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ABSTRACT

Seven Sg white maize inbred lines were derived from selfing of Ssinbred lines of two populations; three
way cross-324 and Giza-2 were used as parents of a 7 x 7 half-diallel cross and were obtained on 21 F1 crosses.
These 7 Se inbred lines and their 21 F1 crosses along with the 2 checks i.e., SC-128 and SC-129 were evaluated at
Experimental Farm, Faculty of Agriculture, Al-Azhar University, Assiut Branch in 2021. Highly significant
differences were detected among genotypes, parents, crosses, parents vs. crosses, general and specific combining
abilities for all traits. 6>°GCA/?SCA was less than the unity for all traits. The 4 crosses; Pa X P7, Ps X Pg, Ps X Pz
and Ps X P7 possessed desirable significant positive heterotic effects for increasing grain yield/plant relative to the
checks SC-128 and SC-129, and among them the 3 crosses; Ps x Ps, Ps x Pzand Ps x P7, also possessed significant
negative desirable standard heterotic effects for tasseling and silking earliness relative to both the checks. The 2
parents; Ps and P7, which derived from Giza-2 population could be considered as good general combiners for
improving maize genotypes for earliness and high yielding ability. The 9 crosses; P1 x P2, P1 X P4, P1 x Ps, P2 x Pg,
P3 x P4, P3 % P7, Ps x Ps, Ps x P7 and Ps x P7possessed significant positive desirable SCA effects for high yielding
ability, as well as significant negative desirable SCA effects for earliness. The dominance was in over dominance
range for all the studied traits, where the average degree of dominance was more than one.
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INTRODUCTION

Maize (Zea mays L.) used in human food, animal
feeding and industry (Keskin et al., 2005). It ranks as the third
position among cereal crops for production and consumption
after wheat and rice over all the world. Maize improvement
productivity is the main target of maize breeders to face the
gap between production and consumption. To achieve this
target more genetic information is needed for the successful
breeding programs. Several types of hybrids are possible in
maize, however the most common ones used for commercial
production are derived from inbred lines. Studying heterosis
in hybridization programs is a prime importance to develop
new superior hybrids. The diallel analysis is an important
method to know gene action and its frequently used by crop
breeders to choose the parents with high general combining
ability (GCA) and hybrids with high specific combining
ability (SCA) effects (Yingzhong, 1999). The two main
genetic parameters of diallel analysis are GCA and SCA,
which are essential in developing breeding strategies.
Variance for GCA contains additive part, while for SCA
includes non-additive part emerging mostly from dominance
and epistatic deviations (Izhar and Chakraborty, 2013). Most
of the literature about maize, suggest that additive effects of
genes with partial to complete dominance are more important
than dominance effects in determining grain yield (Lamkey
and Lee 1993). Breeders still contend, however that
dominance effects caused by genes with over dominant gene
action are also important (Horner et al., 1989). Heritability
estimates are useful for breeding quantitative traits because it
permits to determine the most effective selection strategy,
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breeding method to use in a breeding program and to predict
gain from selection (Bilgin et al., 2010). The objectives of the
present investigation were to identify the best parents
regarding the general combining ability and the best crosses
regarding the specific combining ability, as well as determine
the type of gene action that controls the inheritance of the
studied traits.

MATERIALS AND METHODS

Seven Sg white maize inbred lines were derived from
selfing of S inbred lines of two populations; Three Way
Cross-324 (TWC-324) with five Sg inbred lines; P1 - Ps and
Giza-2 with two Sg inbred lines; Ps and P; were used as
parents of a 7 x 7 half-diallel crossing.

Procedures and field experiments:

The present study was conducted at Experimental
Farm, Faculty of Agriculture, Al-Azhar University, Assiut
Branch during three successive seasons from 2019 to 2021.
In 2019 spring and summer seasons, the self-pollination was
performed on the S4 inbred lines of each population to obtain
Ssand Se, respectively. In 2020 summer season, the 7 Sg
inbred lines were crossed in a 7 x 7 half-diallel mating
design and were obtained on the 21 F; crosses. In 2021
summer season, the 7 Sg inbred lines and their 21 F; crosses
along with the 2 check hybrids, i.e., SC-128 and SC-129
were evaluated. The experiment was laid out in a
Randomized Complete Block Design (RCBD) with three
replications. Planting was carried out on 25" of May.
Experimental plot size was one ridge, 4 m in long with 70
cm between ridges. Planting was done in hills spaced 25 cm
apart on one side of the ridge. The recommended
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agricultural practices of maize production were applied at
the proper time. Data were recorded for days to 50%
tasseling (day), days to 50% silking (day), plant height (cm),
ear height (cm), ear length (cm), ear diameter (cm), number
of rows/ear, 100-kernel weight (g) and grain yield/plant (g),
which was adjusted on the basis of 15.5% grain moisture
content.

Statistical Analysis Procedure:

An ordinary analysis of variance of RCBD for the
obtained data was performed according to Snedecor and
Cochran (1967) to test the significance of differences among
the genotypes and treatments means were compared
statistically using the test of the Revised Lest Significant
Differences (Rev. LSD). Standard heterosis (relative superior
over the check) was determined for each cross as the
percentage deviation of F1 mean from each of the commercial
check hybrid mean and expressed as percentage according to
Fehr (1991) as follows:

F1- check

Standard heterosis% = x100
heck

Significance of standard heterotic effects were
computed at appropriate Rev. LSD values.

Estimation of genetic variance components were
based on Griffing’s (1956), diallel cross analysis, method I,
model I (fixed model).

RESULTS AND DISCUSSION
Analysis of variance:

Observed mean squares from ordinary analysis and
combining ability for all the studied traits of the 7 Sg white
maize inbred lines and their 21 F; crosses in 2021 season is
presented in Table 1. The obtained results cleared that highly
significant differences were detected among genotypes for all
the studied traits, indicating a wide range of diversity among
the studied materials and combining ability analysis
according to Griffing's (1956), method II, model I could be
done. As well as, highly significant differences were detected
among parents and crosses for all the studied traits, indicating
great diversity among them. Also, highly significant
differences between parents vs. crosses were detected for all
the studied traits, indicating presence of highly heterosis
response in the materials study. Both GCA and SCA mean
squares were highly significant for all the studied traits,
indicating both additive and non-additive gene actions are
involved in the inheritance of all the studied traits. These
results were in confirmation with Ahmed et al. (2008), Abdel-
Moneam et al. (2009), Osman et al. (2012), Attia et al. (2013),
Abo El-Haress (2015), Bisen et al. (2017), Hammadi and
Abed (2018), Anees et al. (2019), Hussain et al. (2019),
Hemada et al. (2020) and EI-Shahed et al. (2021).

Table 1. Observed mean squares from ordinary analysis and combining ability for all the studied traits of the 7 Se white
maize inbred lines and their 21 F1 crosses in 2021 season.

SOV DE Daysto 50% Days to 50% Plant Ear Ear Ear  Number of 100-kernel Grain
e " tasseling silking height height  length diameter rowsfear  weight  yield/plant
Replication 2 10.44 17.58 145.32 93.65 7.30 0.29 0.33 25.37 263.44™
Genotypes 21 2277 2352 7332.00™ 1869.75 22.32™ 0.75™ 9.85™ 269.17"  7941.03"
Parents (P) 6 14.49™ 16.38™ 54587  896.10" 1533" 051" 6.86™ 9.16™ 32441
Crosses (C) 20 21.98™ 21.24™ 1317.94™ 613.05™ 13827 045"  10.62" 100.05™  1556.08™
Pvs.C 1 88.10™ 112.00™  168330.04™ 32845.75™ 234.32™ 8.08™ 1244 521157 181339.68™
Error 54 1.32 136 22.69 478 0.66 0.02 0.98 1.44 6.69
GCA 6 14.20™ 15.64™ 113336™ 70723 16327 024" 4.86™ 33417 1152.27"
SCA 21 5.70™ 561" 2818477 599.26™ 490" 025" 2.83™ 10581  3074.08™
Error 54 0.44 0.45 7.56 159 0.22 0.01 033 0.48 223
o> GCA 153 1.69 125.09 78.40 179 0.03 0.50 3.66 127.78
o?SCA 5.26 5.16 2810.90 597.67 4.69 024 251 105.33 3071.85
?GCA/G’SCA 0.29 0.33 0.04 0.13 0.38 0.11 0.20 0.03 0.04

™ indicates to significant at 0.01 level of probability.

The ratio of 63 GCA/c’SCA after subtraction the
environmental effect of both GCA and SCA variances as
estimated according to Singh and Chaudhary (1979) was less
than one for all the studied traits, indicating the non-additive
gene action played the major role in the inheritance of all the
studied traits, therefore selection procedure in the late or
advanced generations will be very important to improve these
traits. These obtained results are in the same line with those
obtained by Haddadi et al. (2012), Amin et al. (2014), Azad
etal. (2015), Hassan et al. (2019), El Hosary (2020), Hemada
etal. (2020) and El-Shahed et al. (2021).

Mean performance:

Mean performance values for all the studied traits of
the 7 Se white maize inbred lines and their 21 crosses along
with the two check hybrids, i.e., SC-128 and SC-129 are
presented in Table 2. The obtained results showed that the
parent P; was significantly the best one, where it had
significantly the lowest mean performance values for
tasseling (54.67 day) and silking (56.33 day) earliness, as well
as the highest values for increasing plant height (193.00 cm),
ear height (126.00 cm), ear length (20.00 cm), ear diameter

(4.15 cm), number of rows/ear (16.00 row) and grain
yield/plant (104.33 g).

The 4 crosses; Pz x P7, Ps X Ps, Ps x Pz and P X P7 had
significantly the lower mean performance values for both
tasseling date with values 52.67, 52.00, 52.67 and 51.33 day,
respectively and silking date with values 54.33, 53.67, 54.00
and 53.00 day, respectively, as well as were significantly
earlier tasseling and silking dates than both the check hybrids,
i.e., SC-128 and SC-129. The 2 crosses; P, X Pzand P2 x P7
had significantly the highest mean performance values for
both plant height with 301.33 and 300.33 cm, respectively and
ear height with 160.33 and 161.00 cm, respectively, as well as
were significantly taller plant and higher ear placement than
both the check hybrids, while none of the crosses had
significantly mean performance value for both plant shortness
and low ear placement. The 2 crosses; P, x Pzand Ps X P7 had
significantly the longest ear with 23.33 and 24.00 cm,
respectively, as well as were significantly longer ear than both
the check hybrids. The 3 crosses; Ps x Ps, P3 x Pgand P3 x Py
had significantly the highest mean performance values for
both ear diameter with values 5.10, 5.27 and 5.20 cm,
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respectively and number of rows/ear with 17.33 rows /ear, as
well as were significantly wider ear and higher rows/ear than
both the check hybrids. The 4 crosses; P1 X Pz, P4 X P7, Ps X Pg
and Ps x P7 were significantly the heaviest kernel weight with
values 46.33, 46.00, 45.00 and 45.67 g, as well as were
significantly heavier kernel than both the check hybrids. The
7 crosses; P1 X Pz, P2 X P7,P3 X P7, P4 X P7, Ps X Ps, Ps X Pzand
Ps x P had significantly the highest grain yield/plant mean
performance values with 218.67, 218.00, 212.67, 224.67,

220.67, 228.67 and 233.33 g, respectively and among them
the 4 crosses; Pz X P7, Ps X Ps, Ps X Pzand Pgs X P7, also were
significantly the earliest tasseling and silking dates, therefore
these parents in these crosses accumulated favorable alleles
for yielding ability and earliness and could be used in the
future breeding programs. Among the previous crosses only
the cross Ps X P; out-yielded significantly both the check
hybrids.

Table 2. Mean performance values of the 7 Se inbred lines and their 21 F1 crosses along with the 2 check hybrids, i.e.,
SC-128 and SC-129 for all the studied traits in 2021 season.

Number of Number of days Plant Ear Ear Ear Number  100-kernel  Grain
Parents daysto50% to50%silking height  height length  diameter  of rows weight  yield/plant
tasseling (day) (day) (cm) (cm) (cm) (cm) lear ()] (9)

P1 60.00 62.67 15467 7567 13.33 3.03 11.33 20.33 73.00
P2 60.00 61.67 16200 7567 14.67 357 13.33 23.00 80.67
Ps 58.00 60.67 166.33  89.33 15.00 393 14.00 21.67 91.00
Pa 60.00 61.67 17233  98.00 16.00 4.07 14.00 21.33 96.67
Ps 61.00 62.67 18433  95.00 17.67 413 14.67 22.67 87.33
Pe 57.33 58.67 163.33  101.67 17.67 4.07 15.33 25.67 94.00
Pz 54.67 56.33 193.00 126.00 20.00 415 16.00 23.67 104.33
Mean 58.71 60.62 17086  94.48 16.33 3.85 14.09 22.62 89.57
Crosses
P1x P2 57.00 59.00 24300 115.00 16.33 4.20 11.33 22.67 162.33
P1xPs3 59.00 60.33 26467 121.00 18.33 453 15.33 4133 175.67
P1XPs4 57.00 58.67 276,00 127.00 19.33 477 14.67 4367 193.33
P1xPs 55.00 57.00 284.00 130.00 18.33 4.60 16.00 44.00 179.00
P1xPs 59.00 60.00 246.67 134.67 20.00 4.30 14.67 41.00 193.67
P1xP7 55.67 57.00 301.33 160.33 22.00 490 16.67 46.33 218.67
P2xPs3 60.00 61.33 26367 129.67 19.00 393 12.67 37.33 186.33
P2XPs 59.33 61.00 27500 13233 19.33 450 16.00 39.00 169.00
P2xPs 58.00 60.00 29300 158.33 20.33 427 14.00 42.00 174.33
P2xPs 55.67 57.33 23833 138.33 22.00 4.77 15.33 42.33 208.00
P2xP7 58.33 59.67 30033 161.00 2333 403 13.33 44,00 218.00
P3XPs 54.67 56.33 276.00 142.00 17.00 483 16.67 3567 178.00
P3xPs 54.67 56.67 293.00 147.00 16.67 5.10 17.33 29.00 157.00
P3xPs 56.00 57.33 25400 129.00 19.67 5.27 17.33 40.67 197.67
Psx P7 52.67 54.33 296.33  150.67 2167 5.20 17.33 43.00 212,67
PaxPs 59.00 60.67 280.67 140.67 19.67 397 12.67 40.33 198.00
PaxPs 60.33 62.00 23567 118.67 21.00 435 13.33 44,00 205.33
PaxP7 56.00 57.67 298.33  155.00 22.67 4.60 14.67 46.00 22467
Ps x Ps 52.00 53.67 27333 143.00 21.67 483 12.00 45.00 220.67
Psx P7 52.67 54.00 29233 159.00 2167 427 16.00 45.67 228.67
Pe X P7 51.33 53.00 27333 150.33 24.00 4.67 17.33 44.00 233.33
Mean 56.35 57.95 27424 140.14 20.19 457 14.98 40.81 196.87
Checks SC-128 57.67 60.67 271.67 146.67 22.33 521 14.67 42.33 202.67

SC-129 55.67 59.33 28433 151.00 20.33 4.83 15.33 43.67 212.67
Rev. 0.05 1.75 1.78 6.85 314 119 0.21 151 172 372
LS.D 0.01 231 234 9.02 4.14 157 0.27 1.99 2.27 4.90

Standard heterosis:

Standard heterosis values of the 21 F; crosses relative
to the two check hybrids, i.e., SC-128 and SC-129 for all the
studied traits are presented in Table 3. The obtained results
manifested that the 6 crosses; P3 X Ps, P3 X Ps, P3 X Py, Ps X P,
Ps x P7 and Ps X P7 possessed significant negative desirable
standard heterotic effects for tasseling and silking earliness
relative to both the check hybrids, i.e., SC-128 and SC-129.
The 4 crosses; Py X P2, P1 X Ps, P2 X Pgand P4 x Pg possessed
desirable significant negative heterotic effects for decreasing
both plant height and ear height relative to both the check
hybrids, while none of the crosses possessed desirable
significant positive heterotic effects for increasing both plant
height and ear height relative to both the check hybrids. The
3 crosses; P2 x Pz, P4 x Pzand Pg X P7 possessed desirable
significant positive heterotic effects for increasing ear length
relative to both the check hybrids. Only the cross P; x Pg

possessed desirable significant positive heterotic effect for
increasing both ear diameter and number of rows/ear relative
to both the check hybrids. The 4 crosses; P1 X P7, P4 x P7, Ps X
Ps and Ps x P; possessed desirable significant positive
heterotic effects for increasing kernel weight relative to both
the check hybrids. The 4 crosses; P4 x Pz, Ps X Ps, Ps X P7and
Ps x P7 possessed desirable significant positive heterotic
effects for increasing grain yield/plant relative to the check
hybrid SC-128 with values 10.85, 8.88, 12.83 and 15.13 %,
respectively and the check hybrid SC-129 with values 5.64,
3.76, 7.52 and 9.72 %, respectively and among them the 3
crosses; Ps x Pg, Ps X P7and Pg X P7, also possessed significant
negative desirable standard heterotic effects for tasseling and
silking earliness relative to both the check hybrids, therefore
these crosses possessed the highest frequency of favorable
alleles for high yielding ability with earliness.
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Table 3. Standard heterosis values of the 21 F1 white maize crosses relative to the 2 check hybrids, i.e., SC-128 and SC-

129 for all the studied traits in 2021 season.

Crosses Days to 50% tasseling Days to 50%o silking Plant height Ear height
SC-128 SC-129 SC-128 SC-129 SC-128 SC-129 SC-128 SC-129
P1xP2 -1.16 2.40™ -2.75" -0.56 -10.55™ -14.54™ -2159™ -23.84™
P1xPs 231" 5.99™ -0.55 169" -2.58 -6.92 -17.50™ -19.87™
P1x P4 -1.16 2.40™ -3.30" -112 159 -2.93 -13.41™ -15.89™
P1xPs -4.62" -1.20 -6.05" -3.93" 454 -0.12 -11.37" -13.91™
P1XxPs 231" 5.99™ -1.10 113 -9.20" -13.25" -8.18™ -10.82™
P1xP7 347 0.00 -6.05" -3.93" 10.92™ 5.98 9.32™ 6.18™
P2xPs 4.05" 7.78™ 1.09 338" -2.95 -1.27" -11.59™ -14.13™
P2Xx P4 2.89™ 6.59™ 0.54 281" 123 -3.28 9.77" -12.36™
P2xPs 0.58 4197 -1.10 113 7.85 3.05 7.95™ 4.86™
P2x Ps 347 0.00 -5.50" -3.37" -12.27" -16.18™ -5.68"™ -8.39"
P2x Pz 116 4797 -1.65" 0.57 10.55™ 5.63 9.77™ 6.62™
P3xPa 5.20" -1.80" -7.15" -5.05" 159 -2.93 -3.18" -5.96™
P3XxPs -5.20" -1.80" -6.60" -4.49" 7.85" 3.05 0.22 -2.65
P3Xx Ps -2.89" 0.60 -5.50" -3.37" -6.50 -10.67 -12.05™ -1457™
Psx Pz -8.67" 5.39" -10.44™ -8.42" 9.08™ 422 272 0.22
PaxPs 231" 5.99™ -0.01 225" 33 -1.29 -4.09" -6.84"
P4 X Ps 462" 8.38™ 219 450" -13.25" -17.12" -19.09™ 2141
PaxP7 -2.89™ 0.60 -4.95™ -2.80™ 9.81" 493 5.68™ 2.65
Ps X Ps -0.83" -6.59™ -11.54™ -9.55™ 0.61 -3.87 -2.50 -5.30™
Psx Pz -8.67" -5.39™ -10.99" -8.98™ 761" 281 8.41™ 5.30™
Psx Pz -10.98™ -7.78™ -12.64™ -10.67" 0.61 -3.87 2.50 0.44
0.05 157 159 7.00 314
Rev.LSD 001 231 234 9.22 414
“and ™ indicate to significant at 0.05 and 0.01 levels of probability, respectively.
Table 3. Cont.
Crosses Ear length Ear diameter Number of rows/ear  100-kernel weight  Grain yield/plant
SC-128 SC-129 SC-128 SC-129 SC-128 SC-129 SC-128 SC-129 SC-128  SC-129
P1xP2 -26.85** -19.66** -19.45** -13.11** -22.74** -26.07** -4645** -48.10** -19.90** -23.67**
P1xP3 -17.90*  -9.82**  -12.99** -6.14**  452** 0.02 -2.35**  536%*  13.32%*  -17.40**
P1XPa -1342**  -490**  -851**  -131** -0.02 -433**  316** -0.01 -4.61*  -9.09**
P1xPs -17.90%  -9.82**  -11.71** -476*  9.07** 437%™  395* 076  -11.68** -1583**
P1xPs -1043*  -162*  -1747** -1097**  -0.02 433 314%* 611 -444* 894+
P1xP7 -148*  821**  -595%*  145*  1361* 872**  946**  610**  7.89** 2.82
P2xPs -1491%*  -654**  -2450** -1856** -13.66** -17.37** -11.80** -1451** -806** -12.38**
P2XxPa -1342**  -490** -13.63** -6.83** 907** 437  -787** -10.69** -16.61** -20.53**
P2xPs -8.94** 002  -1811** -1166** -457** -8.68** -0.78 -3.82*%*  -13.98** -18.03**
P2x Ps -148*  821**  -851**  -131**  452** 0.02 0.01 -3.06** 2.63 -2.20
P2xP7 449%  1477*% -2258* -1649** 9.11** -13.02** 3.95** 0.76 7.56%* 251
P3x P4 -2387** -16.38**  -7.23** 0.07 13.61**  872*%*  -1574** -1833** -12.17** -16.30**
P3xPs -25.36** -18.02** -211**  559**  1815** 13.07** -3149** -3359** -2253** -26.18**
P3x Ps -11.93*  -326**  109**  9.04** 1815 13.07** -3.93** -6.88** 247 -7.05%*
Psx Pz 297*%*  657**  -019** 766  18.15** 13.07** 158 -153 4.93** 0.00
PaxPs -11.93*%  -326**  -2386** -17.87** -13.66** -17.37** -472*%*  -7.64** -2.30 -6.90**
PaxPs -5.96**  330** -1651** -994**  -911** -1302** 3.95** 0.76 131 -3.45
PaxP7 151*  11.49** -1171** -4.76* -0.02 -433** 867>  534**  10.85**  5.64**
Ps x Ps 297*%*  657**  -7.23%* 007  -1820** -21.72** 6.31**  3.05**  8.88** 3.76*
Psx Pz 297*%*  657** -1811* -11.66** 9.07** 437  7.88**  457**  1283**  7.52**
Ps X P7 748**  18.05** -1043** -338** 1815 13.07** 3.95** 0.76 165.13**  9.72**
Rev. LSD 0.05 111 0.19 135 176 3.72
T 0.01 163 0.28 1.99 2.32 4.90

“and ™ indicate to significant at 0.05 and 0.01 levels of probability, respectively.

General combining ability:

Estimates of the general combining ability (GCA)
effects for all the studied traits of the 7 Sg parental inbred
lines are presented in Table 4. The obtained data exhibited
that the 2 parents; P1 and P, possessed significant negative
desirable GCA effects in direction to plant shortness and low
ear placement. The Ps; possessed significant negative
desirable GCA effects for low ear placement and significant
positive desirable GCA effects for increasing ear diameter
and number of rowsfear. The P4 possessed significant
negative desirable GCA effects for low ear placement. The

Ps possessed significant positive desirable GCA effects in
direction to plant heightens and ear heightens. The Ps
possessed significant negative desirable GCA effects for
tasseling and silking earliness, plant shortness and low ear
placement, as well as significant positive desirable GCA
effects for increasing ear length, ear diameter, 100-kernel
weight and grain yield/plant. The P possessed significant
negative desirable GCA effects for tasseling and silking
earliness, as well as significant positive desirable GCA
effects for increasing plant height, ear height, ear length, ear
diameter, number of rows/ear, 100-kernel weight and grain
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yield/plant. Therefore, the two parents; Ps and Pz, which
derived from Giza-2 population could be considered as good
general combiners and could be used in the future breeding

programs for improvement white maize genotypes for
earliness and high yielding ability.

Table 4. General combining ability effects of the 7 Ss parental inbred lines for all the studied traits in 2021 season.

Parents Daysto50% Days to Plant Ear Ear Ear Number of 100-kernel Grain
tasseling  50%silking  height height length diameter  rowslear  weight  yield/plant
P1 0.79™ 0.93™ -6.90" -10.05™ -1.42™ -0.19™ -0.76™ -1.17 -10.19™
P2 142" 1417 -5.53" -4.87™ -0.46" -0.26™ -0.98™ -1.86™ -9.01"
Ps -0.28 -0.14 -0.76 -353™ -1.28™ 0.18™ 0.73™ -2.20™ -7.89"
Pa 1.20" 119" -0.09 -2.02" -0.31 0.01 -0.23 0.14 0.14
Ps -0.24 -0.18 10.87™ 4.24™ -0.02 0.02 -0.08 0.14 -3.12"
Pe -0.72" -0.92" -15.46™ -1.39™ 1.10™ 0.14™ 0.29 2.03™ 9.59™
Pz 217" -2.29™ 17.87" 17.62" 2.39™ 0.10™ 1.03" 292" 20.48™
LSE (gi) 0.05 0.48 0.49 1.99 091 0.34 0.05 042 0.50 1.08
= 0.01 0.67 0.68 2.79 1.28 047 0.07 0.59 0.70 152

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

L.S.E is least significant effect.

Specific combining ability effects:

Estimates of the specific combining ability (SCA)
effects of the 21 F, white maize crosses for all the studied
traits are presented in Table 5. The obtained results
manifested that the 9 crosses; P1 X Py, P1 X P4, P1 X Ps, P2 X P,
Ps x P4, P3 x Py, Ps x Pg, Ps x P7 and Pg x P7 possessed
significant negative desirable SCA effects for both tasseling
and silking earliness, as well as possessed significant positive
desirable SCA effects for high yielding ability, therefore these
9 crosses could be considered as good combinations for high
yielding ability with earliness. All the 21 crosses, except the 2
crosses; Py x P, and P4 x Pg possessed significant positive

desirable SCA effects for both plant heightens, and ear
heightens, while none of the crosses possessed significant
negative desirable SCA effects for both plant shortness and
low ear placement. Fifteen crosses out of the 21 possessed
significant positive desirable SCA effects for increasing ear
length. The 8 crosses; Py x Py, P1X Ps, P1x P7, P2 X Py, P, X Pg,
P3 x P4, P3 X Ps and Ps % Pg possessed significant positive
desirable SCA effects for increasing both ear diameter and
number of rows/ear. All the crosses possessed significant
positive desirable SCA effects for kernel heaviness and high
yielding ability, except the cross P1x P for kernel heaviness
and the cross Pz x Ps for both traits.

Table 5. Specific combining ability effects of the 21 F1 white maize crosses for all the studied traits in 2021 season.

Crosses Days to Days to Plant Ear Ear Ear  Number of 100-kernel Grain
50% tasseling 50%b silking  height height length  diameter rows/ear weight yield/plant
P1x P2 -2.16** -1.96* 7.05** 119 -101**  0.25** -1.70** -10.57** 11.48**
P1xPs3 1.55%* 0.93 23.94%** 5.86** 181**  0.16** 0.59 8.43** 23.70**
P1XPs -1.94** -2.07* 34.60**  10.34**  184**  0.57** 0.89* 8.43** 33.33**
P1xPs -2.49** 2377 31.64** 7.08** 0.55 0.38** 2.07** 8.76** 22.26™*
P1xPs 1.99%* 137 20.64** 1738  1.10** -0.03 0.37 3.87** 24.22**
P1xP7 0.10 -0.26 4197  2405**  181**  0.61** 1.63** 8.31** 38.33**
P2xPs3 1.92*%* 1.44 21.56** 9.34** 151** -038**  -1.85** 5.13** 33.19**
P2XPa -0.23 -0.22 3223**  1049** 0.88* 0.36™* 2.44** 4.46** 7.81**
P2xPs -0.12 0.15 39.27%*  30.23**  158** 0.11* 0.30 7.46** 16.41**
P2xPs -1.97** -1.78* 10.94*>  1586**  214**  0.50** 1.26** 5.91** 37.37**
P2xP7 2.14** 1.93* 39.60**  19.53* 218  -020%*  -148** 6.69** 36.48**
P3XPs -3.19** -3.33*  2845**  18.82** -0.64 0.26** 1.41%* 1.46** 15.70**
P3xPs -1.75** -1.63 34.49%*  1756**  -1.27**  0.51** 1.93** -5.20** -2.04
P3x Ps 0.06 -0.22 21.82** 5.19** 0.62 0.56** 1.56** 4.57** 25.93**
PsxP7 -1.82** -1.85* 30.82** 7.86** 132*%*  (0.53** 0.81 6.02** 30.04**
PaxPs 1.10* 1.04 21.49** 9.71** 0.77*  -045**  -178** 3.80** 30.93**
P4 xPs 2.92%* 311> 2.82 -6.66**  0.99**  -018**  -148** 5.57** 25.56™**
PaxP7 0.03 0.15 3216**  1068**  1.36** 0.11* -0.89* 6.69** 34.00%*
Ps X Ps -3.97** -3.85** 2953**  1142**  136**  0.29** -2.96** 6.57** 44.15%*
Psx Pz -1.86** -2.15* 15.19** 8.42** 0.06 -0.24** 0.30 6.35** 41.26™*
Ps X P7 -2.71%* -241** 22.53** 5.38** 1.29** 0.05 1.26** 2.80** 33.22%*
LSE (Sij) 0.05 0.98 174 408 187 0.69 0.11 0.86 1.03 221
- 0.01 1.30 231 5.40 248 0.92 0.14 114 1.36 293

“and ™ indicate to significant at 0.05 and 0.01 levels of probability, respectively.

L.S.E is least significant effect.

Genetic variance components:

Estimation of genetic variances of additive (c?A),
dominance (6°D), environmental (6°E) and phenotypic (c2P),
as well as average degree of dominance (a) and heritability in
narrow sense (h?ns) for all the studied traits are presented in
Table 6. The obtained results manifested that low narrow
sense heritability (< 20 %) estimates with high degree of
dominance and less than the unity of the ratio G2 GCA/c?SCA

were detected for plant height, ear diameter, 100-kernel
weight and grain yield/plant, indicating the non-additive
genetic effect played the major role in the inheritance of these
traits.

Medium narrow sense heritability (20 to 50%)
estimates with high degree of dominance and less than the
unity of the ratio 5>GCA/c?SCA were detected for number of
days to 50% tasseling, number of days to 50% silking, ear

1161



Abd El-Zaher, 1. N.

height, ear length and number of rows/ear, indicating both
additive and non-additive genetic effects were important in
the inheritance of these traits with preponderance of the non-
additive.

The average degree of dominance was more than
onefor all the studied traits, indicating the dominance was in

over dominance range for controlling the inheritance of these
traits.

These results agreed with the findings of Mohamad et
al. (2007), Dawod et al. (2012), Wannows et al. (2012), Dar
etal. (2017), Al-Rawi et al. (2018), Ali (2020) and Hemada
et al. (2020).

Table 6. Estimation of genetic variances of additive (¢°A), dominance (¢°D), environmental (¢°’E) and phenotypic (¢°P),
as well as average degree of dominance (a) and heritability in narrow sense (hns).

SOV Daysto50%  Days to 50% Plant Ear Ear Ear Number of 100-kernel Grain
" tasseling silking height  height length  diameter  rows/ear weight yield/plant
GCAJ/ SCA 0.29 0.33 0.04 0.13 0.38 0.11 0.20 0.03 0.04
A 3.06 3.38 250.18 15680 3.58 0.06 1 7.32 255.56
oD 5.26 5.16 281090 59767 4.69 0.24 251 105.33 3071.85
o’E 0.44 0.45 7.56 159 0.22 0.01 0.33 0.48 223
P 8.76 8.99 3068.64 756.06 849 031 3.84 113.13 3329.64
a 185 175 474 2.76 162 2.83 224 5.36 490
h’ns 3493 37.60 8.15 2074 4217 19.35 26.04 6.47 7.68
REFERENCES Bisen, P., A. Dadheech, O. Nagar and R.K. Meena (2017).

Abdel-Moneam, M.A., A.N.E. Attia, M.I. EI-Emery and E.A.
Fayed (2009). Combining ability and heterosis for
some agronomic traits in crosses of maize. J. Agric.
Sci. Mansoura Univ., 34(1): 401-409.

Abo El-Haress, S.M. (2015). Diallel analysis for yield, downy
mildew and agronomic characters in maize (Zea mays
L.). Alex. J. Agric. Res., 60(1): 25-31.

Ahmed, S., F. Khaton, M.S. Uddin, B.R. Banik and N.A. vyl
(2008). Combining ability and heterosis in maize (Zea
mays L.). Bangladesh, J. Plant. Breed. Genet., 21(2):
27-32.

Ali, M. (2020). Diallel analysis of maize inbreds for grain
yield, protein and tryptophan content. Egypt, J.
Agron., 42(1): 1-17.

Al-Rawi, O.H., M.R. Al-Shaheen and A.H. Abdulkafoor
(2018). Estimation of genetic parameters in iraqi
maize inbred lines and their full diallel crosses. Plant
Arch., 18(2): 2257-2262.

Amin, M.N., M. Amiruzzaman, A. Ahmed and M.R. Ali
(2014). Combining ability study in waterlogged
tolerant maize (Zea mays L.). Bangladesh, J. of Agric.
Res., 39(2): 283-291.

Anees, A, K. Al-Zubaidy, W. Al-Rawi and S. Al-Dawody
(2019). Study of genetic behavior for some
productivity and morphology traits in half diallel cross
of maize. Syrian, J. of Agric., Res., SIAR, 6(1): 134-
150.

Attia, AN.E., M.A. Badawi, A.M. Salama, M.A. Abd El-
Moneam and A.AA. Leilah (2013). Combining
ability and heterosis for maize grain yield and some
agronomic characters. J. Plant Prod., Mansoura,
Univ., 4(4): 551-560.

Azad, M.AK., B.K. Biswas, N. Alam and Sh.Sh. Alam
(2015). Combining ability and heterosis for some
quantitative traits in experimental maize hybrids.
Plant Breed. and Seed Sci., 70(1): 41-54.

Bilgin, O., K.Z. Korkut, I. Baser, O. Daglioglu, I. Oztiirk, T.
Kahraman and A. Balkan (2010). Variation and
heritability for some semolina characteristics and
grain yield and their relations in durum wheat
(Triticum durum Desf.). World, J. of Agric. Sci., 6(3):
301-308.

Exploitation of heterosis in single cross hybrids of
quality protein maize (Zea maize L.) for yield and
quality traits. Inter. J. of Bio-resource and Stress
Management 8(1):12-19.

Dar, Z.A., AA. Lone, G. Ali, I. Abidi, R.A. Lone, S. Gulzar,
A Yasin, Y. Ali and N. Yousuf (2017). Gene action
studies in early maturing maize (Zea mays L.) inbred
lines. Arch. of Agric. and Envi. Sci., 2(2): 68-71.

Dawod, K.M., M.AH. Al-Falahy and A.S.A. Mohammad
(2012). Genetic variations and gene effect controlling
grain yield and some of its components in maize. J. of
Agric. Sci. and Tech., 2(7): 814-823.

El Hosary, A.AA. (2020). Diallel analysis of some
quantitative traits in eight inbred lines of maize and
Gge biplot analysis for elite hybrids. J. of Plant Prod.,
Mansoura Univ., 11(3): 275-283.

El-Shahed, H.M., A.M. Abu Shosha, M.A.M. EI-Ghonemy
and R.H.A. Alsebaey (2021). Diallel analysis of eight
yellow maize inbred lines for earliness and grain
yield. J. of Plant Prod., Mansoura Univ., 12(3): 329-
332.

Fehr, W.R. (1991). Principles of cultivar development.
Theory and technique; Macmillan publishing Co.,
1:536.

Griffing, B. (1956). Concept of general and specific
combining ability in relation to diallel crossing
system. Aust. J. of Biol. Sci., 9: 463-493.

Haddadi, M.H., M. Eesmaeilof, R. Choukan, V. Rameeh
(2012). Combining ability analysis of days to silking,
plant height, yield components and kernel yield in
maize breeding lines. African, J. of Agric. Rese.,
7(33): 4685-4691.

Hammadi, HJ. and A.A. Abed (2018). Determination
heterosis, combining ability and gene action using
half diallel crosses in maize. Iraqi, J. of Agric., Sci.,
49(6): 454-459.

Hassan, A.A., A.A. Jama, O.H. Mohamed and B.K. Biswas
(2019). Study on combining ability and heterosis in
maize (Zea mays L.) using partial diallel analysis.
Inter. J. of Plant Breed. and Crop Sci., 6(2): 520-526.

1162


https://pubag.nal.usda.gov/?q=%22Abul+Kalam+Azad%2C+Mohammad%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Abul+Kalam+Azad%2C+Mohammad%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Alam%2C+Nazmul%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Alam%2C+Sheikh+Shamimul%22&search_field=author

J. of Plant Production, Mansoura Univ.,Vol 12 (11), November, 2021

Hemada, S.Sh., H.E. Yassien, I.N. Abd El-Zaher and M.H.
Haridy (2020). Combining ability and genetic
parameters of some white maize (Zea mays L.) inbred
lines using diallel analysis. Arch. of Agric., Sci. J.,
3(3): 82-100.

E.S., E. Magloire and J.A. Morera (1989).
Comparison of selection for S, progeny vs. testcross
performance for population improvement in maize.
Crop Sci., 29: 868-874.

Hussain, M.A., R.l. Saaed, H.A. Askandar and A.A. Khcther
(2019). Estimation of some genetic parameters and
heterosis in maize by using half diallel cross. J. of
Duhok Univ., 22(2): 37-48.

Izhar, T. and M. Chakraborty (2013). Combining ability and
heterosis for grain yield and its components in maize
inbreds over environments (Zea mays L.). African J.
of Agric. Res. 8(25): 3276-3280.

Keskin, B., I.H. Yilmaz and O. Arvas (2005). Determination
of some yield characters of grain corn in eastern
Anatolia region of Turkey. J. Agro., 4(1): 14-17.

Lamkey, K.R. and M. Lee (1993). Quantitative genetics,

Horner,

molecular markers and plant improvement.
Australian Convention and Travel Service: Canberra,
104-115.

I Gl SN (e M e O AN el (gl plaii

Mohamad, A.A., AN. M. Amin and S. I. Towfigq (2007).
Estimation of heterosis, general and specific
combining ability using diallel cross in maize (Zea
mays L.). Mesopotamia J. of Agric., 35(3): 1816-
1823.

Osman, M.M.A., KhAM. lbrahim and M.AM. El-
Ghonemy (2012). Diallel analysis of grain yield and
some other traits in yellow maize (Zea mays L.) inbred
lines. Assiut J. Agric. Sci., 43(6): 16-26.

Singh, RK. and B.D. Chaudhary (1979). Biometrics
techniques in genetics and breeding. Publishes.
PP.118.

Snedecor, G.W. and W.G. Cochran (1967). Statistical
methods. 6" Ed., lowa State Univ., Press, Ames,
lowa, U.S.A.

Wannows, A.A., H.K. Azzam and S.A. AL-Ahmad (2012).
Genetic variability, phenotypic correlation, path
coefficient analysis and its implications in
improvement of grain yield in maize (Zea mays L.)
hybrids. Jordanian, J. of Agric. Sci., 8(4): 656-664.

Yingzhong, Z. (1999). Combining ability analysis of
agronomic characters in sesame. Inst. Sustainable
Agric. (IAS), CSIC, Apartado 40 - 48, Cordoba,
Spain.

L ol Ja8l) £ 519 Al o 5 Al paa
;’«b'a#“ ZH'AW‘ 3 JM\OAUAAM‘

T AU ae rlad asnl

gl £ 8 — A ) Anda Ao 30 ALK - Junalaall and

Adlal) 30 5 Al Cpimgl 8 8 il gand g a1 dadia Aol S S A ) 502021 2019 el JIA Al 638 <

SV Jad) Y (50 7 5 5258 G 21 I Gl mally gy il A o g 8abanddl Ay Jas i g Sy sl el i oS g ) e Aalall
2- 550 b jpdiall 5 (Ps-Pp) S § 20y 324 D angl) 3 palie Laa (i judie (e Aasiiuall o goal) elianl) 206l 3,30 (40 Sg (ualnd)
& Il S A =8l o) ja) o5 <2019 pas sl il 5 s o 35 kil 55 Saall ey 30 3 (Py-Pg) cpilus 23my
U)H\JSJSG VN 7 G gl ¢\);\ra.|2020(~.»}q$ Sp ol @\.ﬂ\ Jall u‘}()\u‘;sd}a;“é\}ﬂ\écss ol §S,
Lot A3 )8l cad (g (il e (g2 Cpma 21 ) aail 232021 ani g0 By 528 Cnd 21 s 2l Al agd) o) ) () s Aadl)
M,p\.\l\dﬁzuula__u\:ubjg_\b\z\:ﬁ\dﬁ&e.u\JﬁAm‘f@\}uﬂ\ FIRIN| ubw\ﬁme\mh 129 Lﬁj)ﬂ\ el 5128 L..ga‘)sl\ Cpagl)
558 (10750 el gim A 2o S35 5l (30 750 L sela (i ALY 23 cctlinal bl Ui 28,1956 iy s ollall J5Y1 o sl
w\.ﬂ\dﬂ;ﬁ‘)@.k\ il Qg Jganagdn 100 s ¢3Sl Casta dne ¢ Sl Hhad ¢ &I Jsha ‘)'}S!\&GSJ\ cg'_al..\ﬂ\&mj\ (Al
el il e Aualall s adall 5 08l o (Cpmgll 558 580) agdl Oiie el 5 gl 5 V) A5 o1 Al 5l G &y simal) Alle CHEDER) S5
o i) (5 55 e 5 ) Cldall paan &) ) 5 8 dagee (o)) Adican a5 Adsaall dyiad) ) L) S Ay padl lial)
g a5 g 58] Blad) A 50 Jass gia S G By ) il apend A8 Bl ) aa) ) gdbndl ) S S (Eabd) dduad)
a3 3l 5 456l Jma (g SIS Y Al i) g Jgnmna (3 Ligina Pg X P7 ¢ Ps X P7 ¢ Ps X Pg ¢ Py X P o Y1 (gl
e 129 oA Gl 02 % 9,72 ¢ 7,52 ¢ 3,76 ¢« 5,64 5 sl (Ao 128 oA el o= % 15,13¢ 12,83 ¢ 8,88 ¢ 10,85
il P U S0 o ghea ne el s pa) cliall IS sty s (5 sine alll) e ddle 3,8 85 PG | P70 ) ellial ) 5
33 3 (5 e ) e Aalali s il ) )i Py x Py, Py X Py, Py X Ps, P2 X P, Pg X Py, Py X P7, Ps X Pg, Ps X P7, PeX P7 <524 9

Asall 98,8040 5 ) il Sl g il s J s

1163



