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Abstract
Line x tester technique was used in this study where ten new inbred lines were top crossed to two superior

testers of maize. The obtained 20 top crosses and two checks (SC 128 and SC 2031) were assessed under 80 and
120 kg N/ feddan. In each experiment Randomized Complete Block design with three replications was used.
Data recorded on days to 50% tasseling, ear height, ear length, ear dimeter, shelling % and grain yield ton fed™.
The cross M30 x M8 expressed the best mean value for days to 50% tasseling, while cross M34xM8 gave the
best values for ear length and grain yield fed™. Specific combining ability mean squares were more important
than those of general combining ability for all traits revealing the important role on non-additive gene action in
controlling these traits. The tester M8 was the best for earliness and grain yield fed™. The best general
combining effects were detected with line M25 for days to 50% tasseling and parent M 30 for grain yield plant™.
The cross M7XCIMMYT14 had the best SCA effects for grain yield. The cross M34xM8 expressed the best

heterotic effects for grain yield fed™ relative to both checks under all environments.

Key words: Maize, Combining ability, heterosis.

Introduction

Maize (Zea mays L.) ranked the second-best
cereal crop in Egypt after wheat with a cultivated
area of 0.99 mega ha in 2019 which produced 7.49
Gg (FAOSTAT, 2020). Such productivity does not
face the current demand either for human nutrition or
animal feeding. Therefore, several attempts are being
made by corn breeders to make use of yield
potentiality of this crop to overcome the problem of
grain shortage. One of the main strategies to enhance
the productivity of maize is the utilization of line x
tester technique under different environmental
conditions.

This technique is immensely helpful for breeders
since it provides vital information about the gene
action responsible for the inheritance of important
agronomic traits in maize. It also effective in
screening available materials from which the breeder
selects the best parents of breeding program.
Studying the nature of gene action is the key to a
successful  breeding  program  towards the
development of higher yield potentiality of maize
hybrids under different nitrogen levels. Line x tester
analysis allows the estimation of general combining
ability which is a function of additive genetic
variance. It also permits the calculation of specific
combining ability which is function of non-additive
gene action. Based upon the nature of gene action

responsible for the trait, maize breeders determine
the appropriate breeding method to achieve his
objectives. If the trait is governed by additive gene
action then selection program is the best in this case,
while hybrid program is preferred when non-additive
gen action is predominant. The importance of
additive genetic variance in controlling yield and
other important traits was reported by Kamara et al.
(2014), Kahriman et al. (2016), Andsysni et al.
(2018), Bayoumi et al. (2018), Noelle et al. (2019),
El Hosary (2020a+ b), Neveen Hamouda et al.
(2021) and Sedhom et al. (2021). While, the
importance of non-additive gene action was reported
by Sedhom et al. (2012), El-Badawy (2013),
Mahesh et al. (2013), Ahmed et al. (2017),
Andayani et al. (2018), and Kamara et al. (2020).

Also estimation of heterosis is of prime
importance for corn breeders to detect the best maize
genotypes which expressed superiority  over
prevailing hybrids. Studying this phenomenon, helps
corn breeders solving the problem of grain shortage
through growing desirable hybrids on a large
commercial scale (Kamara and Reham, 2015;
Youstina Sedhom et al. 2017; Omnya Turkey et
al. 20018, Noelle et al. 2019, El-Hosary, 200b; and
Sedhom et al. 2021).

Therefore, the present work aimed at studying
general and specific combining ability as well as
heterosis for earliness, yield and some other
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important traits in maize under two different nitrogen
levels.

Materials and Methods

Ten new inbred lines of maize were crossed to
two promising testers in the pattern Line X tester
analysis to evaluate some maize traits under two
nitrogen levels at the Faculty of Agric., Moshtohor
during 2018 and 2019 seasons. The parental inbred
lines included M7, M30 and M57 (isolated from the
variety Cairo 1), M15, M34 and M66 (isolated from
Giza 2), CLM 343 and CLM 19 (from CIMMYT),
and M24 and M25 (isolated from Pioneer 514). The
two testers were M8 (isolated from Giza 1) and
CIMMYT 14 (from CIMMYT).

In 2018 season, the line x tester  model was
utilized where ten parental inbred lines were planted
with two elite testers. At flowering time, twenty top
crosses were obtained with enough seeds to the
evaluation of the next year.

In 2019 season, two adjacent experiments were
undertaken on May 20". The first experiment
received 80 kg N/ fad, while the second one received
120 kg N/ fed. In both experiments, 20 crosses + two
checks (S.C. 128 and S.C. 2031) were evaluated in
RCBD using 3 replications. Each plot consisted of
ridge of 3 m length and 70 cm width. The distance
between plants was 25 cm apart. Irrigation, pest
control and other cultural practices were properly
practiced as recommended for the area. Six traits
were recorded, i.e., days to 50% tasseling, ear height,
ear length, ear diameter, shelling % and grain yield
(ton fad™).

Statistical analysis was conducted for the six
traits in each experiment and after testing
homogeneity  between the two experiments,
combined analysis was performed according to Steel
et al, (1997). General and specific combining
abilities were estimated for all traits according to
Kempthorne (1957).

Relative increase of studied top crosses (standard
heterosis) relative to both check hybrids was
estimated for all traits under each nitrogen level and
combined of both levels as follows:

The  relative  increase  (heterobeltosis) =
F1- Check variety
Check variety

Appropriate L.S.D values were computed
according to the following formulae to test the
significance of these heterotic effects.

100

L.S.D. for heterosis relative to check variety =t x
2MSe

r
Where:

t: is the tabulated t value at a stated level of
probability for the experimental error degree of
freedom and r: refers to replications.

Results & Discussion

Analysis of variance and mean performance

Analysis of variance for days to 50% tasseling,
ear height, ear length, ear diameter, shelling % and
grain yield (ton fad™) under 40 and 80 kg N/ fad. As
well as combined data are presented in Table 1.
Nitrogen level mean squares were significant for all
studied traits indicating that increasing nitrogen
fertilization levels had clear effect on the
performance of studied traits. Mean values of both
nitrogen levels for all traits are presented in Table 2.
Increasing nitrogen levels caused an increase of most
studied traits. These results are logic since increasing
nitrogen levels from 40 to 80 kg N/ fad. led to
increase photosynthetic activities which in turn
positively affects the growth and yield of maize
plant. These results agree with those obtained by
Meseka et al. (2013), Kamara et al. (2014), El-
Naggar et al. (2015), Kamra and Rehan (2015),
Omnya Turkey et al. (2018) and Ogunniyan et al.
(2019).

Mean squares due to genotypes were significant
for all studied traits under N1, N2 and combined data
(Table 1). Such results indicated that the studied
maize genotypes possess higher genetic variability
regarding the studied traits. Moreover, significant
mean squares due to the interaction of crosses and
their partitions from one side and nitrogen levels
from the other levels were significant for most
studied traits revealing that these genotypes behaved
differently from one nitrogen level to another. The
variability among maize genotypes were reported by
several investigators Sedhom et al. (2012), Kamara
et al. (2014), Kahriman et al. (2016), Noelle et al.
(2019), EL-Hosary (2020a), and El Gazzar (2021),
Neven Hamouda et al. (2021) and Sedhom et al.
(2021).

Mean values of days to 50% tasseling, ear height,
ear diameter, shelling % and grain yield (ton fed™)
under N1 and N2 nitrogen levels and combined
analyses are presented in Table 2. For days to 50%
tasseling, the cross M30 x M8 exhibited most
desirable under N1 (51.00 day), N2 (51.33 day) and
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combined analyses (51.17 day). The cross M25 x M8
ranked the second best for this trait under all
environments. Concerning ear height, the best mean
values were detected for the crosses M25 x M8 under
N1 (123 cm) and combined data (128.17 cm), and the
cross M57 x CIMMYT 14 in N2 (131 cm) with
significant difference from both check hybrid (S.C.
128 and SC 2031). The top cross M34 x M8
exhibited the most significant and desirable mean
performance for ear length and grain yield ton fed™
recording 21.33, 21.67 and 21.50 cm; and 5.14, 5.41
and 5.27 ton fed™, under N1, N2 and combined
analyses, respectively as compared to the check
hybrids. The highest mean values for shelling% were
detected for the cross (M30 x M8) under N1 and
combined data. However, the best main values for
shelling % was detected for the cross CLM343 x M8
under N2 condition being 86.63% as compared to the
SC 128 (Table 2).

Generally, the three top crosses namely, M 30 x
M8, M34 x M 8, and M 30 x CIMMYT 14 were
considered prospective for future maize breeding
program.

Analysis of combining ability

Table 1 showed mean squares GCA and SCA for
days to 50% tasseling, ear height, ear length, shelling
% and grain yield ton fed™ under N1 and N2 nitrogen
levels and combined data. Data revealed that mean
squares due to specific combining ability were much
higher than those of general combining ability for all
studied traits revealing the importance of non-
additive gene action in controlling these characters.
Moreover, the interaction between both types of
combining ability and nitrogen level cleared that
SCA was more influenced by nitrogen levels than
GCA for all studied traits. The importance of non-
additive gene action in controlling earliness, yield
and its components was previously reported by
Noelle et al. (2019), EI Hosary  (2020a+ b),
Neveen Hamouda et al. (2021) and Sedhom et al.
(2021) On the contrary, the importance of additive
gene action in governing the studied traits were
previously reported by Sedhom et al. (2012), El-
Badawy (2013), Mahesh et al. (2013), Ahmed et al.
(2017), Andayani et al. (2018), and Kamara et al.
(2020).

Estimates of general combining ability effects for
days to 50% tasseling, ear height, ear length, ear
diameter, shelling % and grain yield ton fed™ under
N1 and N2 nitrogen levels and combined analyses
are presented in Table 3 and Figures (1-6). The tester

M8 was the best general combiner for days to 50%
tasseling, ear length and grain yield fed™ under both
nitrogen levels and combined data. For ear length,
the best general combining ability effects were
detected for the tester CMMYT 14 under N1 and
combined data. The best general combiner for days
to 50% tasseling was inbred M25. Also, this parental
line (M25) had the best GCA effects for ear length
under N2 environment (Table 3). Parental line M30
had the most desirable GCA effects for ear diameter
and grain yield fed™ recording 0.58**, 0.35** and
0.47**; and .51**, .44** and 0.47** under N1, N2
and combined analyses, respectively. Parent M34
was the best general combiner for ear length while
parent M57 expressed significant and desirable GCA
effects for ear height under N2 nitrogen level.

Specific combining ability effects for days to
50% tasseling, ear height, ear length, ear diameter,
shelling % and grain yield fed™ under all
environments are presented in Table 4. Regarding
days to 50% tasseling, the cross M57xCIMMYT 14
expressed the highest significant and negative SCA
effects recording -2.25** and -1.17* under N2
nitrogen level and combined data, respectively. None
of the studied crosses exhibited significant desirable
SCA effects under N1 level of nitrogen. For ear
height, the best SCA effects were detected for the
cross M25xM8 under N1 (-12.58**), N2 (-8.75**)
and combined data (-10.67**). The top cross
M7xXCIMMYT 14 recorded the most desirable SCA
effects for ear length (1.78**, 1.91** and 1.84**)
and grain yield fed™ (0.54**, 0.54** and 0.53**)
under N1 and N2 nitrogen levels and combined data,
respectively. The cross M34xM8 gave the best SCA
effects for ear diameter and shelling%. None of he
studied crosses exhibited desirable SCA effects for
shelling % under N2 nitrogen level.

Generally, the crosses M25x M8, M34x M8 and
M7xCIMMYT 14 are of prime importance regarding
earliness and vyield potentiality in maize breeding
programs.

Standard Heterosis

Results in Tables 5 and 6 showed heterosis values
for days to 50% tasseling, ear height, ear length, ear
diameter, shelling percentage and grain yield ton fed’
! relative to S.C. 128 and S.C 2031 under N1 and N2
levels and combined analyses. Two, three and two
crosses exhibited negative and significant heterotic
effects for days to 50% tasseling relative to S.C 128
at N1, N2 levels and combined data, respectively.
The respective heterotic values relative to S.C. 2031
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were none, three and one (Table 5). However, the
best heterotic effects for days to 50% tasseling were
detected for the cross M 30 x M 8 relative to S.C 128
and S.C 2031 recording -5.25** and -4.06%,
respectively in the combined analysis.

Early maturity in maize favourable trait for corn
breeders because it enables plants to escape
destructive injuries caused by Sesamia cretica ledi
chilo simplex and Pyrausta nubilialis. Similar results
were obtained by Youstina Sedhom et al. (2017)
and Patil et al (2020) and El-Hosary (2020b).

For ear height, negative and significant
heterotic effects relative to SC 128 were detected for
three, two and three crosses under the first, second N
level and combined data, respectively (Table 5). The
respective heterotic values for ear height relative to
SC 2031 were detected for three, two and three
crosses. However, the most desirable heterotic
effects relative to both checks were recorded for the
crosses M 25 x M 8 under all environments.

Regarding ear length, two crosses expressed
positive and significant heterotic effects relative to
S.C. 128 for each nitrogen level and combined data.
Desirable heterotic effects relative to S.C. 2031 were

obtained for two, three and two crosses under first,
second N levels and combined analyses, respectively.

For ear diameter, significant and positive
heterotic effects were recorded in two, one and three
crosses relative to SC 128 and three, three and two
crosses relative to SC 2031 under N1 and N2
nitrogen levels and combined data, respectively.
Regarding shelling %, two crosses only expressed
significant and positive heterotic effects relative to
SC 128 under the first nitrogen level. None of the
studied crosses exhibited significant and desirable
heterotic effects relative to SC 128 under N2 level of
nitrogen and combined data (Table 6). Four crosses
expressed significant and positive heterotic effects
relative to SC 2031 under N1, N2 nitrogen level and
combined analysis. However, the best heterotic
effects relative to SC 2031 were detected for the
crosses M34xM8 under N1 nitrogen level and
combined data. For grain yield ton fed™, twelve,
three and eight crosses exhibited significant and
positive heterotic effects relative to SC 128. The
respective heterotic effects relative to SC 2031 were
one, two and one crosses.
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Table 1. Analysis of variance for days to 50% tasseling, ear height, ear length, ear diameter, shelling% and grain yield (ton fed™) under two nitrogen levels and

combined data.

df  Days to 50% tasseling Ear height (cm) Ear length (cm) Ear diameter (cm) Shelling % Grain yield (ton fed™)

SOV S C NL N2 Comb. N1 N2 Comb. N1 N2 Comb. NI N2 Comb. N1 N2 Comb. N1 N2  Comb.
Environment (E) 1 2674** 19085** 3191** 2166** 64859** 1985.4**
Rep 2 132 045 362 3582 0.84 099 0.19 0.02 249 197 0.06 0.07
Rep/E 4 0.88 19.72 0.92 0.11 2.23 0.06
Crosses 19 19 10.68** 7.96**14.17** 178.78** 163.88** 279.02** 8.22** 4.76**12.08** 0.47** 0.11%* 0.44**16.00** 4.04** 13.78%* (ggmx  (5ox* () OG**
Lines 9 9 559 560%* 8.79%* 87.08%* 146.19** 166.06** 5.73** 553*¥10.93** 0.39** 0.14** 0.47**10.21** 345% B.T2**  (azex  EErr  (.84%*
Testers 1 1 93750 4002+ 2013 0375% 9127+ 185.01%% 69.34%% 12.88+% 7099  150** 004  LOI™ 3154+ 1058 3033 e L00%  3aper
Linesx testers 9 9  6.53** 6.76** 6.89** 279.94** 189.64** 402.43** 3.92** 3.09** 6.69** 0.43** 0.08** 0.36**20.06** 3.90** 18.00** (75%#x  (33** (.g2**
Crosses x E 19 4.46** 63.64** 0.90 0.13** 6.26** 0.25%*
Line x E 9 2.40 67.20%* 0.33 0.06 6.94%* 0.25%%
Testers x E 1 5.63* 0.01 11.22%* 0.53** 2.79 0.17%
Line x Testers x E 9 6.39** 67.14** 0.33 0.16** 5.96** 0.26%*
Error 38 76 165 150 158 2495 2929 2712 106 102 104 007 004 006 259 190 224 (05 0.05 005
cV 2.32 3.60 5.45 4.82 177 488 472 480
variance GCA 0.08 1.40 0.06 0.00 005 9001 000 0.00
variance SCA 0.89 62.55 0.94 0.05 2.63 0.23 0.09 0.13
GCAXE 0.04 1.47 0.07 0.00 0.04 0.00
SCAXE 2.49 75.89 0.71 0.08 3.87 0.20

* and ** significant at 0.05 and 0.01 levels of probabilitv. respectivelv.
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Table 2. Mean performance of studied top crosses for days to 50% tasseling, ear height, ear length, ear diameter, shelling % and grain yield (ton fed™*) under two nitrogen
levels and combined data.

Genotype Days to 50% tasseling Ear height (cm) Ear length (cm) Ear diameter (cm) Shelling % Grain yield (ton fed™)

N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb.

M7x M8 55.33 53.67 5450 140.33 150.00 145.17 19.13 19.33 1923 4.13 493 453 8500 8433 8467 441 443 442
M15x M8 54.67 54.00 54.33 145.00 153.67 149.33 19.40 19.73 1957 433 507 470 86.37 8563 86.00 485 491 488
CLM343x M8 54.33 51.00 52.67 137.33 143.33 140.33 18.20 1853 1837 480 4.87 483 8333 86.63 8498 478 474 476
CLM19x M8 56.00 53.33 54.67 143.67 14533 14450 17.67 17.80 17.73 450 507 478 8550 8523 8537 486 446 4.66
M24x M8 51.67 53.00 52.33 144.33 148.67 146,50 19.40 19.67 1953 450 513 482 8263 83.73 8318 486 509 4098
M25x M8 51.33 51.67 5150 123.00 133.33 128.17 18.20 18.67 1843 427 500 4.63 8350 8433 8392 483 496 490
M30x M8 51.00 51.33 51.17 141.67 143.33 14250 21.00 21.33 21.17 507 513 510 87.00 8510 86.05 502 525 514
M34x M8 53.00 53.00 53.00 153.33 155.00 154.17 21.33 21.67 2150 533 520 527 8723 86.23 86.73 514 541 527
M36x M8 54.00 54.33 54.17 138.33 142.33 140.33 20.33 20.60 20.47 4.00 4.87 443 8267 86.23 8445 478 507 493
M57x M8 52.33 54.00 53.17 143.33 144.33 143.83 18.53 19.07 18.80 450 4.93 472 8437 8407 8422 412 470 441

M7x CIMMYT 14 56.00 56.67 56.33 144.33 146.67 14550 20.53 21.00 20.77 487 503 495 8513 8483 8498 506 510 5.08
M15x CIMMYT 14 5500 56.33 55.67 128.67 140.67 134.67 17.33 19.00 18.17 483 500 4.92 8147 8350 8248 443 493 468
CLM343x CIMMYT 14 5633 5667 56.50 143.33 143.33 143.33 16.07 17.33 16.70 433 493 463 80.97 8460 8278 330 3.78 354
CLM19x CIMMYT 14 56,00 54.00 55.00 149.33 154.00 151.67 16.73 1847 1760 513 527 520 84.60 8530 8495 458 450 454
M24x CIMMYT 14 57,00 55.00 56.00 150.67 152.33 151.50 16.00 17.33 16.67 4.87 500 493 8367 83.87 83.77 426 442 434
M25x CIMMYT 14 5533 52,67 54.00 150.67 153.33 152.00 16.80 19.27 18.03 493 513 503 8653 86.20 86.37 431 450 441
M30x CIMMYT 14 56,00 54.67 55.33 137.33 147.33 142.33 ®17.47 19.07 1827 550 567 553 8490 8543 8517 511 516 514
M34x CIMMYT 14 5767 53.33 55.50 134.33 154.67 14450 17.57 19.33 1845 460 4.87 473 7747 8310 8028 3.77 502 4.40
M36x CIMMYT 14 5467 54.33 5450 152.67 160.67 156.67 16.53 19.00 17.77 493 500 497 8340 84.03 8372 410 500 455
M57x CIMMYT 14 5467 52.00 53.33 144.00 131.00 13750 16.67 17.33 17.00 460 4.80 470 8497 8227 8362 466 402 434

SC 128 53.67 5433 54.00 145.00 147.00 146.00 19.27 19.67 19.47 467 487 477 8423 8480 8452 418 481 449
SC 2031 53.00 53.67 53.33 142.33 144.00 143.17 19.00 19.33 19.17 460 487 473 8333 8340 8337 478 482 480
Over all mean 10 53.77 5414 14241 14701 14471 1833 19.21 18.77 4.7 503 486 8401 8467 8434 455 478 467
LSD 0.05 210 190 200 787 860 824 159 157 158 050 032 042 264 231 248 035 039 037
LSD 0.01 275 250 263 1032 1128 1081 209 206 207 066 042 055 346 303 325 046 051 049
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" Table 3. General combining ability effects for days to 50% tasseling, ear height, ear length, ear diameter, shelling % and grain yield (ton fed™) under both nitrogen
levels as well as combined data.

Genotypes Days to 50% tasseling Ear height (cm) Ear length (cm) Ear diameter (cm) Shelling % Grain yield (ton fed)
N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2  Comb. N1 N2 Comb.
Testers
M8 -1.25** -0.82** -1.03** -1.25 -1.23 -1.24 1.08** 0.46* 0.77** -0.16** -0.03 -0.09** 0.72* 0.42 057** 0.20** 0.13** 0.17**
CIMMYT 14 1.25** 0.82** 1.03** 1.25 1.23 124 -1.08** -0.46* -0.77** 0.16** 0.02 0.09** -0.73* -0.42 -0.57** -0.20** -0.13** -0.17**
L.S.D. (gi) 0.05 0.46 0.44 0.32 179 194 132 0.37 0.36 0.26 0.10 0.07  0.06 058 049 0.38 0.08 0.08 0.06
L.S.D. (gi) 0.01 0.60 0.58 0.42 235 255 1.73 0.8 0.48 0.34 0.13 0.09 0.08 0.76 0.65 0.50 0.10 0.11 0.07
(%bSSID. ore 0.65 0.62 0.55 253 274 228 052 0.51 0.45 0.14 0.10 0.10 081 070 0.66 0.11 0.11 0.10
L.S.D (gi-gj) 0.01  0.85 0.82 0.72 332 360 3.00 0.68 0.67 0.59 0.18 013 014 1.07 092 0.86 0.15 0.15 0.13
Lines
M7 1.05%  1.42** 1.23** 0.05 1.17 0.61 1.59** 0.99* 1.29** -0.20 -0.06 -0.13 1.03 -0.15 0.44 0.17 0.00 0.08
M15 0.22 1.42** 0.82* -545** 0.00 -2.72 0.12 0.19 0.16 -0.12 -0.01 -0.07 -0.12 -0.17 -0.14 0.08 0.15 0.11
CLM343 0.72 0.08 0.40 -1.95 -3.83 -2.89 -1.11%* -1.24** -1.18** -0.14 -0.15 -0.14*  -1.89 0.88 -0.50 -0.52**  -0.51** -0.52**
CLM19 1.38** -0.08 0.65 4.22* 250 3.36* -1.05* -1.04* -1.04** 0.11 0.12 0.12 1.02 0.53 0.77 0.16 -0.30**  -0.07
M24 -0.28 0.25 -0.02 5.22* 3.33 4.28** -0.54 -0.68 -0.61* -0.02 0.02 0.00 -0.89** -0.93 -0.91* 0.00 -0.02 -0.01
M25 -1.28*  -1.58** -1.43** -545** -3.83 -4.64** -0.74 -0.21 -0.48 -0.10 0.02 -0.04 0.98 0.53 0.76 0.01 -0.04 -0.02
M30 -1.12*  -0.75 -0.93* -2.78 -1.83 -2.31 0.99* 1.02* 1.01** 0.58** 0.35** 0.47** 1.92** 053 1.22** 0.51** 044** 047**
M34 0.72 -0.58 0.07 1.55 7.67** 4.61** 121** 132** 1.26** 0.27* -0.01 0.13 -1.69* -0.07 -0.88* -0.11 0.43**  0.17**
M36 -0.28 0.58 0.15 3.22 433* 3.78* 0.19 0.62 0.41 -0.24*  -0.11 -0.17* -1.00 0.40 -0.30 -0.12 0.26**  0.07
M57 -1.12*  -0.75 -0.93* 1.38 -9.50** -4.06** -0.65 -0.98* -0.81** -0.15 -0.18* -0.17* 0.63  -1.5** -0.47 -0.17 -0.41**  -0.29**
L.S.D. (gi) 0.05 1.03 0.98 0.71 4.00 4.33 2.95 0.82 0.81 0.58 0.21 0.16 0.13 1.29 1.10 0.85 0.18 0.18 0.13
L.S.D. (gi) 0.01 1.35 1.29 0.93 5.25 5.69 3.87 1.08 1.06 0.76 0.28 0.21 0.17 1.69 145 111 0.23 0.24 0.17
L.S.D (gi-gj) 0.05 1.45 1.39 1.00 5.65 6.12 4.17 1.16 1.14 0.82 0.30 0.22 0.19 1.82 156 1.20 0.25 0.25 0.18
L.S.D(gi-gj)0.01 191 182 132 743 805 548 153 150 107 040 029 025 239 205 157 0.33 0.34 0.24

* and ** significant at 0.05 and 0.01 levels of probabilitv. respectivelv.
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Table 4. Specific combining ability effects for days to 50% tasseling, ear height, ear length, ear diameter, shelling % and grain yield (ton fed™) under both nitrogen levels
as well as combined data.

Days to 50%

Genotypes tasseling Ear height (cm) Ear length (cm) Ear diameter (cm) Shelling % Grain yield (ton fed™)
N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2  Comb.
M7x M8 092 -025 033 -075 292 108 -1.78**-1.91** -1.84** -0.21 011 -005 -0.79 -0.97 -0.88 _g534*.-054** -0.53**
M15x M8 108 008 0.58 9.42** 7.75** 8.58** -0.04 -0.71 -0.38 -0.09 0.19 0.05 1.72 0.34 1.03 000 -021 2010
CLM343x M8 025 -158* -0.67 -1.75 1.25 -0.25 -0.01 -0.48 -0.24 0.39* 0.13 0.26** 0.46 0.29 0.38 0.53%* 0.28*% 041**
CLM19x M8 125 092 1.08% -1.58 -3.08 -2.33 -0.61 -1.41*  -1.01* -0.16 0.06 -0.05 -0.27 -0.76 -0.52 007 -022 015
M24x M8 142 025 -058 -1.92 -0.58 -1.25 0.63 0.09 0.36 -0.03 0.23 0.10 -1.24 -0.79 -1.02 010 0.13 0.11
M25x M8 075 0.75 0.00 -12.58** -8.75** -10.67** -0.38 -1.38* -0.88* -0.18 0.09 -0.04 -2.24* -1.66 -1.95** 006 002 0.04
M30x M8 125 -042 -0.83 342  -0.75 1.33 0.69 0.06 0.37 -0.06 -0.11 -0.08 0.33 -0.89 -0.28 025 -016 -0.20*
M34x M8 108 1.08 0.00 10.75** 1.42 6.08** 0.81 0.09 0.45 0.52** 0.32* 0.42** 4.16** 0.84 2.50** 0.48%* -0.01 0.23*
M36x M8 092 1.25 1.08* -5.92* -7.92** -6.92** (.82 -0.28 0.27 -0.31*  0.09 -0.11 -1.09 0.38 -0.36 014 -017 0.02
M57x M8 0.08 2.25% 117* 0.92 7.92%*% 4.42* -0.14 -0.21 -0.18 0.11 0.23 0.17 -1.03 0.17 -0.43 L047** 0.13 017

0.75 -292 -1.08  178% 191% 184* 021 -011 005 079 098  0.88
-9.42%% 775%% 858** 004 071 037 009 -019 005 -1.72 -034 -103
175 -1.25 0.25 0.01 0.47 0.24 -0.39* -0.12 -0.26** -0.46 -0.29 -0.37
1.58 3.08 2.33 0.61 141* 1.01* 0.16 -0.06 0.05 0.28 0.76 0.52
1.92 0.58 1.25 -0.63 -0.09 -0.36 0.02 -0.23 -0.10 124 0.79 1.02
1258*% 875+ 1067** 038  138% 088* 018 -009 004  224* 166  195*
342 075 -133 -069 006 -038 006 011 008 -0.33 089 028
-10.75%% 142 -6.08%* 081 -009 -045 -0.52%% -0.33% -0.43%% -416** -084  -250%
M36x CIMMYT 14 092 -125 -1.08* 5.92* 7.92** 6.92** -0.82 0.27 -0.28 0.31* -0.09 0.11 1.09 -0.38 0.36
M57x CIMMYT 14 008 -2.25%% _1.17* -0.92  -7.92%* -4.42* 0.14 0.21 0.18 -0.11 -0.23 -0.17 1.03 -0.17 0.43
L.S.D (gi) 0.05 1.45 1.45 1.00 5.65 5.65 4.17 1.16 1.16 0.82 0.30 0.30 0.19 1.82 1.82 1.20

0.01 191 1.91 1.32 7.43 7.43 5.48 1.53 1.53 1.07 0.40 0.40 0.25 2.39 2.39 157 033 033 0.24
L.S.D (gi-gj)0.05 206 206 174 799 799 722 164 164 141 043 043 033 258 258 208 (35 036 031

001 270 270 229 1051 1051 949 216 216 186 056 056 043 338 338 273 (47 047 041

M7x CIMMYT 14 -0.92 025 -0.33
M15x CIMMYT 14 -1.08 -0.08 -0.58
CLM343xCIMMYT14 -0.25 1.58* 0.67
CLM19x CIMMYT 14 -1.25 -0.92 -1.08
M24x CIMMYT 14 1.42 -0.25 0.58
M25x CIMMYT 14 0.75 -0.75 0.00
M30x CIMMYT 14 1.25 0.42 0.83
M34x CIMMYT 14 1.08 -1.08 0.00

0.54** 0.54** 0.53**
0.00 0.21 0.10
-0.53** -0.28* -0.41**
0.07 0.22 0.15
-0.10 -0.13 -0.11
-0.06 -0.02 -0.04
025 0.16 0.20*
-0.48** 0.01 -0.23*
-0.14 0.17 0.02
0.47** -0.13 0.17
025 0.25 0.18

* and ** significant at 0.05 and 0.01 levels of probabilitv. respectivelv.
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Fig. (1): GCA effects for days to 50% tasseling under N1 and N2 fertilization levels and combined data.
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Fig. (3): GCA effects for ear length under N1 and N2 fertilization levels and combined data
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Fig. (6): GCA effects for grain yield (ton fed™) under N1 and N2 fertilization levels and combined data.
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Table 5. Standard heterosis for days to 50% tasseling, ear height, and ear length relative to S.C. 128 and S.C. 2031 under both nitrogen levels as well as combined data.

Days to 50% tasseling

Ear height (cm)

Ear length (cm)

Genotypes Relative to S.C. 128 Relative to S.C2031 Relative to S.C. 128 Relative to S.C. 2031 Relative to S.C. 128 Relative to S.C. 2031
N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb.
M7x M8 311 -1.23 0.93 4.40* 0.00 2.19 -3.22 2.04 -0.57 -1.41 4.17 140  -0.69 -1.69 -1.20 0.70 0.00 0.35
M15x M8 186 -0.61 0.62 3.14 0.62 1.88 0.00 4.54 2.28 1.87 6.71* 431 0.69 0.34 0.51 211 2.07 2.09
CLM343x M8 124 -6.13** -2.47 2.52 -4.97%*  -1.25 -5.29 -2.49 -3.88 -3.51 -0.46 -1.98 -5.54 -5.76 -5.65 -4.21 -4.14 -4.17
CLM19x M8 4.35* -1.84 1.23 5.66** -0.62 2.50 -0.92 -1.13 -1.03 0.94 0.93 0.93 -8.30* -9.49* -8.90* -7.02 -7.93 -7.48
M24x M8 -3.73 -2.45 -3.09 -2.52 -1.24 -1.88 -0.46 1.13 0.34 141 3.24 2.33 0.69 0.00 0.34 211 1.72 191
M25x M8 -4.35%  -491* -4.63* -3.14 -3.73* -3.44  -15.17** -9.30** -12.21** -13.58** -7.41 -10.48** -554 -5.08 -5.31 -4.21 -3.45 -3.83
M30x M8 -4.97* -552**  -525%*  -3.77 -4.35*  -4.06* -2.30 -2.49 -2.40 -0.47 -0.46 -0.47 9.00* 8.47* 8.73* 10.53* 10.34*  10.43*
M34x M8 -1.24 -2.45 -1.85 0.00 -1.24 -0.62 5.75* 5.44* 5.59 7.73** 7.64* 7.68** 10.73* 10.17* 10.45* 12.28** 12.07** 12.17**
M36x M8 0.62 0.00 0.31 1.89 1.24 1.56 -4.60 -3.17 -3.88 -2.81 -1.16 -1.98 5.54 4.75 5.14 7.02 6.55 6.78
M57x M8 -248  -0.61 -1.54 -1.26 0.62 -0.31 -1.15 -1.81 -1.48 0.70 0.23 047  -381 -3.05 -3.42 -2.46 -1.38 -1.91
M7x CIMMYT 14 435  4.29 4.32* 566** 559** 563**  -0.46 -0.23 -0.34 141 1.85 1.63 6.57 6.78 6.68 8.07 8.62* 8.35*
M15x CIMMYT 14 248 368 3.09 3.77 497**  438* -11.26** -431 -7.76** -9.60** -2.31 -5.94*  -10.03* -3.39 -6.68  -8.77*  -172 -5.22
CLM343x CIMMYT
14 4.97*  4.29* 4.63*  6.29** 559**  504** -1.15 -2.49 -1.83 0.70 -0.46 012 -16.61** -11.86** -14.21** -15.44** -10.34* -12.87**
CLM19x CIMMYT 14 435 -0.61 1.85 5.66** 0.62 3.13 2.99 4.76 3.88 4.92 6.94* 5.94* -13.15** -6.10 -9.59* -11.93** -4.48 -8.17
M24x CIMMYT 14 6.21** 1.23 3.70 7.55** 2.48 5.00** 3.91 3.63 3.77 5.85* 5.79 5.82* -16.96** -11.86** -14.38** -15.79** -10.34* -13.04**
M25x CIMMYT 14 3.11 -3.07 0.00 4.40* -1.86 1.25 3.91 431 411 5.85* 6.48* 6.17* -12.80** -2.03 -7.36  -11.58**  -0.34 -5.91
M30x CIMMYT 14 4.35*  0.61 247 5.66** 1.86 3.75 -5.29 0.23 -2.51 -3.51 231 -0.58  -9.34* -3.05 -6.16 -8.07 -1.38 -4.70
M34x CIMMYT 14 7.45*%* -1.84 2.78 8.81** -0.62 4.06*  -7.36** 5.22 -1.03 -5.62* 7.41* 0.93  -8.82* -1.69 -5.22 -7.54 0.00 -3.74
M36x CIMMYT 14 1.86 0.00 0.93 3.14 124 2.19 5.29 9.30** 7.31* 7.26*%* 11.57**  9.43** -1419** -3.39 -8.73*  -12.98** -1.72 -7.30
M57x CIMMYT 14 186 -4.29* -1.23 3.14 -3.11 0.00 -0.69 -10.88** -5.82* 1.17 -9.03**  -3.96  -13.49** -11.86** -12.67** -12.28** -10.34* -11.30**

* and ** significant at 0.05 and 0.01 levels of probabilitv. respectivelv.
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Table 6. Standard heterosis for ear diameter, shelling % and grain yield (ton fed™) relative to S.C. 128 and S.C. 2031 under both nitrogen levels as well as combined data.

Genotypes Ear diameter (cm) Shelling % Grain yield (ton fed™)
Relative to S.C. 128 Relative to S.C. 2031 Relative to S.C. 128 Relative to S.C. 2031 Relative to S.C. 128 Relative to S.C. 2031
N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb. N1 N2 Comb.

M7x M8 -1143* 137 -4.90 -10.14 1.37 -4.23 0.91 -0.55 0.18 2.00 1.12 1.56 5.56 -7.82 -1.60 -7.71* 2797 -7.84*
M15x M8 -7.14 411 -1.40 -5.80 411 -0.70 2.53 0.98 1.76 3.64* 2.68 3.16%  16.09** 2.16 8.64* 151 1.99 1.75
CLM343x M8 2.86 0.00 1.40 4.35 0.00 211 -1.07 2.16 0.55 0.00 3.88%*  1.94 14.56** -1.33 6.06 0.17 -1.50 -0.67
CLM19x M8 -3.57 411 0.35 -2.17 411 1.06 1.50 0.51 1.01 2.60 2.20 2.40 16.28**  -7.32* 3.65 1.68 -7.48 -2.92
M24x M8 -3.57 5.48 1.05 -2.17 5.48 1.76 -1.90 -1.26 -1.58 -0.84 0.40 -0.22 16.48**  5.82 10.77* 1.84 5.65 3.75
M25x M8 -8.57 2.74 -2.80 -7.25 2.74 -2.11 -0.87 -0.55 -0.71 0.20 1.12 0.66 15.71**  3.16 8.99* 1.17 2.99 2.09
M30x M8 8.57 5.48 6.99 10.14 5.48 7.75 3.28* 0.35 181 4.40%%  2.04 3.22%  20.31**  9.15*  14.34** 5.19 8.97*  7.09
M34x M8 14.29** 6.85  10.49* 15.94**  6.85*  11.27* 3.56*  1.69 2.62 4.68%*  3.40% 4.04%% 22.99** 12.48** 17.36** 7.54* 12.29** 9.92*
M36x M8 -14.29**  0.00 -6.99 -13.04* 0.00 -6.34 -1.86 169 -0.08 -0.80 3.40% 1.30 1456**  5.49 9.71* 0.17 5.32 2.75
M57x M8 -3.57 1.37 -1.05 -2.17 1.37 -0.35 0.16 -0.86 -0.35 1.24 0.80 1.02 -1.34 -2.33 -1.87 -13.74** -2.49  -8.09*
M7x CIMMYT 14 4.29 3.42 3.85 5.80 3.42 4.58 1.07 0.04 0.55 2.16 1.72 1.94 21.07**  6.16 13.09** 5.86 5.98 5.92
M15x CIMMYT 14 3.57 2.74 3.15 5.07 2.74 3.87 -3.28*  -1.53 -2.41 -2.24 0.12 -1.06 6.13 2.50 4.19 -7.20 2.33 -2.42
CLM343xCIMMYT 14 -7.14 1.37 -2.80 -5.80 1.37 211 -3.88 -0.24  -205 -2.84 1.44 -0.70  -21.07** -21.46** -21.28** -30.99** -21.59** -26.27**
CLM19x CIMMYT 14  10.00 8.22 9.09* 11.59* 8.22* 9.86* 0.44 0.59 0.51 1.52 2.28 1.90 9.77* -6.49 1.07 -4.02 -6.64 -5.34
M24x CIMMYT 14 4.29 2.74 3.50 5.80 2.74 4.23 -0.67 -1.10 -0.89 0.40 0.56 0.48 211 -8.15* -3.38 -10.72** -8.31* -9.51*
M25x CIMMYT 14 571 5.48 5.59 7.25 5.48 6.34 2.73 1.65 2.19 3.84* 3.36% 3.60* 3.26 -6.32 -1.87 -9.72**  -6.48 -8.09*
M30x CIMMYT 14 17.86** 16.44** 17.13**  19.57** 16.44** 17.96** 0.79 0.75 0.77 1.88 244 2.16 22.41**  7.32*  14.34** 7.04 7.14 7.09
M34x CIMMYT 14 -1.43 0.00 -0.70 0.00 0.00 0.00 -8.03** -2.00 -5.01** -7.04** -0.36 -3.70* -9.77* 4.49 -2.14 -21.11** 432 -8.34*
M36x CIMMYT 14 571 2.74 4.20 7.25 2.74 493 -0.99 -0.90 -0.95 0.08 0.76 0.42 -1.72 3.99 1.34 -14.07**  3.82 -5.09
M57x CIMMYT 14 -1.43 -1.37 -1.40 0.00 -1.37 -0.70 0.87 -2.99 -1.06 1.96 -1.36 0.30 11.49** -16.31** -3.38 -2.51  -16.45** -9.51*

* and ** significant at 0.05 and 0.01 levels of probabilitv. respectivelv.
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However, the most desirable heterotic effects

were detected for the cross M34xM8 recording
22.99** 12.49** and 17.36** relative to SC 128 and
7.54%*, 12.29** and 9.92** relative to SC 2031 under
N1, N2 nitrogen level as well as combined data,
respectively (Table, 6). Similar results were reported
by Kahriman et al. (2016), Youstina Sedhom et al.
(2017), Omnya Turkey et al. (2018), El-Hosary
(2020 a and b) and Sedhom et al. (2021).
From such results it could be concluded that the
crosses M25xM8, M30xM8, M34xM8 and
M30xCIMMYT14 are promising and could be used
possibility for improving grain yield of maize.
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