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ABSTRACT 
 

Eleven white maize (Zea mays, L.) inbred lines isolated from different 
populations were topcrossed with each of three line testers, i.e Gm 4, Gm 21 and, Gm 

22. All inbred lines and testers were developed at Gemmeiza Research Station from 
different genetic sources. The 33 topcrosses along with three checks, i.e. SC 10, SC 

129 and SC 122 were evaluated at Sakha and Gemmeiza Research Stations during 
2007 growing season. General (GCA) and specific (SCA) combining ability as well as 
other genetic parameters estimates were calculated for days to 50 % silking, plant 
height, ear height, number of ears/100 plants, ear length, ear diameter, number of 
rows/ear, kernels number per row and grain yield (ard/fad). Results indicated that 
,there were highly significant differences among the evaluated 33 topcrosses for all 
studied traits across the two locations. Differences among inbred lines were highly 
significant for all traits. However, significant differences were detected among testers 
for silking date, ear height, ear length, ear diameter, rows/ear and grain yield. The 
interaction of both tested and tester inbred lines  with locations was significant in case 
of silking date, ears/100 plants and grain yield. Significant interaction of lines x testers 
was detected for all traits except ear height and kernels number per row. Also, the 
locations interaction with  lines and testers was highly significant for silking date, 
ears/100 plants and grain yield. The tested inbred lines and testers exhibited 
significant GCA effects vary greatly according to the studied traits. The variance 
magnitude due to GCA for tested and tester lines was higher than that due to SCA for 
all studied traits, except silking date, number of rows/ear. This indicates that additive 
genetic variance was the major source of variation responsible for the inheritance of 
these traits. Tester inbred line Gm 4 was the best general combiner for grain yield 
ability. Three single crosses i.e Gm- 304 x Gm- 4, Gm- 307 x Gm- 4 and Gm- 310 x 
Gm- 4 were significantly earlier and shorter than the commercial single crosses 10, 
122 and 129. At the same time the grain yield ability for these three promising  single 
crosses was equal to the best check sc 10 with no significant difference, better than 
the check Sc 122 and significantly higher than the commercial Sc 129. Therefore, 
these crosses should be released as new white earlier, shorter with high yield 
Potentiality  relative to the three commercial check single crosses.   

 

INTRODUCTION 
 

Topcross selection with a broad and/or narrow base tester is among 
several procedures used to evaluate new improved inbreds for combining 
ability in maize hybrid breeding. This method was first suggested by Davis 
(1927), Jenkins (1935) and Sprague (1939) under the early testing scheme 
for new inbreds. Hallauer (1975), Bauman (1981) and Hallauer and Miranda 
(1981), concluded that a suitable tester should include simplicity in use, 
provide information that correctly classifies the relative merits of lines and 
maximize genetic gain. Russell et al (1992) and Menz et al (1999) concluded 
that improving inbred lines increased grain yield and modified maturity of their 
hybrids. However, Matzinger (1953) stated that the choice of a tester to test 
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the developed inbred lines is an important decision and a narrow genetic-
base tester contributes more to line x tester interaction than does a 
heterogeneous one. 

Several investigators (Russell et al, 1973, Walejko and Russell, 1977, 
Zambezi et al, 1986, El-Itriby et al (1990), Mahgoub et al, 1996, Al-Naggar et 
al, 1997, Sultan (1998), Gado et al (2000) and Soliman, 2000) indicated that 
inbred testers are effective for estimating both general and specific combining 
ability effects. Estimation of different components of genetic variance may 
vary with the type of genetic materials under study. However, Zambezi et al 
(1986) added that inbred testers offer definite advantages over broad-base 
genetic tests  

Results concerning the genetic analysis of grain yield and other 
agronomic traits were reported by Sultan (1998),  El-Zeir (1999), Abd El-Aziz 
(2001), Luis Narro et al (2003) and Abd El-Aal (2007). They indicated that the 
relative importance of different components of genetic variance may vary with 
the type of genetic materials under study. Studies conducted with 
homozygous base populations indicated the importance of overdominance in 
grain yield performance (Vedeneev, 1988 and El-Zeir et al, 2000). 

Several investigators (Russell et al (1973), Balko and Russell 1980, 
Diab et al, 1994, Ragheb et al, 1995, Shehata et al, 1997, Sultan (1998), 
Soliman, 2000 and Sadek et al 2001) reported that the variance component 
due to SCA for grain yield and few agronomic traits was relatively larger than 
that due to GCA indicating the importance of non-additive type of gene action 
in the inheritance of these traits in materials or lines selected previously for 
grain yield performance. However, El-Itriby et al (1990), Shehata et al (1997), 
El-Zeir (1999), Mahmoud et al (2001), Luis Narro et al (2003) and Soliman et 
al (2001 and 2005) stated that when the lines were relatively unselected, 
GCA or the additive type of gene action became more important. 

The genotype x environment interaction is defined as the differential 
response of phenotype to the change in environment (Comstock and Moll 
1963). The non-additive component of genetic variation significantly 
interacted with the environment more than the additive component. In 
contrast, Stuber and Moll (1977) and Soliman and Osman (2006) reported 
that general combining ability x environment interaction was significantly 
larger than the interaction of specific combining ability x environment even 
though the variance estimate for specific combining ability was more than that 
of general combining ability. 

The main objectives of this investigation were to estimate general 
(GCA) and specific (SCA) combining ability effects and type of gene action 
involved in the manifestation of grain yield and other agronomic traits of 
eleven white inbred lines selected for a high level of grain yield and identify 
the most superior line(s) and single crosses for further use in the breeding 
program. 
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MATERIALS AND METHODS 
 

The used genetic materials (Table 1) are white eleven selected tested 
S5 inbred line families developed at Gemmeiza Agricultural Research Station 
(GARS) as well as commercial white tester inbred lines i.e Gm 4, Gm 21 and 
Gm 22 developed at the same (GARS) during the period from 1983 to 1998 
by S.E. Sadek et al,  National Maize Research Program (NMRP), Field Crops 
Research institute (FCRI), Agricultural Research Center (ARC), Ministry of 
Agriculture, Egypt. These tested and tester lines are adapted and resistant to 
late wilt disease. The tested eleven inbred lines were top crossed with  of the 
three line testers. The 33 topcrosses were constituted during the 2006 
summer season at Gemmeiza Experimental Station. The thirty-three top 
crosses were evaluated in a replicated yield trials conducted in 2007 growing 
season at Sakha and Gemmeiza Research Stations. A randomized complete 
block design with four replications was used in each location. Plot size was 
one row, 6 m long and 80 cm apart and hills were spaced 25 cm along the 
row. Two kernels were planted per hill and thinned later to one plant per hill to 
provide a population of approximately 21,000 plants/fad (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, ear 
height, number of ears/100 plants, ear length (cm), ear diameter (cm), 
number of rows/ear, kernels number per row and adjusted grain yield at 
15.5% grain moisture and converted to ardab/fad (ardab=140 kg). 
 
Table 1: The used genetic materials 

Tested inbred lines Tester inbred lines 

S5 tested line family  Origin Line name Origin 

Gm 301, Gm 302, Gm 303 Tep# 5 
Gm 2 DC 201 

Gm 21 Gm7421.Fam 1007 

Gm 304, Gm 305 AED Gm 22 Gm7421.Fam 1011 

Gm 306, Gm 307  Giza-2-Ev.6  

Gm308,Gm309,Gm 310, Gm 311 Laposta 
Tep #5 = Tepal-5 subtropical white population , Laposta = Tropical thenthatic 
AED = American Early Dent White maize population. 

 
Analysis of variance was performed for separate location and 

combined data over locations according to Steel and Torrie (1980). The 
homogeneity of the experimental error of each character at the two locations 
was tested using Partlett Test and found to be not significant. Therefore, the 
combined data across the two locations were used in the current analysis. 
Procedures of Kempthorne (1957) were performed to obtain valuable 
information about lines and testers combining ability as well as their 
topcrosses. and to estimate the type of gene action which control  grain yield 
and other traits as shown in Table 2. 
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Table 2: Combined analysis of variance for the data obtained from two 
locations involving 33 top-crosses (11 inbred lines, females 
and 3 testers, males) in 4 replications. 

S.O.V DF MS EMS 

Locations (L) (l - 1)   
Rep's/L L(r-1)   
Genotypes (G) (g-1)   
Checks (ch-1)   
Cr vs Ch 1   
Crosses (Cr-1)   

Lines (F) (f-1) M1 2 +r2fml +rm2fl +rl2fm+rml2f 

Testers (M) (m-1) M2 2 +r2fml +rf2ml +rl2fm+rfl2m 

F x M (f - 1)(m - 1) M3 2 +r2fml +rl2fm 
G x L (l - 1)(g - 1)   
L x Checks (l-1) (ch-1)   
L x Cr vs Ch (l-1)    
L x Crosses (l-1) (Cr-1)   

F x L (l - 1)(f - 1) M4 2 +r2fml +rm2fl 

M x L (l - 1)(m - 1) M5 2 +r2fml +rf2ml 

F x M x L (l - 1)(f - 1)(m - 1) M6 2 +r2fml 

Pooled error L(r-1)(g-1) M7 2 
Where:  

1 -2f  = variance due to inbreds = [M1 - M3 - M4 + M6]/rml 

2 - 2m    = variance due to testers = [M2 - M3 - M5 + M6]/rfl 

3 - 2fm = variance due to (inbreds x testers) = [M3 - M6]/rl 

4- 2fl = variance due to inbreds x locations = [M4 - M6]/rm 

5- 2ml   = variance due to testers x locations = [M5 - M6]/rf 

6- 2fml  = variance due to (inbreds x testers) x locations = [m6 - M7]/r 

 The following covariance estimates were calculated from the mean 
squares of the combined analysis: 

Estimates of general and specific combining ability effects for inbreds, 
testers and (inbred x tester) crosses as well as standard errors for combining 
ability effects were computed as usual. 

 

RESULTS AND DISCUSSION 
 
1. Analysis of variance:- 

Data presented in Table (3) show significant differences among 
genotypes for all studied traits, when the data were combined over the two 
locations. Also, mean significant differences were detected between checks, 
genotypes vs checks and crosses for all studied traits. Because of the 
variation due to crosses was highly significant, sum of square due to crosses 
was further partitioned into lines (females), testers (males) and (line x tester) 
interaction as shown in Table (3). Significant differences were obtained 
among lines with respect to all traits  

Cov HS  = [m2f  + f2m]/m+f 

Cov FS  = 2fm  + 2 Cov HS 

2 GCA. = Cov. H.S. 

2 SCA. = Cov.FS - 2Cov HS= 2fm  

2GCA. x L = [m2fl + f2ml]/m+f 

2SCA. x L = 2mfl 
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The three testers differed significantly in all traits except plant height, number 
of ears/100 plants and number of kernels/row. Highly significant lines x 
testers interactions were obtained for all studied traits except plant and ear 
height, ear diameter as well as number of kernels/row. 
2. Genotype x environment interaction: 

Environments (locations) had highly significant effects for all studied 
traits except number of ears/100 plants (Table 3). The genotypes x locations 
interaction was highly significant for days to 50% silking, plant height, number 
of ears/100 plants and grain yield. The check hybrids interacted significantly 
with locations respecting all studied traits, except that of days to 50% silking, 
number of rows/ear and number of kernels/row indicated that the used 
checks in this trial behave differentially at the two locations. The interaction of 
crosses, lines, testers and lines x testers with locations was highly significant 
for some traits indicated that both lines and testers behaved independently 
according to the prevailing environment. However, the inbred lines x locations 
interaction was significant for 3 studied traits, i.e. number of days to 50% 
silking, number of ears/100 plants and grain yield. This may be indicated that 
the studied inbred lines behaved significantly different in their respective 
topcrosses within the specific environments. Testers x locations interaction 
was also significant across the two locations for days to 50 % silking, number 
of ears/100 plants, number of rows/ear, number of kernels/row and grain 
yield, indicating that the studied three testers significantly differed from each 
other in inbred x tester crosses and behaved similarly in the two locations. 
The interaction of inbred x tester x locations was significant for only silking 
date, number of ears/100 plants and grain yield per faddan. This indicates 
that inbreds may perform similarly in their crosses at different locations 
depending on the type of used tester. 
3. Mean performance of topcrosses: 

Results in Table (4) showed that the three check hybrids SC. 10, SC. 
129 and SC. 122 differed significantly in their performance. SC. 10 produced 
the highest grain yield as compared to other check hybrids. Topcrosses  
(Gm-307 x Gm-4 ) insignificantly out yielded SC.10 (34.62 and 33.15 vs 
33.30 ard/fad, respectively), whereas it significantly surpassed SC. 122 and 
SC. 129 However, another eight topcrosses significantly surpassed both S.C. 
122 and S.C. 129. It is worth noting that lines were differed significantly in 
their crosses in most of the studied traits. For days to 50 % silking, the 
topcrosses of tested inbred lines Gm-301, Gm-302, Gm-303, Gm-304, Gm-
307, Gm-309, Gm- 310 and Gm-311 with the tester Gm-4 and Gm-21  were 
earlier than all of the commercial check single crosses. For plant height and 
ear height, all inbred lines behaved the same when topcrossed with each of 
the three testers. However, the inbred lines Gm-301 and Gm-302 produced 
the shortest plants and the lowest ear placement when topcrossed with either 
the inbred testers Gm-4 or Gm-22. Respecting number of ears/100 plants, 
Gm-307 and Gm-311 produced more ears per plant when topcrossed with 
either of the three testers. The four inbred lines, Gm-304, Gm-305, Gm-310 
and Gm-311 exhibited better ear characteristics (ear length, ear diameter, 
number of rows/ear and number of kernels per row) when topcrossed with 
either the two inbred testers Gm-4 or Gm-21. However, the highest number of 
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kernels per row was obtained when topcrosses six inbred lines (Gm-301, 
Gm-304, Gm-305, Gm-306, Gm-307, Gm-310 and Gm-311) with the line 
tester Gm-22 (Table 4).  

 
Table 4: Mean performance of 36 genotypes (33 topcrosses and 3 

checks) combined over two locations, 2007 growing season. 

ENTRY 

Days to 50% 
silking 

Plant height cm Ear height cm Ears/ 100 plants 

Gm-4 
Gm-
21 

Gm-
22 

Gm-4 
Gm-
21 

Gm-
22 

Gm-4 
Gm-
21 

Gm-
22 

Gm-4 Gm-21 Gm-22 

Gm-301  58 58 58 247 251 248 131 131 137 101.0 105.8 101.5 
Gm-302  58 57 58 260 259 261 142 140 153 102.3 104.7 101.0 
Gm-303 58 58 58 266 257 271 139 139 149 104.0 105.0 101.6 
Gm-304 58 58 59 261 263 265 145 149 150 106.8 109.3 103.6 
Gm-305 60 60 60 259 264 265 149 142 150 114.5 119.5 112.4 
Gm-306 60 61 58 263 261 256 149 149 145 109.3 105.0 131.3 
Gm-307 58 58 58 261 263 259 139 142 146 146.7 149.6 131.0 
Gm-308 58 57 60 263 251 258 144 141 146 108.0 102.7 121.9 
Gm-309 58 58 59 257 261 256 142 144 148 104.7 109.9 119.6 
Gm-310 58 58 58 251 263 253 137 146 139 106.2 111.2 105.3 
Gm-311 58 58 57 264 266 273 140 140 146 130.8 116.3 126.2 

SC 10 63 281.1 185 108.9 
SC 129 60.4 301.8 173.9 106.5 
SC 122 60.9 272.8 162.3 113.1 

Average 59.1 262 145.8 112.7 

LSD 0.05 0.69 9.51 8.21 8.66 
LSD 0.01 0.91 12.42 10.72 11.3 

 
Table 4: Continued .. 

ENTRY 

Ear length cm 
Ear diameter   

cm 
Rows/ ear Kernels/row 

Grain yield 
ard/fad 

Gm-4 
Gm-
21 

Gm-
22 

Gm-4 
Gm-
21 

Gm-
22 

Gm-4 
Gm-
21 

Gm-
22 

Gm-
4 

Gm-
21 

Gm-
22 

Gm-4 
Gm-
21 

Gm-
22 

Gm-301  19.8 20.1 19.6 4.8 4.6 4.6 12.9 12.6 14.4 37.0 40.0 40.2 25.48 30.93 24.44 
Gm-302  20.4 20.1 18.9 4.6 4.6 4.5 13.0 12.6 13.0 40.3 38.9 38 27.66 23.64 25.23 
Gm-303 21.0 19.8 20.1 4.6 4.6 4.5 13.0 13.1 13.8 38.0 36.7 38.4 29.20 25.25 21.80 
Gm-304 21.7 21.8 19.3 4.7 4.5 4.5 13.4 12.6 15.1 41.7 41.8 43.1 31.33 26.12 26.51 
Gm-305 20.4 19.7 19.7 4.6 4.5 4.7 12.6 12.4 14.0 41.8 40.7 44.1 27.27 25.53 24.16 
Gm-306 19.2 19.6 18.5 4.5 4.6 4.4 12.4 12.6 13.1 40.2 39.3 40.5 25.84 22.66 26.15 
Gm-307 20.5 19.9 18.6 4.7 4.6 4.7 13.0 12.7 13.7 40.6 41.1 40.0 34.62 27.54 29.65 
Gm-308 21.9 20.3 18.8 4.7 4.8 4.5 11.8 13.6 13.5 39.8 39.6 38.1 29.46 29.26 26.43 
Gm-309 21.2 20.9 18.8 4.7 4.6 4.5 12.1 12.4 13.8 37.9 39.4 39.3 26.97 27.22 25.25 
Gm-310 20.8 21.2 18.7 4.8 4.7 4.6 12.8 12.2 13.8 41.8 40.8 41.3 33.15 30.31 25.65 
Gm-311 20.3 19.5 18.5 4.6 4.4 4.4 12.9 12.8 13.8 42.1 42.4 41.3 30.83 26.63 25.85 

SC 10 22.1 4.9 13.3 60.4 33.3 
SC 129 20.9 4.7 15.4 44.7 26.57 
SC 122 21.2 4.8 14.2 44.3 30.44 

Average 20.1 4.6 13.2 40.5 27.5 

LSD 0.05 0.9 0.18 0.66 2.35 2.21 

LSD 0.01 1.2 0.23 0.86 3.07 2.88 

 
The behavior of the studied inbred lines respecting grain yield differed 

remarkably in their topcrosses with the studied three testers (Table 4). The 
tester line Gm-4 when topcrossed with inbred lines Gm-304, Gm-307 and 
Gm-310 produced high yielding crosses as compared to other crosses with 



Barakat A. A. and M.M.A. Osman 

 7002 

the same tester. On the contrary, the highest grain yield was obtained when 
topcrossed Gm-301 and Gm-310 as inbred lines with the inbred tester Gm-
21. These two crosses produced 30.93 and 30.31 ard/fad, respectively and 
significantly surpassed the check SC 129. Among topcrosses with the tester 
line Gm-22, the topcross (Gm-307 x Gm-22) produced the highest grain yield 
as compared to the check hybrid SC 129. These crosses were the highest 
ones as compared to other crosses and could be released as new single 
crosses or could be used as a good source for further breeding studies to 
improve it or as a base population to isolate high yielding new inbred lines in 
a hybrid breeding program. In this regard, Vedeneev (1988), El-Itriby et al 
(1990) and Mahmoud et al (2001) reported that a good tester should has 
precision in discriminating among genotypes under test, that is, the best 
tester would be the one that would give the most precise classification among 
entries for a given amount of testing.  
 

4. General combining ability effects ( iĝ ): 

Data presented in Table (5) showed the general combining ability 

effects ( iĝ ) for lines and testers for all studied traits based on the combined 

data in 2007 growing season. Respecting number of days to 50 % silking, 

eight inbred lines exhibited negative and significant estimates of iĝ  (toward 

earliness), whereas other three inbred lines, i.e. Gm-305, Gm-306 and Gm-
307 possessed positive and significant values of general combining ability 
effect (toward lateness). Respecting plant height, four inbred lines, Gm-301, 

Gm-308, Gm-309 and Gm-310. had negative iĝ  values toward shortness, 

one of them (Gm-301) had significant iĝ  value (-11.269**), however, plant 

height traits for the inbred line Gm-311 had significant positive GCA effect. 
The same trend was observed in case of ear height, the inbred lines Gm-301, 
Gm-303, Gm-307, Gm-310 and Gm-311 had negative GCA effects toward 
low ear placement. On the other hand non of the studied inbred lines 

exhibited significant iĝ  values in case of ear height, except for Gm-301 

which possessed negative significant GCA effect (-10.292**). 
 For number of ears/100 plants, it is worthy to note that six out of eleven 

studied inbred lines had significant values of iĝ effect, four of them had 

negative values whereas the other two (Gm-307 and Gm-311) exhibited 
positive GCA values toward bearing more than one ear/plant (29.426** and 

11.459**). Non of the three testers showed significant iĝ effect indicating that 

the testers used in this study did not have suitable ability to discriminate 
inbred females in case of the number of ears/plant and most of the genetic 
variance are due mainly to inbred lines per ce. On the other hand, the two 

inbred lines that have significant positive iĝ values (Gm-307 and Gm-311) 

were also more prolific in their topcrosses than other inbred lines.  
In case of the studied grain yield components, the general combining 

ability effects ( iĝ ) was significant and negative or positive according to the 
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amount and direction of this effects. Three inbred lines, i.e. Gm-304, Gm-306 
and Gm-311 exhibited significant values of GCA effects in case of ear length. 

However, Gm-304 showed positive iĝ value toward longer ears and had also 

high average value of ear length. The inbred line tester, Gm-4 were good 
combiner for earliness, ear length and grain yield. Regarding ear diameter, 

non of the studied inbred lines possessed significant iĝ  effect, except Gm-

306 which showed significant negative GCA effect toward thinner ears. In 
addition, the topcrosses involved this inbred line produced thinner ears than 

other inbred lines. On the other hand, non of the testers had significant iĝ  

effects for ear diameter. 

The two inbred lines, Gm-304 and Gm-306 possessed significant iĝ  

effects in case of number of rows/ear. Also, all tester lines showed highly 

significant iĝ effects.  

Respecting number of kernels/row, four inbred lines i.e. (Gm-303, Gm-

304, Gm-305 and Gm-311 exhibited highly significant iĝ  values, the first one 

had negative GCA effect, whereas the other three possessed positive values 
toward bigger ears with more kernels per row. 

Regarding grain yield in ardab per faddan (Table 5), it is noticed that 
six inbred lines (females), i.e. Gm-302, Gm-303, Gm-305, Gm-306, Gm-307 

and Gm-310 had highly significant iĝ  effects. However, the first four lines 

had negative values and the other two exhibited positive iĝ  values. It is 

worthy to note that the female inbred line in the highest yielding topcrosses 
(Gm-307 x Gm-4), (Gm-310 x Gm-4) (Table 4) exhibited positive and 

significant iĝ  effect 

 The estimates of GCA effects of the three testers for all studied traits 

were presented in Table (5). The results showed that iĝ  effects of the three 

inbred line testers (Gm-4, Gm-21 and Gm-22) was highly significant for 
number of days to 50% silking and number of rows/ear. For ear length, the 
two tester lines Gm-4 and Gm-22 exhibited significant GCA values but in 
opposite direction. The male inbred lines Gm-4 and Gm-22 gave negative 
values of GCA effects for number of days to 50% silking where this effect was 
positive and significant in case of Gm-21 tester. In this respect, Hallauer and 
Miranda (1981), reported that inbred-line tester method was more effective in 
selecting lines that combined will with unrelated tester. They also pointed out 
that testers were more effective in detecting small differences in combining 
ability among the selected high yielding and low yielding groups than wide 
genetic base testers. 
 It could be concluded from the above mentioned results that the six top 
crosses, viz (Gm-301 x Gm-21), (Gm-304 x Gm-4), (Gm-307 x Gm-4), (Gm-
307 x Gm-22) (Gm-310 x Gm-4) and (Gm-310 x Gm-21) are the best hybrids 
with regard to grain yield and other performance traits. Data in Tables (4 and 
5) showed that inbred lines Gm-301, Gm-304, Gm-307 and Gm-310 
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possessed good iĝ  effects and produced good single crosses when 

topcrossed to the inbred testers Gm-4 and/or Gm-21. These promising 
inbreds may be utilized in hybrid maize breeding program to produce high 
yielding hybrids and improve the yielding ability. 
 

Table 5. General combining ability effect ( iĝ ) for 11 lines and three 

testers of grain yield and other agronomic characters, combined 
data over two locations in 2007 growing season. 

Lines/   
testers 

Days to  
50%  

silking 

Plant     
height 

Ear      
height 

Ears/ 
100 

plants 

Ear       
length 

Ear  
diameter 

Rows/  
ear 

Kernels/  
row 

Grain     
yield 

Inbred lines (Females) 
Gm-301 -1.133** -11.269** -10.292** -10.203** -0.164 0.078  0.251 -1.144 -0.264 
Gm-302 -1.383**    0.064    1.667 -10.328** -0.189 -0.022 -0.216 -1.103 -1.703** 
Gm-303 -0.716**    4.731 -  1.333 -  9.458**  0.311 -0.051  0.251 -2.507** -1.795** 
Gm-304 -0.508*    2.981    4.917 -  6.437*  0.936** -0.034  0.617**  2.006**  0.773 
Gm-305  0.909**    2.856    3.667    2.476 -0.056 0.016 -0.066  2.006** -1.558* 
Gm-306  0.659**    0.148    4.375    2.242 -0.906**  -0.126* -0.383* -0.203 -2.329** 
Gm-307  5.534**    1.398 -  0.917  29.426** -0.314 0.091  0.051  0.389  3.393** 
Gm-308 -0.633** -  2.352    0.417 -  2.137  0.352 0.053 -0.116 -0.994  1.168 
Gm-309 -0.549** -  1.894    1.500 -  1.595  0.327 0.007 -0.333 -1.328 -0.734 
Gm-310 -1.049** -  4.394 -  2.542 -  5.445  0.244 0.091 -0.141  1.122  2.492* 
Gm-311 -1.133**    7.731** -  1.458  11.459** -0.539* -0.101  0.084  1.756**  0.558 

Inbred tester (males) 
Gm-  4 -0.606** -  0.500 -1.712  - 0.779  0.662**  0.058 -0.356** -0.074  2.043** 
Gm-21  1.121** -  0.102 -1.314  - 0.353  0.280 -0.002 -0.381** -0.123 -0.386 
Gm-22 -0.515**    0.602  3.027    1.132 -0.942** -0.056  0.737**  0.197 -1.656** 

S.E.  for 
Lines   gi 0.205 2.802 2.417 2.550 0.277  0.052 0.193 0.693 0.650 
          gi-gj 0.294 3.962 3.418 3.606 0.392  0.073 0.274 0.980 0.919 
Testers gi 0.109 1.463 1.262 1.331 0.145  0.027 0.101 0.362 0.339 
          gi-gj 0.154 2.069 1.785 1.883 0.204  0.038 0.143 0.512 0.480 

*, ** indicate significant difference at 0.05 and 0.01 levels of probability, respectively. 

 

5. Specific combining ability effects ( ijŝ ): 

Specific combining ability effects ijŝ  of the 33 single (top) crosses for 

all studied traits are presented in Table (6). It was noted that the highest 
desirable and positive SCA effects respecting grain yield were obtained from 
two out of 33 studied single crosses (Gm-301 x Gm-21, 4.371** and Gm-306 
x Gm-22, 2.924**). Russell et al (1973) and Walejko and Russell (1977) 
reported that inbred testers are effective for improving general as well as 
specific combining ability. 

For days to 50 % silking, 11 topcrosses exhibited negative (toward 

earliness) and significant ijŝ  effects, whereas another six topcrosses showed 

positive (toward lateness) and significant ijŝ  effect (Table 6). The topcrosses 

of Gm-306 and Gm-307 by either the two testers (Gm-4 or Gm-22) 
possessed highly significant SCA effects in an opposite direction. 
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Non of the studied topcrosses exhibited significant ijŝ  regarding plant and 

ear height. Regarding number of ears/100 plants (prolificacy), three out of 33 

studied topcrosses exhibited significant ijŝ  effects, two of them (Gm-306 x 

Gm-22 and Gm-308 x Gm-22 had positive SCA effect (14.968** and 9.934 
toward producing more than one ear per plant. The same single cross gave 
high grain yield and was earlier in silking date. For ear length, ear diameter, 
number of rows/ear and number of kernels/row, non of the studied topcrosses 
exhibited significant SCA effects except Gm-308 x Gm-21for rows/ear. 
However, these effects varied greatly in its amount and/or direction. These 
results are in accordance with those obtained by Hallauer and Miranda 
(1981), Diab et al (1994), El-Zeir (1999), Mahmoud et al (2001) and Abd El-
Aal (2007). They reported that when the objective is the replacement of a line 
in a specific combination, specific combining ability is of prime importance 
and the most appropriate tester is the opposite inbred parent of a single cross 
on the opposite single cross parent of the double. The previous three crosses 
had superiority in all traits under study. Hence, it could be concluded that 
those crosses offer a possibility for improving maize grain yield. 
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لن ضدد   اوقدد را التددلللا ل ددشرت من ددرا مددش الدد را ال دد م    الج ندد رات الفعدد  تقدد  
  ن  تخ ام التهج ش القم

 مح  ال  ش محم  أحم  عثم ش و عف ف  عن  المعنو  نرك ت
 مركز النحوث الزراع  نق م نحوث ال را ال  م   نمعه  نحوث المح ص   الحقل    

 

 ليممشلت لياممم   فمم ية بمضمم ت ىممى ليممشام لي مم ىمة  ى ت بممة تممإ راممالت ليت امممى ليدىممش  سمم     مما  مما 
،  فمش  2006 شيم  ى  مإ 22، اىممةم  21، اىممةم  4اىممةم  هم لي  ىس ىع ثاث  الات تا اممة بمضم ت 

 129،  122،  10هامى فا ممة بمضم ت تا اممة همش 3ىد ا مة بمـ هام  " قىم    33تإ تدممإ ليـ 2007صمف ى  إ 
    تمإ ة ليبسم ث ليةال ممة بم ياىمةم   مى   ليم يت  بىسطمة ليبسم ث ليةال ممة ب م  ط لي يت  بىسطم ى طدت  ف 

يىسصم   لتد ما ق الت ليتآيف  ليدم  م ت لي الثممة ليى تة مة يصم  ت ليتةهمما  لات م ا لي بم ت  ليام ة  صم  ت 
  ىا   ته.

ىمممع   يممت لي تمم لم ليىتسصمم   ةم مم   ةممش  امم   فمما ل ىن  مممة بمممى لي اممى ليدىمممة  ليا مم ف ت يا 
ام ى ليص  ت ليى ا  ة  اشل  ا   فا ل ىن  مة بممى لي مالات ليا م فة  بنضم   يىنلمإ ليصم  ت ليى ا  مة  

ة  سبم    ب ت      صم  ف ليام   100ليت     بمى ليا  ف ت  ليبملة ىن  م " يص  ت ليتةهما      امةلى ليـ
 صمة  شيم  ا ل ابما ىد ا مة ب يدم ام لي ليصف  ىسص   سب   لي  لى ،  ا ى يةد ام لين ىة  ةمش ليتمآيف ليتم ثم

ي نمم  ل أىب ي  ممبة ية ممالات ليى تبممام  ليا مم فة  ةممش لي مم لت يامم  ليصمم  ت ليى ا  ممة تدامبمم " ىىمم  ممم    ةممش 
 تس م   ة   ليص  ت ليى ا  ة . ف ليىضمف يةامى ا ى ه  لي  ل  

نتيزا    أنتمكاائة مةأماثأ ناا أأو ضااهأها أ4كما أوضحا اأنتائاا لمأنتمئ لاهأ أن اا أوةأنتكااتةأنتيزاا  ةأ منا  أ
(أ،أ  مناا  أ4 مناا  أ×304نتقاا   أنتم مااةأ أاالأنتئاا تلهأضوةأنت ةااثأنتقمنااةأنتااها أنت نجأااةأ   اا أضهاالأ  مناا  أ

تأفا نةأ أالأأإ دبأ33,أ2،أ34,أ6،أ31,أ3(أو طاأم لال أدا   أ4 من  أ×310(أ،أ  من  أ4 من  أ×307
أ30,أ4بإنئ  ناةأ122تأف نة،أهالأأإ دبأ26,أ6بإنئ   ةأ129أنتئرتنبأضذتكأمق  نةأبإنئ  نةأنت ةثأنتئة  يةأهل

أ ا نت ةاثأنتهاةاةأتئمنا أبا تئ ينرأأهاه تأفا نةهأذتاكأب احا  ةأإتالأوةأأإ دبأ33,أ3بإنئ  نة10تأف نة،أهلأأإ دب
أأأأأنتل   أنتمك  نةهأأأأأإنئ  نة  عأأ  ميثأنسئغا أذتكأيةأ  تنةأ ن أضدلرأن تف عأنتا  ت  أب   ةأممالينتاضمأ





J. Agric. Sci. Mansoura Univ., 33 (10):6995 - 7009, 2008 

   Table 3. Analysis of variance for , grain yield and some agronomic traits of 36 genotypes (33 top crosses, and 
three checks) combined data over two locations in 2007 season. 

S.O.V. DF 
Days to 50% 

silking 
Plant  height Ear height 

Ears/ 
100 plants 

Ear length Ear diameter Rows/   ear 
Kernels/ 

row 
Grain yield 

Locations (Loc) 1 2424.24** 8174.1** 1790.0** 159.1 166.23** 5.308** 5.067** 96.95** 477.10** 
Rep’s/Loc 6 2.13 1728.4 1043.9 219.4 7.41 0.298 0.168 23.96 12.41 
Genotypes (G) 35 95.29** 772.2** 851.3** 1218.1** 8.25** 0.112** 5.089** 34.68** 72.27** 
Checks (Ch) 2 15.54** 1782.0** 1035.3** 88.3 3.26** 0.049 8.487** 1.28 91.14** 
Cr vs Ch 1 136.67** 14144.5** 20353.8** 277.6** 41.73** 0.870** 140.543** 443.33** 183.48** 
Crosses (Cr) 32 98.98** 291.2** 230.4** 1318.1** 7.51** 0.092** 4.016** 24.00** 67.61** 
Lines (L) 10 93.45** 615.8** 429.8** 3328.2** 6.09** 0.134** 2.059** 57.94** 82.96** 
Tester (T) 2 83.15** 27.4 608.0** 88.6 61.83** 0.284** 35.875** 2.60 310.88** 
L x T 20 103.33** 155.2 92.9 435.9** 2.79** 0.051 1.809** 9.17 35.61** 
Loc x G 35 87.37** 887.3** 94.2 303.8** 1.06 0.047 0.397 6.62 54.52** 
Loc x Ch 2 0.13 4343.4** 256.3** 326.0** 2.37** 0.180** 0.927 7.05 64.55** 
Loc x Cr vs Ch 1 1.06 19100.0** 522.0** 9.1 0.46 0.032 0.000 2.18 5.63 
Loc x Cr  32 95.52** 102.2 70.7 311.7** 1.00 0.039 0.376 6.73 55.42** 
LOC x L 10 93.39** 122.7 85.3 437.9** 1.10 0.054 0.441 4.31 122.83** 
LOC x T 2 77.52** 165.2 11.0 352.5** 0.59 0.007 1.144** 25.72** 60.64** 
LOC x L x T 20 98.39** 85.6 69.3 244.4** 0.99 0.034 0.267 6.05 21.20** 
Pooled Error 210 0.52 94.2 70.1 78.0 0.92 0.032 0.449 5.76 5.07 

C.V.  1.22 3.71 5.74 7.84 4.78 3.91 5.09 5.92 8.20 

 and ** indicate significant at 0.05 and 0.01 levels of probability, respectively. 
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Table 6: Specific combining ability effect ( ijŝ ) for 33 topcrosses (11 lines topcrossed to three testers) of grain 

yield and other agronomic and yield characters, combined data over two locations in 2006 season. 

ENTRY 
Days to 50% silking Plant height cm Ear height cm Ears/ 100 plants 

Gm-4 Gm-21 Gm-22 Gm-4 Gm-21 Gm-22 Gm-4 Gm-21 Gm-22 Gm-4 Gm-21 Gm-22 

Gm-301 0.564 -  1.163** 0.599 -1.208 2.269 -1.061 0.087 -0.561 0.473 -  0.975 3.399 -  2.424 
Gm-302 0.689 -  1.413** 0.724 0.458 -1.189 0.731 -1.246 -4.144 5.390 0.363 2.386 -  2.749 
Gm-303 0.398 -  1.079** 0.682 1.917 -7.856 5.939 -1.496 -2.144 3.640 1.292 1.816 -  3.107 
Gm-304 0.564 -  1.288** 0.724 -1.583 0.519 1.064 -1.121 1.981 -0.860 0.971 3.120 -  4.091 
Gm-305 0.273 -  1.330** 1.057** -3.083 1.519 1.564 3.504 -3.769 0.265 -  0.154 4.357 -  4.203 
Gm-306 1.398** -  0.205 -  1.193** 3.750 0.727 -4.477 3.045 2.273 -5.318 -  5.121 -  9.847* 14.968** 
Gm-307 -  5.852** 12.296** -  6.443** 0.625 1.977 -2.602 -1.663 0.939 0.723 5.033 7.570 -12.603** 
Gm-308 0.314 -  2.038** 1.724** 6.375 -6.648 0.273 2.379 -1.769 -0.610 -  2.092 -  7.843 9.934* 
Gm-309 0.356 -  1.621** 1.265** -0.083 2.644 -2.561 -0.830 0.773 0.057 -  5.883 -  1.197 7.080 
Gm-310 0.731 -  1.496** 0.765* -3.958 7.394 -3.436 -2.163 6.814 -4.652 -  0.596 4.003 -  3.407 
Gm-311 0.564 -  0.663 0.099 -3.208 -1.356 4.564 -0.496 -0.394 0.890 7.163 -  7.764 0.601 

SE for 
Sij 0.361 4.853 4.186 4.416 
Sij-Skl 0.509 6.863 5.920 6.245 

   *, ** indicate significant difference at 0.05 and 0.01 levels of probability, respectively. 
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   Table 6: Continued . . . .  

ENTRY 
Ear length Ear diameter Rows/ ear Kernls/row Grain yield 

Gm-4 Gm-21 Gm-22 Gm-4 Gm-21 Gm-22 Gm-4 Gm-21 Gm-22 Gm-4 Gm-21 Gm-22 Gm-4 Gm-21 Gm-22 

Gm-301  -0.704 -0.022  0.726 0.063 -0.039 -0.023 -0.044 -0.319 0.363 -2.001 1.073 0.928 -3.518** 4.371** -0.853 

Gm-302  -0.054  0.028  0.026 0.000 0.061 -0.061 0.473 0.148 -0.620 1.332 -0.019 -1.313 0.106 -1.487 1.381 
Gm-303  0.046 -0.772  0.726 -0.033 0.027 0.006 0.056 0.181 -0.237 0.361 -0.877 0.516 1.745 0.218 -1.963 
Gm-304  0.071  0.603 -0.674 0.038 -0.039 0.002 0.039 -0.686* 0.646* -0.426 -0.277 0.703 1.300 -1.478 0.178 
Gm-305 -0.212 -0.530  0.742 -0.025 -0.114 0.139 -0.027 -0.252 0.280 -0.351 -1.327 1.678 -0.426 0.264 0.162 
Gm-306 -0.562  0.220  0.342 -0.058 0.090 -0.032 0.089 0.264 -0.354 0.282 -0.569 0.287 -1.085 -1.838 2.924** 
Gm-307  0.171 -0.022 -0.149 -0.075 -0.039 0.114 0.206 -0.019 -0.187 0.116 0.614 -0.730 1.976 -2.682 0.705 
Gm-308  0.855 -0.289 -0.566 -0.012 0.123 -0.111 -0.827* 1.048** -0.220 0.724 0.523 -1.247 -0.969 1.268 -0.298 
Gm-309  0.255  0.311 -0.566 -0.004 0.031 -0.028 -0.311 0.014 0.296 -0.918 0.656 0.262 -1.550 1.127 0.424 
Gm-310 -0.062  0.695 -0.633 0.013 -0.027 0.014 0.273 -0.377 0.105 0.607 -0.369 -0.238 1.403 0.995 -2.398* 
Gm-311  0.196 -0.222  0.026 0.092 -0.073 -0.019 0.073 -0.002 -0.070 0.274 0.573 -0.847 1.019 -0.757 -0.261 
SE for       
Sij 0.480 0.089 0.335 1.200 1.126 
Sij-Skl 0.678 0.126 0.474 1.697 1.592 

            *, ** indicate significant difference at 0.05 and 0.01 levels of probability, respectively. 

 
 

 


