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ABSTRACT: Ten selected S, white maize lines developed from different heterotic groups
were topcrossed to each of three commercial white testers, i.e. Gm 12, SC 21 and Gm.W.Pop.
in 2009 summer season. The resultant 30 topcrosses along with its parents (10 inbred lines and
three testers) and three check hybrids, i.e SC 10, TWC 321 and GWP (46 genotypes) were
evaluated in 2010 growing season at tow locations. Stns. for days fo 50% silking, plant and ear
height, number of ears/100 plants, grain yield, ear length, ear diameter, rows/ear, grains/row
and 100-gran weight. Testers contributed much more than the lines to the total genetic variation
in all studied ftraits, except silking date, ears/100 plants and grains/row. This indicates that the
inbred testers ranked the 10 inbreds differently. The tested lines Gm-11 and Gm-21 were found
to be the best general combiners for high yielding ability, whereas Gm-11, Gm-21, Gm-36, Gm-
101, Gm-137, and Gm-141 were the best general combiner for prolificacy. Parental females
Gm-21, Gm-36, Gm-83, and Gm-101 were good donors for ear length, whereas Gm-11, Gm-21,
Gm-56 and Gm-83 were the best combiner for ear diamefer. In addition, Gm-7 and Gm-101
inbred lines were the best combiner in case of days fo 50% silking, plant and ear height. The
inbred tester Gm 2 manifested befter GCA effects and average performance of grain yield and
all studied traits, except ear diameter and number of grains/row as compared to testcrosses of
the other inbred testers, SC 21 and Gm. W.Pop. Results showed that the inbred tester Gm 2
crossed to the tested lines Gm-11, Gm-36, Gm-56 and Gm-83 would produce the best four
single crosses which significantly outyielded the checks single cross hybrid SC 10 by 7.1, 8.3,
5.2 and 4.5 ardffad, respectively. The magnitude of the ratio of general fo specific combining
ability variances ( 02903/02303) revealed that the additive gene action plays an important role in
the inheritance of all studied traits. The non-additive gene action, however, interacted more with
the environmental conditions (a2sca x loc) than the additive component (a2gcs x loc) for all
studied traits, except number of ears/100 plants and ear height. Parents vs. crosses was highly
significant for all studied ftraits indicating the present of valuable amount heterosis in the
materials used in this study. For all studied ftraits, better parent heterosis was significant in most
studied crosses, especially that involved the two testers, Gm-2 and Gm.W.Pop. Ear length, ear
diameter and number of ears/100 plants exhibited the highest direct effect on grain yield. They
also have string indirect effect on grain yield via number of rows/ear and 100-grain weight.
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INTRODUCTION

The increased demand for maize grains
to cover the requirements of growing poultry
industry and animal feed has emphasized
the need for developing superior white grain
maize hybrids. To overcome the increasing
demands of white maize consumption,
Maize Res. Dept. breed and release new
white maize inbred lines for use in
developing high yielding hybrids, resistant to
late wilt disease and has desirable
agronomic characters. Procedures for
developing and improving inbred lines of

maize were reported by Geadlman and
Peterson (1976), Kuhn and Stucker (1976)
and Hallauer and Miranda (1981) they
stated that, improving inbred lines had
resulted increase in grain yield, modified
maturity and plant stature of their hybrids.
Moreover, Bauman (1981) indicated that, the
most logical sequel is to cross pairs of lines
that complement each other to produce the
F, generation (F, population) of specific
single crosses which is used most frequently
as a source of new inbred Ilines
development. If one parent of such single
cross is decidedly better than the other one,
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the chance of obtaining a derivative line
superior to the better parent is remoted
(Baily and Comstock, 1976).

Successful development of improved
maize hybrids is dependent upon accurate
evaluation of inbred lines performance in
crosses. The standard topcrosses procedure
as suggested by Davis (1927) has been
widely used to evaluate the general
combining ability of inbred lines in hybrid
maize breeding programs. Inbreds of high
general combining ability are crossed to
detect particular combinations that result in
superior single cross, i.e.; two line
combinations for commercial use. The
concepts of general (GCA) and specific
(SCA) combining ability are useful for
characterizing inbred lines in crosses. If
additive gene effects are important,
recurrent selection methods that emphasize
GCA should be used. However, if
overdominance is of primary importance,
recurrent selection methods that emphasize
SCA would be appropriate (Hallauer and
Miranda, 1981). The choice of suitable
testers for testing the developed inbred lines
is an important decision. Darrah et al. (1972)
and Horner et al. (1973) reported that inbred
testers have the advantage with no sampling
errors to follow genetic variability within the
testers and greater genetic variation among
testcrosses. Furthermore, Russell ef al.
(1973) and Zambezi ef al (1986) suggested
that inbred testers could be used
successfully for improving general (GCA)
and specific (SCA) combining abilities in
maize.

Shehata and Dahawan (1975), Balko and
Russell (1980), El-ltriby ef al, (1990) and
Aydm et al (2007) reported that the variance
component due to SCA for grain yield and
other agronomic traits was relatively larger
than that due to GCA indicating the
presence of reasonable amount of useful
heterosis and that the non-additive type of
gene action appeared to be more important
in lines selected previously for grain vyield
performance. On the other hand, Rojas and
Sprague (1952), El-Zeir et al. (2000),
Soliman et al. (2001) and Abd El-Azeem et
al. (2004) stated that when the lines were
relatively unselected, GCA or additive type
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of gene action becomes more important.
Comstock and Robinson (1963) defined the
genotype x environment interaction as the
differential response of phenotype to the
change in environments. However, Rojas
and Sprague (1952) Darrah and Hallauer
(1972) and Landi and Conti (1983) stated
that the non-additive component of genetic
variation significantly interacted with the
environments more than the additive
component. In contrast, El-ltriby et al.
(1981), El-Zeir et al. (1993) and Abd EI-
Azeem et al (2004) reported that GCA x
environment interaction was significantly
larger than the interaction of SCA x
environment even though the variance
estimate for SCA was more than that of
GCA.

The objectives of this study were to
evaluate general (GCA) and specific (SCA)
combining ability effects and variances
involved in the manifestation of grain yield
and some other attributes of ten newly
developed white inbred lines and three
inbred testers and to identify the most
superior line(s) and single crosses for further
use in the breeding program.

MATERIALS AND METHODS

Ten selected white maize lines in Su
generation (Gm. 11 ,21 , 36, 56, 83, 101,
137, 141, 149 and 258) derived from
different heterotic groups [Synthetic AA-USA
(L-1), Tuxpend x Corn Belt (L-2 - L-11),
JML. 230-Mex (L-12 - L-16), V.BC.llI
(Late)-USA (L-17 & L-18), and NST 89101
(TF 940 D)-Thailand (L-19)] through
selection from segregating generations in
the disease nursery field at Gemmeiza
Agricultural Research Station, were used in
this study. In 2009 summer season, these
10 lines were topcrossed to each of three
narrow base inbred testers, ie.; Gemmeiza
2, Single cross (SC) 21 and Gemmeiza
White  Populations (Gm.W.Pop.). at
Gemmeiza Experimental Station. The first
two testers has being used in commercial
single and three-way cross hybrids seed
production. In 2010 growing season, the 30
resultant topcrosses along with their parents
(10 lines and three testers) as well as three
commercial check hybrids, i.e. SC 10, three-
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way cross 321 , and Gm.W.Pop. were
evaluated in a field trial conducted at
Gemmeiza and Sids Agric. Res. Stations.
The experimental desigh was a randomized
complete block with four replications. Plot
size was one row, 6 m long and 80 cm apart
and hills were spaced 25 cm with in row.
Two kernels were sown per hill then thinned
to one plant per hill to provide a population
of approximately 21000 plants/faddan
(Faddan = 4200 m2). All cultural practices for
maize production were applied as
recommended. Data were recorded for
number of days to 50% silking, plant height
(cm), ear height (cm), number of ears/100
plants, grain yield adjusted to 15.5% grain
moisture  content and converted to
ardab/faddan (ardab=140 kg), ear length,
ear diameter, rows/ear, grains/row and 100-
grain weight. Analysis of variance was
performed for the combined data over
locations according to Steel and Torrie
(1980), and Kempthorne procedure (1957)
as outlined by Singh and Chaudhary (1979)
was followed to obtain information about the
combining ability of lines and testers as well
as estimating types of gene effects
controlling the studied traits. Also, better
parent heterosis for was also determined.
Simple genotypic correlations between all
the studied traits were calculated using the
combined data. Path analysis was done to
estimate the direct and indirect effect of
different agronomic traits as well as yield
components on grain yield.

RESULTS AND DISCUSSION

The combined analysis of variance for
the ten studied traits is presented in Table 1.
Highly significant differences were detected
among locations for all studied traits, except
for ear diameter, indicating that the two
locations differed in their environmental
conditions. All studied entries (parents
“females and males”, crosses and checks)
significantly differed respecting all studied
traits. The entry x locations interaction was
also significant for all traits except ear
diameter and rows/ear. Female and male
parents and their interaction for with
locations were significantly differed in all
traits, except rows/ear for location x parents
interaction. The studied crosses significantly
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differed in all traits, however the interaction
of locations their crosses was significant
only in case plant height, ear height,
ears/100 plants, grain yield, and 100-grain
weight. It's worthy to note that the
differences among checks were not
significant for all studied traits, except for,
days to 50% silking. The same result was
obtained for the interaction of location x
checks which was insignificant in all traits,
except, silking date, grain yield and ear
length. Parents vs crosses was highly
significant for all studied traits indicating the
presence of useful heterosis in the studied
topcrosses. However, the interaction of
Parents vs crosses with locations was not
significant for all traits, except for days to
50% silking, plant height and grain yield.

Partitioning the sum of squares due to
crosses into its components (lines, testers
and lines x testers) and its interaction with
locations (Table 1) showed that mean
squares due to lines and testers were highly
significant for all traits, except that of testers
for grains/row, revealing that greater
diversity existed among both lines and
testers. The magnitude of the variances due
to testers was higher than that for lines for
all studied traits, except silking date,
ears/100 plants and grains/row. Mean
squares of the lines x testers interaction
were highly significant for all studied traits,
except that of silking date, ear length, ear
diameter, rows/ear and grains/row,
indicating that the lines (females) differed in
order of performance in crosses with each of
the testers (males). A line x locations
interaction was highly significant for plant
height, ear height, ears/100 plants, grain
yield and 100-grain weight. \Whereas, mean
square due to the interaction of the testers
with locations was highly significant for only
plant height and grain vyield. These
interactions with locations were indicative of
different ranking of lines and testers from
one location to another. The magnitude of
tester x locations was higher than that of
lines x locations for all studied traits, except
that for plant height, ear height as well as
ear length and diameter and 100-grain
weight. However, highly significant lines x
testers x locations mean squares were
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detected for days to 50% silking, plant
height, ear height and grain yield, revealing
that the crosses between lines and testers
behaved somewhat differently from location
to location. These results are in accordance
with those obtained by El-ltriby et al. (1990),
Gado et al. (2000), Soliman ef al. (2001),
Narro et al (2003) and Aydm ef al (2007).

Mean performance:

Data in Table 2 indicate that both lines,
testers and their topcrosses differed greatly
in their performance. Bothe lines and testers
were earlier and had taller plants and higher
ear placement compared to lines and testers
per ce. Topcrosses with the tester
Gm.W.Pop had short plants with low ear
placement followed by those with SC 21 and
Gm 2, respectively. For number of ears/100
plant both lines, testers and their topcrosses
were more prolific than lines and testers per
ce. Respecting grain yield, topcrosses with
the tester Gm 2 produced more grain yield
followed by those with Gm. W. Pop. and SC
21, respectively. For different yield
components, no clear differences in
performance due to using the three testers
in topcrosses.

For topcrosses, the range of different
traits differed from cross to cross indicating
the presence of great amount of variability
among studied topcrosses. For example, the
lowest grain vyield (17.3, 226 and 224
ard/fad) was obtained from the three
topcrosses Gm-21 x Gm 2, Gm-137 x SC 21
and Gm-36 x Gm.W.Pop. respectively.
However, the highest grain yield (34.8, 33.7
and 31.7 ard/fad) was obtained from the
three topcrosses Gm-36 x Gm 2, Gm-11 x
Gm 2 and Gm-56 x Gm 2. It is worth noting
that, all topcrosses with the inbred tester Gm
1021 had high grain vyield with good
performance for most of the studied traits.
Some topcrosses from Gm.W.Pop. tester
possessed somewhat good yield
performance similar to Gm. 56 x
Gm.W.Pop.(29.6 ard/fad) and Gm. 258 x
Gm 2 (28.9 ard/fad). These crosses
produced the same grain yield as the check
cross “TWC 321" without with insignificant
differences. Similar findings were also
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obtained by Salama ef al (1995) and Sadek
et al (2001)

Better-parent heterosis:

Estimates of better-parent heterosis for of
the grain yield 30 topcrosses for and other
studied traits is presented in Table 3. The
amount of heterosis relative to better or high
parent differed greatly from trait to trait. For
days to 50% silking, all topcrosses, except
Gm-21 x SC 21 and Gm-137 x SC 21
possessed negative desirable heterosis
toward earliness, out of them, 19 topcrosses
exhibited useful and significant heterosis
toward earliness. All topcrosses exhibited
positive and highly significant heterosis
respecting plant and ear height with few
exceptions. For grain yield, topcrosses with
the inbred tester Gm 2 and Gm.W.Pop.
exhibited significant and high values of
heterosis. On the other hand, the three
topcrosses of inbred lines Gm-56, 101 and
137 with the tester SC 21 exhibited highly
significant and negative heterosis. The same
trend was obtained for other studied traits. It
is worthy to note that, all crosses with SC 21
and/or Gm.W.Pop. possessed valuable
amount of heterosis as compared to that
crosses with the inbred tester Gm. 2
indicating the presence of dominance and/or
overdominance in the inheritance of such
crosses.

General (GCA) and specific (SCA)

combining ability effects:

For days to 50% silking, seven inbred
lines possessed significant  general
combining ability effects, three of them (Gm.
11, Gm. 83 and Gm. 258) had negative
values toward earliness (-1.204**, -1.308**
and -1.329**, respectively). Meanwhile, the
inbred tester Gm-2 exhibited highly
significant and negative GCA value toward
earliness (-0.408**). Its worth to note that, all
topcrosses of the studied inbred lines with
this tester were earlier in flowering date and
possessed valuable amount of better parent
heterosis Table 3). Non of the studied 30
topcrosses exhibited valuable and significant
SCA effects, except the cross (Gm-37 x
Gm.W.Pop.) which possessed significant
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and positive SCA values (1.046). Also,
correlation coefficient between the mean
values of days to 50% silking and SCA
effects was positive but insignificant
(0.3639), indicating that additive effects
played a role in the inheritance of these
traits. Hallauer and Lopez-Perez (1979),
Hallauer and Miranda (1981), Aboul Saad et
al (1989), and Narro et al (2003) obtained
similar findings.

With respect to plant height, data
presented in Table 2 revealed significant
differences between the three testers. The
inbred tester Gm 2 induced taller plants over
all parental lines. This result was reflected in
the combining ability effects (Table 4), where
Gm.W.Pop.,, Gm. 2 had highly significant
and positive GCA effect. This indicates that
Gm. 2 had favorable dominant genes for
plant height. On the contrary, the two single
cross testers, SC 21 and Gm.W.Pop., had
negative and highly significant (desirable)
GCA effect. In this regard, Soliman ef al.
(2001) and Abd El-Azeem et al. (2004),
reached similar findings. As for the tested
lines, the best general combiners were Gm.
83, Gm. 101, and Gm. 258, since, they had
highly significant and negative (desirable)
GCA effects (-11.892**, -6.225** and -
10.725"*) and the shortest plants (Tables 2
and 4). However,

Plant height of the 30 topcrosses (Table
2) ranged from 249.0 to 306 cm for crosses
Gm-83 x Gm.W.Pop.and Gm-141 x Gm 2,
respectively. In general, all topcrosses
involving the inbred tester Gm 2 showed
taller plants than those involving the other
two testers SC 21 and Gm.W.Pop.
Furthermore, all the topcrosses of the
Gm.W.Pop., in addition to the crosses of
Gm. 21, Gm. 83, Gm. 137 and Gm. 258 with
Gm 2 and Gm-11, Gm-36, Gm-83, Gm-101,
Gm-137, Gm-149 and Gm-258 with SC 21
were significantly shorter than SC 10 (283
cm). On the other hand, nine topcrosses
showed significantly SCA effect for plant
height (Table 5). Five of them (Gm-21 x Gm-
2, Gm-137 x Gm-2, Gm-101 x SC 21, Gm-
141 x SC 21 and Gm-258 x SC 21)
manifested negative (desirable) SCA effects
(-9.392**, -7.142**, -5.988**, -7.113** and -
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6.488™*, respectively). It's worth noting that
all topcrosses that have

Considering ear height, results in Tables
(1 and 2) revealed that the SC 21 tester had
more favorable effect on ear placement than
the other two testers Gm 2 and Gm.W.Pop.,
since it showed significantly lower average
ear height and highly significant negative
GCA effect (-4.783**) towards lower ear
placement. These results support the
findings of Soliman ef al. (2001), Soliman et
al (2005) and Abd El-Azeem et al. (2004).
As for the tested lines across the three
testers, Gm-83, Gm-258, and Gm-11 ranked
the best with an average of 141, 143, and
144 cm, respectively, which corresponded
with their highly significant negative GCA
effects (-5.842**, -3.467** and -3.383*%),
respectively. On the other hand, the three
parental lines Gm-56, Gm-137 and Gm-141
exhibited the highest average for ear height
(154, 150 and 150 cm), respectively, with
highly significant positive GCA effects
(7.033**, 3.200* and 3.283**), respectively.
The correlation coefficient between means
of ear height and GCA effect was negative
and highly significant (-0.528), indicating
that, the additive gene effects toward low
ear placement was responsible for the
inheritance of this trait. On the other hand,
correlation coefficient between mean ear
height of the testers and its GCA effect was
found negative and highly significant
indicating that, the testers used in this study
can discriminate the inbred lines perfectly.

Ear height of the 30 topcrosses (Table 2)
ranged from 130 to 162 cm for crosses Gm-
83 x Gm.W.Pop., and Gm-56 x Gm 2 as well
as Gm-101 x Gm-2, respectively. Generally,
all topcrosses involving the inbred tester SC
21 or Gm.W.Pop. showed lower ear height
than those involving the inbred tester Gm 2.
Moreover, all studied topcrosses were
significantly lower in ear placement than the
commercial check SC 10 (155 cm), as well
as the other two checks, (TWC 321 and
significant SCA effects exhibited also
significant and high values of better parent
heterosis (Table 3) and significantly
correlated with mean plant height (0.4224**)
indicating that dominance and non-additive
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gene effects plays an important role in the
inheritance of plant height in these crosses.
Similar findings were also obtained by
Salama ef al (1995) and Sadek ef al (2001).
G.W.P)) , except two crosses, in (Gm. 56 x
Gm. 2 and Gm. 101 x Gm. 2) which had
significantly higher ear placement. Out of the
studied 30 topcrosses, 13 topcrosses
possessed significant SCA effects, 7 of them
had negative GCA values (desirable),
whereas the other six crosses had positive
SCA effects toward high ear placement (not
desirable (Table 5). Simple correlation
coefficient between average ear height of
all studied topcrosses and SCA effects was
negative and highly significant, indicating
that, the inbred lines used in this study had
high breeding value.

With respect to number of ears/100
plants, data in Tables 2 and 4 illustrated
that, the inbred tester Gm 2 showed more
favorable effect on number of ears/100
plants than the other two testers (SC. 21 and
Gm.W.Pop.), since, it showed significantly
higher average number of ears per plant
(126 ears/100 plants) and highly significant
positive GCA effect (4.887**). These results
are supported by the findings of Sadek ef al.
(2000) and Soliman and Osman (2006). As
for the tested lines, the best general
combiners over testers were Gm-11, Gm-
141, and Gm-36 (Tables 2 and 4), since,
they exhibited more ears per plant (138,
133, and 130 ears/100 plants, respectively),
and had highly significant positive GCA
effects (16.945**, 11.724** and 8.582**
respectively),. On the other hand, the tested
lines Gm-137, Gm-101, and Gm-21
produced the lowest numbers of ears/100
plants (108, 110 and 111 ears/100 plants)
and possessed negative and significant
GCA effects in the direction of fewer ears
per plant (-12.768**, -11.085** and -9.676*,
respectively). Simple correlation coefficients
between the average number of ears/100
plants and GCA effects of both lines and
testers was positive and highly significant
indicating the high breeding values of these
materials in breeding for prolificacy in maize.

Regarding the topcrosses, data in Table
2 showed that average ears number ranged
from 104 to 156 ears/100 plants for crosses
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Gm-21 x Gm 2 and Gm-11 x Gm 2,
respectively. Generally, all topcrosses
involving the inbred tester Gm 2 showed
more ears per plant than those involving the
two single cross testers, SC 21 and
Gm.W.Pop.. The difference between the
three checks; SC 10 (117 ears/100 plants),
TWC 321 (110 ears/100 plants) and G.W.P.
(113 ears/100 plants) was insignificant.
However, four topcrosses of Gm 2 with the
tested lines (female lines) Gm11, Gm-36,

Gm-83 and Gm-141, in addition to
topcrosses of Gm SC 21 with Gm-11 and
Gm-141 as well as topcrosses of
GmW.Popwith Gm-11 and Gm-141

exhibited significantly more ears per plant
than SC 10 and TWC 321 (Table 2).
However, data of Table 4 showed that the
best specific combination  (positively
significant SCA effects) resulted from Gm-11
x Gm 2 (12.975*), Gm-36 x Gm-2 (11.200%)
and Gm-21 x SC 21 (12.250%).

Grain yield of the 10 tested lines across
the three testers (Table 2) ranged from 23.3
ard/fad (Gm-21) to 28.8 ard/fad (Gm-11).
The most preferable lines were Gm-11, Gm-
36, Gm-56, Gm-83, and Gm-141. These
lines produced the highest average grain
yield (28.8, 27.6, 28.2, 282, and 27.7
ard/fad, respectively), and exhibited positive
GCA effects (Table 3). However, three of
them (Gm-11, Gm-56 and Gma83) exhibited
significant GCA effect (2.178**, 1.589*,
1.656™, respectively). In other words, these
lines in addition to the inbred tester Gm. 2
had accumulated favorable alleles for grain
yield and contributed to high grain yield of all
crosses involving these lines. On the other
hand, the inbred line Gm. 21 produced the
lowest grain yield (23.3 ard/fad) and had a
high negative GCA effects (-3.358*)
(Tables 2 and 3). The results reported herein
are in accordance with those previously
reached by Rawling and Thompson (1962),
Liakat and Teparo (1986), El-Hosary (1988),
Mahgoub et al. (1996), Al-Naggar et al.
(1997), and Soliman ef al. (2001), who
reported that the inbred tester method was
more effective to select lines which combine
well with unrelated tester. They emphasized
that inbred testers were more effective in
detecting small differences in combining
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ability than the wide genetic base testers.
Considering the testers used in this study,
tester line Gm 2 produced higher grain yield
(28.9 ard/fad) over all the tested lines
compared to the other two testers SC 21
and Gm.W.Pop. (25.3 and 25.7 ard/fad),
respectively. This result was reflected in the
combining ability effects (Table 3), where
Gm 2 was better inbred tester in GCA effect
(2.268™), which had a good vyield in its
crosses with all the tested lines (female
lines). These results indicate that the inbred
tester Gm 2 possesses a high frequency of
favorable dominant alleles, which
contributed to the grain yield of testcrosses.
On the contrary, the other two testers SC 21
and Gm.W.Pop. had a high negative and
significant GCA effect (-1.348* and -
0.921*), respectively. Similar results were
obtained by Soliman (2000), Soliman et al.
(2001) and Abd EIl-Azeem et al. (2004) for
Gm 1021.

Grain yield of the 30 topcrosses (Table 2)
ranged from 17.3 to 34.8 ard/fad for Gm-21
X Gm 2 and Gm-36 x Gm 2, respectively.
Five out of the 30 tested topcrosses were
superior. These crosses outyielded the
commercial white check hybrid SC 10 (26.5
ard/fad) with minimum of 3.6 ard/fad and
maximum of 8.3 ard/fad. Furthermore, these
crosses which were the top most outyielding
crosses, i.e. Gm-36 x Gm 2, Gm-11 x Gm 2,
Gm-56 x Gm 2 , Gm-83 x Gm-2 and Gm-141
x Gm 2 gave the highest grain yield (34.8,
337, 317, 31.0 and 30.1 ard/fad),
respectively, and significantly outyielded the
check hybrid SC 10 by 8.3, 7.2, 5.2, 6 , and
2.5 ard/fad, respectively.

Data presented in Table 5 showed that
the best specific combinations (positively
significant SCA effects) resulted from Gm-11
Xx Gm 2, Gm-36 x Gm-2, Gm-21 x SC 21,
and Gm-149 x SC 21 (2.684*, 4.952*
6.665™" and 2.942%), respectively, confirming
their outstanding. However, Gm-21 x Gm 2,
Gm-149 x Gm 2 and Gm-36 x Gm.W.Pop.
showed negatively significant SCA effects (-
8.228**, -3.692** and -4.304**) with low yield
performance. Testcross which rank the
highest for SCA effect in a certain trait and in
the same time ranks the best in its
performance are considered to be good
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breeding materials to improve this trait.
Thus, the crosses Gm-36 x Gm 2 and Gm-
11 x Gm 2 appeared to be a promising
single crosses, since they had positively
significant SCA effects (Table 4) and
outyielded the best white commercial
hybrids SC 10 (Table 2). It is worth noting
that a cross exhibiting high SCA effect may
come from two parents possessing good
GCA (Gm-11 x Gm 2) or from one parent
with good GCA effect and another with poor
GCA effect (Gm-36 x Gm-2). For example,
the best S; for grain yield was exhibited
between parents with poor and good GCA;
Gm-36 x Gm 2 and Gm-21 x SC 21. Similar
findings were obtained by Nawar et al.
(1979), Nawar and El-Hosary (1985),
Soliman et al. (2001), and Soliman and
Osman (2006).

With respect to ear length (Table 2),
performance of the 10 lines across the three
testers ranged from 18.2 cm to 20.0 cm for
lines Gm-83 and Gm-21, respectively. Five
inbred lines, i.e. Gm-21, Gm-101, Gm-141,
Gm-258 and Gm-149 exhibited the highest
values of ear length across the three testers
(20.0, 19.7, 196, 19.5, and 19.4 cm),
respectively. Meanwhile, four lines crossed
with Gm 2 (Gm-21, Gm-101, Gm-137, and
Gm-141) differ significantly from the
commercial white check hybrid, SC 10 (19.0
cm). For ear length, the two inbred lines Gm-
21 and Gm-101 had the best significant and
positive general combining ability effects,
0.752** and 0.527*, respectively (Table 3)
suggesting that these parents are good
donors for the tallest ears. Considering SCA
effects (Table 4), none of the 30 tested
topcrosses had significant SCA effects,
except that for Gm-137 x Gm.W.Pop.
(1.046"). However, 14 out of 30 studied
topcrosses possessed positive, valuable but
not significant SCA effects. These crosses
exhibited also high mean value of this trait.
These results are in the same line with those
previously reached by Abd El-Azeem et al.
(2004).

Data obtained in Table 2 showed that
values of ear diameter ranged from 4.5 cm
to 4.9 cm for the two inbred lines Gm-83 and
Gm-21, respectively. The most preferable
lines were Gm-21, Gm-56, Gm-137, Gm-
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149, and Gm-36. These lines produced the
highest average ear diameter (4.9, 4.9, 4.8,
4.8, and 4.7 cm), respectively. Two of them,
Gm-21 and Gm-56 exhibited positive GCA
effects, 0.173* and 0.1**, respectively
(Table 3), however, the other three lines
exhibited small and insignificant GCA effect.
These results are in agreement with those of
Rawlings and Thompson (1962). Hallauer
and Lopez-Perez (1979), El-ltriby et al
(1990) and Soliman ef al. (2001) who
concluded that narrow genetic base testers
can be effectively used to identify lines
having good GCA, and the most efficient
tester is the one having a low frequency of
favorable alleles. However, None of the 30
tested topcrosses had significant SCA
effects. However, the two topcrosses Gm-
137 X Gm-2 and Gm-36 X
Gm.W.Pop.possessed positive, valuable but
not significant SCA effects. These crosses
exhibited also high mean value of this trait
5.0 and 4.7 cm), respectively.

For number of rows/ear, data obtained in
Table 2 showed that it ranged from 156 to
14.6 rows/ear for the two inbred lines Gm-
149 and Gm-141, respectively. The most
preferable lines were Gm-149, Gm-21, Gm-
137, Gm-36, and Gm-11. These lines
produced the highest average number of
rows/ear (15.6, 15.4, 154, 153, and 151
rows/ear), respectively. Non of the tested
inbred lines had significant GCA effects.
Both testers Gm-2 and SC 21 had highly
significant GCA effect but in opposite
direction (-0.588** and 0.588), respectively.
Data in Table 5 revealed that none of the 30
tested topcrosses had significant SCA
effects, except Gm-36 x Gm-2 which had
significant negative SCA effect (-0.728%).
However, the topcross Gm-149 x SC 21
possessed significant positive SCA effect
(0.835%). This cross exhibited also high
mean value of this trait (17.0 rows/ear) and
significantly surpassed the chick hybrid SC.
10 (15.4 rows/ear).

Values of number of grains/row for the
studied 10 inbred lines across and the three
testers (Table 2) and ranged from 39.5 to
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42.7 grains /row for Gm-141 and Gm-101,
respectively. The best five inbreds
concerning this traits were Gm-101, Gm-
137, Gm-149, Gm-258 and Gm-21 (42.7,
414, 411, 40.8 and 40.6 grains/row),
respectively. The inbred line Gm-101 had
positive significant GCA effect (2.142*)
toward the largest number of grains/row.
However, the inbred lines Gm-21, Gm-137,
Gm-149 and Gm-258 had positive but not
significant GCA values toward producing
high number of grains/row (Table 2 and 4).
None of the studied testers exhibited
significant GCA effects. Also, none of the 30
topcrosses possessed significant SCA
effects, except that for Gm-137 x Gm-2
(2.490%). This cross had high mean value of
number of grains/row (43.6 grains/row,
Table 2).
Simple correlations
analysis:

Simple correlation coefficients were
determined between grain yield and all other
studied traits. Data in Table 6 indicated that
simple correlation values between days to
50% silking and ears/100 plants, grain yield
and number of rows/ear were significant.
Meanwhile, significant correlation was
obtained between plant height and each of
ear height, grain yield, ear length, rows/ear
as well as 100-grain weight. The same
results were obtained concerning the
correlation between ear height and both
rows/ear and 100-grains weight. Number of
ears/100 plant was significantly correlated
with grain vyield, rows/ear, number of
grains/row and 100-grain weight which
significantly correlated with ear length and
diameter as well as number of rows/ear.

Data in (Table 7 a and b) revealed that
number of ears/100 plants, number of
rows/ear, 100-grain weight had a high direct
effect on grain yield. This was true since
these traits were significantly correlated with
grain vyield per unit area (faddan). The
amount of indirect effect of all studied traits
on grain vyield varied greatly in there
amounts and directions.

and path
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Table 7a. Direct (diagonal) and indirect (above and below diagonal) effects of some yield

components on grain yield

Ear Ear Ears/ Grains/ 100-grain Genoty_p|c
Characters . correlation
length diameter row row wit o

with yield
Ear length 0.1571 0.0548 0.1195 -0.0792 -0.2178 0.0343
Ear diameter 0.0536 0.1606 -0.2077 -0.0563 -0.1876 -0.2375
Ears/ row -0.0279 0.0497 -0.6720 -0.0452 0.1829 -0.5125
Grains/ row 0.0638 0.0464 -0.1555 -0.1951 -0.0606 -0.3010
100-grain wt 0.0896 0.0789 0.3219 -0.0309 -0.3819 0.0776

Table 7b. Direct (diagonal) and indirect (above and below diagonal) effects of some yield

components on grain yield

Direct and indirect effects Genotypic
Days to 50% silking -0.0222 0.0005 -0.0035 -0.3415 -0.3667
Plant height -0.0001 0.0816 0.0495 0.2834 0.4143
Ear height 0.0010 0.0517 0.0780 0.1098 0.2405
Ears/100 plants 0.0115 0.0351 0.0130 0.6578 0.7175
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