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Abstract: A half diallel (9 x 9) analysis using nine new white maize inbred lines derived from different sources were
evaluated to estimate genetic variability, combining ability, gene action and superiority% of the Fy,s over commercial
check hybrids. All possible combinations were done among these lines at Sids Agricultural Research Station in season
2019 to obtain 36 crosses. These crosses along with two commercial hybrids; (SC. 10 and SC. 2031) were evaluated in
field trails at three locations; (Sids, Sakha and Nubaria Agricultural Research Stations) using RCBD with three
replications in the growing season 2020. Results showed significant differences among the three locations for all the
studied traits, indicating that the locations differed in the environmental conditions. The GCA and SCA variances were
significant or highly significant for most of the studied traits, indicating that the importance of additive as well as non-
additive types of gene effects in the inheritance of these traits. The inbred line-Sd-14 was the best general combiner for
earliness, shorter plant and lower ear placement. While the inbred lines Sk-9 and Sk-12 were the best general combiners
for longer ear length and high grain yield. Thirteen crosses among all had positive and significant SCA effects for grain
yield ard fed toward high yielding, indicating that these crosses combinations could effectively be exploited in hybrid
breeding programs in the National Maize Research Programs. Positive and significant correlation between grain yield
ard fed" with plant height, ear height, late wilt resistant% and ear length, indicating that the indirect selection for linked
traits with yield would be useful and effective for improving grain yield. The cross Sd-1 x Sd-42 showed the best
superiority % of yield by value (7.91%) compared to the best check hybrid SC-2031 along with other six single crosses
that were significantly positive in compared to the best check hybrid in the yield. The results revealed that the majority
of the gene action controlling the grain yield trait is the additive gene, and therefore direct selection is considered useful
and would be effective in improve such trait in this study. While, the majority of the gene action controlling days to
50% silking trait is non-additive gene action, and therefore the cross-breeding programs are effective and beneficial in
turn of improving such traits in maize crop.
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INTRODUCTION

Maize (Zea mays L.) is one of the most
important and widely grown cereal crops in West and
Central Africa as well as North Africa; where Egypt is
located in the same African region (Mafouasson et al.,
2017). It is a staple food for an estimated 50% of the
population (IITA, 2014) and accounts for about 15% of
the calorific intake of the population (Badu-Apraku
and Akinwale, 2011). This calls for searching away to
increase its productivity to meet its needs, where the
acreage and production have an increasing tendency
with the introduction of crosses due to its high yielding
ability under any different environmental conditions.
However, new maize crosses thus need to be developed
with high yield capacity to meet the demands of maize
producers at all required levels. Therefore, in order to
choose the best hybrid combinations, a large numbers
of subjectively must chose inbred lines consequently,
they are interbreed/crossed with each other. It would be
considerable advantage to be able to estimate the
combining ability of inbred lines, gene effects and
heterotic effects of the crosses before making crosses
among these inbred lines (Xu and Crouch, 2008). Plant
breeders and geneticists often use diallel-mating
designs to obtain genetic information about a trait of
interest from a fixed or randomly chosen set of inbred
lines (Murray et al., 2003; Aly and Mousa, 2011). In
the same context, success evaluation of any breeding
program depends upon the positively efficacy of the
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selection, whereas the selection cannot be applied for
traits, which are polygenic in nature and are highly
influenced by the environmental conditions. Diallel
mating models designed by Griffing's (1956) and
Gardner and Eberhart (1966) are the standards used in
large scale determine combining ability analyses in
maize breeding programs to locate the types of
combining ability and superiority relative to check
hybrid and their interaction across environments are
essential in developing breeding programs (Turkey et
al., 2018). The magnitude of genetic components for
confirmed traits would rely fundamentally upon the
environmental flexion's under which the breeding
materials will be tested. When information on these
views is available, the breeders can decide which of the
numerous breeding procedures is most likely to
succeed (El-Hosary et al., 2018). The combining
ability studies offer information on the genetic
variances governing the inheritance of traits and assist
the breeders to choose suitable parents for further crop
improvement. Two types of combining abilities are
general combining ability (GCA) and specific
combining ability (SCA). GCA defined as the average
performance of the genotype in a series of hybrid
combinations and is a measure of additive gene effects.
While, SCA refers in relation to the performance of the
genotype in a specific cross in relation to the formal
and is a measure of non-additive gene effects (Sharief
et al., 2009). The estimates of genetic parameters such
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as variances, coefficient of variation, heritability,
genotypic, phenotypic and environmental correlation
allow knowing the knowledge of heritability enables
the plant breeders to decide the course of selection
procedures to be followed under a given situation (Li
and Yang, 1985) and the estimates of genetic
parameters like heritability and genetic advance helps
in predicting the gain under selection. Genetic studies
by many authors have been conducted on maize
genotype, which derived from different sources of
genetic materials, some of them concentrate on genetic
variability (Reddy et al., 2012; Hussain ef al., 2016;
Wedwessen and Zeleke, 2020) and others investigated
combining ability, general and specific (Turkey et al.,
2018; Ferial et al, 2020; Hemada et al., 2020; Gad et
al, 2021), but other studies spoke around gene action
(Abd El-Azeem et al., 2021) and other studies
investigated superiority% (Uddin et al., 2008; Atif et
al., 2012; Aly and Mousa, 2011; Abd El-Azeem et al.,
2021). All these studies and researchers indicated the
importance of studying these genetic constants in corn
breeding programs, which led to the improvement of
the maize yield.

Based on what has been mentioned above, it is
clear that the main objectives of this investigation were
to estimate: the combining abilities effects for the nine
inbred lines and its combiners and crosses to improve
maize for desirable traits, types of gene action
controlling the inheritance of these traits, the relation
superiority% than the check hybrid, the genetic
parameters as to determine suitable inbred lines and
promising crosses for grain yield and other agronomic
traits.

MATERIALS AND METHODS

- Plant Material and its sources

The plant materials of this investigation
consisted of nine new white maize inbred lines of S,
which derived from different sources at two
Agricultural Research Stations; [Sakha (Sk) and Sids
(Sd)]. These lines namely; Sd-63, Sk-9, Sk-12, Sd-1,
Sd-2, Sd-7, Sd-14, Sd-42 and Sd-43.

- Experimental Sites and growing seasons

In the growing season 2019, at Sids Agric. Res.
Station, all possible combinations without reciprocal
crosses among them were made in a half diallel to
obtain 36 single crosses. However, in the growing
season 2020, the 36 crosses along with two checks;
(SC-10 and SC-2031) were evaluated at three locations
viz Sids, Sakha and Nubaria Agric. Res. Stations.

- Experimental design and its Management

Randomized Complete Blocks Design (RCBD)
with three replications was used at each site /location.
Plot size was one row, 6 m long and 0.8 m apart.
Planting was made in hills spaced at 0.25 m along the
row at the rate of two kernels hill'l, which thinned to
one plant hill' after 21 days of planting date. For

experimental management, the field trials were kept
clean of weeds throughout the growing cycle, whereas
all  agricultural practices were applied as
recommended.

- Data recorded

Date were recorded for number of days to 50%
silking (DTS, day), plant height (PHT, cm), ear height
(EHT, cm), ear position% (Epos %), late wilt
resistant% (LWR %), ear length (EL, cm) and grain
yield (GY, ard fed"). The grain yield was adjusted to
15.5% grain moisture, one ardab = 140 Kg and one
feddan = 4200 m”.

- Statistical analysis

The data collected were analyzed using general
linear model (GLM) procedure in SAS (SAS institute,
version 9.2, 2008). Means for all maize combinations
adjusted for block effects through sites/locations were
analyzed according to Snedecor and Cochran (1980).
Combining ability analysis was performed for trait that
showed statistical differences among crosses. Griffing's
Method-4, Model-1 (Griffing's 1956) was employed to
determine general and specific combining abilities and
their interaction effects with locations. Relative
superiority% of 36 single crosses was estimated
according to Singh ef al., (2004), expressed as the %
deviation of the mean performance of F; than the best
check hybrid.

RESULTS AND DISCUSSION
Analysis of variance:

Results for variances and mean squares of the
genotypes for seven studies traits combined across
three locations are shown in Table 1. The results
showed significant differences between the three
locations for all the studied traits, indicating that the
locations differed in the environmental conditions.
These findings are agreement with Haddadi et al.
(2012), Aly (2013) and Abd El-Azeem et al. (2021).
Genotypes mean squares and their interactions with
locations were significant or highly significant for all
the studied traits except LWR% for genotypes and
LWR% and EL for G x Loc. These results indicate the
presence of genetic variation among the materials and
desirable genes from these genotypes can effectively
be utilized to develop high performing hybrids. These
genotypes performed differently across locations,
meaning that the relative performances of the
genotypes were influenced by varying environmental
conditions. Similar results are obtained by Zivanovic et
al. (2010) for GY; Aly and Mousa (2011) for DTS,
PHT, EHT and GY; Haddadi et al. (2012) for DTS,
PHT and Yield; Mosa et al. (2016) for DTS, PHT,
EHT, EL and GY; Bisen et al. (2020) for DTS and
PHT; Onejeme et al. (2020) for DTS, PHT, EHT and
GY; Zeleke et al. (2020) for DTS and GY and Abd El-
Azeem et al. (2021) for DTS, PHT, EHT, Epos% and
GY traits.
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Table (1): Combined analysis of variance and mean squares of the genotypes for seven studies traits across three

locations
sov df DTS PHT EHT Epos LWR EL GY
(day) (cm) (cm) % % (cm)  ard. fed”
Loc 2 1550.65*%* 144935.98** 77544.91%* 2645.62** 0.15%* 51.74%* 452.69**
Rep/Loc 6 15.028 576.556 542.395 54.006 0.099 2.320 7.16
Genotypes (G) 37 21.326%* 1184.904**  984.383**  58.457**  (0.133  6.411* 328.65**
G x Loc 74 6.169%* 536.423%* 413.798**  29.817**  0.140 2.796 31.40%*
Error 222+ 0.687 144.233 118.673 14.887 0.142 4.114 9.02

+ included checks

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

DTS =days to 50% silking (days) PHT = plant height, cn EHT = ear height, cm Epos% = ear position % LWR = late wilt resistant % EL
= ear length, cm and GY = grain yield ard. fed

General combining ability (GCA) and specific
combining ability (SCA) variances and their interaction
with locations for seven traits across three locations are
presented in Table 2. Results were showed that the
GCA and SCA variances were significant or highly
significant for all the studied traits except LWR% for
GCA and LWR% and EL for SCA, indicating that the
importance of additive as well as non-additive gene
effects in the inheritance of these traits. The magnitude
of GCA was more than that of SCA for DTS, Epos%,
EL and GY, meaning that the additive genes are
responsible for most of the genetic variation for these
traits. This finding was confirmed by Abd El-Azeem et
al. (2021) for DTS, PHT, EHT, Epos% and GY;
Hemada ef al. (2020) for DTS, PHT, EHT, EL and GY;

Aly and Mousa (2011) for DTS, PHT, EHT, Epos %
and GY; El Hosary (2020) for PHT, EHT and Yield;
Aly and Mousa (2012) for DTS and GY and Mosa et
al. (2016) for DTS, PHT, EHT and EL traits. The ratio
of GCA/SCA was more than unity for DTS, Epos%,
LWR%, EL and GY, indicating the importance of
additive gene action in the genetic control of these
traits. Similar results were obtained by Haddadi et al.
(2012) for DTS, PHT and yield; Aly and Mousa (2012)
for DTS, PHT, EHT, EL and GY; Ferial ez al. (2020)
for DTS and PHT; Onejeme et al. (2020) for DTS,
PHT, EHT and GY; Abd El-Azeem et al. (2021) for
DTS, PHT, EHT, Epos%, LWR% and GY and Gad et
al. (2021) for EHT and yield.

Table (2): Estimates of general (GCA) and specific (SCA) combining abilities variances and their interaction with
locations for all studied traits across three locations

sov df DTS PHT EHT Epos LWR EL GY B
(day) (cm) (cm) % % (cm) ard. fed
GCA 8 57.178%* 820.520%* 914.840** 80.040** 0.190  7.706*  366.74%*
SCA 27 11.433**  1345.360**  1050.070**  54.633** 0.125 4.555  321.28**
GCA x Loc 16 12.379%%* 647.850** 602.600** 35.484** 0.085 3.317 59.05%*
SCA x Loc 54 4.423%* 434.570** 318.180** 28.480** 0.167 2.431 19.52%*
Error 210 0.675 141.61 113.34 14.87 0.149 4.207 8.947
GCA/SCA 5.001 0.610 0.871 1.465 1.528 1.692 1.14
GCA x Loc/ SCA x Loc 2.799 1.491 1.894 1.246 0.507 1.364 3.026

*, ** significant at 0.05 and 0.01 levels of probability, respectively
DTS =days to 50% silking (days) PHT = plant height, cn EHT = ear height, cm Epos% = ear position % LWR = late wilt resistant % EL
= ear length, cm and GY = grain yield ard. fed
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Mean performance:

Mean Performances values of the 36 crosses and
the two check hybrids for seven traits across three
locations are illustrated in Table 3. The results revealed
that the crosses ranged from 63.44 day for cross Sk-9 x
Sd-2 to 72.67 day for cross Sd-42 x Sd-43 concerning
DTS trait. 22 out 36 crosses were significantly earlier
than the earliest check hybrid SC-10, (67.11 days). In
the same direction, 26 crosses were significantly earlier
than the other check SC-2031 (67.78 days). Generally,
4 crosses (Sk-9 x Sd-2, Sk-9 x Sd-14, Sk-9 x Sd-1 and
Sk-9 x Sd-7) among the all crosses were the earliest
crosses and scored in respectively 63.44, 63.67, 64.22
and 64.33 days. In respect to PHT cm trait, the crosses
ranged from 200.11 cm for cross sd-42 x Sd-43 to
264.00 cm for cross Sd-9 x Sd-42. Results showed that,
12 out 36 crosses were significantly toward shorter
plant than the shortest check cross SC-2031 (251.89
cm). Among 36 crosses, only 14 crosses were
significantly toward lower ear placement than the
check hybrid 2031 (136.33 cm). Concerning Epos%

trait, 5 crosses out 36 crosses were significant
compared with the best check SC-2031, which
possessed 54.11%. About each of both traits EHT and
Epos %, it ranged from (100.11 cm and 49.22%) for
the cross Sd-42 x Sd-43 to (155.56 cm and 60.44%) for
the cross Sd-1 x Sd-43. 33 crosses from all investigated
crosses (36 crosses) showed 100% resistant for LWR%
trait. Regarding EL cm trait, 17 crosses out 36 crosses
were did not differ significantly compared with the best
check cross SC-2031, which possessed (21.89 ¢cm). For
GY ard fed™' trait, only one cross (Sd-1 x Sd-42) scored
38.90 ard fed" was significantly superior than higher
check cross (SC-2031) and recorded 36.05 ard fed.
Furthermore, 9 crosses did not differ significantly than
the highest check hybrid SC-2031, which obtained
value 36.05 ard fed'; Sk-9 x Sk-12 (35.33), Sk-9 x Sd-
7 (33.05), Sk-9 x Sd-43 (36.63), Sk-12 x Sd-2 (36.69),
Sk-12 x Sd-42 (35.54), Sk-12 x Sd-43 (37.55), Sd-1 x
Sd-43 (36.61), Sd-2 x Sd-42 (36.74) and Sd-2 x Sd-43
(37.31 ard fed™).

Table (3): Mean performances of 36 crosses and two check hybrids for all studied traits across three locations

Crosses DTS PHT EHT Epos LWR EL GY
(day) (cm) (cm) % % (cm) ard. fed™
«d-A2 v SL_Q AA 11 245 00 127 11 5711 100 00 7120 3127
sd-63 x Sk-12 67.33 245.89 140.00 55.56 100.00 21.22 32.59
sd-63 x Sd-1/2016 66.22 252.11 151.22 59.44 100.00 20.80 26.85
sd-63 x Sd-2/2015 66.44 252.00 140.11 56.00 100.00 21.02 31.08
sd-63 x Sd-7/2015 65.78 251.00 145.67 58.00 100.00 20.16 29.23
sd-63 x Sd-14/2013 65.56 237.00 130.44 54.56 100.00 20.76 24.14
sd-63 x Sd-42/2013 66.89 256.56 151.78 59.00 99.56 21.87 27.25
sd-63 x Sd-43/2013 67.33 255.89 147.33 56.78 100.00 21.40 31.96
Sk-9 x Sk-12 65.33 254.33 139.89 54.89 100.00 23.09 35.33
Sk-9 x Sd-1/2016 64.22 259.56 148.33 56.89 100.00 21.04 31.46
Sk-9 x Sd-2/2015 63.44 238.89 144.44 60.44 100.00 21.11 27.95
Sk-9 x Sd-7/2015 64.33 238.44 134.11 56.00 100.00 20.47 33.05
Sk-9 x Sd-14/2013 63.67 252.00 132.22 52.33 100.00 21.11 28.06
Sk-9 x Sd-42/2013 66.89 264.00 153.33 57.78 100.00 20.78 31.31
Sk-9 x Sd-43/2013 66.11 255.33 138.89 54.00 100.00 22.07 36.63
Sk-12x Sd-1/2016 67.56 249.56 141.89 56.67 100.00 21.04 31.83
Sk-12x Sd-2/2015 67.11 241.67 143.22 59.22 100.00 21.91 36.69
Sk-12x Sd-7/2015 67.11 237.89 127.89 53.78 100.00 20.91 29.80
Sk-12x Sd-14/2013 66.00 235.44 123.11 52.22 100.00 20.69 23.79
Sk-12x Sd-42/2013 68.33 248.22 141.78 57.00 100.00 21.13 35.54
Sk-12x Sd-43/2013 67.67 248.44 139.22 55.78 100.00 20.18 37.55
Sd-1/2016x Sd-2/2015 68.11 223.44 128.11 57.33 100.00 18.84 15.27
Sd-1/2016x Sd-7/2015 66.00 237.11 130.44 55.44 100.00 21.18 30.29
Sd-1/2016x Sd-14/2013 65.44 240.11 134.11 55.56 100.00 20.07 24.97
Sd-1/2016x Sd-42/2013 66.67 256.56 143.89 55.89 100.00 20.31 38.90
Sd-1/2016x Sd-43/2013 66.00 256.22 155.56 60.44 100.00 21.33 36.61
Sd-2/2015x Sd-7/2015 66.11 245.44 146.44 59.56 100.00 20.31 32.50
Sd-2/2015x Sd-14/2013 65.33 233.67 129.56 55.56 100.00 21.02 23.84
Sd-2/2015x Sd-42/2013 65.78 245.56 137.00 55.89 100.00 21.27 36.74
Sd-2/2015x Sd-43/2013 66.22 256.00 139.22 54.00 100.00 20.40 37.31
Sd-7/2015x Sd-14/2013 65.44 239.78 121.56 50.56 100.00 20.02 20.20
Sd-7/2015x Sd-42/2013 67.11 255.33 144.22 56.67 100.00 19.96 33.03
Sd-7/2015x Sd-43/2013 65.56 248.89 144.11 57.89 99.56 21.36 31.95
Sd-14/2013x Sd-42/2013 66.33 248.89 138.89 55.44 100.00 20.98 29.04
Sd-14/2013x Sd-43/2013 65.89 242.78 134.89 55.78 100.00 19.91 30.04
Sd-42/2013x Sd-43/2013 72.67 200.11 100.11 49.22 99.56 19.73 11.59
SC-10 67.11 254.44 147.11 57.33 100.00 21.27 35.28
SC-2031 67.78 251.89 136.33 54.11 100.00 21.89 36.05
LSD 0.05 0.766 11.096 10.065 3.565 0.348 1.874 2.775
LSD 0.01 1.007 14.584 13.229 4.685 0.457 2.463 3.647

DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % LWR = late wilt resistant % EL
= ear length, cm and GY = grain yield ard. fed
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General Combining Ability (GCA) effects:

General combining ability (g;) effects of the nine
inbred lines for all studied traits across three locations
were presented in Table 4. The results revealed that
four inbred lines; Sd-9, Sd-2, Sd-7 and Sd-14 had
negative and highly significant values (desirable) for
DTS toward earliness. Meaning that these lines were
good general combiner for early maturity. Each of
Zeleke et al. (2020) and Abd El-Azeem et al. (2021),
confirmed these findings. In respect of PHT, EHT and
Epos %, the inbred line Sd-14 has negative and highly
significant g; effects (as a desirable characters) toward
shorter plants and lower ear placement, implying the
tendency of this line to reduce plant height, which is
very important for development of genotypes resistant

to loading. These results are in harmony with the
results reported by Zeleke et al. (2020) and Abd El-
Azeem et al. (2021). In addition, the inbred line Sd-2
had negative and highly significant g; effects for plant
height toward shorter plant. The two inbred lines; Sk-9
and Sk-12 had positive and significant g; effects for
both EL and GY traits toward longer ear and high
yielding. Also, the results showed that inbred line Sd-
43 has g; effects positively and significant for high
yielding ability. The previous results revealed that the
inbred line-Sd-14 was the best general combiner for
earliness, shorter plant and lower ear placement. While,
the inbred lines; Sk-9 and Sk-12 were the best general
combiners for longer ear and high grain yield.

Table (4): General combining ability (GCA) effects of the nine inbred lines for all studied traits across three locations

Parental DTS PHT EHT Epos LWR EL GY

lines (day) (cm) (cm) % % (cm) ard. fed™
sd-63 0.139%* 4.139%* 4.171%* 0.566 -0.021 0.230 -0.989%**
Sk-9 -1.511%* 5.869** 1.981 -0.434 0.042 0.580%* 1.965%*
Sk-12 0.8227%* -0.718 -1.067 -0.339 0.042 0.481%* 3.126%*
Sd-1/2016 -0.067 1.171 4.155%* 1.455%* 0.042 -0.313 -0.720*
Sd-2/2015 -0.305%* -4.258%* 0.520 1.503** 0.042 -0.132 0.021
Sd-7/2015 -0.464** -1.797 -1.432 0.058 -0.021 -0.351 -0.172
Sd-14/2013 -1.004** -5.258%* -8.527** -2.212%* 0.042 -0.322 -5.309%**
Sd-42/2013 1.425%* 1.250 0.933 -0.085 -0.085 -0.113 0.308
Sd-43/2013 0.965%* -0.400 -0.734 -0.513 -0.085 -0.062 1.770%**
S.E. Gi 0.098 1.414 1.265 0.458 0.046 0.244 0.355
LSd 0.05 0.191 2.770 2.479 0.898 0.090 0.478 0.696
LSd 0.01 0.251 3.641 3.258 1.180 0.118 0.628 0.915

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

DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % LWR = late wilt resistant % EL

= ear length, cm and GY = grain yield ard. fed

Specific Combining Ability (SCA) effects:

Specific combining ability (Sy) effects of 36
crosses for all studied traits across three locations are
shown in Table 5. The results revealed that the nine
crosses; Sd-63 x Sd-42, Sk-9 x Sd-1, Sk-9 x Sd-2, Sk-
12 x Sd-43, Sd-1 x Sd-42, Sd-1 x Sd-43, Sd-2 x Sd-42,
Sd-2 x Sd-43 and Sd-7 x Sd-43 had negative and
significant SCA effects for DTS toward earliness.
Seven crosses; Sd-63 x Sk-9, Sd-63 x Sd-14, Sk-9 x
Sd-2, Sd-9 x Sd-7, Sd-1 x Sd-2, Sd-1 x Sd-7 and Sd-42
x Sd-43 had negative and significant SCA effects with
PHT trait for shorter plant toward resistant to loading.
Also, 4 crosses; Sd-63 x Sk-9, Sd-1 x Sd-7, Sd-7 x Sd-
14 and Sd-42 x Sd-43 had negative and significant
SCA effects toward lower ear placement due to their
values in case of both traits (EHT and Epos %). One
cross; Sk-9 x Sd-12 had the best SCA effects for ear

length toward longer ear length. However, 13 crosses;
Sd-63 x Sd-2, Sk-9 x Sd-43, Sk-12 x Sd-2, Sk-12 x Sd-
42, Sk-12 x Sd-43, Sd-1 x sd-42, Sd-1 x Sd-43, Sd-2 x
sd-7, Sd-2 x Sd-42, sd-2 x Sd-43, sd-7 x Sd-42, Sd-14
x Sd-42 and Sd-14 x sd-43 had positive and significant
SCA effects for GY ard fed' toward high yielding.
From the above mentioned, these crosses could be
selected for its SCA to improve grain yield, whereas,
the crosses with high values of SCA effects also
showed high values of mean performances of GY,
indicating good correspondence between SCA effects
and mean of grain yield. Each of Bisen et al. (2020)
and Zeleke et al. (2020), detected similarly results.
Hence, such crosses combinations could effectively be
exploited in hybrid breeding programs in the National
Maize Research Programs.
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Table (5): Specific combining ability (SCA) effects of 36 crosses for all studied traits across three locations

Crosses DTS PHT EHT Epos LWR EL GY B
(day) (cm) (cm) % % (cm) ard. fed
sd-63 x Sk-9 1.147** -10.818**  -17.099**  -3.956** 0.016 -0.461 0.086
sd-63 x Sk-12 0.036 -3.341 -1.163 -0.607 0.016 -0.340 0.296
sd-63 x Sd-1/2016 -0.187 0.992 4.837 1.488 0.016 0.031 -1.592%
sd-63 x Sd-2/2015 0.274 6.310 -2.639 -2.004* 0.016 0.072 1.893*
sd-63 x Sd-7/2015 -0.234 2.849 4.869 1.440 0.079 -0.575 0.236
sd-63 x Sd-14/2013 0.083 -7.691%* -3.258 0.266 0.016 -0.004 0.284
sd-63 x Sd-42/2013 -1.012%* 5.357 8.615%* 2.583* -0.302* 0.898 -2.224%%*
sd-63 x Sd-43/2013 -0.107 6.341 5.837 0.790 0.143 0.380 1.021
Sk-9 x Sk-12 -0.313 3.373 0.917 -0.274 -0.048 1.177* 0.085
Sk-9 x Sd-1/2016 -0.536* 6.706* 4.139 -0.067 -0.048 -0.074 0.062
Sk-9 x Sd-2/2015 -1.075%%* -8.532% 3.885 3.440%** -0.048 -0.188 -4.194%%*
Sk-9 x Sd-7/2015 -0.028 -11.437** -4.496 0.440 0.016 -0.613 1.098
Sk-9 x Sd-14/2013 -0.155 5.579 0.710 -0.956 -0.048 0.002 1.245
Sk-9 x Sd-42/2013 0.639%** 11.071%* 12.361%%* 2.361* 0.079 -0.540 -1.119
Sk-9 x Sd-43/2013 0.321 4.056 -0.417 -0.988 0.079 0.698 2.736%*
Sk-12x Sd-1/2016 0.464 3.294 0.742 -0.385 -0.048 0.025 -0.730
Sk-12x Sd-2/2015 0.258 0.833 5.710 2.123%* -0.048 0.710 3.392%*
Sk-12x Sd-7/2015 0.417%* -5.405 -7.671% -1.877 0.016 -0.071 -3.307**
Sk-12x Sd-14/2013 -0.155 -4.389 -5.353 -1.163 -0.048 -0.321 -4.184%%*
Sk-12x Sd-42/2013 -0.250 1.881 3.853 1.488 0.079 -0.087 1.950*
Sk-12x Sd-43/2013 -0.456%* 3.754 2.964 0.694 0.079 -1.093* 2.497**
Sd-1/2016x Sd-2/2015 2.147** -19.278**  -14.623** -1.560 -0.048 -1.563%*  -14,183**
Sd-1/2016x Sd-7/2015 0.194 -8.071* -10.337** -2.004* 0.016 0.990 1.027
Sd-1/2016x Sd-14/2013 0.179 -1.611 0.425 0.377 -0.048 -0.150 0.845
Sd-1/2016x Sd-42/2013 -1.028%%* 8.325% 0.742 -1.417 0.079 -0.115 9.162%*
Sd-1/2016x Sd-43/2013 -1.234%%* 9.643%%* 14.075%* 3.567** 0.079 0.856 5.409**
Sd-2/2015x Sd-7/2015 0.544* 5.691 9.298* 2.060 0.016 -0.058 2.495%%*
Sd-2/2015x Sd-14/2013 0.306 -2.627 -0.496 0.329 -0.048 0.625 -1.022
Sd-2/2015x Sd-42/2013 -1.679%* 2.754 -2.512 -1.464 0.079 0.660 6.256**
Sd-2/2015x Sd-43/2013 -0.774%* 14.849%** 1.377 -2.925%%* 0.079 -0.258 5.364**
Sd-7/2015x Sd-14/2013 0.575* 1.024 -6.544%* -3.226** 0.016 -0.156 -4.478%%*
Sd-7/2015x Sd-42/2013 -0.187 10.071%* 6.663* 0.758 0.143 -0.433 2.735%%*
Sd-7/2015x Sd-43/2013 -1.282%%* 5.278 8.218%* 2.409* -0.302%%* 0.917 0.193
Sd-14/2013x Sd-42/2013 -0.425 7.087* 8.425%* 1.806 0.079 0.561 3.884**
Sd-14/2013x Sd-43/2013 -0.409 2.627 6.091* 2.567* 0.079 -0.556 3.426**
Sd-42/2013x Sd-43/2013 3.940** -46.548**  -38.147**  -6.115%*  -0.238* -0.944 -20.644**
SE sij 0.237 3.435 3.073 1.113 0.111 0.592 0.863
Isd 0.05 sij 0.465 6.733 6.024 2.182 0.218 1.161 1.692
Isd 0.01 sij 0.611 8.849 7917 2.868 0.287 1.525 2.224

*, ** significant at 0.05 and 0.01 levels of probability, respectively
DTS =days to 50% silking (days) PHT = plant height, cn EHT = ear height, cm Epos% = ear position % LWR = late wilt resistant % EL

= ear length, cm and GY = grain yield ard. fed-1

Correlation Coefficients:

All possible correlation coefficients between all
the studied traits as a combined across three locations
are illustrated in Table 6. The results showed that
positive and significant correlation between GY with
PHT (0.739*%*), EHT (0.650**), LWR% (0.330*) and
EL (0.491**), indicating that the indirect selection for
linked traits with yield would be useful and effective
for improving grain yield. These results are in
conformity to the finding of Hussain ef al. (2016) and
Abd El-Azeem et al. (2021). DTS was negative and
significant correlation coefficients with PHT (-

0.443*%), EHT (-0.335%) and LWR% (-0.399%). These
results are similar with obtained by Alvi et al. (2013),
Bartaula ef al. (2019) and Abd El-Azeem et al. (2021).
PHT was possessed the positive and highly correlation
rank with each of EHT (0.846**), Epos% (0.433*%),
EL (0.437**) and GY (0.739*%*). The positive and
significant correlation values were noted between EHT
and each of with Epos% (0.839**), EL (0.360*) and
GY (0.650*%*). The correlation coefficient between
LWR% and GY as well as between El and GY were
positive and highly significant and scored (0.330*) and
(0.491%%), respectively.
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Table (6): Correlation coefficients between all studied traits as a combined across three locations

arents DTS PHT EHT Epos LWR EL GY
P (days (cm) (cm) % % (cm) ard. fed”
(]()Jys) ..... -0.443%%* -0.355% -0.233 -0.399* -0.275 -0.279
I()cHnT) ----- 0.846** 0.433%* 0.278 0.437%* 0.739%*
ifrg ..... 0.839%x 0.174 0.360%* 0.650%*
Eor;os ..... 0.067 0.165 0.378
(1]
LY/VR ..... -0.054 0.330%
(1]
(E;) ..... 0.491%*
GY
ard. fed!

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

DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % LWR = late wilt resistant % EL

= ear length, cm and GY = grain yield ard. fed

Superiority %:

The superiority% of crosses relative to the check
hybrid SC-2031 for all studied traits across three
locations are presented in Table (7). The results
revealed that 26 crosses out 36 crosses showed
negative and significant superiority% (desirable)
toward earliness and ranged from -6.39** for cross Sk-
9 x Sd-2 to 7.21** for Sd-42 x Sd-43 for DTS trait.
These results are in agreement with Prasad and Shivani
(2017) Bartaula et al. (2019) and Abd El-Azeem et al.
(2021). Concerning three traits vie PHT, EHT and
Epos%; it cleared that 11, 3 and 1 crosses had negative
and significant superiority% (desirable) than check
hybrid toward shorter plants and lower ear placement
therefore, these superiority% were desirable for
loading resistant. These findings were in the some line,
which detected by Abd El-Azeem et al. (2021). The
superiority % values ranged from -20.56** (Sd-42 x
Sd-43) to 4.81%* (Sk-9 x Sd-42), and from -26.57*%*
(Sd-42 x Sd-43) to 14.10** (Sd-1 x Sd-43) as well as
from -9.03** (Sd-42 x Sd-43) to 11.70** (Sk-9 x Sd-2
and sd-1 x Sd-43) for PHT, EHT and Epos%,
respectively.

Numerous researchers viz Onejeme ef al. (2020)
and Abd El-Azeem ef al. (2021), found similar results
and they reported a negative and significant
superiority% for the mentioned traits (DTS, PHT and
EHT). The superiority % of LWR %, scored -0.44* as
value for three crosses (Sd-63 x Sd-42, Sd-7 x Sd-43
and Sd-42 x Sd-43), while scored zero (0.00) value for
the rest of crosses, which means 33 crosses.
Concerning of superiority % for EL trait, it ranged
from -13.91 for cross Sd-1 x Sd-2 to 5.48 for cross Sk-
9 x Sd-12. On the same direction, three crosses; Sk-9 x
Sd-12, Sk-9 x Sd-43 and Sk-12 x Sd-2 had positive and
not significant superiority % for the same trait (EL).
The superiority % of the crosses for GY ard fed™ trait
scored high yielding value than the check hybrid SC-
2031 and ranged from the cross Sd-42 x Sd-43 by

value -67.86** to the cross Sd-1 x Sd-42 by value
7.91%*. The best crosses for superiority% for GY ard
fed™! trait was Sd-1 x Sd-42 (7.91%). Furthermore, six
crosses had positive and not significant superiority%
over check hybrid SC-2031. These crosses are Sk-9 x
Sd-43, Sk-12 x Sd-2, Sk-12 x Sd-43, Sd-1 x Sd-43, Sd-
2 x sd-42 and Sd-2 x sd-43 and scored their values
(1.6%), (1.78%), (4.15%), (1.56%), (1.91%) and
(3.49%), respectively. The results of superiority%
showed by F; hybrid combinations for respective trait
desirability, which ranged from negative to positive
significant results. This shows that those desirable F,
hybrid combinations are better than the check and
should be considered in breeding programs for the
desirable traits. Uddin et al. (2008), Atif et al. (2012),
Aly and Mousa (2011) and Abd El-Azeem et al.
(2021), confirmed these findings results.

Genetic parameters:

Genetic variability and heritability for grain
yield and other agronomic traits are shown in Table 8.
The highest values of 6°g, 6’e and o’p found for PHT
(120.42, 141.61 and 262.03) and EHT (100.65, 113.34
and 213.99), respectively. These results were showed
that the phenotypic coefficient of variability (PCV)
values were slightly higher than the genotypic
coefficient of variability (GCV) values, indicating that
the traits were less influenced by the environment.
These results are in harmony with results reported
before by Reddy et al. (2012); Langade et al. (2013)
and Wedwessen and Zeleke (2020). Therefore,
response to direct selection may be effective in
improving these traits under conditions of this
investigation. The values of PCV and GCV for all the
studied traits exhibited low (less than 10%), moderate
(10-20%) and high values (more than 20%). These
results revealed that high estimates of heritability in
broad sense were 77.74% for DTS and 80.03% for GY
traits. High heritability for these traits, indicates the
scape of genetic improvement of these traits through
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selection, which revealed that these traits less
influenced by environment effects. Similar results were
obtained by Wuhaib (2012), Abed et al. (2017) and
Hassan et al. (2018), they found that the h,b% were
highest for GY. Generally, the heritability estimates
was moderate for PHT (45.96%), EHT (47.03%) and

low for Epos% (25.40%), while the heritability
estimate was very low for EL (2.74%). In this
connection, Ghirnire and Timsina (2015) and Bartaula
et al. (2019), obtained similar results and they were

reported high heritability value for grain yield.

Table (7): Estimates of Superior heterosis of 36 crosses relative to the check SC 2031 for all studied traits across three

locations
Crosses DTS PHT EHT Epos LWR EL GY
(day) (cm) (cm) % % (cm) ard. fed’!
«d-A2 ¥ SL-0 20 AR** 73 -6 7A 370 000 315 S13 A%k
sd-63 x Sk-12 -0.66 -2.38 2.69 2.67 0.00 -3.05 -9.61%*
sd-63 x Sd-1/2016 -2.30%* 0.09 10.92%* 9.86** 0.00 -4.97 -25.51%*
sd-63 x Sd-2/2015 -1.97** 0.04 2.77 3.49 0.00 -3.96 -13.79%*
sd-63 x Sd-7/2015 -2.95%%* -0.35 6.85 7.19%* 0.00 -7.92% -18.92%*
sd-63 x Sd-14/2013 -3.28%* -5.91%* -4.32 0.82 0.00 -5.18 -33.04%*
sd-63 x Sd-42/2013 -1.31* 1.85 11.33%* 9.03%** -0.44* -0.10 -24.41%*
sd-63 x Sd-43/2013 -0.66 1.59 8.07* 493 0.00 -2.23 -11.36%*
Sk-9 x Sk-12 -3.61%* 0.97 2.61 1.44 0.00 5.48 -2.00
Sk-9 x Sd-1/2016 -5.25%* 3.04 8.80% 5.13 0.00 -3.86 -12.73%*
Sk-9 x Sd-2/2015 -6.39%* -5.16%* 5.95 11.70%* 0.00 -3.55 -22.48**
Sk-9 x Sd-7/2015 -5.08%** -5.34%* -1.63 3.49 0.00 -6.50 -8.33*
Sk-9 x Sd-14/2013 -6.07%* 0.04 -3.02 -3.29 0.00 -3.55 -22.18%*
Sk-9 x Sd-42/2013 -1.31% 4.81%** 12.47%* 6.78 0.00 -5.08 -13.15%*
Sk-9 x Sd-43/2013 -2.46%* 1.37 1.87 -0.21 0.00 0.81 1.60
Sk-12x Sd-1/2016 -0.33 -0.93 4.07 4.72 0.00 -3.86 -11.71%*
Sk-12x Sd-2/2015 -0.98 -4.06 5.05 945 0.00 0.10 1.78
Sk-12x Sd-7/2015 -0.98 -5.56* -6.19 -0.62 0.00 -4.47 -17.33%*
Sk-12x Sd-14/2013 -2.62% -6.53%* -9.70%** -3.49 0.00 -5.48 -34.02%*
Sk-12x Sd-42/2013 0.82 -1.46 3.99 5.34 0.00 -3.45 -1.42
Sk-12x Sd-43/2013 -0.16 -1.37 2.12 3.08 0.00 -7.82 4.15
Sd-1/2016x Sd-2/2015 0.49 -11.29%* -6.03 5.95 0.00 -13.91%** -57.64%*
Sd-1/2016x Sd-7/2015 -2.62%* -5.87* -4.32 2.46 0.00 -3.25 -15.98**
Sd-1/2016x Sd-14/2013 -3.44%** -4.68* -1.63 2.67 0.00 -8.32% -30.74%*
Sd-1/2016x Sd-42/2013 -1.64%* 1.85 5.54 3.29 0.00 -7.21 7.91*
Sd-1/2016x Sd-43/2013 -2.62%* 1.72 14.10** 11.70%* 0.00 -2.54 1.56
Sd-2/2015x Sd-7/2015 -2.46%* -2.56 7.42% 10.06** 0.00 -7.21 -9.85%*
Sd-2/2015x Sd-14/2013 -3.61%* -7.23%* -4.97 2.67 0.00 -3.96 -33.86%*
Sd-2/2015x Sd-42/2013 -2.95%* -2.51 0.49 3.29 0.00 -2.84 1.91
Sd-2/2015x Sd-43/2013 -2.30%* 1.63 2.12 -0.21 0.00 -6.80 3.49
Sd-7/2015x Sd-14/2013 -3.44%* -4.81% -10.84%** -6.57 0.00 -8.53* -43.98**
Sd-7/2015x Sd-42/2013 -0.98 1.37 5.79 4.72 0.00 -8.83* -8.39%
Sd-7/2015x Sd-43/2013 -3.28%* -1.19 5.70 6.98%* -0.44* -2.44 -11.39%*
Sd-14/2013x Sd-42/2013 -2.13%* -1.19 1.87 2.46 0.00 -4.16 -19.45%*
Sd-14/2013x Sd-43/2013 -2.779%* -3.62 -1.06 3.08 0.00 -9.04* -16.67**
Sd-42/2013x Sd-43/2013 7.21%* -20.56** -26.57** -9.03** -0.44* -9.85% -67.86%*
LSD 0.05 0.766 1.294 10.065 3.565 0.348 1.874 2.775
LSD 0.01 1.007 14.584 13.229 4.685 0.457 2.463 3.647

*, #* significant at 0.05 and 0.01 levels of probability, respectively
DTS = days to 50% silking (days) PHT = plant height, cm EHT = ear height, cm Epos% = ear position % LWR = late wilt resistant % EL

= ear length, cm and GY = grain yield ard. fed

Table (8): Genetic variability and heritability for grain yield and other agronomic traits

Gen. Para.

Traits o'g o’e o’p GCV% PCV% h%,%

DTS (day) 2.36 0.68 3.03 2.31 2.62 77.74
PHT (cm) 120.42 141.61 262.03 16.54 24.40 45.96
EHT (cm) 100.65 113.34 213.99 7.27 10.60 47.03
Epos% 5.06 14.87 19.93 4.02 7.98 25.40
EL (cm) 0.12 421 433 1.65 9.97 2.74
GY ard. fed” 35.86 8.95 44.80 19.86 22.20 80.03

DTS =days to 50% silking (days) PHT = plant height, cn EHT = ear height, cm Epos% = ear position % LWR = late wilt resistant % EL

= ear length, cm and GY = grain yield ard. fed
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