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ABSTRACT

Three field experiments were carried out during 2022 summer season at three diverse locations of Gemmeiza,
Sakha and Mallawy Experimental Stations of Agricultural Research Center (ARC), Egypt. Thirty crosses (ten
inbred lines crossed with three testers inbred line Sd. 7, Sk. 5 and SC 130) and four standard checks SC 10, SC
2031, TWC 321 and TWC 324 were evaluated for yield and yield related traits to evaluate using line x tester
mating design. Analysis of variance revealed significant differences among genotypes for most traits indicating
existence of variability among genotypes. Results showed that maternal parents play the most important role.
The general combining ability effect showed that Gm. 1031, Gm.62 and Sk.5 are good combiners for earliest,
shortened and lower ear placement. Four inbred lines (Gm. 267, Gm. 50, Gm.66 and Gm. 64) and testers Sk.5
were good general combiner for grain yield. The crosses (Gm. 62xSc. 130), (Gm. 66x Sk.5) and (Gm. 64xsd. 7)
had significant values of SCA for plant and ear height and the cross (Gm. 52 x SC. 130) had significant values of
SCA for grain yield. Most of all crosses had better performance than check varieties for earliness, short plant
and lower ear placement. The two crosses (Gm. 64xSk.5) and (Gm. 64xSC. 130) were better than all check
varieties for grain yield. For grain yield, the cross (Gm. 66xSd. 7) had a significant superiority percentage over
check (SC 2031) while the two crosses (Gm. 52xSC. 130) and (Gm. 64 x SC.130) had significant superiority
percentages over checks (TWC321 and TWC324). Therefore, Identify superior crosses to improve the yielding
ability in maize breeding programs.

Keywords: Maize, line x tester, general combining ability, specific combining ability.

INTRODUCTION

Following wheat and rice, maize (Zea mays, L.) is one of the world's most significant cereal crops. In many
regions of the world, it is broadly applied for food, feed, fuel, and fiber. Because of its cross-pollinated nature,
maize has a wide range of morphological variety and geographical adaptation. According to World Food and
Agriculture [FAQ] (2021), 2.8 million faddan produced 9.2 million tons. However, the local production of maize
is sufficient for nearly 48:50 % of the consumption.

Maize is one of the most important crops in Egypt's agricultural and food economy. When compared
to other cereals, it has the highest coverage of smallholder farmers and the highest production and
consumption. Since 1952, researchers have worked to increase maize total productivity and production. Since
1970, various pest and disease-resistant open-pollinated and hybrid varieties have been created and released
for different agroecology in Egypt by the Field Crops Research Institute, Maize Research Department, of
Agricultural Research Center in partnership with regional research. However, overall yield produced and
productivity improvements are far below maize's attainable potential in comparison to industrialized worlds.
Small-scale farmers' slow adoption of new technology, scarcity of high-yielding varieties, and biotic and abiotic
stresses (Worku et al., 2002; Mosisa et al., 2012) are the chief contributors to low yield. This issue can be
addressed in part by generating high-yielding and stressed resistant types, which necessitate the identification
of potential parents as well as their superior hybrid.

Hybrids are important for increasing maize yield and food security (Aslam et al., 2017; Karim et al.,
2018). The production of hybrid maize varieties necessitates the identification of appropriate parents (inbred
lines), which is the secret to hybrid maize effectiveness. Identification of high-yielding hybrids necessitates
research and careful parent selection based on combining ability and genetic structure (Hallauer and
Miranda 1988; Ceyhan 2003; Karim et al., 2018). Newly produced inbred lines must be crossed with testers
(inbred lines, single crosses, and open-pollinated varieties), and the performance of their hybrids can be
measured. The merging ability of lines in hybrid combinations and their crossings is used to evaluate their
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performance. The ability of an inbred to transfer desired performance to its hybrid offspring is referred to as
combining ability. Combining ability analysis is a useful genetic method for estimating parents' general
combining ability (GCA) and crosses' specialised combining ability (SCA) and facilitating the selection of
desirable parents and crosses (Griffing, 1956; Aliu et al., 2008; Ahmed et al., 2017) established that GCA is the
average performance of a parent in a series of hybrid combinations, whilst SCA is the difference in performance
of particular hybrid combinations in comparison to what would be expected based on the GCA. GCA represents
additive gene effects, whereas SCA represents non-additive gene activities (Sprague and Tatum, 1942). A few
novel inbred lines must be produced and tested for hybridization. Information and expertise on combining
abilities are critical for the development of hybrid varieties. The purpose of this study was to find suitable
inbred lines with good overall combining ability and single or three-way crossings with good specialized
combining ability.

MATERIALS AND METHODS
Genetic materials:

Ten new inbreed lines were crossed with three testers (inbred line Sd 7, inbred line Sk.5 and Single
Cross 130) will generate 30 crosses at Gemmeiza Research Station in the summer of 2021 using a Line by Tester
mating design. Thirty crosses and four standard cheeks (SC 10, SC 2031, TWC 321 and TWC 324) were tested in
Randomized Complete Block Design with three replications at three locations (Gemmeiza, Sakha and Mallawy)
in 2022 in main cropping season. Initially, testers for crossing were created by Maize Research Department,
Field Crop Institute, Agricultural Research Center, Egypt. Name and origin of the ten white maize inbred lines
and three testers used in this study is presented in Table (1).

Table 1. Name and origin of the ten white maize inbred lines and three testers.

No. Origen Code No. Origen Code
1 Gm.267 L1 8 Gm.66 Ls
2 Gm.462 L2 9 Gm.64 Lo
3 Gm.1031 Ls 10 Gm.72 L 10
4 Gm.50 Lg 11 Sd 7 T1
5 Gm.52 Ls 12 Sk 5 T2
6 Gm.55 Ls 13 SC 130 T3
7 Gm.62 L7

Trail management:

Each cross was planted in a single row 6m long with 80 cm between rows and 25 cm between plants.
Managements of fertilization and crop treatments were performed based on expectations of high yield. The
fertilizer was applied at planting using 30 kg of P20s and 24 kg of K20 per feddan. Also the nitrogen fertilizer
was applied at the rate of 120 kg N/fed splitted into two equal doses and was added before the first and
second irrigation in urea form (46.5%). The remaining agronomic practices were performed based on their
recommendation.

Data collection and analysis:

Data for days to 50% silking, plant height and ear height (cm), and grain yield (ard./fed.) adjusted to 15%
moisture were collected on five randomly selected plants on a plot basis. All suggested cultural practices for
maize production were implemented at the appropriate time. Agrobase 21 software was used to analyze
variance in all data collected. On a plot basis, data for days to 50% silking, plant height and ear height (cm), and
grain yield (ard./fed.) adjusted to 15% moisture were collected on five randomly selected plants. All cultural
practises for maize production that were advised were adopted at the proper time. The Agrobase 21
programme was used to perform variance analysis on all data gathered. The mean squares from the line x
tester mating design, as well as the general GCA and special (SCA) combing ability effects, were estimated using
Kempthorne's (1957) methodology, which Singh and Choudhry followed (1979). The F test was used to
determine the relevance of the GCA and SCA effects. When the homogeneity test was calculated using
snedecer on cochran, a combined analysis of variance across three locations was done (1967).

RESULTS

Analysis of variance:

Variance Analysis in Table 1 shows the combined analysis of variance of line x tester mating design for
all analyzed variables across three locations (2). Significant changes were seen across the three locations due to
variances in environmental variables and soil conditions, demonstrating that all of the analyzed features were
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influenced by environmental conditions prevalent in the two locations. Genetic variation was shown to be
highly significant across inbred lines, testers, and lines x testers for all traits except lines x tester mean squares
for days to 50% silking. Cro. x Loc., L x Loc., and L x T x Loc. were likewise extremely significant for all traits
except days to 50% silking. Except for days to 50% silking and ear height, Testers x Loc. were very significant for
grain yield and plant height.

The significance of 2GCA and 2SCA effects revealed the presence of both additive and non-additive
gene effects for most traits. Table 2 revealed that 2 GCA-L was greater than 2 GCA-T for the examined traits,
implying that the majority of GCA variance was related to inbred lines for these traits. On the other hand, the
data showed that 2 SCA was greater than 2 GCA for all the examined parameters except grain yield. The non-
additive gene effects were the more important component in determining the inheritance of all assessed traits.

Table 2. Analysis of variance and Mean squares for grain yield and yield-related parameters in maize (Zea mays L).

S.0.V Df Days to Plant height Ear height Grain yield
50% silking (cm) (cm) (ard./fed.)
Location (Loc.} 2 1326.470** 54187.544%* 25616.744** 1019.764**
Rep/Loc. 6 14.626 186.485 203.552 20.457
Crosses 29 23.492** 790.469** 403.681** 148.607**
Line (L.) 9 53.722** 1196.621** 566.100** 158.764**
Tester (T.) 2 22.504** 3284.133** 1272.178** 33.91%
L.xT. 18 8.487 310.319** 225.972%** 156.272**
Crosses/Loc. 58 3.585 268.770%* 157.200** 67.169**
L. X Loc. 18 4.726 319.841%** 260.193** 83.922**
T. X Loc. 4 4.104 330.428** 146.389 80.875**
L.xT. x Loc. 36 2.958 236.385** 106.905* 57.269**
Error 174 3.281 89.489 66.655 8.716
CV % 1.4 1.9 3.2 5.3
82 GCA (average) 0.48 31.48 10.20 -1.45
62SCA 0.61 8.21 13.23 11.00
62 GCA-L 1.61 29.74 6.92 -0.89
62 GCA-T. 0.14 32.00 11.19 -1.62
62 GCAL x Loc. 0.20 9.27 17.03 2.96
62 GCAT x Loc. 0.04 3.13 1.32 0.79
62 GCA x Loc. 0.07 4.55 4.94 1.29
82 SCA x Loc. -0.11 48.97 13.42 16.18

*, ** Indicating significance at 0.05 and 0.01 levels of probability, respectively.
The proportional contribution of lines, testers and their interaction to total variance:

The proportionate contributions of female lines, male testers, and their interactions (crosses) to overall
variance for certain qualities Table 3 over locations revealed that female lines' (maternal) contribution was
higher compared to male lines' (paternal) contribution and interaction due to line tester in days to 50% silking,
plant height, and ear height. while line and tester contributions were higher compared to lines (female) and
testers (male) for grain yield. According to the findings, maternal parents play the most crucial role. More
initiatives should involve maternal parents to improve new hybrids. These findings could be explained by the
general combining ability of cytoplasmic genes.

Table 3. Proportional contribution of lines, testers and their interactions to total variance.

Sours Days to Plant height Ear height Grain yield
50% silking (cm) (cm) (ard./fed.)
Due to line 71.0 47.0 43.5 33.2
Due to tester 6.6 28.7 21.7 1.6
Due to line x tester 22.4 24.4 34.7 65.3

Mean performance and combining ability
Days to 50% silking date:

Mean performance of the thirty top-crosses and four check hybrids SC.10, SC. 2031, TWC 321 and TWC
324 For days to 50% silking, as presented in Table (4), the seventeen crosses showed significantly earlier silking
than both checks SC 10 and SC 2031; these crosses ranged from 60 to 64.3 days, while the two check hybrids
recorded SC 10 and SC 2031 recorded 66.5 and 67.17 days, respectively. Six three-way crosses: Gm. 267 SC.
130, Gm. 1031 SC. 130, Gm. 55 SC. 130, Gm. 62 SC. 130, Gm. 66 SC. 130, and Gm. 64 SC. 130 showed
significantly higher earliness compared to the checks TWC 321 and TWC 324.

941



El Ghonemy et al.

International Conference of Field Crops Research Institute Egypt. J. Agric. Res., (2023) 101 (3), 939-951

Table 4. Mean performance and combining ability effects for days to 50% silking.

Lines Means GCA effects SCA effects
Sd. 7 Sk.5 SC 130 Lines Sd. 7 Sk.5 SC 130
Gm.267 65.2 62.9 63.3 0.652** 1.01 -0.36 -0.65
Gm.462 64.2 64.3 64.7 1.244%* -0.58 0.49 0.09
Gm.1031 62.2 61.8 60.4 -1.681** 0.35 0.86 -1.21*
Gm.50 63.3 63.8 64.6 0.726** -0.95 0.45 0.50
Gm.52 65.3 63.8 64.6 1.393** 0.39 -0.21 -0.17
Gm.55 63.3 63.6 62.7 0.022 -0.24 0.93 -0.69
Gm.62 60.7 60.0 60.4 -2.793** -0.10 0.19 -0.10
Gm.66 63.2 61.3 63.6 -0.459** 0.13 -0.81 0.68
Gm.64 61.9 62.6 63.2 -0.607** -1.06 0.56 0.50
Gm.72 66.1 62.0 65.9 1.504** 1.05 -2.10** 1.05
SC10 66.50 LSD 5% 0.219 LSD s; 5% 1.202
SC 2031 67.17 gi 1% 0.284 1% 1.558
TWC 321 65.33
LSD 5% 0.310 LSD sj- 5% 1.699
TWC 324 67.00
88 ™19 | 0402 * 1% 2.203
LSD 5% 1.7
Testers
Sd7 0.393**
Sk 5 -0.563**
SC 130 0.170
LSD 5% 0.380
gi 1% 0.493
LSD 5% 0.537
gi-8j 1% 0.697

* ** Indicating significant at 0.05 and 0.01 levels of probability, respectively

Estimates of general combining ability effects (GCA) of ten inbred lines for Days to 50% Silking date,
Table (4) shows how three places were united. The greatest inbred lines for general ability combining effects
(GCA)were Gm.1031, Gm. 62, Gm.66, Gm. 64 and Sk.5 for earliness, while, the best tester for this trait was Sk,5.

Specific combining ability (SCA) effects of thirty top crosses for days to 50% silking combined over the
three locations are presented in Table (4). Two crosses (Gm. 1031 xSC. 130 and Gm. 72 xSk. 5 ) showed
desirable negative significant and highly significant SCA for days to 50% silking towards earliness, the cross (Gm.
72 xSk. 5) was the best one for SCA effects.

Plant height (cm):

The mean performance of crosses revealed the differences between plant height for crosses and four
checks in Table (5). Regarding the plant height, the values of 20 single crosses ranged from 234.33 to 260.44
cm, while the values for check single crosses SC 10 and SC 2031 recorded 289.67 and 285.67 cm, respectively.
On the other side, ten three-way crosses ranged from 224.11 to 252.22 cm, compared to checks three-way
crosses 321 and 324 (272.67 and 263.33 cm).

GCA information is critical for selecting desirable parents and crosses. Table (5). Gm.1031, Gm.62,
Gm.64, and Sk. 5 inbred lines produced negative GCA effects for plant height, indicating that these lines can be
used to develop shorter hybrids to reduce yield loss due to root and stem lodging. Sk5 was the best GCA tester
for plant height.

942




El Ghonemy et al. International Conference of Field Crops Research Institute Egypt. J. Agric. Res., (2023) 101 (3), 939-951

Table 5. Mean performance and combining ability effects for plant height (cm).

Lines Means GCA effects SCA effects
Sd. 7 Sk. 5 SC 130 Lines Sd.7 Sk. 5 SC 130
Gm.267 255.22 250.44 | 239.22 3.552%%* 0.41 7.57* -7.99%*
Gm.462 259.00 245.89 | 252.22 7.626** 0.12 -1.06 0.94
Gm.1031 239.89 226.56 | 231.11 -12.226** 0.86 -0.54 -0.32
Gm.50 254.67 240.22 | 249.56 3.404%** 0.01 -2.50 2.50
Gm.52 260.44 240.89 | 249.89 5.663** 3.53 -4.10 0.57
Gm.55 251.33 243.00 | 249.22 3.107** -3.03 0.57 2.46
Gm.62 249.11 235.11 | 224.11 -8.633** 6.49* 4.42 -10.91**
Gm.66 257.11 236.44 | 252.00 3.774%* 2.08 -6.65* 4.57
Gm.64 234.33 236.56 | 245.22 -6.041** -10.88** 3.27 7.61*
Gm.72 251.44 238.11 | 244.00 -0.226 0.41 -0.99 0.57
SC10 289.67 LSD | 5% 1.146 LSD s; 5% 6.275
SC 2031 285.67 gi 1% 1.485 1% 8.135
TWC 321 272.67 LSD 5% 1.620 LSD sij-Ski 5% 8.874
TWC 324 263.33 gi-gj
LSD 5% 8.87 1% 2.101 1% 11.505
Testers
Sd7 6.511%*
Sk 5 -5.422%*
SC 130 -1.089
LSD 5% 1.984
gi 1% 2.573
LSD 5% 2.806
gi-gj | 1% 3.638

*, ** Indicating significance at 0.05 and 0.01 levels of probability, respectively

SCA effect analysis revealed that four crosses (Gm. 64 xSd.7, Gm. 66xSk. 5, Gm. 267 xSC.130 and Gm.
62xSC.130) had significant negative SCA effects for plant height indicating that these crosses are the best
combinations for shortness. Table (5). showed SCA significant with negative values of effects for plant height, it
could be used in the maize hybrid program.

Ear height (cm):

Data in Table (6) exhibited that, all crosses had lower ear placement compared to all checks, except
the cross Gm. 52 x Sd.7.

estimates of GCA impacts for the ten maize inbred lines and three testers across three locations table
(6). The results showed that four inbred lines, Gm. 1031, Gm.62, Gm.72, and Sk. 5, had negative and substantial
GCA effects for ear height toward lower ear placement, indicating that parental inbred lines could be good
general combiners for lower ear placement. Sk 5 showed both negative and desirable significance for this
feature.
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Table 6. Mean performance and combining ability effects for ear height (cm).

Lines Means GCA effects SCA effects
Sd. 7 Sk. 5 SC 130 Lines Sd.7 Sk.5 SC 130
Gm.267 132.44 135.56 127.78 3.459%* -2.59 7.81%* -5.21
Gm.462 133.22 124.33 133.22 1.793** -0.15 -1.75 1.90
Gm.1031 124.22 117.11 118.56 -8.504** 1.15 1.33 -2.47
Gm.50 137.67 124.89 131.11 2.756** 3.33 -2.16 -1.18
Gm.52 141.44 128.22 136.11 6.793** 3.07 -2.86 -0.21
Gm.55 135.00 119.00 131.11 -0.096 3.52 -5.19 1.67
Gm.62 130.11 124.22 117.22 -4.615** 3.15 4.55 -7.70%*
Gm.66 133.33 121.33 138.78 2.681** -0.93 -5.64* 6.56%*
Gm.64 124.44 128.00 133.22 0.089 -7.22%* 3.62 3.60
Gm.72 123.89 120.22 128.22 -4.356** -3.33 0.29 3.04
SC 10 158.50 LSD | 5% 0.989 LSD sij 5% 5.42
SC2031 149.83 gi 1% 1.282 1% 7.02
TWC 321 151.67 LSD 5% 1.398 LSD sij-ski 5% 7.66
TWC 324 148.50 gi-gij
LSD | 5% 7.66 1% 1.813 1% 9.93
Testers
Sd 7 3.111%*
Sk 5 -4.178**
SC130 1.067
LSD | 5% 1.713
gi 1% 2.220
LSD | 5% 2.422
g-g | 1% 3.140

*, ** Indicating significance at 0.05 and 0.01 levels of probability, respectively

SCA effects of the thirty top crosses for ear height over the three locations are presented in Table (6). The
desirable SCA effects were obtained by three crosses (Gm. 64 xSd7, Gm. 66xSk.5 and Gm. 62xSC 130) had
significant negative SCA effects for ear height indicating that these crosses are the best combinations for lower
ear placement.

Grain yield

The mean performance of the thirty top-crosses and four check hybrids SC.10, SC. 2031, TWC 321 and
TWC 324 for all the studied traits over the three locations is shown in Table (7). Based on the combined analysis
of the top crosses for grain yield, two single crosses, Gm. 66 Sd. 7 and Gm. 64 Sk. 5, exhibited significantly
increased values compared to standard check SC 2031, followed by two three-way crosses, Gm. 52 SC. 130 and
Gm. 64 130, which produced the highest grain yield over standard check TWC 321.
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Table 7. Mean performance and combining ability effects for grain yield (ard. fed).

Lines Means GCA effects SCA effects
Sd. 7 Sk.5 SC 130 Lines Sd. 7 Sk.5 SC 130
Gm.267 29.677 31.719 24.584 0.948%** 0.46 3.72** -4.17**
Gm.462 28.704 31.822 23.070 0.153 0.28 4.61** -4.89%*
Gm.1031 26.741 25.491 21.923 -2.994** 1.46 1.43 -2.89%*
Gm.50 29.528 29.455 27.381 1.076** 0.18 1.32 -1.50
Gm.52 27.235 21.419 33.947 -0.178 -0.86 -5.46** 6.32%*
Gm.55 29.414 22.849 31.338 0.155 0.99 -4.36** 3.38**
Gm.62 30.518 23.736 24.649 -1.411** 3.66** -1.91 -1.75
Gm.66 33.508 26.238 32.810 3.140** 2.10* -3.96%* 1.86
Gm.64 25.049 33.037 35.255 3.402%** -6.62%* 2.58** 4.04**
Gm.72 22.348 24.792 23.125 -4.290** -1.63 2.03* -0.39
SC10 31.20 LSD | 5% 0.358 LSD 5% 1.96
SC2031 30.29 gi 1% 0.464 Sij 1% 2.54
TWC321 30.35 LSD 5% 0.506 LSD 5% 2.77
TWC324 28.83 gi-gj Sij-Ski
LSD | 5% 2.769 1% 0.656 1% 3.59
Testers
Sd7 0.560
Sk 5 -0.656*
SC 130 0.096
LSD | 5% 0.619
gi 1% 0.803
LSD | 5% 0.876
gi-gj 1% 1.135

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

Concerning of GCA effects for the ten maize inbred lines and the three testers over three locations are
presented in Table (7). Results showed that four inbred lines Gm.267, Gm.50, Gm. 66 and Gm. 64 had
significant positive GCA for grain yield. In the maize breeding programme, these lines could be employed as
good combiners to develop new high-yielding crosses. It is worth mentioning that the inbred line with high GCA
effects for grain yield had a desirable effect for one or more of the grain yield related characteristics.

The effects of specific combining ability. The thirty top crosses for all of the studied traits over the
three locations are presented in Table (7). The desirable SCA effects were obtained by the crosses Gm. 62 xSd.
7, Gm. 66x5d.7, Gm. 267xSk.5, Gm. 462 xSk. 5, Gm. 64xSk. 5, Gm. 72 xSk. 5, Gm. 52 xSC. 130, Gm. 55 xSC. 130
and Gm. 64 xSC 130 respectively, for grain yield where they had the highest positive values of SCA for yield and
its main components.

The Superiority percentage:

Superiority percentages related to the four checks SC 10, SC 2031, TWC 321 and TWC324 for the 30 F1
crosses at combined data over locations are presented in Table (8). Results revealed that the cross Gm. 66
xSd.7 had the highest significant and positive superiority percentages over checks SC 10. The two three-way
crosses (Gm. 52 xSC 130 and Gm. 64 xSC.130) had the highest significant and positive superiority percentages
over check variety TWC 321 and 324, while the Cross Gm. 66 xSC 130 had significant and positive superiority
percentages over check TWC 324. Similarly, inbreeding depression is caused by the homozygosity of recessive
alleles, which has negative consequences Kuselan et al. (2017).
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Table 8. Superiority percentages of the 20 F1 single crosses relative to checks SC 10, SC 2031 and ten three way
crosses relative to checks TWC 321 and TWC 324 for grain yield.

Crosses SC 10 SC 2031 Crosses TWC 321 TWC 324
Gm.267 x Sd 7 -4.88 -2.02 Gm.267 x SC 130 -19.00 -17.59
Gm.267 x Sk. 5 1.66 4.72 Gm.462 x SC 130 -23.99 -22.66
Gm.462 x Sd 7 -8.00 -5.24 Gm.1031 x SC 130 -27.76 -26.51
Gm.462 x Sk. 5 1.99 5.06 Gm.50 x SC 130 -9.78 -8.21
Gm.1031 x Sd 7 -14.29 -11.72 Gm.52 x SC 130 11.85** 13.80**
Gm.1031 x Sk. 5 -18.29 -15.85 Gm.55 x SC 130 3.26 5.06
Gm.50 x Sd 7 -5.36 -2.52 Gm.62 x SC 130 -18.78 -17.37
Gm.50 x Sk. 5 -5.59 -2.76 Gm.66 x SC 130 8.10 9.99*
Gm.52 x Sd 7 -12.71 -10.09 Gm.64 x SC 130 16.16** 18.19**
Gm.52 x Sk. 5 -31.34 -29.29 Gm.72 xSC 130 -23.80 -22.48
Gm.55 x Sd 7 -5.72 -2.89 LSD. 5% 9.12 9.60
Gm.55 x Sk. 5 -26.76 -24.57 LSD. 1% 11.83 12.46
Gm.62 x Sd 7 -2.19 0.75

Gm.62 x Sk. 5 -23.92 -21.64

Gm.66 x Sd 7 7.39 10.62*

Gm.66 x Sk. 5 -15.90 -13.38

Gm.64 x Sd 7 -19.71 -17.30

Gm.64 x Sk. 5 5.88 9.07

Gm.72 x Sd 7 -28.36 -26.22

Gm.72 x Sk. 5 -20.53 -18.15

LSD. 5% 8.87 9.14

LSD. 1% 11.51 11.86

DISCUSSION

Analysis of Variance:

Variance Analysis The combined analysis of variance of line x tester mating design was reported for all studied
variables across three sites. The genetic variation was found to be very significant among inbred lines for all
qualities except the interaction variance of L x T were significant or highly significant for traits except days to
50% silking, also Cro. x Loc.,L x Loc. and L x T x Loc. were highly significant for all traits except days to 50%
silking. Testers x Loc. were highly significant for grain yield and plant height except for days to 50% silking and
ear height. These findings are consistent with those published by other writers, among them (Ahmed et al.,
(2017), Kamara et al., (2014), Darshan and Marker (2019), and Mohamed et al., (2020). The magnitude of c2
SCA x Loc interaction was higher than 02 GCA x Loc for all traits, except days to 50% silking indicating that the
non-additive gene effects have interacted more with locations than additive gene effects for these traits,
Mostafa et al., (2013) for number days to 50% silking, Mosa (2004) and Motawei et al., (2019) for plant height,
Amer (2004) El-Gazzar and Khalil (2012) and El-Gazzar (2015) for ear height, Mostafa et al., (2013) and El-
Gazzar (2015) for grain yield.

According to the findings, maternal parents perform the most crucial role. More initiatives should
involve maternal parents to improve new hybrids. These findings could be explained by the general combining
ability expression of cytoplasmic genes. According to research, the proportionate contributions of line, tester,
and line tester fluctuate for different traits in the inheritance of days to 50% silking, plant and ear heights, and
grain yield. These results support the findings of Vasal et al., (1992), Ibrahim et al,, (2007) and Mosa et
al.(2008) for a number of days to 50% silking, Aboyousef et al., (2016) for plant height, Attia et a/ (2015), EL-
Hosary and Elgammaal (2013) for ear height and Alsebaey et al.(2021) for grain yield.

Mean performance:

Two factors are considered important, the first factors are the evaluation of an inbred line in the
production of hybrid maize the second study of the line itself and behavior of the line in a particular hybrid
combination. The mean performance of the thirty top-crosses and four check hybrids SC.10, SC. 2031, TWC 321
and TWC 324 For days to 50% silking, all crosses were significantly earlier (60 to 64.3 days) than the check
hybrids SC.10, SC. 2031 (66.5 and 67.17 days), while six crosses showed significantly higher earliness than both
checks TWC 321 and TWC 324 for all crosses were significantly earlier (62.7 to 63.6 days) than the check
hybrids TWC 321and TWC 324 (65.33 and 67.00 days). The combining ability of maize inbred lines and
concluded that the crosses outperformed the best standard check was investigated (Natol, 2017; Abebe et al.,
2018).
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In the present study regarding the plant height, crosses ranged from 234.33 to 260.44 cm compared to
crosses SC 10 and SC 2031 (289.67 and 285.67 cm), crosses ranged from 224.11 to 252.22 cm compared to
crosses three way crosses 321 and 324 (272.67 and 263.33 cm). These findings are consistent with those
published by numerous authors, including Matin et al., (2016), Abebe et al., (2018), and Alsebaey et al., (2021),
who evaluated the combining ability of maize inbred lines and found that the crosses outperformed the best
standard check-in Plant height.

On the other hand the lowest ear height of the four cultivar checks were observed in all crosses under
the environments had significantly lower ear placement compared with the lower check hybrids SC 10 and SC
2031, TWC 321 and 324 (158.50 cm, 149.83 cm, 151.67 cm and 148.50 cm ) respectively and the top crosses
ranged from 117.11 cm for top cross Gm.1031xSk.5 to 141.44 cm for top cross Gm.52xSd.7. Maize plant
shortness reduces lodging percentage and consequently increases yield potential (EL-Hosary and Elgammaal,
2013).

Thus, our finding suggests Grain yield (ard/fed) ranged from 21.41 (ard/fed) for top cross Gm.52 x SK.5
to 33.50 (ard/fed) for top cross Gm.66 x Sd.7 compared to standard check SC 2031 to 30.29 (ard/fed). Four top
crosses Gm.52 x SC.130, Gm.55 x SC.130, Gm.66 x SC.130 and Gm.64 x SC.130 were values (33.94, 31.33, 32.81
and 35.25 ard/fed) were significantly outyielded the check hybrid TWC324 (28.83 ard/fed). In general, the
above four crossings had the best values for most yield components, implying that they could be used as good
hybrids in maize breeding efforts. It is possible to deduce that these crosses may be useful for increasing maize
grain production. Similar results were reported by Shah et al., (2015), Matin et al., (2016) and Abu shosha et al.,
(2020).

General combining ability effects:

Analyses of general combining ability impacts (GCA) for the 10 inbred lines aggregated across three
locations for Days to 50% Silking date are shown in. For earliness, the best inbred lines for general combining
ability effects (GCA) were Inbred lines Gm.1031, Gm.62, Gm.66, Gm.64, and Sk.5.

Inbred lines Gm.1031, Gm.62, Gm. 64 and Sk. 5 produced negative GCA effects for plant height,
indicating that these lines can be used to develop shorter hybrids to reduce yield loss due to root and stem
lodging. Sk5 was the best GCA tester for plant height. Several researchers, including Aly (2013), Motawei et al.,
(2019), and Mohamed (2020), have reported the superiority of the single cross as a suitable tester. The inbred
lines mentioned above can be utilised in maize breeding programmes to improve these traits.

Four inbred lines Gm. 1031, Gm.62, Gm.72 and Sk. 5 possessed negative and significant GCA effects for
ear height toward lower ear placement, indicating that parental inbred lines could be considered as a good
general combiner for lower ear placement.

The capacity of available genotypes to combine is critical for establishing an effective hybrid
programme through the identification of excellent parents. The line tester technique aids the breeder in
classifying and selecting parent genotypes based on their probable performance in hybrid combinations. For
grain yield, the general combining ability impacts were positive and substantial for four inbred lines, Gm.267,
Gm.50, Gm.66, and Gm.64. In the maize breeding programme, these lines could be employed as good
combiners to develop new high yielding crosses. It is worth mentioning that the inbred line with high GCA
effects for grain yield had a desirable effect for one or more of the grain yield contributing characteristics.
Meanwhile, the inbred lines with appropriate GCA effects for grain yield are possible to successfully contribute
favorable alleles in a breeding program and could be useful as parents in constituting synthetic populations
suitable to be improved for high production yield. These findings are consistent with those obtained by Shah et
al., (2015), Matin et al., (2016) and Abdel-Moneam, et al., (2020).

Specific combining ability effects:

Two crosses (Gm. 1031 SC. 130 and Gm. 72 Sk. 5) demonstrated desirable negative significant and
extremely significant SCA for days to 50% silking towards earliness, with the cross (Gm. 72 Sk. 5) being the best
for earliness. This indicates that these crosses are the best for earliness. Four crosses (Gm. 64 xSd.7, Gm. 66xSk.
5, Gm. 267 xSC.130 and Gm. 62xSC.130) had significant negative SCA effects for plant height indicating that
these crosses are the best combinations for shortness. Showed SCA significance with negative values of effects
for plant height, it could be used in the maize hybrid program. The desirable SCA effects for ear height were
obtained by three crosses (Gm. 64 xSd7, Gm. 66xSk.5 and Gm. 62xSC 130) had significant negative SCA effects
for ear height indicating that these crosses are the best combinations for lower ear placement. This discovery is
consistent with the outcome reported by Chemada et al., (2015), Ahmed et al., (2017), Natol (2017) Abebe et
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al.,, (2018),and Alsebaey et al., (2021) who reported both positive and negative significant SCA for Silking date,
Plant height and ear height.

The desirable SCA effects were obtained by the crosses Gm. 62 xSd. 7, Gm. 66xSd.7, Gm. 267xSk.5,
Gm. 462 xSk. 5, Gm. 64xSk. 5, Gm. 72 xSk. 5, Gm. 52 xSC. 130, Gm. 55 xSC. 130 and Gm. 64 xSC 130
respectively, for grain yield where they had the highest positive values of SCA for yield and its main
components. These top crossings may be of interest in breeding programmes because they all had at least one
good combiner for the traits in question. This discovery is consistent with the outcome reported by These top
crossings may be of interest in breeding programmes because they all had at least one good combiner for the
traits in question. This discovery is consistent with the outcome reported by Shah et al., (2015) and Matin et al.,
(2016).

The best combiner tester for beneficial GCA effects was SK.5 for days to 50% silking, plant and ear
heights, which had negative and significant GCA values for these traits. The SC130 tester for grin yield (ard/fed)
had positive and significant GCA effects for these traits. Single crosses were found to be preferable as good
testers (Mosa 2010; Aly, 2013).

CONCLUSION

The general combining ability effect showed that three inbred lines, Gm. 1031, Gm. 62, and Sk. 5, had good
combiners for earliest, shortened, and lower ear placement. Four inbred lines (Gm. 267, Gm. 50, Gm. 66, and
Gm. 64) and Sk. 5 were good general combiners for grain yield. The three crosses (Gm. 62 SC. 130), (Gm. 66 Sk.
5), and (Gm. 64 Sd. 7) had significant values of SCA for plant and ear height, and (Gm. 52 SC. 130) had
significant values of SCA for grain yield. Most of all crosses had better-than-check varieties for earliness,
shortening, and lower ear placement. The two crosses (Gm. 64 Sk. 5) and (Gm. 64 SC. 130) were better than all
check varieties for grain yield. Therefore, identify superior crosses to improve the yielding ability of maize
breeding programs.
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