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ABSTRACT 
Seven new white maize inbred lines were crossed with three testers in 2021 

growing season at Ismailia Research Station. The resulting 21 crosses plus four standard 

checks were evaluated in 2022 growing season at three locations (Ismailia, Sakha and 

Sids) to estimate combining ability effects and identify the superior crosses. A 

randomized complete block design (RCBD) with three replications was used. The data 

were collected on number of days to 50% silking, ear height, plant height, number of 

rows per ear, number of kernels per row and grain yield. Mean squares due to locations 

were significant or highly significant for all studied traits. Mean squares due to crosses 

and their partitions; lines, testers and lines × testers interaction were significant or highly 

significant for all studied traits, except testers for number of kernels per row. The 

parental lines (Ism7246 and Ism7253) possess high desirable GCA effects for grain yield, 

earliness and lower ear placement. The two single crosses (Ism6084×Sk13) and 

(Ism7246×Sk13) and the three three-way crosses (Ism8093×SC10), (Ism6084×SC131) 

and (Ism7253×SC131) out-yielded the standard checks SC10 and TWC321, respectively. 

Ear height and plant height were controlled mainly by additive gene effects meanwhile, 

number of days to 50% silking, number of rows per ear, number of kernels per row and 

grain yield were controlled by non-additive gene effects.  
Key words: Zea mays, line × tester, GCA, SCA, Additive, Non-Additive, Gene action.  

INTRODUCTION 
The concept of general combining ability (GCA) and specific 

combining ability (SCA) is useful for characterizing the inbred lines in its 

crosses as defined by Sprague and Tatum (1942). Combining ability 

estimates of inbred lines are very important for maize improvement not only 

in choosing parents and crosses but also in illustrating the relation between 

additive and non-additive portions of the genetic effects in the available 

germplasm. Line × tester design has widely been used for evaluation of new 

inbred lines by crossing them with testers. The value of any inbred line in 

hybrid breeding ultimately depends on its ability to combine very well with 

other lines to produce superior hybrids (Kempthorne 1957). This design was 

widely used in maize by several workers like, Mosa et al (2017), Motawei et 

al (2019), Mousa et al (2021) and Abd El-Latif et al (2023). The choice of a 

suitable tester for testing the developed inbred lines is an important 

decision; it should include simplicity in use, ability to classify the relative 

merit of lines and maximizes the genetic gain (Hallauer 1975 and Menz et al 

1999). However it is difficult to identify testers having all these 

characteristics. Liakat and Teparo (1986) used four types of testers (open-

pollinated variety, three-way cross, single cross and inbred line). They 
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concluded that the inbred line as tester was very effective for evaluating the 

inbred lines. Same conclusion was reported by Al-Naggar et al (1997), 

Menz et al (1999) and Mosa et al (2004). Meanwhile Grogan and Zuber 

(1957), El-Ghawas (1963), Sedhom (1992) and Mosa (2004) indicated the 

superiority of single cross as tesrer for evaluation of inbred lines. The 

information on the type of gene effects is very important for the breeder in 

making decisions for the expected response to selection for different traits. 

There is no agreement among researchers on the mode of gene effects 

controlling maize yield or its related characters. Ejigu et al (2017), Singh et 

al (2017), Motawei et al (2019) and Abd El-Latif et al (2020) showed that 

non-additive gene effects were predominant in the inheritance of maize 

grain yield. Meanwhile, Soliman and Sadek (1999), El-Shenawy et al 

(2003) and Mosa (2004) indicated that the additive gene effect played an 

important role in the inheritance of grain yield.  This investigation was 

conducted to estimate the general (GCA) and Specific (SCA) combining 

ability effects of the new white maize inbred lines and identify the superior 

crosses. 

MATERIALS AND METHODS 

The materials used in this study were seven new white maize inbred 

lines, i.e. Ism6084, Ism8135, Ism7246, Ism7253, Ism7280, Ism8093 and 

Ism8094 developed at Ismailia Agricultural Research Station. These inbred 

lines were crossed with three genetically diverse testers, i.e. inbred line 

Sk13, single cross 10 (SC10) and single cross 131 (SC131) in the 2021 

season at Ismailia Agricultural Research Station. The resulting 21 crosses 

along with the two single crosses SC10, SC Hytch 2031 and the two three-

way crosses TWC321 and TWC Pioneer Fada as commercial check hybrids 

were evaluated at three research stations (Ismailia, Sakha and Sids) during 

May month in 2022 the summer season. An experiment was installed using 

a randomized complete block design with three replications. The plot 

consisted of one row 6 m long, spaced apart 0.80 m between rows and 0.25 

m between hills. The trial was hand planted with two seeds per hill, and then 

thinned to one plant per hill after three weeks of planting, giving 25 plants 

per row, to get a total plant density of 21000 plant/feddan. The experiment 

was managed using recommended agronomic practices. Data were recorded 
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on six traits, i.e. number of days to 50% silking, plant height(cm), ear height 

(cm), number of rows per ear, number of kernels per row and grain yield 

(ard/fed) adjusted at 15.5% grain moisture content (ardab=140 kg and 

feddan=4200 m2). Combined analysis of variance across three locations was 

performed when homogeneity of error variances were detected according to 

Snedecor and Cochran (1989). Combining ability effects were computed 

according to line × tester analysis for studied traits when the mean squares 

due to crosses were significant based on the method described by 

Kempthorne (1957). Calculation of analysis of variance and line × tester 

analysis were carried out using computer application of Statistical Analysis 

System (SAS, 2008).  

RESULTS AND DISCUSSION 

A combined analysis of variance for number of days to 50% silking, 

plant height, ear height, number of rows per ear, number of kernels per row 

and grain yield across the three locations is presented in Table 1. Highly 

significant differences were detected between three locations (Loc) for all 

studied traits, indicating that these locations were differing for soil and 

climate conditions. The mean squares due to genotypes (G) and their 

partition; crosses (C), checks (Ch) and (C vs Ch) were significant or highly 

significant for all traits, except (Ch) for number of days to 50% silking and 

number of rows per ear and (C vs. Ch) for number of rows per ear, number 

of kernels per row and grain yield, revealing the existence of variability 

among crosses, checks and their versus for most studied traits. Mean squares 

due to (G × Loc) and their partition; (C × Loc), (Ch × Loc) and (C vs.Ch × 

Loc) interactions were significant or highly significant for all studied traits, 

except (C × Loc) interaction for number of rows per ear, (Ch × Loc) 

interaction for number of days to 50% silking, plant height and ear height 

and (C vs.Ch × Loc) interaction for number of days to 50% silking and for 

number of rows per ear, indicating that genotypes and their partitions (C), 

(Ch) and (C vs. Ch)  performances differ from one location to another for 

most traits. These results are in harmony with those obtained by Ibrahim et 

al (2021), Mousa et al (2021) and Abd El-Latif et al (2023).      



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

386 

Table 1. Mean squares of locations, genotypes (crosses, checks and 

crosses versus checks) and their interaction for six studied 

traits.    

SOV df 

Number 

of days 

to 50% 

silking 

Plant 

height  

(cm) 

Ear  

height  

(cm) 

Number 

of rows 

per ear  

Number 

of 

kernels 

per row  

Grain 

yield 

(ard/fed) 

 Location (Loc) 2 812.21** 46331.04** 24369.44** 24.48** 23.45** 3310.89** 

 Rep/Loc 6 6.72 760.19 279.71 0.25 21.38 34.57 

 Genotypes (G)  24 32.44** 1622.87** 1057.65** 1.46** 12.44** 49.46** 

 Crosses (C) 20 20.75** 762.28** 703.76** 1.70** 11.88** 56.06** 

 Checks (Ch) 3 2.40 748.78** 500.18** 0.21 20.17** 19.61* 

 C vs. Ch 1 356.30** 21457.09** 9807.84** 0.32 0.29 7.01 

 G × Loc 48 3.72** 281.94** 236.72** 0.80** 19.47** 25.88** 

 C × Loc 40 4.11** 291.59** 226.96** 0.65 17.31** 25.82** 

 Ch × Loc 6 1.23 162.11 81.84 1.94** 19.53** 26.71** 

 Cr vs. Ch × Loc 2 3.31 448.49** 896.46** 0.30 62.31** 24.63* 

Error 144 1.43 86.46 59.11 0.46 4.08 6.49 

*, ** indicate Significant at the 0.05 and 0.01 levels of probability, 

respectively.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

387 

Table 2, showed that mean squares due to lines (L), testers (T) and 

(L × T) and their interactions with locations (Loc) for number of days to 

50% silking, plant height, ear height, number of rows per ear, number of 

kernels per row and grain yield were significant or highly significant except, 

for number of kernels per row of (T) and (T × Loc), for number of rows per 

ear of (L × Loc), (T × Loc) and (L × T × Loc) and for ear height of (L × T × 

Loc).  These results are in accordance with those obtained by Abo Yousef et 

al (2016), Ibrahim et al (2021), Mousa et al (2021) and Abd El-Latif et al 

(2023). 

Table 2. Mean squares due to lines, testers, line × tester and their 

interactions with locations for six studied traits. 

SOV df 

Number of  

days to 50% 

silking 

Plant 

height  

(cm) 

Ear  

height  

(cm) 

Number 

of rows 

per ear  

Number 

of 

kernels 

per row  

Grain 

yield 

(ard/fed) 

Lines (L) 6 18.60** 328.74** 1125.78** 1.25** 10.78* 57.19** 

Testers (T) 2 74.62** 4099.96** 2610.07** 2.37** 1.79 21.58* 

L×T 12 12.84** 422.77*** 175.03** 1.81** 14.12** 61.24** 

L×Loc 12 2.93* 239.50** 429.79** 0.83 17.94** 20.54** 

T×Loc 4 3.68* 1054.76** 484.47** 0.87 4.02 55.66** 

L×T×Loc 24 4.78** 190.44** 82.63 0.53 19.22** 23.49** 

Error 120 1.44 82.35 53.44 0.49 4.18 6.11 

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

Mean performance of the 21 crosses and the four check hybrids for 

all studied traits are presented in Table 3. For number of days to 50% 

silking, the single crosses of the tester inbred line Sk13 with seven white 

inbred lines ranged from 62.44 days for (Ism8094×Sk13) to 66.33 days for 
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(Ism6084×Sk13). The six single crosses (Ism8135×Sk13), (Ism7246×Sk13), 

(Ism7253×Sk13), (Ism7280×Sk13), (Ism8093×Sk13) and (Ism8094×Sk13) 

were significantly earlier than the checks SC10. Meanwhile, the three-way 

crosses of the two testers SC10 and SC131 with seven white inbred lines 

ranged from 61.22 days for (Ism7246×SC131) to 66.33 days for 

(Ism8135×SC10). All the three-way crosses were significantly earlier than 

the check TWC321, except the three-way cross (Ism8135×SC10). For plant 

height, the single crosses of tester inbred line Sk13 with seven white inbred 

lines ranged from 229.67 cm for the cross (Ism8135×Sk13) to 252.00 cm for 

the cross (Ism6084×Sk13). All the single crosses were significantly shorter 

than the check hybrid SC2031. While, the three way-crosses of the two 

testers SC10 and SC131 with seven white inbred lines ranged from 242.22 

cm for (Ism7246×SC131) to 259.33 cm for (Ism7253×SC10). All the three-

way crosses were significantly shorter than the best check hybrid TWC321. 

For ear height, the single crosses of tester inbred line Sk13 with seven white 

inbred lines ranged from 106.89 cm for the cross (Ism7253×Sk13) to 129.89 

cm for the cross (Ism6084×Sk13). All the single crosses had significantly 

lower ear placement than the check hybrid SC2031, except the single cross 

(Ism6084×Sk13). Meanwhile, the three way-crosses of the two testers SC10 

and SC131 with seven white inbred lines ranged from 108.00 cm for 

(Ism7253×SC131) to 138.67 cm for (Ism8135×SC10). Nine three-way 

crosses had significantly lower ear placement than the check hybrid 

TWC321. For number of rows per ear, the single crosses of tester inbred 

line Sk13 with seven white inbred lines ranged from 13.87 for the cross 

(Ism8094×Sk13) to 14.87 for the cross (Ism7253×Sk13). Two single crosses 

were not significantly increased from the best check SC10. Meanwhile, the 

three-way crosses of the two testers SC10 and SC131 with seven white 

inbred lines ranged from 13.78 for Ism8135×SC10 to 15.41 for the three-

way cross (Ism8093×SC10). One three-way cross (Ism8093×SC10) was 

significantly increased than the best check TWC Fada. Regarding number of 

kernels per row, the single crosses of the tester inbred line Sk13 with seven 

white inbred lines ranged from 40.76 for the cross (Ism8093×Sk13) to 44.09 

for the cross (Ism7253×Sk13).  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

389 

Tabel 3. Mean performance of crosses along with four checks for six 

studied traits across three locations. 

Line 

Number of days to 

50% silking 

Plant height  

(cm) 

Ear height  

(cm) 

Tester Tester Tester 

Sk13 SC10 SC131 Sk13 SC10 SC131 Sk13 SC10 SC131 

Ism6084 66.33 64.33 61.33 252.00 259.22 249.56 129.89 133.56 121.00 

Ism8135 65.11 66.33 61.67 229.67 257.67 251.44 118.11 138.67 127.89 

Ism7246 63.11 63.33 61.22 248.78 258.22 242.22 114.78 120.33 109.44 

Ism7253 62.56 62.89 61.67 224.44 259.33 247.00 106.89 118.78 108.00 

Ism7280 64.56 63.33 64.56 247.67 257.78 247.89 116.44 119.00 115.67 

Ism8093 64.00 63.00 61.33 251.67 257.33 248.11 117.89 130.33 113.44 

Ism8094 62.44 63.89 62.67 242.44 258.00 247.33 122.33 132.22 111.56 

Check SC10 66.56 - 285.89 - 149.00 - 

Check SC2031 67.11 - 275.11 - 136.44 - 

Check TWC321 - 66.11 - 264.11 - 131.67 

Check TWC Fada - 67.22 - 279.11 - 136.11 

LSD 0.05 1.12 8.66 7.16 

Line 

Number of rows  

per ear 

Number of kernels  

per row 

Grain yield  

(ard/fed) 

Tester Tester Tester 

Sk13 SC10 SC131 Sk13 SC10 SC131 Sk13 SC10 SC131 

Ism6084 14.58 14.66 14.82 41.67 42.09 43.84 31.48 26.06 31.34 

Ism8135 14.81 13.78 14.31 42.56 43.89 43.93 27.25 23.88 28.07 

Ism7246 13.97 14.31 14.53 41.82 42.64 41.56 31.97 28.97 29.56 

Ism7253 14.87 14.76 14.18 44.09 41.73 41.20 29.08 29.22 31.64 

Ism7280 14.18 14.65 13.96 43.76 41.91 41.84 28.27 29.56 23.82 

Ism8093 14.51 15.41 13.80 40.76 41.58 43.89 26.15 31.34 26.09 

Ism8094 13.87 14.62 13.87 42.58 41.13 40.47 29.89 29.68 25.54 

Check SC10 14.64 - 42.20 - 28.94 - 

Check SC2031 14.29 - 43.34 - 28.43 - 

Check TWC321 - 14.53 - 40.41 - 28.92 

Check TWC Fada - 14.56 - 43.76 - 25.85 

LSD 0.05 0.63 1.88 2.37 

Two single crosses were not significantly increased from the best 

check SC2031. Whereas, the three-way crosses of the two testers SC10 and 

SC131 with seven white inbred lines ranged from 40.47 for 

(Ism8094×SC131) to 43.93 for the three-way cross (Ism8135×SC131). Four 
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three-way crosses were not significantly increased from the best check TWC 

Fada.  In case of grain yield, the single crosses of tester inbred line Sk13 

with seven white inbred lines ranged from 26.15 (ard/fed) for 

(Ism8093×Sk13) to 31.97 (ard/fed) for (Ism7246×Sk13).  

The two single crosses (Ism6084×Sk13) and (Ism7246×Sk13) were 

significantly out-yielded the best check hybrid SC10, while the two single 

crosses (Ism7253×Sk13) and (Ism8094×Sk13) were not significantly 

increased from the best check SC10. Meanwhile, the three-way crosses of 

the two testers SC10 and SC131 with seven white inbred lines ranged from 

23.82 (ard/fed) for (Ism7280×SC131) to 31.64 (ard/fed) for 

(Ism7253×SC131). The three hybrids (Ism8093×SC10), (Ism6084×SC131) 

and (Ism7253×SC131) were significantly out-yielded the best check hybrid 

TWC321, while the five three-way crosses (Ism7246×SC10), 

(Ism7253×SC10), (Ism7280×SC10), (Ism8094×SC10) and 

(Ism7246×SC131) were not significantly out-yielded the best check 

TWC321. These crosses are recommended for further evaluation to 

accurately identify the promising crosses as future commercial hybrids for 

high yielding. 

General combining ability effects for parental inbred lines and three 

testers across three locations are presented in Table 4. Positive GCA effects 

are desirable for improvement of grain yield and yield component traits, 

while negative GCA effects are desirable when selecting for earliness, short 

plants and lower ear placement. The results revealed that, the tester SC131 

and the three white inbred lines (Ism7246, Ism7253 and Ism8093) exhibited 

significant or highly significant and negative estimates of GCA effects for 

number of days to 50% silking, indicating that these inbred lines had 

favorable allele frequency for early maturity. For plant height, tester Sk13 

and inbred line Ism7253 had highly significant and negative GCA effects 

toward shortness. Regarding ear height, the two testers Sk13 and SC131 in 

addition to the three white inbred lines (Ism7246, Ism7253 and Ism7280) 

exhibited significant or highly significant and negative estimates of GCA 

effects toward lower ear placement. For number of rows per ear, significant 

and positive GCA effects were obtained for the tester SC10 and the inbred 

line Ism6084.  
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Tabel 4. General combining ability effects of seven inbred lines and 

three testers for six studied traits across three locations. 

Line 

Number 

of days to 

50% 

silking 

Plant 

height 

(cm) 

Ear 

height 

(cm) 

Number 

of rows 

per ear  

Number of 

kernels per 

row  

Grain 

yield 

(ard/fed) 

Ism6084 0.68** 4.18* 7.85** 0.28* 0.20 1.11* 

Ism8135 1.05** -3.16 7.93** -0.10 1.13** -2.12** 

Ism7246 -0.76** 0.32 -5.44** -0.13 -0.32 1.65** 

Ism7253 -0.95** -5.83** -9.07** 0.20 0.01 1.46** 

Ism7280 0.83** 1.69 -3.26* -0.14 0.17 -1.30** 

Ism8093 -0.54* 2.95 0.26 0.17 -0.26 -0.65 

Ism8094 -0.32 -0.16 1.74 -0.28* -0.94* -0.15 

LSD gi 0.05 0.46 3.46 2.79 0.27 0.78 0.94 

             0.01 0.60 4.57 3.68 0.35 1.03 1.24 

LSD gi-gj 0.05 0.66 4.99 4.02 0.39 1.13 1.36 

                 0.01 0.88 6.68 5.38 0.52 1.51 1.82 

Tester Sk13 0.70** -7.04** -2.25** -0.01 0.13 0.64* 

Tester SC10 0.56** 8.80** 7.26** 0.20* -0.19 -0.13 

Tester SC131 -1.25** -1.77 -5.01** -0.19* 0.06 -0.51 

LSD gi 0.05 0.31 2.31 1.86 0.18 0.52 0.63 

             0.01 0.41 3.09 2.49 0.24 0.70 0.84 

LSD gi-gj 0.05 0.43 3.27 2.63 0.25 0.74 0.89 

                 0.01 0.58 4.37 3.52 0.34 0.99 1.19 

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

Regarding number of kernels per row, the inbred line Ism8135 

exhibited highly significant and positive GCA effects. In case of grain yield, 

the tester Sk13 and the three white inbred lines (Ism6084, Ism7246 and 

Ism7253) exhibited significant or highly significant and positive estimates 

of GCA effects, hence three inbred lines (Ism6084, Ism7246 and Ism7253) 

along with the inbred tester Sk13 are recommended for developing high 

yielding maize hybrids.  
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According to these results, inbred line (Ism7253) is recommended 

for developing maize hybrids characterized with early maturity, short plant, 

low ear placement and high grain yield. These results are in agreement with 

other investigators (Hundera 2017, Motawei et al 2019, Abd El-Latif et al 

2020 and Habiba et al 2022), who reported, significant and positive GCA 

effects (desirable) for grain yield and its components. Meanwhile, negative 

and significant GCA effects were desirable for days to 50% silking, plant 

height and ear height.  

Specific combining ability effects of 21 crosses for six studied traits 

across three locations are presented in Table 5. Results showed that the 

desirable SCA effects were exhibited by four crosses (Ism8094×Sk13), 

(Ism7280×SC10), (Ism6084×SC131) and (Ism8135×SC131) for number of 

days to 50% silking, two crosses (Ism8135×Sk13) and (Ism7253×Sk13) for 

plant height, three crosses (Ism8135×Sk13), (Ism7280×SC10) and 

(Ism8094×SC131) for ear height, two crosses (Ism8135×Sk13) and 

(Ism8093×SC10) for number of rows per ear, two crosses (Ism7253×Sk13) 

and (Ism8093×SC131) for number of kernels per row and five crosses 

(Ism7280×SC10), (Ism8093×SC10), (Ism6084×SC131), (Ism8135×SC131) 

and (Ism7253×SC131) for grain yield. The current results are in general 

agreement with the findings of many researchers such as Larièpe et al 

(2017), Motawei et al (2019), Abd El-Latif et al (2020) and Habiba et al 

(2022). 

Estimates of additive gene effects (GCA) and or non-additive gene 

effects (SCA) for studied traits across the three locations are presented in 

Table 6. The additive gene effects (GCA) were the most important 

component controlling the inheritance of plant height and ear height, while 

the non-additive gene effects (SCA) played the important role of number for 

days to 50% silking, number of rows per ear, number of kernels per row and 

grain yield. These results are in agreement with those reported by many 

researchers; among them Badua-Aprakua et al (2015), Hosana et al (2015) 

and Habiba et al (2022) for number of days to 50% silking, ear height and 

plant height, Motawei et al (2019) for days to 50% silking, Ejigu et al 

(2017), Singh et al (2017), Abd El-Latif et al (2020), Ibrahim et al (2021) 

and Habiba et al (2022) for grain yield. 
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Tabel 5. Specific combining ability effects of 21 crosses for six studied 

traits across three locations. 

Line 

Number of days to 50% 

silking 
Plant height (cm) Ear height (cm) 

Tester Tester Tester 

Sk13 SC10 SC131 Sk13 SC10 SC131 Sk13 SC10 SC131 

Ism6084 1.64** -0.22 -1.41** 5.44 -3.18 -2.27 3.99 -1.85 -2.14 

Ism8135 0.04 1.41** -1.45** -9.56** 2.60 6.95* -7.86** 3.19 4.68 

Ism7246 -0.14 0.22 -0.08 6.07 -0.32 -5.75 2.18 -1.78 -0.40 

Ism7253 -0.51 -0.04 0.55 -12.11** 6.94* 5.18 -2.09 0.30 1.79 

Ism7280 -0.29 -1.37** 1.66** 3.59 -2.14 -1.46 1.66 -5.30* 3.64 

Ism8093 0.52 -0.33 -0.19 6.33* -3.84 -2.49 -0.42 2.52 -2.10 

Ism8094 -1.25** 0.33 0.92* 0.22 -0.06 -0.16 2.55 2.93 -5.47* 

LSD Sij 0.05   0.81 6.11 4.92 

             0.01  1.08 8.18 6.59 

LSD Sij-Sik 0.05 1.14 8.56 6.96 

                   0.01 1.53 11.57 9.32 

Line 

Number of  

rows per ear 

Number of 

kernels per row 

Grain yield  

(ard/fed) 

Tester Tester Tester 

Sk13 SC10 SC131 Sk13 SC10 SC131 Sk13 SC10 SC131 

Ism6084 -0.10 -0.23 0.33 -1.00 -0.25 1.25 1.22 -3.44** 2.22* 

Ism8135 0.52* -0.72** 0.20 -1.03 0.62 0.41 0.212 -2.39** 2.18* 

Ism7246 -0.30 -0.16 0.45 -0.32 0.83 -0.51 1.162 -1.07 -0.10 

Ism7253 0.27 -0.04 -0.23 1.62* -0.42 -1.20 -1.542 -0.63 2.17* 

Ism7280 -0.08 0.19 -0.11 1.12 -0.40 -0.72 0.42 2.47** -2.89** 

Ism8093 -0.06 0.64** -0.58* -1.45 -0.31 1.75* -2.35** 3.61** -1.26 

Ism8094 -0.25 0.31 -0.06 1.06 -0.07 -0.99 0.88 1.44 -2.32** 

LSD Sij 0.05   0.47 1.38 1.66 

             0.01  0.63 1.84 2.23 

LSD Sij-Sik 0.05 0.67 1.95 2.35 

                   0.01 0.89 2.61 3.15 

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



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

394 

Table 6. Estimates of additive gene effects (GCA) and non-additive gene 

effects (SCA) for studied traits across the three locations. 

Genetic 

component 

Number of 

days to 50% 

silking 

Plant 

height 

(cm) 

Ear 

height 

(cm) 

Numbe

r of 

rows 

per ear  

Number 

of 

kernels 

per row  

Grain 

yield 

(ard/fed) 

Additive gene 

effects (GCA) 
1.00 47.38 40.32 0.03 0.05 0.74 

Non-additive 

gene effects 

(SCA) 

1.27 37.82 13.51 0.15 1.10 6.13 

GCA/SCA 0.79 1.25 2.98 0.20 0.04 0.12 

 
 

REFERENCES 
Abd El-Latif M.S., S.M. Abo El-Haress, M.A.A. Hassan and M.A.A. Abd-Elaziz 

(2020). Evaluation and classification of two sets of yellow maize inbred lines by 

line × tester analysis. Egypt. J. Plant Breed. 24: 65-79.  

Abd El-Latif, M.S., Yosra A. Galal and M.S. Kotp (2023). Combining ability, heterotic 

grouping, correlation and path coefficient in maize. Egypt. J. Plant Breed. 27: 203-

223. 

Abo Yousef, H.A., H.A.A. Gamea and Moshera S.E. Sadek (2016). Evaluation of some 

new white maize top crosses for yield and some other traits. Alex. J. Agric. Sci. 

61: 409-418.  

Al-Naggar A.M.M., H.Y. El-Sherbieny and A.A. Mahmoud (1997). Effectiveness of 

inbreds, single crosses and populations as testers for combining ability in maize. 

Egypt J. Plant Breed. 1: 35-46. 

Badua-Aprakua, B., B. Annora, M. Oyekunlec, R.O. Akinwaleb, M.A.B. Fakoredeb, 

A.O. Talabia, I.C. Akaogua, G. Melakua and Y. Fasanmade (2015). Grouping 

of early maturing quality protein maize inbreds based on SNP markers and 

combining ability under multiple environments. Field Crops Research 183: 169-

183. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

395 

Ejigu, Y.G., P.B. Tongoona and B. E. Ifie (2017). General and specific combining ability 

studies of selected tropical white maize inbred lines for yield and yield related 

traits. Int. J.of Agric. Sci. and Res. (IJASR) 7: 381-396. 

El-Ghawas, M.T. (1963). The relative efficiency of certain open pollinated varieties, single 

and double crosses as testers in evaluating the combining ability of maize inbred 

lines in top cross. J. Agric. Res. Alex. 11: 115-130. 

El-Shenawy, A.A., E.A. Amer and H.E. Mosa (2003). Estimation of combining ability of 

newly developed inbred lines of maize by (line × tester) analysis. J. Agric. Res. 

Tanta Univ. 29: 50-63. 

Grogan, C.O. and M.S. Zuber (1957). A comparative study of top cross tester parents of 

maize. Agron. J. 49: 68-72. 

Habiba, R.M.M, M. Z. El-Diasty and R.S.H. Aly (2022). Combining abilities and genetic 

parameters for grain yield and some agronomic traits in maize (Zea mays L.). . 

Beni-Suef Univ J. Basic Appl. Sci. 11:108 (1-9). 

Hallauer, A.R. (1975). Relation of gene action and type of tester in maize breeding 

procedures. Pro Ann Corn Sorghum Res Conf. 30: 150-165. 

Hosana, G.C., S. Alamerew, B. Tadesse and T. Menamo (2015). Test cross performance 

and combining ability of maize (Zea mays L.) inbred lines at Bako, Western 

Ethiopia. Global J. of Sci. Frontier Res. Agric. and Veter. 15:1-23. 

Hundera, N.B. (2017). Combining ability and heterotic grouping in maize (Zea mays L.) 

inbred lines for yield and yield related traits. World J. Agric. Sci. 13: 212-219. 

Ibrahim, Kh.A.M., A. A. Said and M.M. Kamara (2021). Evaluation and classification 

of yellow maize inbred lines using line × tester analysis across two locations. Plant 

Prod. Mansoura Univ.  12: 605-611. 

Kempthorne, O. (1957). An Introduction to Genetic Statistics. John Wiley and Sons Inc., 

New York. 

Larièpe, A., L. Moreaul, J. Laborde, C. Bauland, S. Mezmouk, L. Décousset, T. 

Mary‑Huard, J. B. Fiévet, A. Gallais, P. Dubreuil and A. Charcosset (2017). 

General and specific combining abilities in a maize (Zea mays L.) test -cross 

hybrid panel: relative importance of population structure and genetic divergence 

between parents. Theor. Appl. Genet. 130:403-417. 

Liakat, M.A. and N.M. Teparo (1986). Comparative performance of four types of testers 

for evaluating corn inbred lines from two populations Philippine. Crop Sci. 

11:175-179. 

Menz, M. A., A.R. Hallauer, and W.A. Russell (1999). Comparative response of two 

reciprocal recurrent selection methods in BS 21 and BS 22 maize populations. 

Crop Sci. 39: 89-97.  

Motawei, A.A., H.E. Mosa, M.A.G. Khalil, M.M.B. Darwish and H.A.A. Mohamed 

(2019). Combining ability and heterotic grouping of two sets of new maize inbred 

lines. Egypt. J. Plant Breed. 23: 667-679.   



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

396 

Mosa, H.E., (2004). Comparison between two types of testers for evaluation new white 

inbred lines of maize. Annals of Agric. Sci. Moshtohor 42: 475-487.   

Mosa, H.E.; A.A. Motawei and Afaf, A.I. Gabr (2004). Evaluation of new inbred lines of 

yellow maize via line × tester analysis over three locations. J. Agric. Sci. 

Mansoura Univ. 29(3): 1023-1033. 

Mosa, H.E., S.M. Abo EL-Hares and M.A.A. Hassan (2017). Evaluation and 

classification of maize inbred lines by line × tester analysis for grain yield, late 

wilt and downy mildew resistance. J. Plant Prod. Mansoura Univ. 8:97-102. 

Mousa, S. Th.M., H.A.A. Mohamed, R.S.H. Aly and H.A. Darwish (2021). Combining 

ability of white maize inbred lines via line × tester analysis. J. Plant Prod. 

Mansoura Univ.  12: 109-113. 

SAS (2008). Statistical Analysis System (SAS/STAT Program, Version 9.1). SAS Institute 

Inc., Cary, North Carolina, USA.  

Sedhom, S.A. (1992). Development and evaluation of some new inbred lines of maize. 

Proc.5th conf. Agron. Zagazig, 13-15 spet. (1):269-280. 

Singh, M., R.B. Dubey, K.D. Ameta, S. Haritwal and B. Ola (2017). Combining ability 

analysis for yield contributing and quality traits in yellow seeded late maturing 

maize (Zea mays L.) hybrids using line × tester. J. of Pharmacognosy and 

Phytochemistry 6: 112-118. 

Snedecor, G.W. and W.G. Cochran (1989). Statistical Methods. 8th Iowa State Univ. 

Press. Ames, Iowa, USA. 

Soliman, F.H.S. and S.E. Sadek (1999). Combining ability of new maize inbred lines and 

its utilization in the Egyptian hybrid program. Bull. Fac. Agric. Cairo univ. 50: 1-

20. 

Sprague, G.F. and L.A. Tatum (1942). General versus specific combining ability in   

single crosses of corn. J. Amer. Soc. Agron. 34: 923-932. 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

397 

Ism7246
Ism7253

Ism6084×Sk13Ism7246×Sk13
(Ism8093×SC10)Ism6084×SC131Ism7253×SC131

SC10TWC321

 

 

 

 


