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ABSTRACT

A half diallel cross between 7 inbred lines of maize was evaluated :inde” wo
different nitrogen rates for six quantitative characters. Nitrogen rates, ganoty ac
parents, hybrids and parenis vs crosses mean squares were significant for 2 trais
Significant genotype x niirogen rate mean squares were obtained for days lo £0%
maturity, No. of rows ear” and shelling%. Significant interaction mean squares
between hybrids x nitrogen rates were detected for days to 50% maturity, Nc. ¢f rows
ear’ and grain yield plant’. General and specific combing ability (GCA and 574
mean squares were significant for all traits. GCA/SCA ratios revealed that the additive
and additive x additive types of gene action were the most important expressions for
days to 50% maturity, number of rows ear-1 and shelling% in both and nitrogen rates
and combined analysis. Significant interaction mean squares between nitrogen -ales
and GCA and SCA were detected for most traits. The crosses P1xP2 and P1xP» 3! the
low nitrogen level, P1xP4, P1xPs, PsxP7 and P2xPs hybrids at the normai nitrogen level
and the hybrid P1xP7 in the across nitrogen levels, were out yielded the check hybrid
{Pioneer 30K8). Also, single cross PsxP; did not differ significantly from the hybrid
Hytech 2031 in low nitrogen rate and combined analysis for grain yield plant”. The
parental inbred line No. 4 gave a good combiner for No. of rows ear' and grain yield
plant” at both and across nitrogen rate. The most desirabie inter and intra allelic
interactions were presented by combinations: PixPs, PixP7, P2xPs and Ps xPe for
iC0-kernel weight, P1xP2, P1xP4, P1xPs, PixP7, P2xP3, PaxPs, P2xP7 and PsxP; for
grain yield plant” and PsxPs and P4xP; for shelling%. These crosses may be prime
importance in breeding programs either towards hybrid maize production or synthetic
varieties composed of hybrids which involved the good combiners for the trails in
view.

Keywords: Generai combining ability (GCA), Specific combining ability (SCA),
Additive, Non- additive, Gene action, Nitrogen, Heterosis, Maize

INTRODUCTION

Maize (Zea mays L.) is considered the third cereal crop after rice and
whneat all over the world for production and consumption. In addition to its use
as a human food, it is alse utilized as a poultry and livestock feed and also as
a fodder. Moreover, it is also used for industrial purposes such as glue, soap,
paint, insecticides, toothpaste, shaving cream, rubber tires, rayon, molded
plastics, fuels and others (White and Johnson, 2003).

Nowadays, corn breeders do their best to explore the genetic
material in order to develop new maize genotypes which characterized by
high yielding potentiality and better quality. To do that they need enough
knowledge about the type and relative amount of genetic variance
components and their interaction by environments as well as heterosis for
yield and its component. One of the most informative methodology in this
concern is diallel anaiysis system which is widely and extensively used for
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estimating the types of gene action. The two main genetic parameters of
diallel analysis are GCA and SCA which are essential in developing breeding
strategies. In this concern, several investigators reported that additive gene
action was responsible for the inheritance of grain yield and most of its
contributing characters. Among those are: Sedhorn, 1984; Ahmed et al.,
2000; Al-Naggar ef al, 2002; Alamnie et al., 2008; El-Badawy, 2006 and
Sedhom ef al, 2007. However, Dadheech and Joshi, 2007, Barakat and
Osman, 2008 and irshad-El-Haq et al., 2010 reported that non additive gene
action was more important in the inheritance grain yield and most other
agronomic traits in maize. While Igbal ef a/., 2007, Akbar et al., 2008 and
Hefny 2010 they reported that both additive and non additive gene effects
were important in the genetic expression of maize yield and its contributing
traits.

Therefore, the main objectives of this investigation were: To establish
the magnitude of heterosis as well as both general (GCA) and specific (SCA)
combining abilities effects and their interaction with the nitrogen fertilization
rates.

MATERIALS AND METHODS

Plant materials

Seven yellow inbred lines of corn (Zea mays L.) were used as
parents in this study. Moshtohor Py (M3}, P, (M41), P; (M55}, P, (M120), Ps
(M21), Ps (M46) and P; (M39) were developed in the Department of
Agronomy, Faculty of Agricuiture, Moshtohor, Benha Univerity by Prof. Dr.
A.A.M. El-Hosary.
Field experiments

In the ﬁrst season (summer 2010) the seven inbred lines were sown
in 18™ May, 28™ May and 8th June to avoid differences in flowering time and
to secure enough hybrid seed. All possible combinations without reciprocals
were made between the seven inbred lines by hand method giving a total of
21 crosses. In the second season (summer 2011}, two adjacent experiments
were conducted involved parents, 21 hybrids and Single Cross (S C.){ Hytech
2031) and S.C. Pioneer 30K8 (Check varieties) were planted in May 16" at
the Agricuitural Research and Experimental Station of the Fac. of Agric,,
Moshtohor. Two experiments each with different nitrogen levels were
conducted to evaluate the parents, 21 hybrids and Single Cross (S.C)
Hytech 2031 and S.C. Pxoneer 30K8 (Check varieties). The first expenment
received 60 kg N fed." and the second one received 120 kg N fed.". A
randomized complete biock design with three replications was used for each
experiment. Each plot consisted of two ridges of five meters length and 70 cm
width. Hills were spaced at 25 cm with three kernels per hill on one side of
the ridge. The seedlings were thinned to one piant per hill. The rest of cultural
practices were followed as usual for ordinary maize field in the area. Random
of 20 guarded plants in each plot was taken to evatuate, days to 50% maturity
{days} was recorded as the number of days from sowing to the day when all
husks of ears turned brown, No. of kernels row ', No. of row ear", 100-kernel
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weight (g), grain yield plant’ (g) was adjusted for 15.5% moisture and
shelling%.
Statistical analysis

The obtained data were statistically analyzed for analysis of variance
by using computer statistical program MSTAT-C. General and specific
combining ability estimates were estimated according to (Griffing, 1956)
diallef cross analysis designated as method 2 model | for each experiment.
The combined analysis of the two experiments was carried out whenever
homogeneity of variance was detected (Gomez and Gomez, 1984). Duncan's
multiple range test (Duncan, 1955) was used to differentiate between means.

RESULTS AND DISCUSSION

The analysis of variance for ordinary analysis of the two nitrogen
rates as well as the combined for all traits under study is given in Table 1.
Mean squares due to nitrogen rates were found to be significant for all
studied traits except shelling%, with high magnitudes in high nitrogen rate
compared to those in low one. The increase in mean performance in these
traits at high rate of nitrogen might be due to the simulating effect of nitrogen
on metabolic process in maize plant. These results are in agreement with
those obtained by (Ayub et al., 2002, Eltelib et al., 2006, Heiny and Aly,
2008; Ngaboyiscnga ef af., 2009; Tamilarasi and Vetriventhan, 2009 and EL-
Badawy et al., 2010).

Genotypes, parental inbred lines, crosses and parent vs crosses
mean squares were significant for all studied traits for each nitrogen rate as
well as for the combined analysis across nitrogen rates except for parent's vs
crosses mean square due to days to 50% to maturity at low nitrogen rate.
This indicates the wide diversity between the genetic materials used in the
present study.

Significant genotype x nitrogen rate mean squares were obtained for
days to 50% maturity, No. of rows ear’ and shelling% (Table 1), revealing
that the performance of genotypes differed from nitrogen rate to another.
However, insignificant interaction mean squares hetween parents x nitrogen
and hybrids x nitrogen rates were detected for all traits except for hybrid x
nitrogen level for days to 50% maturity, No. of rows ear' and grain yield
plant’, revealing that the performances of parents and crosses were
responded similar to environmental changes. For the exceptional traits,
significant interaction mean squares between hybrid and nitrogen rates were
detected indicating that, these hybrids behaved some what differently from
nitrogen rate to another. Also, insignificant interaction between mean squares
due to parent vs crosses and nitrogen rate were obtained for all traits except
days to 50% maturity and shelling%. This result indicates that the heterotic
effects were not affected by the nitrogen changes.

Mean performances

The mean performances of the tested seven parental inbred lines
and their 21 hybrids and two check varieties at each nitrogen rate and as an
average over the nitrogen rates are present in Table 2.
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Table 1: Mean squares from ordinary analysis of variance and combining abliity for each Nitrogen level as well as
the combined across them for aii traits under study.

Trat
SOV. d.t, days o matu, no of rows ear j no of kernels row™
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* and * significant at 0.05 and 0.01 levels of probability, respectively,
S. refers to single nitrogen level. N1, N2 and Comb. refer to first, second nitrogen level and combined analysis, nspocﬂvaly
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Table 2 : Meanperformance of all genotype under study at the two nitrogen levels as weli as the combind across

them.
Trait
Cross days to maturity no of rows ear’’ nc of kermels row”
N1 N2 comb, N1 N2 comb, N1 N2 comb.
1x1 103.8 AB 107.0 BD 105.4 BC 13.40 DF 12.00 _HI 12.70 DF 25.60 M 29.13 LM 2737 P
2x2 97.57 LM 101.0 LN 99.28 1L 10.83JK 10.87 J 10.85 H 27.53 M 27.93 M 2773 P
3x3 102.50 CD 106.3 CE 104.4 CD 10,93 IK 12.60_Dt 11.77 FG 28.63 1M 3240 KL 30.520
4x4 97.00 M 99.67 NP 98.33 L 11.93 FJ 1333 CF 12.63 DF 3447 FK 35.88 HJ 35.17 ML
5x5 94.87 N 96.33 § 95.60 M 11.33 HK 11.80 1| 11.57 GH 31.67 KL 31.80 KL 31.78 NO
6x6 - 102.4 CD 105.3 EG 103.8 DE 12.07 Fd 12.27 Fl 12.17 EG 32.93 K 36.27 GJ 34.60 KM
X7 104.7 A 109.0 A 106.8 A 11.77 GK 12.57DI 1217 EG 26.60 M 29.30 LM 2795P
1x2 98.93 IL 101.0 LN 95.97IK 12.25 FJ 13.32CF 12.78 DE 3788 CG_| 43.33 BC 40.60 CF
1%3 101.8 CE 105.6 DF 103.7 DF 13.00 EG 13.55 CD 13.28 CD 38.13 CG 38.30 FH 38.21 FI
ixd 99.40 HK 101.3 KM 100.4 HJ 14.80 BC 14.00 C 14.40 B 39.50 BE 39.90 CF 38.70 DG
1x5 98.00 KM 99.33 0Q 98.67 KL 12.80 EH 12.40 E} 12.60 DF 32.40 JL 34.70 1K 33.55 KN
1x6 102.4 CD 105.8 DF 104.1 CD 12.60 FH 12.75 DI 12.68 DF 37.50CH 37.60 FI 37.55 GJ
1x7 104.3 A 107.7 AC 106.0 AB 12.20 FJ 13.17 CG 12.68 DF 43.03 B 43.21 BC 43.12 BC
2x3 98.00 KM 100.0 MO 99.00 JL 14.50 BD 13.60 CD 14.05 BC 35.20 FK 41.90 CE 38.55 FI
2x4 98.62 JL 59.00 OR 98.81 KL 14.20 CE 16.50 A 15,35 A 39.73 BE 42.90 CD 41.32 BE
2x5 99.80 GJ 98.00 QR 98.90KL 12.73 FH 12.73 DI 12.73 DE 41.47 BC 42.80CD 42.13 BD
2x6 102.2 CD 102.7 IK 102.5 EG 12.40 FI 13.35 CF 12.88 DE 3410 GK 38.33 FH 36.21 HK
2x7 101.8 CE 102.8 HK 102.4 FG 1260 FH 12.60 DI 12.60 DF 41.10 BD 46.30 B 43708
3x4 98.80 IL 101.0 LN 99.90 IK 15.80 AB 15.50 B 15.65 A 32.50 JL 32.28KL 32.39 MO
Ixh 99.20 IK 98.33 PR 98.77 KL 11.73 GK 13.50 CE 12.62 DF 36.63 EJ 42.00 CE 39.32 EG
3xB 100.7 EH 104.3 FH 102.5 EG 12.80 EH 13.30 CF 13.05 DE 32.70 JL 35.75 HJ 3423 KN
37 100.2 FI 103.3 HJ 101.8 GH 12.85 EH 12.20 Gl 12.53 DF 33.30 HK 38.70EH 36.00 IK
4x5 98.20 KM 97.67 RS 9783 L 15.60 AC 15.10 B 15.35 A 710Dl 38.93EH 38.01FI
4x6 101.5 DF 103.0 HJ 102.2 G 16.40 A 15.10 B 15.75 A 34.00 GK 31.30KL 32.65L0
4x7 102.9 BC 105.0 EG 103.8 D 15.40 AC 13.60CD 14.50 B 38.70CF 39.00EH 38.85EH
5x6 100.0 GJ 101.0 LN 100.5 HI 11.50 GK 13.20 CG 12.35 DG 32.00 KL 33.45JK 32.73LO
5x7 100.8 EG 102.3 JL 101.6 GH 11.80 GK 12.75 DI 12.28 EG 38.25 CG 39.6DG 38.93 EG
Bx7 99.17 IK 104.0 GI 101.6 GH 10.40 K 12.60 D! 11.50 GH 31.80 KL 38.50 EH 35.15 JL
Pioneer 30K8 102.0 CD 104 FH 103EG 11.6GK 12.50 DI 12.05 EG 35.00 FK 38.10 FH 36.5 HK
Hytech 2031 105.0 A 108.0 AB 106.5 AB 12.00FJ 13.00 CH 12.50 DF 47.60 A 53.10 A 50.35 A
Overmean |  100.56 102.66 101.61 12.74 13.11 12.93 35.14 37.59 36.36

N1, N2 and Comb. refer to first, second nitrogen level and combined analysis, respectively.
The capital |etters indicate significant difference between means (Duncan test (LSR value, P<0.05).
The alphabets descending from A to Z refer to the mean value from high to low.
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Table (2): Cont.

Trait
Cross [ 100-kerne! weight [ grain yleld plant” [ shelling%
/ N1 I N2 91 comb. | N1 [ N2 [ comb. | NI ] N2 | comb.
[ ixd [ 250001 | 2700K | 2600K | B8367KL [ 9117 MN | 8742KL | 7467M | 7967HI | 77.17K_ ]
[ ax2 | 24331 | 2800K | 2647K | 6960L | 80.67N [ 75.13L 8467DG | 86.33AD [ 85.50CD
3x3 27.33HI 32.00 1 20.67J 84.83KL 129.0L —-106.9 1J 79.00KL 79.33HJ 79.171J
4x4 30.33H 35.00 HI 32671 126.7 J 163.01K 144.8 H 68.33N 71.33K 69.83M
5x5 26.331 28.67JK 27.50 JK 89.67 KL 104.7M 97.17JK 84.33EH 83.00EG 83.67DE
6x6 24.00 28.00 K 26.00K 93.90K 127.0L 110.4 | 84.33EH 86.67AD 85.50CD
7X7 24 671 29.00JK 26.83K 80.00KL 107.0M 93.50 K 73.00M 77.33H 75171
1x2 35.50FG 44.50 BC 40.00CF 201.88 204.0 DF 202.9 DE 88.28A 88.38A 88.33A
13 35.50FG 41.00 CG 38.25DG | 197.0BC 210.4 CE 203.7CE 82.42FJ 82.58FG 82.50EG
1x4 39.50CF 41.50 CF 40.50 CE | 194.6 BD 23988 217.2C 86.64AE B6.38AD 86.51AC
1%5 34.50G 35.00 HI 34.75 HI 123.4J 1551 K 139.3H 81.78HJ 85.85AE 83.81DE
1x6 44.50 AB 47.00 B 45.75 B 177.9CG 236.7B 207.3CE 82.72FI 83.79DG 83.25E
%7 41.00 BD 41.00 CG 41.00 CD 225.2 A 23858 231.8B 84.85CG 86.98AB 85.91BC
23 36.50 EG 39.50 DG 38.00 DG | 1952 BC | 201.6 DF 198.4E B7.56AB 86.22AD 86.89AC
2xd 37.00 DG 37.50 FH 37.25 FH 194.1 BE 222.9BC 208.5CE 87.06AD 84.86BF 85.96BC
2x5 38.50 CG 39.00 EH 38.75 DG 186.6 BF 241.4B 214.0CD B7.40AC 86.88AC 87.14AC
2x6 42,00 AC 43.00 BE 4250C 169.9 Fi 180.3GJ 175.1FG 82.24GJ 83.86CG B3.05E
27 37.50 DG 38.50 FH 38.00 DG 186.5 BF 215.6 CD 201.1DE 88.87A 87.80AB §8.34A
3xd 3650EG | 40.50CG | 38.50 DG | 172.3EH 187.3FH 179.8F 79.92JL 81.55GH £0.73GI
3x5 3800CG | 39.00EH 38.50 DG 152 9 HI 184.9EG 173.9FG 85.05BF 79.22HIJ 82.13EG
3x6 37.50 DG 38.00 FH 37.75EG 161.0G! 173.0HK 167.0FG 78.41L 76.55J 77.48JK
3x7 36.50 EG 37.00GH | 36.75 GH | 157.7 Gl 167.01K 162.4G 83.24F] 83.02EG B3.13E
4x5 36.50EG | 39.00 EH | 37.75 EG | 175.7CG 176.5GJ 176.1FG 84.70DG 81.07GH B2.B8EF
4x6 40.50 BE 43.00 BE 4175C 148.8 | 182.26G1 165.5FG 81.001K 81.09GH 81.04FH
4x7 36.00 EG 44.00 BC 40.00 CF 196.2 BC 200.7DF 198.4E 87.39 AC 87.64AB 87.52AB
5x6 41.00 BD 43.50 BD 42.25 C 161.0GI 168.1HK 164.5 G 81.111K 77.411) 79.26HJ
5x7 37.50 DG 38.50 FH 38.00 DG | 172.9DH 179.3GJ 176.1FG 86.42 AE 85.51AF 85.978C
6x7 40.50 BE | 44.00 BC 4225C 126.54J 161.9JK 144.2H 82.54 FJ 82.89EG 82.72EF
Pioneer 30K8 | 38.00 CG 40.00CG 39 DG 185.6 BF 220.5 BC 203.1 CB 83.00 FI 84,5 BF 83.75 DE
Hytech 2031 4550 A 52.00 A 48.75 A 2385 A 277.3 A 2579 A 85.01 BF 86.70AD 85.86BC
Qver mean 35.53 38.36 36.94 154.87 177.94 166.40 82.86 83.12 82.99

N1, N2 and Comb. refer to first, second nitrogen level and combined anaiysis, respectively.
The capital letters indicate significant difference between means {(Duncan test (LSR value, P<0.05).
The aiphabets descending from A to Z refer to the mean value from high to low,
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For days to 50% maturity, the inbred line Ps at the two nitrogen rates
and the combined analysis gave significant lowest value of this trait. On the
other hand, none of the hybrids surpassed the late or the highest performing
inbred lines and the check hybrid Hytech 2031 except for PyxP; revealing that
all hybrids were shifted towards the earliness direction. Earliness in maize is
favorable for escaping destructive injuries caused by (Sesamia cretica led),
{Chilo simplex But) and (Pyrausta nubilialis). Similar results were reported by
(El-Hosary and El-Badawy, 2005, Ei-Hosary et al. 2006 and Sedhom et &',
2007).

The inbred line No. 1 at low nitrogen rate, No. 4 and 6 at high
nitrogen rate and No. 1, 4, 7, 6 and 3 in the comblned analysis had
significantly the highest mean values for No. of rows ear”. Also, the crosses
P.xPg in low nitrogen rate, P,xP, at high nitrogen rate and PsxPg, PaxPy,
P2xP4 and P4xPs at the combined analysis gave the highest mean value for
this trait and surpassed the check hybrids Hytech 2031 and Pioneer 30K8.

The inbred lines No. 4 and 6 showed significant higher number of
kernels row™ at both and across nitrogen rate The check hybrid Hytech 2031
had the highest number of kernels row™! followed by cross P.xP;, PyxP;,
PzXPs and PzXP4

The parental inbred lines No. 4 and 3 gave the highest one for 100-
kernel weight. Meanwhile, check hybrid Hytech 2031 exhibited highest weight
of 100-kernel followed by P1xP6& at both and across nitrogen rates.

The parental inbred line No. 4 in the first, second nttrogen rate and
across them had the highest mean values of grain yield piant”. This inbred
line exhibited high mean values for one or more of the traits contributing to
grain yield. EL-Badawy et al., 2010 reported that for yield and its component,
the parental lnbred lines under his study No. 1, 7 and 4 in low nitrogen rate
(60 kg N fad.™), 7,9 and 1 at high nitrogen rate (120 kg N fad.”'} and No. 1, 6,
9 and 4 in the combined anaiysis had the highest mean value s for one or
more of the traits contnbutlng to gram yield.

Concerning grain yield plant the cross PxP;in iow nitrogen rate had
a significant superiority over other hybrids and Pioneer 30K8, it insignificant
over the check hybrid Hytech 2031, On the same trend, in high nitrogen rate
the crosses PyxP4, PixP;, PoxP, and P,xPs had superiority significantly over
check variety Pioneer 30K8. Also, the cross P1xP7 in the combined analysis
gave the highest value for grain yield plant’ compared other hybnds and
check varigty Pioneer 30K8. These hybrids exhibited significant increase in
one or more of traits contributing grain vield (Table 2). The fluctuation of
hybrids from nitrogen rate to another was detected for most traits. These
results would be due to significant interaction between hybrids and nitrogen
rates.

As for shelling %, the parental inbred lines No. 8 in the first nitrogen
rate, No. 2 and 6 at high nitrogen rate and No. 2, 6 and 5 at across nitrogen
rates had the highest mean values of this trait. On the other hand, the
crosses PxP; and P,xP; gave significance high values in the combined data.

Such variability among maize genotypes for yield and its components
were recorded by several investigators. Among those are: El-Hosary and EI-
Badawy, 2005, Mosa and Motawei, 2005; Dadheech and Joshi, 2007;
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Sedhom et al., 2007, Hefny and Aly, 2008; EL-Badawy et al, 2010 and
Hefny, 2011.
Heterosis

Heterosis expressed as the percentage deviation of F; mean
performance from Smgle Cross (S.C.) Hytech 2031 and Pioneer 30K8 values
for grain yield plant™ is presented in Table 3. Concerning grain yield plant
the cross P,xP, and P,xP; at the low nitrogen level, the parental combination
P.xP4, P1xPs, PyxP; and PoxPg at the normal nitrogen level and the hybrid
PsxP; in the across nitrogen levels, out yielded the check hybrid (Pioneer
30K8). Also, eleven, three and nine hybrids had insignificant heterotic effects
relative to the check hybrid (Pioneer 30K8). for low, high nitrogen levels and
the combined analysis, respectively. Hance, it couid be concluded that these
crosses offer possibility for improving grain yield of maize. Also, single cross
PxPy did not differ significantly from the hybrid Hytech 2031 in low nitrogen
rate and combined analysis for grain yield plant”. While, grain yield plant™ of
the single cross PzxPs had insignificant heterotic effect in the high nitrogen
rate regarding the chick hybrid Hytech 2031. These crosses may be usefu! for
testing under different locations and environments. Several investigators
reported high heterosis for yield of maize; i.e. (Shafey et al., 2003; Singh et
al., 2004; Kanta ef al, 2005; Alamnie et al, 2006; El-Hosary et al,, 2006;
Hefny, 2007; Sedhom et al., 2007 and EL-Badawy ef al., 2010)

Table 3: Heterosis for grain yield plant‘1 relative to single crosses
Pioneer 30K8 and Hytech 2031.
Heterosis relative to S.C. Pioneer 30K8| Heterosis reiative to 8.C. Hytech 2031

Cross N NZ Comb. N1 NZ Comb.
e 873" 7.45° .07 5397 | 2643~ | -21.33"
3 5.14 458 .32 740 | 2ad3= | -21.02"
1xé 4.85 .75 5.97 ABa1™ | 13520 | -1578%
1x5 33517 | 2066~ | 31407 | 4826 | 4407% | 45.99"
1x6 415 7.35% 2.00 25417 | 1464~ | -18.62°
1x7 21,34 8.16" 1416 -5.58 13.99% | -10.12
2x3 ‘517 -8.57" -2.29 -18.16** -27.30* -23.07™"
2k 458 1.09 2.68 862~ | 19627 | -19.15~
2%5 0.54 9.48" 5.39 176" | 1295 | -17.02"
%6 3,46 1823~ | 1377+ | 2876 | 3498~ | 32117
2x7 0.48 222 | 096 180" | 22267 | -22.027
xd 717 4506~ | 1145~ | 2776 | -3246" | -30.28~
x5 -17.62** -11.61™ -14.36™" -35.89" -29.72* -32.57""
%6 43257 | 2154% | 47.75% | 32497 | 3761 | -3525"
3x7 1503~ | 2426 | 2002~ | 3388~ | -30.78% | -37.03"
4x5 5.33 -19.95* -13.27™* -26,33*" -36.35" 3172
Ax6 -19.83* -17.37 -18.49** -37.61* -34.29** -35.83*
4x7 571 8,98 529 A774= | 27627 | 2307
ExB -13.25"" -23.76™ -18.99** -32.49* -39.38 -36.22""
5x7 -5.84 -18.68™" -13.27 -27.51* -35.34** -31.72**
6x7 3184~ | 2658~ | 2898~ | 4696~ | 41627 | 4409~

* and ** significant at 0.05 arid 0.01 levels of probabllity, respectively.
N1, N2 and Comb. refer to first, second nitrogen level and comblined analysis,
respecﬂvely.
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Combining ability

The analysis of variance for combining ability at the combined
analysis for ail the studied traits is presented in Table 1. The mean square of
general combining ability (GCA) includes the additive and additive x additive
genetic portion while specific combining ability {(SCA) represents the non
additive genetic portion of the total variance arising largely from dominance
and epistatic deviations. The mean squares due to general and specific
combing ability were significant for all the studied traits, revealing that both
additive and non-additive types of gene action were involved in determinit:g
the performance of single-cross progeny.

If both general and specific combining ability mean squares are
significant, one may ask which type and or types of gene action are important
in determining the performance of single- cross progeny. To overcome such
situation the size of mean squares can be used to assume the relative
importance of general and specific combing ability mean squares which were
highly significant. Hence, GCA/SCA ratio was used as measure to reveal the
nature of genetic variance involved.

Significant interaction mean squares between nitrogen rates and
GCA were detected for all studied traits. Such result indicated that additive
and additive by additive effects were more influenced hy nitrogen rates than
non-additive genetic effects of this trait. Whereas, Significant interaction
mean squares between nitrogen rates and SCA were obtained for days to
50% maturity and for shelling%, revealing that non additive effects was more
changed with nitrogen rates than additive genetic effects for both traits.

These finding confirm with those obtained above from the ordinary
analysis of variance. The interaction between both types of combining
abilities and environmental c.hanges were reported to be significant for
earliness and grain yield ptant’ (Mosa, 2003; El- Badawy, 2006; Mosa and
Motawei, 2005; Dadheech and Joshi, 2007; Sedhom et al., 2007 and Hefny
and Aly, 2008).

. High ratios for GCA/SCA which largely exceeded the unity were
obtained for days to 50% maturity, number of rows ear' and shelling% in
both and across nitrogen rates. Indicating that large part of the total genetic
variability associated with these traits was additive and additive by additive
gene action.

For the other remam traits i.e. No. of kernels row”, 100-kernel weight
and grain yield plant GCAJSCA ratios, were less than unity. Therefore, it
could be conciuded that the large portion of the total genetic variability
associated with these traits is due to non-additive gene action. Similar resuits
were reported by {Amer, 2005, El-Hosary and El-Badawy, 2005, El-Hosary et
al., 2006 and Sedhom et al., 2007). On the other hand, Igba! ef al,, (2007
Akbar et al.,, (2008) and Hefny (2010) reported that both additive and non
additive were important in the genetic expression of most of the traits studied
In maize.

It is fairly evident that ratio for GCAxN/GCA was higher than ratio of
SCAxXN/SCA for shellmg% Also, the interaction of GCAxN were significant for
No. of rows ear’ No of kernel row”, 100-kernel weight and grain yield plant™
but insignificant 'SCAXN were detected This resuit indicated that additive
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effects were more influenced by nitrogen rates than non additive genatic
effects of these traits. For days to 50% to maturity indicating that the non-
additive effects were more influenced by nitrogen rates than additive genetic
effects. This conclusion is in well agreement with those reported by Gilbert
(1958).

General combining ability effects

Estimates of GCA effects (&, ) for individual parental inbred lines for

each ftrait in the combined analysis are presented in Table 4.general
combining ability effects estimated herein differ significantly from zero as it
compared to LSD values at 0.05 and 0.01 level of significance. High positive
values would be of interest under all traits in question except days to 50%
maturity where high negative effects would be usefui from the breeder's point
of view,

The parental inbred line No. 5 exhibited significant negative (&)
i

effects for; days to 50% maturity at both and across nitrogen rates indicating
that this inbred line could be considered as a good combiner for developing
early genotypes to escape corn pests. The parental inbred line No. 2 was 3
good combiner for No. of kernels row' at high nitrogen rate as well as the
combined analysis and for shelling % at both and across nitrogen rates. The
parental inbred line No. 4 seemed to be a good combiner for No. of rows ear”
and grain yield plant™ at both and across nitrogen rate, for No. of kernels row
! at low nitrogen rate and 100- kemnel weight at high nitrogen rate as well as
the combined analysis. The parental inbred line No. 6 exhibited significant
positive ( é,) effects for, 100-kemel weight. Sofi and Rather, 2006 found that
the parents, CML-244, CML-79 and CML-214; GLET-27; CML-214, W-7 ang
CML-244 and CML-214, W-6 and CMI-111 were good general combiners for
grain yield plant’; 100-kemel weight; kemel row ear-' and ear length
respectively. '

Table 4. General combining ability effects for parents for each Nitrogen
level as well as the combined across them for all traits under

study.

Parent Trait. ]
days to maturity no of rows ear” no of kernels row" |

N1 N2 Comb | M N2 [Comb| N1 N2 | Comb

£1 109% | 1.70~ | 140~ | 016 }-029"| 0.07 | 0.13 | 0.95 | -0.06 |
P2 0,90 | -1.564~ | -1.22* | 0.30" | -0.22° | 0.26" | 0.68 [ 154 | {14~
P3 016 [065* | 037 | 005 { 042 | 003 [-149~] 043 | 0.9
P4 104~ | 1.45* | 125" | 1.45% | 119" 11.321134™| 0147 | 055 |
Ps5 -1.89 | 334~ | -261~ | 047" |-0.28"]037"{ 031 | -0.26 | 0.03|
) 088 { 1.35% | 141~ | 031" [ -0.41 [ -0.21 {-116%[-1.13" | .14+
P7 176" | 264~ | 220~ | 047" |-0421044"] 0.11 | 070° | 0.40 |
LSD gi 5% 0.27 [ 0.30 0.28 028 | 020 | 024 | 080 | 066 | 0.73 |
LSD gi 1% 036 | 040 0.38 037 | 027 | 032 | 1.06 | 088 | 0.97 |
LSD (gigj} 5% | 0.41 0.46 0.43 042 [031 1036 [ 122 { 101 {111
SO (gi-g) 1% | 0.54 | 0.61 0.58 056 | 041 | 048 | 162 | 134 | 148 ]

~and * significant at 0.05 and 0.01 levels of probabiiity, respectively.
N1, N2 and Comb. refer to first, second nitrogen level and combined analysis,
respectively.
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Table 4: Cont. .
Tra
Parent -—yanKernel welght Taln yleid plart’ shelling%
N1 NZ gomli_ FH' N2 Comb | N1 N2 [Comb
1 003 { 007 | -0.01 [ 634" | .16~ | 6.25~ |-0.60* {106~ | 0.18
pi 0.62 | -0.50 | 0.6 4.80° 177 328 316 | 299~ | 3.
) 063 | 048 | 0.F 2,71 214 | 242 |[-085 [1.77~ [-1.31
s 0.60 | 1.5 | 0.7 | 11.66 [ 1a.79" | 12.727 |-2.10™ |-2.06" | -2.
5 0.0 (1337 081" { 870~ | 063" | 917 (143" | 020 BT
Pg_ T477 [ 1.04= [ 1.337 |10.81~ | 6.13" | 847~ | 0.62° { -0.64 | -0.587
7 033 | 026 | 029 | 057 | 382 | -239 { 033 [ 053 | 0.1
[5SD gi 5% 0.82 0.79 0.81 447 3.66 3.91 0.50 0.56 0.5
(5D gi 1% 109 | 105 | 1.07 5.55 85 5.20 066 | 075 | 0.71
L5D (gig) 5%| 1.25 | 1.21 1.23 5.a7 5.58 5.898 076 | 0.86 | 0.81
[ 5D (gi-g) 1% | 167 | 160 | 1.64 | BA47 43 7.55 102 (114 | 1.08

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
N1, N2 and Comb. refer to first, second nitrogen level and combined analysis,
respectively. -

These result indicated that these parental inbred lines possess
favorable genes and that improvement in yield may be attained if they are
used in hybridization prograrh.

Specific combining ability

Specific combining ability effects Sy for the studied 21 hybrids were
computed for all the studied traits (Table 5).

Table 5: Specific combining ability effects for all the studied traits at
two nitrogen levels as well as the combined across them.

Tralt_
Cross days fo maturity no of rows ear ric of kermnels row”
N1 NZ Comb N1 N2 Comb N1 Comb
Tx2 -1.60" [ -1.59 -1.59 -0.49 0.60 0.06 | 226 | 4585 3.55
Tx3 0.30 0.79 0.54 0.02 0.50 0.26 4.60 1.78 3.19
{xd -0.99 -1.34 137 0.32 -0.12 0.10 3.22 3.13 317
i -1.55 -1.45 -1.50 0.23 0.26 -0.01 284 | 1509 | -2.42
1t 0.05 0.35 .22 -0.13 1 -0.08 -0.10 3./2 178 275
X/ 1.14 0.80 1.02 0.36 0.65 0.14 7.98° | 5.56° | B.77"
X3 -1.54 -1.53 -1.54 1.977 0.48 1.22 1.13 3.58 2.36
x4 U.22 -0.43 011 017 | 2317 1.24 2.81 4.33% 3.62
X5 2.25" .45 1.35 0.62 0.01 0.3 568" | 432° | 500"
X6 1.97F {.50 1.21 0,13 0.45 028 | -0.22 Q.72 0.25
X7 0.70 -0.689 0.00 0.49 0.01 0.25 | 5.51" | 6.86 | 6.10"
x4 060 | -0.62 D57 1.53 0.97 125 | -2.23 | -4.327 | -3.28 |
x5 0.64 -1.40 -0.38 -0.63 0.44 -0.09 2.93 5.4y 4.21
-0.66 -0.0% -0.37 0.29 0.06 0.18 0.47 [\ k] (.20
[IX7 204 238 1 221 0.50 -0.73 -0.11 0.20 1.23 (.52
x5 0.79 0.04 0.41 1.74% 0.97 1356 .65 215 1.40
x5 1.28 0.68 0.98 2.38° | 080 15 1 088 |46 | 278
ax7 1.827 1.39 1750 95 [ -0.3% 0.58 2.45 1.27 1.86
EE 0.66 0.57 0.62 - 0.2 1°-1. -2.37 | -2.16
X7 0.67 0.61 057 -0.14 0.22 0.04 3.03 1.98 2.50
bx7 38277 1 2427 13121470010 | DS0 | -1.95 1.73 011
SD 5% &1 1.56 1.76 1.66 1.61 1.16 1.39 4.63 3.84 4273
SD1% S 2.76 3.0 293 2.855 2.06 246 19 ©.81 750
SD 5% 5)-Sik] 231 2.61 2.46 2.39 173 2.06 5.88 5.70 6.29
SD 1% 5i-Sik| 4.10 4.671 4736 4.23 3.07 365 (121611012 [ 11.14
gg ?“jn gi -okl|  2.16 244 2.30 2.24 1.62 1.93 6.43 5.33 ‘.88
% Si-
ISki 3.84 4.31 4.08 3.96 2.87 3.41 11.38 | 9.47 10.42

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

N1, N2 and Comb. refer to first, second nitrogen level and combined analysis,
respectively.
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Table 5: Cont.
Trait
100-kernel weight grain yletd plant™ shelling%
Cross N1 N2 | Comb N1 N2 Comb N1 N2 | Comb

1x2 1.05 | 710" | 4.08 36.85" 19.66 28,25 | 3.03* 1.36 2.19
1x3 1.11 3.49 2.30 39.60" | 29.93" | 34.77* 1.18 0.32 0.75
x4 383 | 216 | 299 | 2284 | 43.44* | 33.14* | 6.65* | 4.41* | 553*
1x5 028 | -1.66 | -0.97 | -28.01" | -17.84 | -22.92* | -1.74 2.02 0.14
1x6 B.O1* | 7.77* ] 7.89* | 28.58" | 60,25 | 44.42" | 1.25 0.30 0.77
1%7 6.25" | 3.27 | 476" | 65.69* | 59.70" | 62.69** | 3.09* | 2.42 2.76
2x3 2.64 2.66 2.65 39.34* | 2555* [ 32.45* 247 203 2.25

x4 187 | 118 ] 034 | 23.91 | 3098* [ 2745 | 3.21* | 095 2.08
[2x5 4.25 3.01 3.63 36.77% | 72.90" | 54.83** | 0.03 1.13 0.58
[2x6 605" 1 444 | 524" 22.15 §.20 1517 | -3.09* | 156 | -2.32
2x7 320 | 144 | 236 | 2851* | 41,28™ | 34.80* { 325 | 1.32 2.28
x4 1.42 1.71 1.57 9.58 -0.82 4.38 0.02 2.41 1.25

x5 3.8t | 290 | 3.35 10.57 | 30.23* | 2040 1.69 | -1.77 | -0.04

x6 1.61 -068 | 0.47 20.75 4.85 12.80 290 | 4.11* | -3.51*
3x7 235 | -018 | 1.09 7.21 -3.46 1.87 1.84 1.30 1.47
4x5 1.03 1.06 1.05 18.97 -4.07 7.45 2.58 0.36 1.47
dx6 3.33 2.49 2.91 -5.81 -1.87 -3.84 0.94 0.71 0.82
kx7 0.57 | 499* | 278 31.34* 14.32 22.82* | 7.04* | 6.20"" | 6.62**
I5x6 4.72 | 5.68* | 520" | 26.72" 7.45 17.08 -2.48 | 4.82* | -3.65"
5x7 2.96 2.18 2.57 28.40" 16.29 22.34 2.54 2,22 2.38
6x7 4.25 510 | 468 -15.89 -4.57 -10.23 0.71 -0.07 0.32
LSD 5% Sij | '4.77 4.59 4.68 24.26 21.26 22.76 2.91 3.27 3.09
LSD 1% Sij | 845 | 816 | 830 [ 429 37.74 | 4033 5,14 5.80 5.47
LSD 5% Sij-

ik 708 | 683 | 696 36.04 | 31.59 33.81 4,32 485 | 4.59
ESD 1% Sij-

ik 12.65 | 12.12 | 12.33 63.75 56.07 59.91 7.64 8.61 8.13

SD 5% Sij-
Skl 6.63 6.38 6.51 33.71 29.55 3163 4.04 4.54 4.29
LSD 1% Sif-
ISk 11.74 | 11.33 | 11.53 | 5963 | 52.45 56.04 7.15 8.06 7.60

* and ** gignificant at 0.06 and 0.01 levels of probability, respectively.
N1, N2 and Comb. refer to first, second nitrogen level and combined analysis,
respectively.

Significant SCA effects for different hybrids were detected based on the
values of Least Significant Difference (LSD) at both 0.05 and 0.01 levels of
significant. The most desirable inter and intra allelic interactions were
presented by combinations: PsxP; and PgxP; for days to 50% maturity, PsxPg
for number of rows ear”’, P,xP;, P,xPs and P,xP; for No. of kernels row™,
PyxPs, PixP;, PoxPg and  PsxPs for 100-kernel weight, PxP., PxP,, P1xPs,
PixP7, PoxPs, P,xPs, P;xP; and P,xP; for grain yield plant’ and PyxP, and
P4xP; for shelling%. These crosses may be prime importance in breeding
programs either towards hybrid maize production or synthetic varieties
composed of hybrids which involved the good combiners for the traits in view.

CONCLUSION

This study clarified that the single crosses PyxP; and PixP; at the low
nitrogen level, PyxPs, P1xPs, PyxP; and P,xPs hybrids at the normal nitrogen

2040



J. Plant Production, Mansoura Univ., Vol. 3 (6),June , 2012

level and the hybrid P.xP; in the combined analysis were out yieided the
check hybrid (Single cross S.C. Pioneer 30K8). Hance, it could be concluded
that these crosses offer possibility for improving grain yield of maize. Also,
single cross P;xP; did not differ significantly from the hybrid Hytech 2031 in
low nltrogen rate and combined analysis for grain yield plant’. While, grain
yield plant* of the single cross P,xPs had insignificant heterotic effect in the
high nitrogen rate regarding the chick hybrid Hytech 2031. These crosses
may be useful for testing under different locations and envuronments The
parental inbred Ilne No. 4 gave a good combiner for No. of rows ear' and
graln yield pfant at both and across nitrogen rate. The best SCA effects for
grain yleld plant were presented by combinations PxP;, PixP4, P1xPs,
PixP;, PxPis, P:xPs, P:xP; and P.xP,;. These crosses may be prime
importance in breeding programs either towards hybrid maize production or
synthetic varieties composed of hybrids which involved the good combiners
for the traits in view.

RECOMMENDATION

From the previcus results it is recommended that the single cross P,
x P; expressed the highest seed yield as compared to all studied crosses and
the check hybrid (Pioneer 30K8) and insignificant hetoretic effect regarding
the chick hybrid Hytech 2031. This particular hybrid had a practical value and
could be used as a promising single cross in maize.
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