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Abstract

The investigation was conducted to calculate the superiority % for of the Fi’s
over commercial check hybrids, combining ability and genetic variability of eleven
white maize inbred lines using a half-diallel design at Sids Agricultural Research
Station in the 2022 growing season. The 55 crosses along with two commercial
hybrids as checks; SC-10 and Hytech SC-2031 were evaluated in field trials at
Sids, Sakha, and Gemmeiza Agricultural Research Stations using randomized
complete block design with three replications in the growing season 2023. The
results showed highly significant differences between three locations for all
studied traits except GY and DTS traits. Mean squares for crosses and their
interaction with locations were significant for all studied traits except for EHT.
Also, variances of GCA and SCA were significant for all studied traits except EHT,
indicating that additive and non-additive gene effects were important in the
inheritance of most studied traits. However additive gene effects were more
important than non-additive gene effects in the inheritance of all studied traits
except for GY. Two inbred lines; Sd-4/2013 and Sk-12 had good general
combining effects for GY. The best cross for SCA effects was Sd-63 x Gz-613 for
GY; and Sd-1185 x Gz-613 for DTS. The cross Sd-2/2013 x Sk-9 was superior for
grain yield and earliness than two checks. Also, four crosses; (Sd-2/2013 x Gz-
613), (Sd-41/2015 x Sk-13), (Sd-63 x Gz-613) and (Sd-1185 x Sk-9), were
significantly superiority% relative to the two checks. These crosses will be further
evaluated in the maize breeding program.
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Introduction

Maize (Zea mays L.) is the world's leading crop and is widely cultivated as
cereal grain and it is also known as the queen of cereals, because of its highest
genetic yield potential (Shree et al., 2018). The best way to increase maize yield
per unit through cultivating the hybrid, and there are different methods to
procedure hybrid (Aisyah, et al., 2016). The success of development of high
yielding and widely adapted maize crosses will depend on the combining ability
of parent of crosses. Hence, a combining ability study is imperative in order to
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determine parents and crosses for advancement in the character under
consideration; and provides information on the nature of genetic variability present
in the germplasm under investigation. Diallel crosses approach is commonly used
to gain information on the genetic action controlling traits of interest, and the
combining ability effects of the inbred lines and crosses (Griffing, 1956). Two
parameters of diallel analysis; general (GCA) and specific (SCA) combining
abilities are essential in developing breeding programs. Breeding for high yielding
crops require the information on the nature and magnitude of variation in the
available germplasm, relationship between yield and some other agronomic traits
and the degree of genetic variability influence in the expression of these attributes’
traits. The good information of heritability enables the breeders decide the course
of selection procedure to be followed under a given situation (Li and Yang, 1985).
Genotypic coefficient of variability (GCV) and phenotypic coefficient of
variability (PCV) values were characterized as low when less than 10%, moderate
10-20% and high more than 20% (Deshmukh and Reddy (1986). While heritability
was low when value less than 40%, medium 40-59%, moderately high 60—-79%
and very high heritability 80% and above (Singh 2001).

The main objectives of this investigation were to: (1) estimate the combining
ability effects for inbred lines and its crosses for the studied traits. (2) determine
types of gene action controlling in inheritance of these traits and (3) identify the
superior hybrids over the check hybrids for gain yield and earliness.

Material and Methods
Plant materials and its sources

Eleven new white maize inbred lines, developed from different geographical
regions and divergent in isolation sources (Sids Sd, Sakha Sk and Giza Gz)
namely, Sd-2/2013, Sd-41/2013, Sd-4/2015, Sd-2/2016, Sd-4/2017, Sd-63, Sd-
1185, Gz-613, Sk-9, Sk-12 and Sk-13 were chosen and used in this investigation.

Locations and growing seasons

All possible combinations without reciprocal crosses among them were done
in a half diallel mating design to obtain 55 crosses at Sids Agriculture Research
Station during 2022 summer season. The 55 new single crosses along with two
commercial hybrids as checks; SC-10 and Hytech SC-2031 were evaluated in field
trails at three locations; Sids, Sakha and Gemmeiza Agriculture Research Stations.

Experimental design and its management

A randomized complete block design (RCBD) with three replications was
used at each location. The experimental plot size was one row, 6 ml on g and 0.8
m apart. Kernels were sown in hills evenly spaced at 0.25 m along the row at the
rate of two kernels hill"!, then thinned to one plant hill"! after three weeks from
planting. All agricultural practices for maize production were applied as
recommended at the proper time.
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Data recorded

Data were recorded for number of days to 50% silking emergency date (DTS
days), plant height (PHT cm), ear height (EHT cm), ear position (Epos%) and grain
yield (GY ard fed!) adjustedat]15.5% grain moisture, (one ard = 140 Kg and one
fed = 4200 m?).

Statistical analysis

Data collected were analyzed using General Linear Model (GLM) procedure
in SAS Statistical Package (SAS institute, version 9.3, 2014). After performance
homogeneity test, the combined analysis was done across three locations according to
Snedecor and Cochran (1989). Combining ability analysis was performed for traits that
showed statistical differences among crosses. Griffing' s Method-4, model-1 (Griffing,
1956) was utilized to determine general and specific combining abilities and their
interaction effects with locations. Superiority % of 55 single crosses was determined
according to Singh et al., (2004).

Results and Discussion
Analysis of variances

The mean squares of locations, crosses, and their interaction for grain yield
along with agronomic traits are presented in Table 1. Results showed that there
were highly significant differences among locations for all studied traits except for
GY and DTS traits, indicating that the three locations differed in the environmental
conditions. These results are similar to those obtained by Haddadi et al., (2012),
Aly (2013), Abd EL-Azeem et al., (2021), Apraku et al., (2021) and Aly et al.,
(2022). Mean squares for crosses (C) and their interaction with locations (C % Loc)
were significant and highly significant for all studied traits except for C % Loc of
EHT. These results match those obtained by; Bisen et al., (2020) for DTS and
PHT, Abd El-Azeem et al., (2021) for DTS, PHT, EHT, Epos% and GY, Hussain
et al., (2021) for DTS, PHT and EHT, Tulu et al., (2021) for DTS and GY and
Ramadan et al., (2022) for DTS, PHT and GY.

Table 1. Mean squares of location and 57 crosses and their interaction for
grain yield and some agronomic traits

sov df GY (ardfed!) DTS (days) PHT (cm) EHT (cm) Epos %
Loc 2 77.43 139.92 9652.42%*  11631.07**  695.60**
Rep/Loc 6 48.99 33.66 1154.85 880.25 24.53
Crosses (C) 56 79.52%%* 15.99%** 447.04** 268.69* 19.85%*
C x Loc 112 59.75%* 7.34%* 335.97** 174.27 18.36**
Error 336 11.55 3.23 223.40 175.81 11.86

* %% significant at 0.05 and 0.01 levels of probability, respectively. GY = grain yield ard. fed!, DTS = days
to 50% silking (days), PHT = plant height, cm, EHT = ear height, cm, Epos% = ear position %

General (GCA) and Specific (SCA) combining ability variances

General (GCA) and Specific (SCA) combining ability variances and their
interaction with locations (GCA X% Loc and SCA X Loc) are shown in Table 2.

Assiut J. Agric. Sci. 55(2) 2024 (15-28) 17



Abd El-Azeem et al., 2024

Results showed that variances of GCA and SCA were significant and highly
significant for all studied traits except for SCA of EHT, indicating that additive
and non-additive gene effects were important in the inheritance of most studied
traits. Our results are relevant to those obtained by Bisen et al., (2020) and Abd
EL-Zaher et al., (2021) for DTS and PHT, Onejeme et al., (2020) and Ramadan e¢
al., (2022) for DTS, PHT and GY, Abd EL-Azeem et al., (2021) for DTS, PHT,
Epos% and GY, Patil et al,, (2021) for DTS and GY and Abdulla et al., (2022) for
DTS and PHT. The ratio of GCA/SCA was more than unity for all studied traits
except GY trait, indicating that the additive gene effects were more important and
played major role in the inheritance of all studied traits except for GY trait.
Therefore, the non-additive gene effects were more important for the inheritance
of GY. Similar results were obtained by El-Hosary (2020) for DTS, Onejeme et
al., (2020) for DTS and PHT, and Abd El-Azeem et al., (2021) for DTS, PHT,
EHT and Epos%. Mean squares due to GCA x Loc and SCA X Loc interactions
were significant for all studied traits except for GCA x Loc and SCA x Loc of
EHT and for GCA X Loc of Epos%, indicating that additive and non-additive gene
effects were affected by environmental conditions in most traits. GCA x Loc was
larger than SCA X Loc for all studied traits except Epos% trait, indicating that
additive gene effects are more influenced by environmental than non-additive
components; Abd EL- Azeem ef al, (2021) for DTS and GY, Aboyousef et al.,
(2022) and Aly et al., (2022) for DTS, PHT, EHT and GY traits.

Table 2. Diallel analysis for five traits across three locations

SOV df GY (ard fed!) DTS (days) PHT (cm) EHT (cm) Epos %
GCA 10 62.02%* 54.78%* 838.31%** 454.30%* 28.02%*
SCA 44 86.32%* 7.42%* 370.41%* 229.46 19.13*
GCA x Loc 20 69.48** 12.71%* 493.74%* 212.99 9.92
SCA x Loc 88 58.65%* 6.14%* 306.92* 170.02 19.98**
Error 324 11.52 3.24 228.95 177.03 11.94
GCA/SCA 0.72 7.38 2.26 1.98 1.47
GCA x Loc /SCA % loc 1.19 2.07 1.61 1.25 0.50

* ** significant at 0.05 and 0.01 levels of probability, respectively. GY = grain yield ard. fed!, DTS = days
to 50% silking (days), PHT = plant height, cm, EHT = ear height, cm, Epos% = ear position %.

Mean performances of the 55 single crosses and the two check hybrids for
grain yield and some agronomic traits across three locations are illustrated in Table
3. Results showed that, for GY ard fed™!, the crosses ranged from 21.55 for cross
Sd-2/2013 x Sd-1185 to 35.00 ard fed! for cross Sd-41/2015 x Sk-13. Five
crosses; Sd-2/2013 x Sk-9 (34.65 ard fed '), Sd-41/2015 x Sk-13 (35.00 ard fed "),
Sd-63 x Gz-613 (34.26 ard fed'), Sd-2/2013 x Gz-613 (34.25 ard fed!) and Sd-
1185 x Sk-9 (34.60 ard fed') were significantly superior than the two check
hybrids; SC-10 (29.32 £3.14) and SC-2031 (31.10+£3.14). In addition, six crosses;
Sd-41/2015 x Sd-4/2015 (31.55 ard fed™!), Sd-41/2015 x Sd-2/2016 (33.57 ard fed
1, Sd-41/2015 x Sk-9 (32.13 ard fed™!), Sd-41/2015 x Sk12 (33.67 ard fed!), Sd-
4/2015 x Sk-12 (32.63 ard fed!) and Sd-1185 x Sk-12 31.16 ard fed'were not
significant out yielded more than the highest check hybrid SC-2031 (31.10 ard fed
. For DTS day, the crosses ranged from 60.88 for cross Sd-2/2013 x Sk-9 to 66.33
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day for cross Sd-41/2015 x Gz-613. Generally, almost new single crosses were
significantly earlier than the two checks: SC-10 (63.33 day) and SC-2031 (64.77
day). Six crosses; Sd-2/2013 x Sk-9 (60.88 day), sd-4/2015 x Sd-4/2017 (61.22
day), Sd-4/2015 x Sk-12 (61.22 day), Sd-4/2017 x Sd-1185 (61.44 day), Sd-
4/2017 x Sk-9 (61.11 day) and Sd-1185 x Gz-613 61.66 day were significantly
earlier than the earliest check SC-10 (63.33 day). For PHT cm, 32 out 55 crosses
were did not differ significantly than the shorter check hybrid SC-2031 (247.67
cm). On the other hand, seven crosses were significantly less than the check hybrid
SC-10 (252.78 cm toward short plant height). Regarding EHT cm trait, 36 out 55
crosses were did not differ significantly from the check shortest ear height SC-
2031 (141.66 cm). Furthermore, 10 crosses were significantly less than the check
hybrid SC-10 (146.66 cm) toward shorter ear height. For Epos%, cross Sk-9 x Sk-
12 (52.04%) was significantly less than the best lower ear placement of check SC-
2031 (57.11%). Set of 33 crosses did not differ significantly from the lower ear
placement SC-2031. Four crosses; Sd-4/2015 x Sd-4/2017 (54.33%), Sd-4/2017 x
Gz-613 (54.03%), Sd-4/2017 x Sk-9 (54.62%) and Sk-9 x Sk-12 (52.04%) were
significantly lower than the check hybrid SC-10 (58.10%). The previous results
revealed that, seven crosses; Sd-2/2013 x Gz-613, Sd-2/2013 x Sk-9, Sd-41/2015
x Sk-12, Sd-41/2015 x Sk-13, Sd-4/2015 x Sk-12, Sd-1185 x Sk-9 and Sd-1185 x
Sk-12 had the good mean performances values which were significantly or did not
differ significantly than the check hybrid for GY and one or more of other
agronomic trait under this investigation.

Table 3. Mean performances of the 55 single crosses and the two check hybrids
across three locations for grain yield and some agronomic traits

Crosses GY (ard fed!) DTS (days) PHT (cm) EHT (cm) Epos %
Sd-2/2013 x Sd-41/2013 28.00 63.66 250.89 149.11 59.04
Sd-2/2013 x Sd-4/2015 30.85 62.00 243.11 139.88 57.50
Sd-2/2013 x Sd-2/2016 28.36 63.77 247.44 140.33 56.61
Sd-2/2013 x Sd-4/2017 28.77 62.55 240.67 143.11 59.48
Sd-2/2013 x Sd-63 29.61 62.55 241.33 137.11 56.79
Sd-2/2013 x Sd-1185 21.55 64.55 238.00 134.00 56.33
Sd-2/2013 x Gz-613 34.25 65.44 249.44 138.55 55.62
Sd-2/2013 x Sk-9 34.65 60.88 255.00 148.88 58.26
Sd-2/2013 x Sk-12 26.14 62.66 240.67 140.33 58.22
Sd-2/2013 x Sk-13 28.36 62.33 239.56 134.77 56.22
Sd-41/2015 x Sd-4/2015 31.55 62.77 242.22 145.77 60.17
Sd-41/2015 x Sd-2/2016 33.57 65.33 260.89 147.33 56.42
Sd-41/2015 x Sd-4/2017 26.81 61.77 255.78 144.22 56.46
Sd-41/2015 x Sd-63 27.68 63.55 248.00 137.66 55.52
Sd-41/2015 x Sd-1185 28.77 63.88 243.89 137.11 56.24
Sd-41/2015 x Gz-613 27.11 66.33 256.89 150.11 58.41
Sd-41/2015 x Sk-9 32.13 63.44 263.78 153.00 57.82
Sd-41/2015 x Sk-12 33.67 64.44 242.56 138.77 57.24
Sd-41/2015 x Sk-13 35.00 64.00 247.11 140.22 56.78
Sd-4/2015 x Sd-2/2016 29.52 65.88 259.67 143.22 55.16
Sd-4/2z15 x Sd-4/2017 26.63 61.22 242.00 131.77 54.33
Sd-4/2015 x Sd-63 25.01 63.22 241.22 133.88 55.53
Sd-4/2015 x Sd-1185 30.07 62.44 252.11 146.33 58.08
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Table 3. Continue

Crosses GY (ard fed)) DTS (days) PHT (cm) EHT (cm) Epos %
Sd-4/2015 x Gz-613 29.14 63.11 249.00 138.22 55.48
Sd-4/2015 x Sk-9 28.73 61.77 248.56 137.66 55.41
Sd-4/2015 x Sk-12 32.63 61.22 239.00 132.44 55.22
Sd-4/2015 x Sk-13 30.92 63.55 241.22 137.77 56.97
Sd-2/2016 x Sd-4/2017 28.95 62.00 237.89 131.33 55.16
Sd-4/2016 x Sd-63 22.53 65.22 248.78 145.11 58.11
Sd-4/2016 x Sd-1185 30.01 63.44 242.89 139.33 57.37
Sd-4/2016 x Gz-613 25.37 65.88 257.67 149.33 57.84
Sd-4/2016 x Sk-9 30.18 63.33 245.89 137.33 55.74
Sd-4/2016 x Sk-12 28.45 64.55 242.11 139.00 57.39
Sd-4/2016 x Sk-13 28.93 64.11 236.78 131.00 55.13
Sd-4/2017 x Sd-63 26.00 61.88 237.11 135.88 57.32
Sd-4/2017 x Sd-1185 29.74 61.44 246.00 139.88 56.88
Sd-4/2017 x Gz-613 28.64 63.11 250.56 136.00 54.03
Sd-4/2017 x Sk-9 22.16 61.11 241.67 132.66 54.62
Sd-4/2017 x Sk-12 31.09 61.88 243.00 136.77 55.99
Sd-4/2017 x Sk-13 29.76 62.44 244.22 137.11 55.90
Sd-63 x Sd-1185 29.82 63.88 237.89 141.22 59.29
Sd-63 x Gz-613 34.26 64.66 265.11 149.33 56.47
Sd-63 x SK-9 29.22 63.33 247.89 139.77 56.29
Sd-63 x Sk-12 29.93 62.66 245.44 140.11 56.96
Sd-63 x Sk-13 28.09 64.11 254.00 146.22 57.47
Sd-1185 x Gz-613 27.35 61.66 241.67 142.55 58.96
Sd-1185 x Sk-9 34.60 61.77 250.00 141.77 56.64
Sd-1185 x Sk-12 31.16 63.11 243.44 137.88 56.60
Sd-1185 x Sk-13 28.62 64.22 247.22 144.00 58.12
Gz-613 x Sk-9 26.65 64.55 253.56 148.44 58.57
Gz-613 x Sk-12 28.88 65.00 242.89 134.11 55.24
Sd-1185 x Sk-13 24.21 62.66 237.44 134.55 56.82
Sk-9 x Sk-12 30.28 62.11 255.22 132.66 52.04
Sk-9 x Sk-13 28.69 62.11 236.44 134.88 57.02
Sk-12 x Sk-13 28.83 63.00 246.67 142.66 58.00
SC.10 29.32 63.33 252.78 146.66 58.10
SC.2031 31.10 64.77 247.67 141.66 57.11
LSD 0.05 3.140 1.660 13.810 12.251 3.182
0.01 4.127 2.182 18.150 16.101 4.183

* ** significant at 0.05 and 0.01 levels of probability, respectively. GY = grain yield ard. fed!, DTS = days
to 50% silking (days), PHT = plant height, cm, EHT = ear height, cm, Epos% = ear position %.

Combining ability effects

General combining ability (GCA) effects of the eleven white maize inbred
lines for grain yield and some agronomic traits across three locations are shown in
Table 4. Results showed that the two inbred lines; Sd-4/2013 and Sk-12 had a good
general combiner effect for GY. For DTS, three inbred lines; Sd-4/2015, Sd-
4/2017 and Sk-9 had negative and significantly GCA effects (desirable values)
toward earliness. Inbred line Sk-13 exhibited desirable value of GCA effects for
PHT cm toward shorter plant. In the same direction, two inbred lines; Sd-4/2017
and Sk-12 had negative and significant GCA effects (desirable values) for EHT
cm toward shorter ear heights. Inbred line Sd-4/2017 showed negative and
significant GCA effects for Epos% toward lower ear placement. The differences
between inbred lines for GCA effects of different traits obtained by many
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researchers; Gamea et al., (2018), Anees et al., (2019), Saeid et al., (2019) and
Abd EL-Azeem et al., (2021).

Table 4. General combining ability (GCA) effects of the eleven inbred lines for grain

yield and some agronomic traits as combined across three locations
GY (ard fed

Inbred lines 1) DTS (days) PHT (cm) EHT (cm) Epos%
Sd-2/2013 -0.080 -0.208 -2.138 0.625 0.760%*
Sd-4/2013 1.448%* 0.766** 5.182%%* 4.760** 0.738%*
Sd-4/2015 0.422 -0.566%** -0.804 -1.498 -0.344
Sd-2/2016 -0.597 1.248%%* 1.627 0.316 -0.325
Sd-4/2017 -1.410%* -1.430%** -2.940 -3.523* -0.846*
Sd-63 -1.009%** 0.309 0.158 0.649 0.257
Sd-1185 0.050 -0.208 -2.471 0.402 0.814%*
Gz-613 -0.603 1.124%%* 4.318** 2.306 0.019
Sk-9 0.671 -0.875%* 3.627* 0.736 -0.606
Sk-12 1.091%* -0.184 -2.705 -2.856* -0.542
Sk-13 0.016 0.025 -3.854* -1.918 0.074
S.E. gi 0.359 0.191 1.603 1.410 0.366
LSD g; 0.05 0.705 0.373 3.142 2.763 0.718
0.01 0.926 0.491 4.129 3.631 0.943
LSD g;i-g; 0.05 2.60 1.38 11.63 10.22 2.65
0.01 3.42 1.81 15.28 13.44 3.49

* ** significant at 0.05 and 0.01 levels of probability, respectively, GY = grain yield ard. fed!, DTS = days
to 50% silking (days), PHT = plant height, cm, EHT = ear height, cm, Epos% = ear position %.

Specific combining ability effects (SCA) of 55 single crosses for grain yield
and some agronomic traits as combined across three locations are presented in
Table 5. Results showed that the 11 crosses; Sd-2/2013 x Gz-613 (5.776*%*), Sd-
2/2013 x Sk-9 (4.938**), Sd-41/2015 x Sd-2/2016 (3.591**), Sd-41/2015 x Sk-
12 (2.006%*), Sd-41/2015 x Sk-13 (4.406**), Sd-4/2015 x Sk-12 (1.995%*), Sd-
4/2017 x Sd-1185 (1.980%*), Sd-4/2017 x Sk-12 (2.280%), Sd-4/2017 x Sk-13
(2.025%), Sd-63 x Gz-613 (6.747**) and Sd-1185 x Sk-9 (4.752*%*) had positive
and significant SCA effects for GY ard fed-1.These aforementioned crosses are
potentially high yielding. These finding showed that, the crosses that show high
SCA effects were not always include parents with high GCA effects. Five crosses;
Sd-2/2013 x Sk-9, Sd-4/2015 x Sk-12, Sd-2/2016 x Sd-4/2017, Sd-1185 x Gz-613
and Sd-1185 x Sk-13 had negative and significant SCA effects for DTS trait
toward earliness. For PHT ¢cm, EHT cm and Epos% traits, two crosses for each
trait; (Sd-1185 x Sk-13 and Sk-9 x Sk-13), (Sd-41/2015 x Sd-63 and sd-41/2015
x Sd-1185) and (Sd-41/2015 x Sd-63 and Sk-9 x Sk-12) had negative and
significantly SCA effects toward shorter both plant and ear heights and lower ear
placement, respectively. From the above results, two crosses; Sd-2/2013 x Sk-9
and Sd-4/2015 x Sk-12 had positive and significant SCA effects for GY toward
high yielding and in the same time had negative and significant SCA effects toward
earliness. All these crosses might be vital in maize breeding programs for
production to release promising hybrids.
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Table 5. Specific combining ability effects (SCA) of 55 single crosses for grain yield
and some agronomic traits as combined across three locations

Cross GY (ard fed™") DTS (days) PHT (cm) EHT (cm) Epos %
Sd-2/2013 x Sd-41/2013 -2.496* -0.123 1.308 3.677 0.718
Sd-2/2013 x Sd-4/2015 1.379 -0.456 -0.481 0.714 0.455
Sd-2/2013 x Sd-2/2016 -0.082 -0.493 1.419 -0.657 -0.555
Sd-2/2013 x Sd-4/2017 1.138 0.962 -0.790 5.960 2.746**
Sd-2/2013 x Sd-63 1.578 -0.777 -3.222 -4.212 -1.059
Sd-2/2013 x Sd-1185 -7.54%* 1.740** -3.925 -7.077 -1.939
Sd-2/2013 x Gz-613 5.776** 1.296* 0.728 -4.422 -1.844
Sd-2/2013 x Sk-9 4.938** -1.259* 6.975 7.479 1.364
Sd-2/2013 x Sk-12 -3.989** -0.172 -1.024 2.516 1.347
Sd-2/2013 x Sk-13 -0.702 -0.716 -0.987 -3.978 -1.233
Sd-41/2015 x Sd-4/2015 0.554 -0.654 -8.691 2.466 3.022%*
Sd-41/2015 x Sd-2/2016 3.591** 0.086 7.543 2.207 -0.736
Sd-41/2015 x Sd-4/2017 -2.356* -0.790 7.000 2.935 -0.192
Sd-41/2015 x Sd-63 -1.879 -0.753 -3.877 -7.792* -2.276*
Sd-41/2015 x Sd-1185 -1.849 0.098 -5.358 -8.101* -1.950
Sd-41/2015 x Gz-613 -2.864%* 1.209* 0.852 2.997 1.010
Sd-41/2015 x Sk-9 0.886 0.32 8.432 7.454 0.940
Sd-41/2015 x Sk-12 2.006* 0.629 -6.457 -3.175 0.362
Sd-41/2015 x Sk-13 4.406** -0.024 -0.753 -2.669 -0.897
Sd-4/2015 x Sd-2/2016 0.566 1.975** 12.308** 4.355 -0.949
Sd-4/2015 x Sd-4/2017 -1.502 -0.012 -0.790 -3.249 -1.205
Sd-4/2015 x Sd-63 -3.523%* 0.246 -4.666 -5.311 -1.050
Sd-4/2015 x Sd-1185 0.473 -0.012 8.851* 7.380 1.079
Sd-4/2015 x Gz-613 0.194 -0.679 -1.049 -2.632 -0.877
Sd-4/2015 x Sk-9 -1.489 -0.012 -0.802 -1.619 -0.377
Sd-4/2015 x Sk-12 1.995* -1.259* -4.024 -3.249 -0.549
Sd-4/2015 x Sk-13 1.351 0.864 -0.654 1.145 0.453
Sd-2/2016 x Sd-4/2017 1.833 -1.049* -7.333 -5.509 -0.539
Sd-4/2016 x Sd-63 -4.985%* 0.432 0.456 4.096 1.546
Sd-4/2016 x Sd-1185 1.432 -0.827 -2.802 -1.435 0.160
Sd-4/2016 x Gz-613 -2.556* 0.283 5.185 6.664 1.386
Sd-4/2016 x Sk-9 0.980 -0.271 -5.901 -3.768 -0.211
Sd-4/2016 x Sk-12 -1.167 0.259 -3.345 1.491 1.342
Sd-4/2016 x Sk-13 0.387 -0.395 -7.530 -7.447 -1.443
Sd-4/2017 x Sd-63 -0.702 -0.222 -6.641 -1.286 1.255
Sd-4/2017 x Sd-1185 1.980* -0.148 4.876 2.960 0.198
Sd-4/2017 x Gz-613 1.530 0.185 2.641 -2.829 -1.939
Sd-4/2017 x Sk-9 -6.227** 0.185 -5.555 -4.595 -0.720
Sd-4/2017 x Sk-12 2.280* 0.271 2.111 3.108 0.563
Sd-4/2017 x Sk-13 2.025* 0.617 4.481 2.503 -0.166
Sd-63 x Sd-1185 1.652 0.555 -6.333 0.120 1.391
Sd-63 x Gz-613 6.747** 0.000 14.098** 6.330 -0.474
Sd-63 x SK-9 0.430 0.666 -2.432 -1.656 -0.182
Sd-63 x Sk-12 0.724 -0.691 1.456 2.269 0.455
Sd-63 x Sk-13 -0.042 0.543 11.160** 7.441 0.395
Sd-1185 x Gz-613 -1.220 -2.481** -6.716 -0.200 1.339
Sd-1185 x Sk-9 4.752%* -0.370 2.308 0.590 -0.317
Sd-1185 x Sk-12 0.891 0.272 2.086 0.294 -0.473
Sd-1185 x Sk-13 -0.572 1.173* 7.012 5.467 0.510
Gz-613 x Sk-9 -2.544* 1.074* -0.926 5.355 2.474*
Gz-613 x Sk-12 -0.732 0.8271 -5.259 -5.385 -1.056
Sd-1185 x Sk-13 -4.331 -1.716** -9.556* -5.879 -0.017
Sk-9 x Sk-12 -0.606 -0.061 7.765 -5.261 -3.682**
Sk-9 x Sk-13 -1.119 -0.271 -9.864* -3.977 0.711
Sk-12 x Sk-13 -1.402 -0.074 6.691 7.393 1.689
SE sij 1.012 0.535 4.511 3.967 1.030
LSDsi; 0.05 1.983 1.049 8.842 7.775 2.019
0.01 2.606 1.381 11.621 10.219 2.654

* #%* gignificant at 0.05 and 0.01 levels of probability, respectively. GY = grain yield ard. fed™!, DTS = days
to 50% silking (days), PHT = plant height, cm, EHT = ear height, cm, Epos% = ear position %.
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Superiority %

Superiority % of crosses relative the two checks; SC-10 and SC-2031 for
grain yield (GY ard fed!) and days to 50% silking (DTS day) traits are presented
in Table 6. Superiority% of crosses ranged from -26.50% for Sd-2/2013 x Sd-1185
to 19.35% for Sd-41/2015 x Sk-12 relative check SC-10. Meanwhile, ranged from
-30.69% to 10.03% for the same crosses relative to check SC-2031. Five crosses
positive and significantly superiority% heterosis relative to the two checks SC-10
and SC-2031; Sd-2/2013 x Gz-613 (16.68%** and 10.03%%*), Sd-2/2013 x Sk-9
(18.18%** and 11.44%%*), Sd-41/2015 x Sk-13 (19.35%** and 12.54%%*), Sd-63
x Gz-613 (16.83%** and 10.17%%*) and Sd-1185 x Sk-9 (17.98%** and
11.25%%*), respectively. In addition, 3 crosses; Sd-41/2015 x Sd-2/2016
(14.47%%**), Sd-41/2015 x Sk-12 (14.82%%*) and Sd-4/2015 x Sk-12 (11.28%%*)
had positive and significant superiority% for GY ard fed! relative to check hybrid
SC-10. Similar results obtained by Onejeme et al., (2020) and Abd El-Azeem et
al., (2021). For DTS day, six crosses showed negative and significant superiority%
(desirable values) toward earliness than the check SC-10 and SC-2031; Sd-2/2013
x Sk-9, Sd-4/2015 x Sd-4/2017, Sd-4/2015 x Sk-12), Sd-4/2017 x Sd-1185, Sd-
4/2017 x Sk-9 and Sd-1185 x Gz-613;in addition to 21 crosses were earliness than
SC-2031.In addition to, the aforementioned results showed that the cross Sd-
2/2013 x Sk-9 had high grain yield and early maturity. These crosses can be
recommended to be used in maize breeding programs to produce promising high
yielding and early maturity hybrids. These results were confirmed with results by
Aly and Mousa (2011), Onejeme at al., (2020) and Abd EL- Azeem et al., (2021).

Conclusion

Two inbred lines; Sd-4/2013 and Sk-12 had good general combiner effect for
grain yield for high yielding ability. While, for number of days to 50% silking date,
three inbred lines; Sd-4/2015, Sd-4/2017 and Sk-9 had negative and significant
GCA effects for earliness. Results of SCA effects revealed that, the crosses that
show high SCA effects did not always involve parent with high GCA effects,
suggesting the importance of inter allelic interactions for the concerned studied
traits. Five crosses positive and significantly superiority% heterosis relative to the
two checks SC-10 and SC-2031; Sd-2/2013 x Gz-613, Sd-2/2013 x Sk-9, Sd-
41/2015 x Sk-13, Sd-63 x Gz-613 and Sd-1185 x Sk-9. Thus, these crosses could
be recommended to be released as new crosses by Maize Research Program after
further evaluation and passes the advanced evaluation stages in a large scale in
different environmental conditions in Egypt.
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Table 6. Superiority% of crosses relative the two checks; SC-10 and SC-2031 for grain
yield (GY ard fed') and Silking date (DTS day) traits across three locations

Crosses GY (ard fed™) DTS (days)
SC10 SC 2031 SC10 SC 2031
Sd-2/2013 x Sd-41/2013 -4.53 -9.97* 0.53 -1.70
Sd-2/2013 x Sd-4/2015 5.19 -0.81 -2.10 -4.28%*
Sd-2/2013 x Sd-2/2016 -3.28 -8.79 0.71 -1.53
Sd-2/2013 x Sd-4/2017 -1.88 -7.48 -1.22 -3.42%*
Sd-2/2013 x Sd-63 0.98 -4.78 -1.22 -3.42%*
Sd-2/2013 x Sd-1185 -26.50%** -30.69%** 1.94 -0.33
Sd-2/2013 x Gz-613 16.81%* 10.12* 3.34%* 1.04
Sd-2/2013 x Sk-9 18.18%* 11.44* -3.85%* -5.99%*
Sd-2/2013 x Sk-12 -10.84* -15.93%* -1.05 -3.25%*
Sd-2/2013 x Sk-13 -3.29 -8.81 -1.57 -3.76%*
Sd-41/2015 x Sd-4/2015 7.59 1.46 -0.87 -3.08*
Sd-41/2015 x Sd-2/2016 14.47%* 7.94 3.16* 0.87
Sd-41/2015 x Sd-4/2017 -8.59 -13.80** -2.45 -4.62%*
Sd-41/2015 x Sd-63 -5.59 -10.98* 0.36 -1.88
Sd-41/2015 x Sd-1185 -1.88 -7.47 0.88 -1.36
Sd-41/2015 x Gz-613 -7.57 -12.84* 4.74 2.41
Sd-41/2015 x Sk-9 9.57 3.32 0.18 -2.05
Sd-41/2015 x Sk-12 14.82%* 8.27 1.76 -0.50
Sd-41/2015 x Sk-13 19.35%* 12.54* 1.06 -1.19
Sd-4/2015 x Sd-2/2016 0.65 -5.09 4.04** 1.73
Sd-4/2015 x Sd-4/2017 -9.18 -14.36%* -3.33%* -5.48%*
Sd-4/2015 x Sd-63 -14.70** -19.56** -0.17 -2.39
Sd-4/2015 x Sd-1185 2.54 -3.30 -1.40 -3.59**
Sd-4/2015 x Gz-613 -0.64 -6.30 -0.35 -2.56*
Sd-4/2015 x Sk-9 -2.04 -7.62 -2.45 -4.62%*
Sd-4/2015 x Sk-12 11.28* 4.94 -3.33%* -5.48%*
Sd-4/2015 x Sk-13 5.42 -0.59 0.36 -1.88
Sd-2/2016 x Sd-4/2017 -1.29 -6.92 -2.10 -4.28**
Sd-4/2016 x Sd-63 -23.16%* -27.54%* 2.99* 0.70
Sd-4/2016 x Sd-1185 2.33 -3.50 0.18 -2.05
Sd-4/2016 x Gz-613 -13.49* -18.42%* 4.04** 1.73
Sd-4/2016 x Sk-9 291 -2.96 0.01 -2.22
Sd-4/2016 x Sk-12 -2.98 -8.52 1.94 -0.33
Sd-4/2016 x Sk-13 -1.35 -6.98 1.23 -1.02
Sd-4/2017 x Sd-63 -11.33* -16.39%* -2.28 -4.45%*
Sd-4/2017 x Sd-1185 1.44 -4.35 -2.98* -5.13%**
Sd-4/2017 x Gz-613 -2.33 -7.90 -0.35 -2.56*
Sd-4/2017 x Sk-9 -24.43%* -28.74%* -3.50%* -5.65%*
Sd-4/2017 x Sk-12 6.01 -0.04 -2.28 -4.45%*
Sd-4/2017 x Sk-13 1.48 -4.31 -1.40 -3.59**
Sd-63 x Sd-1185 1.68 -4.12 0.88 -1.36
Sd-63 x Gz-613 16.83** 10.17* 2.11 -0.16
Sd-63 x SK-9 -0.37 -6.05 0.01 -2.22
Sd-63 x Sk-12 2.07 -3.75 -1.05 -3.25%*
Sd-63 x Sk-13 -4.21 -9.68 1.23 -1.02
Sd-1185 x Gz-613 -6.74 -12.05* -2.63* -4.79%**
Sd-1185 x Sk-9 17.98** 11.25%* -2.45 -4.62%*
Sd-1185 x Sk-12 6.25 0.19 -0.35 -2.56*
Sd-1185 x Sk-13 -2.41 -7.97 1.41 -0.85
Gz-613 x Sk-9 -9.13 -14.31%** 1.94 -0.33
Gz-613 x Sk-12 -1.52 -7.14 2.64* 0.36
Sd-1185 x Sk-13 -17.45%* -22.16%* -1.05 -3.25%*
Sk-9 x Sk-12 3.26 -2.63 -1.92 -4, 11**
Sk-9 x Sk-13 -2.16 -7.74 -1.92 -4, 11**
Sk-12 x Sk-13 -1.69 -7.30 -0.52 -2.73%*
LSDsij 0.05 3.14 1.66
0.01 4.13 2.18

* ** significant at 0.05 and 0.01 levels of probability,
days to 50% silking (days)
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