Two cycles were
completed at Gemmeiza Research Station to improve the maturity (to be
earlier), plant height ({to be shorter), average productivity and resistance to

late wilt disease (Cephalosporium maydis).

In 2000 season, approximately 300 random plants were self pollinated at
the breeding disease nursery of Gemmeiza. At harvest, a total of 256 selfed
ears (S,) with sufficient seed sitting were selected to plan the desired
replicated yield trials and remnant seed were kept for the subsequent
studies.

In 2001 summer season, the 256 S, progenies were svaluated In two (16 x
16) simple lattice yield trials with two replications at Sakha and Gemmeiza
Research Stations, FCRI, ARC. Entries in both locations were grown in
single-ridge plots, 6 m long and 80 cm width between ridges with plant
spaced 25 cm between hills within the ridge. Hills were thinned to one plant
per hill before the first irrigation, providing 21000 plant per faddan (one
faddan = 4200 m ) Agronomic practices including adding fertilizer in
recommended doses, weed and pest control were followed as recommended
at the proper time to promote high productivity. Data were recorded for
number of days to 50% silking, plant height (cm), ear height (cm), resistance
to late wilt (%), grain yield per plant (g) and grain yieid in ardabs/fad adjusted
to 15.5 % grain moisture content (one ardab = 140 kg).

Its worth noting that the efficiency of the simple lattice design used in
these trials was not much different from that of a randomized complete
blocks design, therefore, the analysis of variance of the data for separate
locations and combined were made assuming a RCBD according to
Snedecor and Cochran (1967) (Table 1).
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Table 1. Analysis of variance of 256 S, families for separate locations and

combined.
S.0.v. DF MS Expected mean squares
Separate location
Rep’s (R) 1
Genotypes (G) 255 MS, 0% + I %
Error 255 MS;, o
Combined

Locations (L) 1
Genotypes (G) 255 MS, o%e *+ 1o’y + rla?,
GxL 255 MS, o’ *+ 167y
Pooled error 510 MS, 0%

* o% , o%; and o*y are experimental error, S, family and S; family x
locations variances, respectively,

, Bartelett test (Snedecor and Cochran 1967) for the homogeneity of error
variance was calculated between the error mean squares of the two locations
and found to be insignificant; therefore, combined analysis had been done
for all studied traits. Based on the combined data, the components of
variance were estimated by equating the mean squares to mean square
expectations according to Hallauer and Miranda (1981) (Table 1).

According to the expected mean squares in Table (1), the foIIowmg
estimations were calculated:

o’y = (Ms; ~ Ms,)irl ‘6% = (Ms; — Ms,)/r (for combined)
The ph_enotypic variance (czph) of 8, family means was estimated as:
cfph = %y + Oofr (for one location)
Gpn = O7g + Oog + 0% {for combined over locations)
Heritability in broad sense (h?) was calculated as
= (0% o%n) X 100 |
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Expected gain from selection (AG) was calculated as:

k Gg
Gph

where k is the standard selection differential (1.755) at 10% selection
intensity and x is the general means of lines.

AG = x 100

RESULTS AND DISCUSSION

Mean squares for analysis of variance at the two locations and its
combined (Table-2) showed highly significant differences among the 256 S,
families for all studied traits at Sakha, Gemmeiza and the combined data. The
interaction effects of S; families with locations (environments) was also
highly significant respecting all studled traits, except plant and ear height.
Coefficient of variation (%) for all traits was relatively small or medium,
indicating the homogeneity of soils at each location and greater minute. in
collecting data. However, comparing the magnitude of error mean squares
for different traits at the two locations revealed that there was homogeneity
between error mean squares in few traits, so the separate locatlon as well as
combined data were used herein.

Data in Table (3) show that grain yield fad ranged from 3.17-32.91, 0.89-
32.80 and 3.35-32.86 ardab fad at Sakha, Gemmeiza and combined,
respective-ely. The average grain yield was 15.31 + 0.31, 10.68 + 0.27 and
12.99 + 0.27 ardab fad at the same locations and combined, respectively.
However, average grain yield and its range were higher at Sakha than at
Gemmeiza, indicating that Sakha location had more favorable environmental
conditions than Gemmeiza. The same trend was observed In case of grain
yield/plant. Respecting flowering date, It was noticed that the tested families
were earlier at Sakha than at Gemmeiza with an average days to 50% silking
by 60.7 + 0.14, 62.1 + 0.17 and 61.4 £ 0.14 days at both locations and
combined, respectively. The average plant height at Sakha, Gemmeiza and
combined was 209.5 + 1.36, 189.5 + 1.12 and 199.5 + 1.16 cm, respectively.
Also values of ear height at the same locations and combined were 113.3 +

1.00, 102.0 + 0.76 and 107.7 + 0.82 cm, respectively. For resistance to late wilt -

disease, mean percentage of resistance at Sakha (924 + 0.58%) was
somewhat higher than at Gemmeiza (84.6 + 0.91 %). The range at Gemmeiza
(26.7 to 100.0) was wider than that at Sakha (50.5 to 100.0). These results
indicated clearly that the selection for resistance to late wilt disease would
be more effective when practiced on the basic data obtained at Gemmeiza
location. Moreover, plants of the S, families tended to be earlier and taller
with somewhat higher ear placement at Sakha than at Gemmeiza location.
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S

Table 2. Mean squares for grain yield and other agronomic traits among 256
S; families evaluated at Sakha, Gemmeiza and their combined, in
2001 season.

Mean squares

Grain
. Grain Days

S.0.v. d.f. yield Plant Ear Late wilt

yield per  to 50%
per height height resistant

plant silking

faddan
SAKHA
Rep's 1 1.13 128.8 0.20 366.2 6.1 1.89

S1 families 255 50.49*  2101.9** 9.46™ 940.2"  515.3* 174.48*

Error 255 0.89 179.6 3.05 163.7 109.8 33.39

C.V.(%) 6.17 11.9 2.88 6.10 9.24 6.25
GEMMEIZA

Rep's 1 0.05 19.3 328" 58.5 3195.0 6611.1

$1 families 255 38.20*  2127.4* 14.15*  646.6™ 297.7 419.1™

Error 255  0.81 40.2 383 1927  107.1 206.0
C.V.{%) 8.43 7.4 315 7.3 10.2 16.9
COMBINED

Locations (L) 1 5489.1* 176402.6* §68.5** 10312.3* 33180.9** 15749.5**
Rep (L) 2 0.6 74.1 17 2123 1600.6 3306.5

S1 families 255 74.8™ 3526.7  19:2* 1384.3  691.8* 4206

Lx S1 255 13.9* 702.6** 4.4* 202.5 121.3 172.9*
Pooled .

510 0.9 109.9 34 178.2 108.4 119.7
error
C.V.(%) 7.0 10.6 3.0 6.7 9.67 12.4

** refer to highly significant differences,at 1% level of propability.
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Table 3. Mean performance and range among 256 S, families, and mean of
the selected families at the two locations and combined, in 2001

season.
256 S1 families % of  Means of
Characters Locations CV% L55°D families  gejected
Mean Range - °  <mean families
Sakha  1531£0.31 347-32.01 617 242 383 20.1
Grain yield .
(ardifed) Gemmeiza 10.68 £0.27 0.89-3280 8.43 2.30 3?.5 17.9
Combined 12.99+0.27 3.35-32.86 7.23 254  40.6 19.8
Sakha  112.2+2.03 33.2-2457 11.95 3431 406  166.9
Grainyield . @ eiza 859+204 19.2-2040 7.37 1623 40.6  136.5
vl 92 . 0 7 . . .
Combined 99.03+1.86 34.4-224.8 10.59 18.98 39.8  147.5
Sakha 607+ 014 555-67.0 288 229 57.0 57.1
. _
Daﬁ;ﬁéo % Gemmeiza 621%047 57.0-720 345 263 500  57.9
Combined 61.4+014 56.0-68.5 3.02 175  52.3 57.8
Sakha  209.5£1.36 147.5-269.5 610 13.37 527 1718
- P'a';f::s'ght Gemmeiza 189.5+1.12 141.5-237.5 7.32 1463 535  158.9
Combined 199.5+1.16 142.0-247.3 6.69 991 508  166.9
Sakha 113.3£1.00 63.0-159.0 9.24 337 523 86.0
Ear height
omy  OOTmeiza 1020£076 68.5-1375 1015 372 484 81.0
cm
Combined 107.7£0.82 67.5-1445 967 251 484 84.2
~ Sakha  924+058 50.5-1000 625 1211 664  100.0
Late wilt
resistance Gemmeiza 84.6 £ 0.91 26.7-100.0 16.97 14.65 60.2 100.0
2y
(%) Combined 86.5£0.64 572-1000 1236 9.50 60.8  100.0

The percentage of families which were equal to or better than the mean -
performance of S, progenies {Table-3) was approximately equal for all
studied traits at both locations. However, number of S; families exhibited the
lowest ear placement and the highest grain yield was higher at Sakha than
that at Gemmeiza location. Based on the combined data, the percentage of S,
families equal to or better than average of all families was high in all studied
traits (40.6, 39.8, 52.3, 50.8, 48.4 and 60.9%, for grain yield per faddan and per
plant, days to mid silk, plant height, ear height and late wilt resistance,
respectively (Table 3). Using selection intensity of 10 %, grain yield and late
wilt resistance could be used as selection criteria in the improvement of this
population, since it possessed the highest frequency of the best families. In
this respect, Sollman (1991), found similar results but Abdalla et al (1984)
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reported that the distribution of selected families did not represent the 10
percent highest yielding families under their studies.

Estimates of phenotypic (c’ph) and genotypic (c’g) variances were
significant for all studied traits at both locations and their combined over
locations (Table 4).

Table 4. Components of variance, heritability estimates (h2 %) and exbected
genetic gain (AG %) from selection for grain yield and other traits at
Sakha, Gemmeiza and combined data, in 2001 season.

Characters  Locations o’ph-+ SE o’g +SE a’gl +SE W%  AG (%)
Sakha 27.47:223  24.80:2.23 90.27  58.87
Grain yleid .
(ard/fed) - Gemmeiza 20.79 + 3.30 18.69 + 1.68 - 89.94 58.30
Combined . 24.44 + 1,65 15.24 + 1.86 6.51 + 0.61 62.28 9.78
- Sakha 1144.3 + 92.7 961.2+934 84.0 47.82
Grain yield .
g/plant Gemmeiza 1157.6 + 155.6 1043.6 + 93.9 90.2 58.67
Combined 11509+ 77.8 706.0 + 89.3 296.4 + 31.7 61.4 7.97
Sakha 5.19+0.42 3.21 £ 046 - 61.6 8.79
Days to 50%
Gemmeiza 7.74 + 0.85 5.16 + 0.67 — 66.6 17.25
silking
Combined 586 + 0.42 3.70 + 0.51 0.50 + 0.29 63.2 11.18
Sakha 470.1+ 611 388.3+41.5 - 82.6 45.35
P'a';z:r‘s'gm Gemmeiza  354.3:62.6  226.9+96.4 - 641 1276

Combined 399.5+ 30.5 '295.5 + 33.0 12.2+14.3 73.9 30.18

Sakha 281.4+227 . 202.8+23.7 721 2683
Ea’( :;')gm Gemmeiza  163.6 + 30.5 95.3+14.7 - 583  2.54
Combined  201.8+153  1426+17.0 65186 707  24.37
Sakha 95.2+ 7.7 706+ 7.9 741 30.40
Late wilt - - _
resistance Gemmeiza  232.0:18.6 - 106.5+ 225 459  80.80
(%) -

Combined 1434+ 9.3 1434 + 9.30 26.6 +10.7 43.2 76.03

The magnitude of c’g was generally high for all studied traits in both
locations and when data were combined over locations and constitute the
major part of czph except for late wilt resistance at Gemmeiza. These results
reflected the presence of wide genetic diversity among the S, families, and
~ that can be attributed to the fact that this population is a composite of ten
different sources of widely divergent origin. In addition, genotype x location
interaction variance (c’gl) was also significant for all studied traits, indicating
that the behavior of S, families differed under different environmental
conditions. However, data showed that c’gl values were lower than o°g
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values for all studied traits except late wilt resistance, which had the highest
c’gl values. This indicates that late wilt resistance was more affected by
environmental conditions than the other traits. Similar results were obtained
by El-Rouby el al (1979), Adara and kannenberg (1981), El-Nagouly et a/
(1981), Ismail et al (1984), Shehata, ot al/ (1987), Aboul- Saad et a/ (1989 and
1994), Dhillon and Khera (1989), Soliman (1991), Walter et a/ (1991) and El-
Agamy et al (1992).

Broad sense heritability (h?) estimates (Table 4) were relatively high for all
studied traits at both locations and when data were combined over locations
with few exceptions. Lower heritability values were obtained for silking date,
ear height and percent of late wilt resistance at Sakha location. Silking date,
plant and ear height as well as late wilt resistance exhibited moderately low
values of broad sense heritability. The lowest estimates of broad sense
heritability in case of the combined data for late wilt resistance (43.2%) than
those obtained from Sakha (74.09%) and Gemmeiza (45.91%) was attributed
to high values of c?gl (26.60). However, heritability estimates for days to mid
silking, plant height and late wilt resistance were relatively close to each
other at both locations. For grain yield and ear height, heritability estimates
were somewhat high at Gemmeiza and Sakha, respectively. Embig et al/
(1972) suggested that the expected values of o°g would be equal to additive
genetic variance (c?.) if dominance andlor epistasis were lacking in the
- population or when gene frequency for the segregating loci is equal to 0.5. In
this respect, heritability estimates obtained from the combined data over two
locations will be more reliable than that-obtained from data of single location.
In addition, high heritability estimates for the studied traits indicate that
selection based on the mean performance of S, families would be successful
tool in improving this population. Similar results were reported by Dudlel and
Moll (1969), Darrah et al (1972), El-Rouby et al (1979), El-Kady et a/ (1983),
Abdalla et al/ (1984), Sadek et al/ (1988), Aboui-Saad et a/ (1989 and 1994),
. Soliman (1991) and Walter et a/ (1991). '

Estimates of the expected genetic gain (%) from selection of the best 10%
of the families for the two characters (grain yield and LWR %) which were
used as selection criteria through S, progeny selection at each location and
when the data were combined over locations are presented in Table 4.
Expected genetic gain was 58.87, 58.30, and 9.78 % for grain yield and 30.40,
80.80 and 76.03 % for LWR at Sakha, Gemmeiza and combined data. These
gains were of higher values than those of the other traits. This result
attributed directly to the presence of more addition genetic variance. Genter
(1971), and Horner et al (1973) suggested that gain achieved from S,
progenies would directly result from the increase in frequency of genes with
additive effects. Smith (1983), Shehata et a/ (1984), Sulivan and Kanneriberg
(1987), Walter et al/ (1991) and Aboul -Saad et a/ (1994) for grain yield, and
Abdalla et a/ (1984), Shehata et a/ (1987), Sadek et al/ (1988) and Soliman
(1991) for grain yield and late wilt resistance. They reported that genetic gain
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when selecting the superior S, progenies was higher than that in the original
population. .
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