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ABSTRACT 
A line x tester analysis involving 30 test- crosses generated by crossing 15 elite white maize inbred lines with two 

.. testers during 2015 summer season at Gemmeiza Station. These top crosses and two commercial checks single crosses 
;SC 10 and SC128 were evaluate din replicated field trials at Gemmeiza and Mallawy Agricultural Research Stations, 
Agriculture Research Center (ARC), Egypt during 2016 summer season. Mean performance, General (GCA) and Specific 
(SCA) combining abilities of all inbred lines and testers lines and their interaction were estimated for, days to 50% silking, 
plant and ear heights, and grain yield characters. The obtained results showed that, highly significant differences among 
lines, testers and lines x testers for all studied traits. Significant and highly significant differences were detected between 
locations for all studied traits except grain yield. Crosses x location interaction was significant for days to 50% silking, 
plant height and ear height and highly significant for grain yield. Tester inbred line Gm18 was found to be the best general 
combiner for high yielding ability and the tester line, Gm 2was the best general combiner for earliness, shortness and low 
ear placement. However, the tested inbred lines Gm 2019, Gm 2020gave the highest and significantly positive general 
combining ability effects for grain yield. The most potent general combiner for days to 50% silking, plant height and ear 
height was Gm 3010 inbred line. The top crosses; GM 3002 x Gm 18 (35.06 ard.) and Gm 3020 x Gm 18 (34.65 ard) gave 
the highest values of grain yield per fed and were significantly superior to check hybrid SC 10. However, top crosses; Gm 
3018 x Gm 2 (32.44 ard), Gm 3019 x Gm 18 (31.97 ard) and Gm 3021 x Gm 18 (31.72 ard) were not significantly 
different from the check hybrids SC 10 and SC 128 Therefore, these crosses must be evaluated in advanced trials for 
testing their stability and yield potentiality through the national-maize breeding program for releasing as new white single 
crosses. 

Key words: Maize, GCA, SCA, Top-crosses, and Line x tester analysis. 

INTRODUCTION 

In hybrid breeding programs, the choice of the 
COlTect parents is the secret of the success. One of 
the most important criteria in breeding programs for 
identifying hybrids with high yield is knowledge 
regarding parent's genetic structure and information 
regarding their combining ability (Ceyhan 2003). 

Combining ability studies provide information 
on the genetic mechanisms controlling the 
inheritance of quantitative traits and enable the 
breeders to select suitable parents for commercial 
purposes. Combining ability estimates are important 

-:	 genetic attributes for maize breeders in anticipating 
improvement in productivity via hybridization and 
selection (Ali et al. 20l2).Line x tester mating 

I..	 design was developed by Kempthorne (1957), 
which provides reliable information on the general 
and specific combining ability effects of parents and 

'"	 their hybrid combinations in applied breeding 
programs. The design has been widely used in 
maize breeding by several workers and continues to 
be applied in quantitative genetic studies in maize 
due to its significance (Sharma et al., 2004). 
Matzinger et aI., (1953), Russell et aI., (1973), El
Hosary (1985), Salama et al., (1995), Sultan (1998), 
Sadek et al., (2001), Sadek et al., (2002) and El
Shenawy et al., (2003) reported that the variance 

component due to SCA for some agronomic 
characters i. e. plant height and ear height were 
relatively larger than that due to GCA. This result 
indicates that the non-additive effects were 
important in the inheritance of previous traits. 

Aly (2013) showed that GCA effects of grain 
yield (GY) were related to GCA effects of the yield 
component traits (YCTs) in an inbred line. 
Significant positive GCA effects for grain yield 
(GY) were highly correlated with that had 
significant positive GCA effects, indicating that line 
with high GCA effects for grain yield (GY), 
generally had high GCA effects for the yield 
component traits (YCTs). Thus, selecting inbred 
lines with positive GCA effects in either all or most 
of the yield component traits (YCTs) will have 
greater chance to produce crosses with higher grain 
yield. However, Abrha et al., (2013) reported that 
generally, mean squares due to GCA of lines, testers 
and SCA of line x tester interactions were 
significant for grain yield and most yield related 
traits indicating the importance of both additive and 
non-additive gene actions in controlling these traits. 

The objectives of this study were (I) Estimating 
general and specific combining ability variances and 
effects of fifteen inbred lines of white maize in top 
crosses with two testers under two locations and (2) 
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Identifying the desirable superior inbred line(s) and 
the resulting single crosses for yielding potentiality 
and other related traits for further use in the 
breeding program. 

MATERIALS AND METHODS 
Through the two seasons of 2015 and 2016 this 

investigation has been done to evaluate some white 
maize inbred lines for combining ability based on 
top-crosses. The used materials (Table 1) were 
fifteen white inbred lines of maize that were 
developed at Gemmeiza Agriculture Research 
Station, Agriculture Research Center (ARC), Egypt. 
These inbred lines were derived from two different 
populations i.e. Tuxpino and Gemmeiza White 
Population. In the first season i.e.; 2015, all the 
inbred lines were used as females and top-crossed to 
each of the two testers, viz Gm 2 and Gm 18 at 
Gemmeiza Station for Agricultural Research. In the 
second growing season 2016, all the 30 resultant top 
crosses along with two commercial check hybrids 
i.e.; SC 10 and SC 128 were evaluated at Gemmeiza 
and Mallawy Agriculture Research Stations in a 
randomized complete block design with four 
replications in each location. Plot size was one row, 
six m. long and 8.0 m. apart. Hill spacing was 0.25 
m. within the row. Two kernels were planted per hill 
and thinned later to one plant per hill to provide a 
population of 21 ,000 plants/fad (faddan = 4200 m\ 
Recommended practices for maize production were 
applied. 

The recorded data were; days from planting to 
50% silking, plant height (cm), ear height (em) and 
grain yield (ard/fed). The analysis of variance for 
each location and it's combined over locations 
based on the homogeneity test (Steel and Torrie 
1980) were computed. 

The procedures of Kempthorne (1957) and 
Singh and Chaudhary (1985) were performed to 
obtain valuable information about the combining 
ability of lines and testers as well as their top 
crosses. 

RESULTS AND DISCUSSION 
I. Analysis of variance 

The analyses of variance for each separate 
location and their combined over locations are 
presented in Table (2). Significant and highly 
significant differences were detected among 
locations for all studied traits, except for grain yield 
trait, indicating that, the two locations were not 
different in the environmental conditions. Highly 
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significant differences were detected among crosses, 
lines, testers and the interaction between lines x 
tester for all studied traits combined over the two 
locations. Highly significant differences in all 
studied traits indicate the presence of genetic 
variation among the studied material for these traits. 
Mean squares due to crosses x location interaction 
were significant for days to 50% silking, plant 
height, ear height and for grain yield. Line x 
location interaction was highly significant only for 
grain yield. Tester x location interaction was highly 
significant for days to 50% silking and grain yield. 
However mean squares due to lines x tester x 
location interaction were significant or highly 
significant for all studied traits except for ear height. 

Similar results were obtained by Solimain et a!., 
(2005), Amer et al., (2003), Soliman and Osman 
(2006), Abd EL Mou1a et al., (2010), Sadek et al., 
(2011), Meseka and Ishaaq (2012), Aly (2013), 
Gamea et al., (2015), Barh et al. (2015). 
II. Top crosses performance 

Mean performance for the studied traits of the 
thirty top crosses at each location and its combined 
data are presented in Table (3). For days to 50% 
silking, the earliest top crosses were namely; 
Gm3010 x Gm 2, Gm 3012 x Gm 2 and Gm 3013x 
Gm 2 since these were significantly earlier than the 
earliest check hybrid SC128. The second group of 
hybrids were Gm 3006 x Gm 2 and Gm 3015 x Gm 
2 which were insignificant different from the check 
variety SC 128. However, the latest crosses were 
Gm 3014 x Gm 2 (66 days) followed by Gm 3002 x 
Gm 2, Gm 3018 x Gm 18, Gm 3020 x Gm 2 and 
Gm 3012 x Gm 2 (65 days). 

For plant height the crosses i.e. Gm 3002 x Gm
 
2 (200 em), Gm 3010 x Grn2 (215 cm), Gm 3014 x
 
Gm18 (216 cm), Gm 3005 x Gm 2 (218 cm), Gm
 
3007 x Gm 2 (220 cm) and Gm 3006 x Gm 2 (222
 
cm) were significantly the shortest crosses relative
 
to the shortest commercial check single cross 128.
 
All the other top crosses except, for single crosses
 
Gm 3020 x Gm 18 and Gm 3002 x Gm 18 were
 
significantly short relative to the check single cross
 
10. 

Concerning ear height, the best crosses with 
lowest ear placement were, Gm 3002 x Gm 2 and 
Gm 3010 x Gm 2 since it gave the desirable mean 
values (l01 cm and 115 cm respectively). In the 

~ 

meantime these values were superior relative to the 
best check SC 128. 

Table 1: Names and origin of used inbred lines and testers. 
No Inbred lines and testers Origin 
1-8 Gm 3002, Gm 3005, Gm 3006, Gm 3007, Gm 3009, Gm 3010, Gm 3012 Tuxpino

and Gm 3013 
9-15 Gm 3014, Gm 3015, Gm 3017, Gm 3018, Gm 3019, Gm 3020 and Gm Gm. W. Popuation.

3021, 
16-17 Gm 2, Gm 18 Population Gm 7421 
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However, 23 top crosses with values of ear height 
ranged from 117 cm to 136 cm were significantly 
lower ear placement than the check hybrid Sc 10. 
The other crosses i.e. Gm 3017x Gm 18, Gm 3018 x 
Gm 18, Gm 3017 x Gm 2, Gm 3002 x Gm 18 and 
Gm 3020 x Gm 18 showed values of ear height 
ranged from 137 cm to 145 cm. with no significant 
differences with the check hybrid Sc 10. 

Regarding grain yield, the single crosses Gm 
3002 x Gm 18(35.06 ard.) and Gm 3020 x Gm18 
(34.65ard) gave the highest values of grain yield per .' 
fed.,which were significantly superior to check 
hybrid Sc 10 (31.04 ard). While top crosses; Gm ., 3018 x Gm 2 (32.44 ard), Gm 3019 x Gm 18 (31.97 
ard) and Gm 3021 x Gm 18 (31.72 ard) were not 
significantly different from the check hybrids Sc 10 
and Sc 128. Insignificant differences among 
locations due to probably necessity the evaluation of 
these crosses in advanced trials for testing their 
stability and yield potentiality as a step before the 
release of these crosses as new commercial hybrids. 
III. Combining ability effects 

Data in Table(4) showed the general combining 
ability effects of inbred lines and testers in two 
locations and combined over locations during 2016 
season. From combined data, tester line namely Gm 
2 had better GCA effects for earliness, shortness and 
low ear placement. However, the other tester line 
Gm 18 was the best for grain yield. 

As for, parental inbred lines, results in Table (4) 
revealed that desirable significant and/or highly 

significant and negative effects (gj), had recorded 
for inbred lines; Gm 3006, Gm 3010, Gm 3012, Gm 
3013 and Gm 3015 for days to 50% silking (towards 
earliness), while, both inbred lines; Gm 3010 and 
Gm 3014for plant height (towards shortness). In 
addition the inbred lines Gm 3002 and Gm 3010 
showed negative effect for ear height (towards low 
ear placement). 

The results showed that, the most potent general 
combiners which induced significant and/or highly 

significant and negative (g,) effects for days to 50% 
silking, plant height and ear height characters was 
Gm 3010 inbred line. On the other side, the inbred 
lines; Gm 3019 and Gm 3020 gave the highest 
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positive general combining ability effects for grain 
yield. 

Specific combining ability effects of the 30 
tested top crosses in two locations and combined 
over locations through 2016 season were presented 
in Table (5). Data showed that, many top crosses 
exhibited desirable, negative, significant and highly 
significant specific combining ability for the three 
vegetative growth traits. For days to 50% silking, 
the highest desirable and negative SCA effects were 
obtained from the top crosses; Gm 3010 x Gm 2, 
Gm 3012 x Gm 2, Gm 3013 x Gm 2, Gm 3014x Gm 
18, Gm3015 x Gm 2 and Gm 3020 x Gm 18. For 
plant height and ear height the crosses; Gm 3002 x 
Gm 2 and Gm 3014 x Gm 18 had the highest 
desirable and negative SCA effects. 

However, the highest desirable and positive 
SCA effects were obtained from top crosses; Gm 
3002 x Gm 18, Gm 3005 x Gm 2, Gm 3015 x Gm 2 
and Gm 3018 x Gm 2 for grain yield. Similar 
results were reported by Abd EL-Azeem' et al., 
(2004), Soliman and Osman (2006), El- Sherbieny 
et al., (2006) Abdelghany et al., (2008), Abd el 
Moula et al., (2010), Sadek et at., (2011), Aly 
(2013), Rahman et al., (2013), Barh et al., (2015) 
and Apraku et al., (2016). 
IV. Proportional contribution of all genotypes to 

. total variance. 
The contribution of lines, testers and 

interactions to total variance are presented in Table 
(6). Fifteen inbred line and two testers and their 
interaction relative to the total variance for all 
studied traits over locations and combined over 
locations during 2016 season were calculated 
according to the procedure of Singh and Chaudhary 
(1985). The combined proportional contributions of 
inbred lines for all of the studied traits were higher 
than those of testers but lower than interaction of 
Line x tester except for days to 50% silking. The 
great contribution of lines in the total variation for 
days to 50%silking is an indication for higher 
estimates of variance due to general combining 
ability. On the contrary, a higher part of variance 
due to specific combining ability was detected for 
the other studied traits. Similar results were found 
by other researchers; Abdelghany et al., (2008), 
Uddin et al., (2008) and Hefny (2010). 

Table 6: Proportional contribution (%) of the studied 15 inbred lines and two testers and their 
interactions to total variance for all studied characters in two locations and combined over 
locations during 2016 season. 

( Character Days to 50% silking Plant hejght (cm) 

Locations Gm Mal Com Gm Mal Com 
Lines (Ll 57.74 60.37 61.00 40.75 21.66 28.69 
Testers (T) 16.23 3.92 9.67 16.01 16.20 18.37 
Lx T 26.03 35.71 29.33 43.41 62.13 52.94 

Gm and Mal (Gemmeiza and Mallawy locations). 

Ear ~eight ~m) 

Gm Mal Com 
61.31 24.12 36.18 
12.Q3 18.99 19.40 
26.66 56.88 44.42 

Grain yield (ard/fed) 

Gm Mal Com 
27.40 54.57 24.03 
13.90 1.01 9.44 
58.71 44.42 66.53 

/ 
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Generally, the results of the current study identified 
inbred lines with good GCA as; Gm 3010 for 
earliness, shortness and low ear placement. 
However, the inbred lines Gm 2019 and Gm 2020 
were the best for grain yield. Furthermore, 
promising crosses combination were; Gm 3002 x 
Gm 18, Gm 3020 x Gm 18, Gm 3018 x Gm 2, Gm 
3019 x gm 18 and Gm 3021 x Gm 18. Those 
hybrids might be used for future breeding work as 
well as for direct release after confmning the 
stability of their performances across environments. 
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