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ABSTRACT

A half diallel cross between 7 inbred lines of maize was evaluated under two
different nitrogen rates for six quantitative characters. Nitrogen rates, genotypes,
parents, hybrids and parents vs crosses mean squares were significant for all traits.
Significant genotype X nitrogen rate mean squares were obtained for days to 50%
maturity, No. of rows ear?! and shelling%. Significant interaction mean squares
between hybrids x nitrogen rates were detected for days to 50% maturity, No. of rows
ear! and grain yield plant?. General and specific combing ability (GCA and SCA)
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 rates
and GCA and SCA were detected for most traits. The crosses PixP2 and P1xP7 at the
low nitrogen level, P1xP4, P1xPs, P1xP7 and P2xPs hybrids at the normal nitrogen level
and the hybrid P1xP7 in the across nitrogen levels, were out yielded the check hybrid
(Pioneer 30K8). Also, single cross PixP7 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 desirable inter and intra allelic
interactions were presented by combinations: P1xPs, P1xP7, P2xPes and Ps xPs for
100-kernel weight, PixP2, P1xPa, P1xPs, P1xP7, P2xP3, P2xPs, P2xP7 and P4xP7 for
grain yield plant! and PixP4 and P4xP7 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.
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INTRODUCTION

Maize (Zea mays L.) is considered the third cereal crop after rice and
wheat all over the world for production and consumption. In addition to its use
as a human food, it is also 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 analysis 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: Sedhom, 1994; Ahmed et al.,
2000; Al-Naggar et al., 2002; Alamnie et al., 2006; El-Badawy, 2006 and
Sedhom et 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 et al., 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 P1 (M9), P2 (M41), P3 (M55), P4 (M120), Ps
(M21), Ps (M46) and Pz (M39) were developed in the Department of
Agronomy, Faculty of Agriculture, Moshtohor, Benha Univerity by Prof. Dr.
A.AM. 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 Agricultural 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. Pioneer 30K8 (Check varieties). The first experiment
received 60 kg N fed.”! and the second one received 120 kg N fed.l. A
randomized complete block 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 plant 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 evaluate, 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 row1, No. of row ear?, 100-kernel

2030



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

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)
diallel 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; Hefny and Aly,
2008; Ngaboyisonga et al., 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 between 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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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 P1xPs revealing that
all hybrids were shifted towards the earliness direction. Earliness in maize is
favorable for escaping destructive injuries caused by (Sesamia cretica ledi),
(Chilo simplex But) and (Pyrausta nubilialis). Similar results were reported by
(El-Hosary and El-Badawy, 2005, El-Hosary et al. 2006 and Sedhom et al.,
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 combined analysis had
significantly the highest mean values for No. of rows ear. Also, the crosses
P4xPs in low nitrogen rate, P2xP4 at high nitrogen rate and P4xPs, P3XxPa,
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 P2xP7, PixP7,
P2xPs and P2xPa.

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 nitrogen rate and
across them had the highest mean values of grain yield plant?. 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 inbred 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 analysis had the highest mean value s for one or
more of the traits contributing to grain yield.

Concerning grain yield plant? the cross P1xPzin low 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 PixP4, P1xP7, P2xP4 and P2xPs had superiority significantly over
check variety Pioneer 30K8. Also, the cross PixP7 in the combined analysis
gave the highest value for grain yield plant! compared other hybrids and
check variety Pioneer 30K8. These hybrids exhibited significant increase in
one or more of traits contributing grain yield (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 P1xP2 and P2xP7 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 Fi1 mean
performance from Single Cross (S.C.) Hytech 2031 and Pioneer 30K8 values
for grain yield plant? is presented in Table 3. Concerning grain yield plant?
the cross PixP2 and PixP7 at the low nitrogen level, the parental combination
PixP4, P1xPs, P1xP7 and P2xPs at the normal nitrogen level and the hybrid
PixP7 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 could be concluded that these
crosses offer possibility for improving grain yield of maize. Also, single cross
P1xP7 did not differ significantly from the hybrid Hytech 2031 in low nitrogen
rate and combined analysis for grain yield plantt. While, grain yield plant? of
the single cross P2xPs 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 environments. Several investigators
reported high heterosis for yield of maize; i.e. (Shafey et al., 2003; Singh et
al., 2004; Kanta et al., 2005; Alamnie et al., 2006; El-Hosary et al., 2006;
Hefny, 2007; Sedhom et al., 2007 and EL-Badawy et al., 2010)

Table 3: Heterosis for grain yield plant?! relative to single crosses
Pioneer 30K8 and Hytech 2031.

Cross Heterosis relative to S.C. Pioneer 30K8| Heterosis relative to S.C. Hytech 2031

N1 N2 Comb. N1 N2 Comb.
1x2 8.73* -7.48* -0.07 -15.39** -26.43** -21.33**
1x3 6.14 -4.58 0.32 -17.40* -24.13** -21.02**
1x4 4.85 8.75** 6.97 -18.41** -13.52* -15.78**
1x5 -33.51** -29.66** -31.40** -48.26** -44.07** -45.99**
1x6 -4.15 7.35* 2.09 -25.41** -14.64** -19.62**
1x7 21.34** 8.16** 14.16** -5.58 -13.99** -10.12
2x3 5.17 -8.57** -2.29 -18.16** -27.30** -23.07**
2x4 4.58 1.09 2.68 -18.62** -19.62** -19.15**
2x5 0.54 9.48** 5.39 -21.76** -12.95 -17.02**
2x6 -8.46 -18.23** -13.77** -28.76** -34.98** -32.11**
2x7 0.48 -2.22 -0.96 -21.80** -22.25** -22.02**
3x4 -7.17 -15.06** -11.45** -27.76** -32.46** -30.28**
3x5 -17.62** -11.61** -14.36** -35.89** -29.72** -32.57**
3x6 -13.25** -21.54** -17.75** -32.49** -37.61** -35.25**
3x7 -15.03** -24.26** -20.02** -33.88** -30.78** -37.03**
4x5 -5.33 -19.95** -13.27** -26.33** -36.35** -31.72*
4x6 -19.83** -17.37** -18.49** -37.61** -34.29** -35.83**
4x7 5.71 -8.98** -2.29 -17.74* -27.62** -23.07**
5x6 -13.25** -23.76** -18.99** -32.49** -39.38** -36.22**
5x7 -6.84 -18.68** -13.27** -27.51** -35.34** -31.72**
6X7 -31.84** -26.58** -28.98** -46.96** -41.62** -44.09**

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

N1, N2 and Comb. refer to first,
respectively.

second nitrogen level and combined analysis,
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Combining ability

The analysis of variance for combining ability at the combined
analysis for all 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 determining
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 by 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 changes were reported to be significant for
earliness and grain yield plant? (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 remain traits i.e. No. of kernels row, 100-kernel weight
and grain yield plant?, GCA/SCA ratios, were less than unity. Therefore, it
could be concluded that the large portion of the total genetic variability
associated with these traits is due to non-additive gene action. Similar results
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, Igbal et 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
SCAXN/SCA for shelling%. 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 result indicated that additive
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effects were more influenced by nitrogen rates than non additive genetic
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 (@i) for individual parental inbred lines for

each trait 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 useful from the breeder's point
of view.

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

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 a
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-
1 at low nitrogen rate and 100- kernel weight at high nitrogen rate as well as
the combined analysis. The parental inbred line No. 6 exhibited significant
positive (@i) effects for; 100-kernel weight. Sofi and Rather, 2006 found that
the parents, CML-244, CML-79 and CML-214; GLET-27; CML-214, W-7 and
CML-244 and CML-214, W-6 and CMI-111 were good general combiners for

grain yield plant?; 100-kernel weight; kernel 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 N1 N2 | Comb N1 N2 | Comb
P1 1.09** | 1.70** 1.40** 0.16 |-0.29**| -0.07 | 0.13 -0.25 | -0.06
P2 -0.90** | -1.54** | -1.22* -0.30* | -0.22* | -0.26* | 0.68 | 1.54** | 1.11**
P3 0.10 0.65** 0.37* -0.05 0.12 0.03 |-1.41**| -0.43 | -0.92*
P4 -1.04** | -1.45* | -1.25* 1.45%* | 1.19* | 1.32* | 1.34** | -0.17 0.58
P5 -1.89** | -3.34** | -2.61* | -0.47** |-0.28**|-0.37**| 0.31 -0.26 | 0.03
P6 0.88** | 1.35** 1.11** -0.31* -0.11 | -0.21 |[-1.16**|-1.13**|-1.14**
P7 1.76%* | 2.64** 2.20** | -0.47** |-0.42**|-0.44**| 0.11 0.70* 0.40
LSD gi 5% 0.27 0.30 0.28 0.28 0.20 0.24 0.80 0.66 0.73
LSD gi 1% 0.36 0.40 0.38 0.37 0.27 0.32 1.06 0.88 0.97
LsSD (gi-g) 5% | 0.41 | 0.46 0.43 042 | 031 | 036 | 1.22 | 101 | 1.11
LSD (gi-gj) 1% | 0.54 | 0.61 0.58 056 | 041 | 048 | 162 | 1.34 | 1.48

* 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 4: Cont.
Trait
Parent 100-kernel weight grain yield plant™® shelling%

N1 N2 Comb N1 N2 Comb N1 N2 Comb
Pl -0.09 0.07 -0.01 6.34** 6.16** 6.25** [-0.69**] 1.06** | 0.18
P2 -0.62 | -0.59 [ -0.61 | 4.80* 1.77 3.28 [ 3.16** [ 2.99** [ 3.08**
P3 -0.68 | -0.48 | -0.58 271 -2.14 -2.42 [-0.85% | -1.77%[-1.31*
P4 0.60 1.35% | 0.97* | 11.66** [ 13.79** | 12.72* | -2.10** | -2.06** | -2.08**
P5 -0.29 [-1.33* [ -0.81* | -8.70* | -9.63** [ -9.17** [ 1.43* [ -0.20 [ 0.61*
P6 1.41% [ 1.24* [ 1.33* [-10.81** | -6.13** [ -8.47* | -0.62* | -0.54 [ -0.58*
P7 -0.33 -0.26 -0.29 -0.57 -3.82* -2.19 -0.33 0.53 0.10
LSD gi 5% 0.82 0.79 0.81 4.17 3.66 3.91 0.50 0.56 0.53
LSD gi 1% 1.09 1.05 1.07 5.55 4.86 5.20 0.66 0.75 0.71
LSD (gi-g) 5%| 1.25 | 1.21 | 1.23 | 6.37 5.58 5.08 | 0./6 | 0.86 | 0.81
LSD (gi-gj) 1%| 1.67 1.60 1.64 8.47 7.43 7.95 1.02 1.14 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 program.

Specific combining ability

Specific combining ability effects S 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.

Trait
Cross days to maturity no of rows ear™ no of kernels row™
N1 N2 Comb N1 N2 Comb N1 N2 Comb
1Ix2 -1.60* | -1.50 | -159 [ -0.49 [ 0.60 0.06 2.26 | 4.85* | 355
1x3 0.30 0.79 0.54 0.02 0.50 0.26 | 4.60 1.78 3.19
1x4 -0.99 -1.34 -1.17 0.32 -0.12 0.10 3.22 3.13 3.17
1x5 -1.55 -1.45 -1.50 0.23 -0.26 [ -0.01 | -2.84 | -1.99 -2.42
1x6 0.09 0.35 0.22 -0.13 [ -0.08 | -0.10 | 3.72 1.78 2.75
1x7 1.14 0.90 1.02 -0.36 0.65 0.14 7.98* | 5.56* | 6.77*
2x3 -1.54 -1.53 -1.54 1.97* 0.48 1.22 1.13 3.59 2.36
2x4 0.22 -0.43 | -0.11 0.17 [ 2.31* [ 1.24 291 | 433 | 3.62
2X5 2.25% 0.45 1.35 0.62 0.01 0.31 | 5.68* | 4.32* | 5.00*
2X6 1.91* 0.50 1.21 0.13 0.45 0.29 -0.22 0.72 0.25
2x7 0.70 -0.69 0.00 0.49 0.01 0.25 | 5.51* [ 6.86* | 6.19*
3x4 -0.60 -0.62 -0.61 1.53 0.97 1.25 -2.23 | -4.32* | -3.28
3x5 0.64 -1.40 [ -0.38 [ -0.63 [ 044 [ -0.09 [ 293 | 549 | 421
3x6 -0.66 [ -0.09 | -0.37 0.29 0.06 0.18 0.47 0.11 0.29
3x7 -2.04* | -2.38* | -2.21* 0.50 -0.73 [ -0.11 | -0.20 1.23 0.52
4x5 0.79 0.04 0.41 1.74* 0.97 1.35 0.65 2.15 1.40
4x6 1.28 0.68 0.98 2.38* | 0.80 | 1.59* | -0.98 | -4.60* | -2.79
ax7 1.82* 1.39 1.60 1.55 -0.39 0.58 2.45 1.27 1.86
5x6 0.66 0.57 0.62 -0.60 [ 036 [ -0.12 [ -1.95 | -2.37 | -2.16
5X7 0.61 0.61 0.61 -0.14 | 0.22 0.04 3.03 1.96 2.50
6X7 -3.82* | -2.42* | -3.12** | -1.70* | -0.10 [ -0.90 | -1.95 1.73 -0.11
LSD 5% Si 1.56 1.76 1.66 1.61 1.16 1.39 4.63 3.84 4.23
LSD 1% Si 2.76 3.10 2.93 2.85 2.06 2.46 8.19 6.81 7.50
LSD 5% Sij-Sik| 2.31 2.61 2.46 2.39 1.73 2.06 6.88 5.70 6.29
LSD 1% Sij-Sik| 4.10 4.61 4.36 4.23 3.07 3.65 [12.16 | 10.12 | 11.14
LSD 5% Si|-SkI|  2.16 2.44 2.30 2.24 1.62 1.93 6.43 5.33 5.88
LSD 1% Sij-
Skl 3.84 4.31 4.08 3.96 2.87 341 [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 yield plant? shelling%

Cross N1 N2 Comb N1 N2 Comb N1 N2 Comb
1x2 1.05 | 7.10* | 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
1x4 3.83 | 216 | 2.99 22.84 | 43.44** | 33.14* | 6.65** | 4.41* | 5.53*
1x5 -0.28 | -1.66 | -0.97 | -28.01* | -17.84 | -22.92* | -1.74 2.02 0.14
1x6 8.01* | 7.77* | 7.89* | 28.58* | 60.25** | 44.42* | 1.25 0.30 0.77
1X7 6.25* | 3.27 | 4.76* | 65.69** | 59.70** | 62.69** | 3.09* 2.42 2.76
2x3 2.64 2.66 2.65 39.34* | 25.55* | 32.45* 2.47 2.03 2.25
2x4 187 | -1.18 | 0.34 23.91 | 30.98* | 27.45* | 3.21* | 0.95 2.08
2x5 4.25 3.01 3.63 36.77* | 72.90** | 54.83** | 0.03 1.13 0.58
2x6 6.05* | 4.44 | 5.24* | 22.15 8.20 15.17 | -3.09* | -1.56 | -2.32
2X7 3.29 1.44 2.36 28.51* | 41.28** | 34.89* | 3.25* 1.32 2.28
3x4 142 | 171 1.57 9.58 -0.82 4.38 0.09 241 1.25
3x5 381 | 290 | 3.35 10.57 | 30.23* | 20.40 169 | -1.77 | -0.04
3x6 1.61 | -0.68 0.47 20.75 4.85 12.80 -2.90 | -4.11* | -3.51*
3x7 235 | -0.18 | 1.09 7.21 -3.46 1.87 1.64 1.30 1.47
4x5 1.03 1.06 1.05 18.97 -4.07 7.45 2.58 0.36 1.47
4x6 333 | 249 | 291 -5.81 -1.87 -3.84 0.94 0.71 0.82
4x7 0.57 | 4.99* | 2.78 31.34* 14.32 22.83* | 7.04** | 6.20** | 6.62**
5x6 4.72 | 5.68* | 5.20* | 26.72* 7.45 17.08 -2.48 | -4.82* | -3.65*
5x7 296 | 2.18 | 2.57 | 28.40* | 16.29 22.34 2.54 2.22 2.38
6X7 4.25 | 5.10* | 4.68 -15.89 -4.57 -10.23 0.71 -0.07 0.32
LSD5% Sij | 4.77 | 459 | 4.68 24.26 21.26 22.76 291 3.27 3.09
LSD 1% Sij 8.45 8.16 8.30 42.91 37.74 40.33 5.14 5.80 5.47
LSD 5% Sij-
Sik 7.09 | 6.83 | 6.96 36.04 31.59 33.81 4.32 4.85 4.59
LSD 1% Sij-
Sik 12,55 | 12.12 | 12.33 | 63.75 56.07 59.91 7.64 8.61 8.13
LSD 5% Sij-
Skl 6.63 6.38 6.51 33.71 29.55 31.63 4.04 4.54 4.29
LSD 1% Sij-
Skl 11.74 | 11.33 | 11.53 59.63 52.45 56.04 7.15 8.06 7.60

*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.

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: P3xP7 and PexP7 for days to 50% maturity, P4xPs
for number of rows ear?, PixP7, P2xPs and P2xP7 for No. of kernels row?,
P1xPs, P1xP7, P2xPes and PsxPe for 100-kernel weight, P1xP2, P1xP4, P1xPs,
P1xP7, P2xPs, P2xPs, P2xP7 and P4xP7 for grain yield plant! and PixP4 and
PaxP7 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 PixP2 and PixP7 at the low
nitrogen level, P1xP4, P1xPs, P1xP7 and P2xPs hybrids at the normal nitrogen
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level and the hybrid PixP7 in the combined analysis were out yielded 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 PixP7 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 P2xPs 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 environments. 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 best SCA effects for
grain vyield! plant were presented by combinations PixP2, PixPa, P1xPes,
PixP7, P2xPs3, P2xPs, P2xP7 and PasxP7. 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 previous results it is recommended that the single cross P1
x P7 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.

REFERENCES

Ahmed, M.A.; M.H. EI-Sheikh and S.A. Shamarka (2000): Diallel analysis of
yielding ability and earliness in maize. J. Agric. Sci. Mansoura Univ.,
25: 3717- 3726.

Akbar, M. M.; F.M. Saleem; M.Y. Azhar and R. Ahmed (2008): Combining
ability analysis in maize under normal and high temperature
conditions. J. Agric. Res., 64: 27-38.

Alamnie, A.; M.C. Wali; P.M. Salimath and R.C. Jagadeesha (2006):
Combining ability and heterosis for grain yield and ear characters in
maize. Karnataka J. Agric. Sci., 19: 13-16.

Al-Naggar, A.M.; M.S. Radwan and M.M.M. Atta (2002): Analysis of diallel
crosses among ten maize populations differing in drought tolerance.
Egypt. J. Plant Breed., 6: 179-198.

Amer, E.A. (2005): Estimates of combining ability using diallel crosses among
eight new maize inbred lines. J. Aric. Res. Tanta Univ., 31: 67-73.

Ayub, M.; M.A. Nadeem; M.S. Sharar and N. Mahmood (2002): Response of
maize (Zea mays L.) fodder to different levels of nitrogen and
phosphorus. Asian J. Plant Sci., 1: 352-354.

Barakat, A.A. and M.M.A. Osman (2008): Evaluation of some newly
developed yellow maize inbred lines for combining ability in two
locations. J. Agric. Sci. Mansoura Univ., 33(7): 4667-4679.

2041



El-Badawy, M. El. M.

Dadheech, A. and V.N. Joshi (2007): Heterosis and combining ability for
quality and yield in early maturing single cross hybrids of maize (Zea
mays L.). Indian J. Agric. Res., 41(3): 210-214.

Duncan, D.B. (1955): Multiple rang and multiple F tests. Biometrics 11: 1-42

El-Badawy, M.E.M. (2006): Genetical analysis of diallel crosses in maize
(Zea mays L.) over two years. J. Agric. Sci. Benha Univ., 44(3): 911-
922.

El-Badawy, M.E.M.; S.A. Sedhom; A.M. Morsy and A.A.A. El-Hosary (2010).
Combining ability in maize (Zea mays L.) under two nitrogen rates and
genetic distance determined by RAPD markers. Proc. of the 12t
International Conf. of Agron., Sep. 20-22, 2010, EL-Arish, Sinai, Egypt,
pp: 48-66.

El-Hosary, A.A. and M.EL.M. El-Badawy (2005): Heterosis and combining
ability in yellow corn (Zea mays L.) under two nitrogen levels. Proc. of
the 11t Conf. on Agron., Nov. 15-16, 2005, Assiut Univ., Egypt, pp: 89-
99.

El-Hosary, A.A.; M.EL.M. El-Badawy and Y.M. Abdel-Tawab (2006): Genetic
distance of inbred lines and prediction of maize single-cross
performance using RAPD and SSR markers. Egypt. J. Genet. Cytol.,
35: 209-224.

Eltelib, H.A.; A.M. Hamad and E.E. Ali (2006): The Effect of Nitrogen and
Phosphorus Fertilization on Growth, Yield and Quality of Forage Maize
(Zea mays L.). J. of Agron., 5: 515-518.

Gilbert, N.E.G. (1958): Diallel cross in plant breeding heredity, 12: 477-492.

Gomez, K.N. and A.A. Gomez (1984): Statistical Procedures for Agricultural
Research. 2nd ed. John.Wiley and Sons. Inc., new york,

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

Hefny, M. (2007): Estimation of Quantitative Genetic Parameters for Nitrogen
Use Efficiency in Maize under Two Nitrogen Rates. International J. of
Plant Breed. and Genet., 1: 54-66.

Hefny, M. (2010): Genetic Control of Flowering Traits, Yield and its
Components in Maize (Zea mays L.) at Different Sowing Dates. Asian
J.I of Crop Sci., 2: 236-249.

Hefny, M. (2011): Genetic parameters and path analysis of yield and its
components in corn inbred lines (Zea mays L.) at different sowing
dates. Asian J. Crop Sci., 3: 106-117.

Hefny, M.M. and A.A. Aly (2008): Yielding Ability and Nitrogen Use Efficiency
in Maize Inbred Lines and Their Crosses. International J. of Agric.
Res., 3: 27-39.

Igbal, A.M.; F.A. Nehvi; S.A. Wani; R. Qadir and Z.A. Dar (2007): Combining
Ability Analysis for Yield and Yield Related Traits in Maize (Zea mays
L.) International J. of Plant Breed. and Genet., 1: 101-105.

Irshad-El-Haq, M.; S.U. Ajmal; M. Munir and M. Gulfaraz (2010): Gene action
studies of different quantitative traits in maize. Pak. J. Bot., 42(2):
1021-1030.

2042



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

Kanta, G.; H.B. Singh; J.K. Sharma and G.K. Guleri (2005): Heterosis and
combining ability studies for yield and its related traits in maize. Crop
Res., 30: 221-226.

Mosa, H.E. (2003): Combining ability of eight yellow maize (Zea mays L.)
inbred lines for different characters in diallel crosses. J. Agric. Res.
Tanta Univ., 31: 604-614.

Mosa, H.E. and A.A. Motawei (2005): Combining ability of resistance to late
wilt diseases and grain yield and their relationships under artificial and
natural infections in maize. J. Agric. Sci. Mansoura Univ., 30(2): 731-
742.

Ngaboyisonga, C.; K. Njoroge; D. Kirubi and S.M. Githiri (2009): Effects of
low nitrogen and drought on genetic parameters of grain yield and
endosperm hardness of quality protein maize. Asian J. Agric. Res., 3:
1-10.

Sedhom, A.S.; M.ELLM. EI-Badawy; A.M. Morsy and A.A.A. El-Hosary (2007):
Diallel analysis and relationship between molecular polymorphisms
and yellow maize hybrid performance. J. Agric. Sci. Benha Univ., 45:
1-20.

Sedhom, S.A. (1994): Genetic analysis of diallel analysis crosses in maize
(Zea mays L.) over two years. Ann. Agric. Sci. Moshtohor, 32: 95-107.

Shafey, S.A.; H.E. yassien; |.E.M.A. El-Beially and O.A.M. Gad-Alla (2003):
Estimation of combining ability and heterosis effects for growth,
earliness and yield in maize (Zea mays L.). J. Agric. Sci. Mansoura
Univ., 28 (1): 55-67.

Singh, A.K.; J.P. Shahi and J.K. Singh (2004): Heterosis in maize. J. Applied
Biol., 14: 1-5.

Sofi, P. and A.G. Rather (2006): Genetic analysis of yield traits in local and
cimmyt inbred line crosses using line x tester analysis in maize (Zea
mays L.). Asian J. Plant Sci., 5: 1039-1042.

Tamilarasi, P.M. and M. Vetriventhan (2009): Exploitation of promising maize
(Zea mays L.) hybrids for nitrogen (N) stress environment by studying
the sca, heterosis and nature of gene action at different N fertilizer
doses. Int. J. Plant Sci., 4: 15-19.

White, P.J. and L.A. Johnson (2003): Corn: Chemistry and Technology. 2nd
Edn., American Association of Cereal Chemists, St. Paul, MN., USA,,
ISBN-13: 9781891127335, Pages: 892.

2043



El-Badawy, M. El. M.

ot Z\_A.ﬁ\eﬁ\ M\ ?\Aﬁ.ui..a R.)..L..".d\ SJM‘ gi atla g—b 5 adll g Q:\.AQ-“ 333
dyaa B aouw

g9l Agana g g2k 3l 3 gana

L Araly - jgidiag A3 48

Caad eliand) 300 e YL il (5 300 Coaill Cpragil) (e AUl (pagll av i (5

Qe g maaill e (o8 S Dl A0 (Glad fopa g 530 a2 VY e 5 1) (395 dandll e (i glasa

pranal (B Alaill dps 5 lill o gaad) Jgeana s daa ALl (355 auall i gaadl 220 5 5 5SI Casiual)
e Al s ey RSy ol gmdl S8 pn e 30 3 Al ptell ALUS ol

il S 8 G sina cmell s sy A5 0 oSl 5 spmnl il hann 0 IS ) il e S
e dbial (5 gina Bendl) Y ama g 38151 ) A Gay Jelall bl Jas gie S LS Al jall as
Saiil) Va5 gl O Jeliill bl Jass e yelal LS| Slaill Ay 5580 Casiuall sae 5 goaill
Aaladl 3508l il @il 5 il G gall Jgeana s 55U o ghuall dae g giail) slase Cldial & gins
ST Ralal) 5 a8l g Aaladl 5 8l (pa dl) il 5 A Hall chaad Claall JS1 A gine callil) e dalaldl
5 aendl) o giie e S B Gilaill dpi g ) 9SI Caghiall dae g il dlae Adia (o JSTBas 1) (e
pdaaal Ly giae dalaldl 5 dalall 5 )08l 5 dpandill o ginee (o Jeléill ol Ja gia 1S5 | caendll Jilall
Oaells pmiaiall s il dpendl) g siad (VX )5 YY) A8V gl Gjedal A jall caa cilauall
@)LMQ.AM(VX\)O:\A.@J\} ‘;Lxﬂuf;})_“\.\!\éM (QXVJVX\ ¢Ux ) six\)
09 3530 gl o Jamnall gl 553 (5 e ol Uil pnpendl a5 el
558 8 Y0¥ elida o) ) Canall (e U gine caliag aladl (Y x V) el Delsl LS ALY« g
o) Ll 30 oY) AL & el @ iaal) Judadll g (il el e il Ggan J geanal Cpiagll
Cina gl LeS llall gl gamnay 35S0 Cigiom 2e Aieal Ay gy saun 3815l e Adle 3,8
Lm0 ¢ Al Gl e A8 ey dalis nd (T 0 5 TX Y (Y X)) ¢ TX ) ngl
;.\}_.n.“d)..aurﬁ...aj(VXEJVXY‘OXY‘T‘XY‘VX\c‘X\ciX\cYX\)Q;@J\}
o el Ll 5% of 5% el o35 L el e 5l fani il (VX £ 5 £ X)) el bl

Al and liall S ) gl s Al Gagl) 2l 8 La a5 A il el

5 paial) daala — ds i3l A el daa) s f 3
s daala — Ao 30 dls PR ds sl pA s [ 2,

2044



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

2045



J. Plant Production, Mansoura Univ., Vol. 3 (6): 2029 - 2044 , 2012

Table 1: Mean squares from ordinary analysis of variance and combining ability for each Nitrogen level as well as
the combined across them for all traits under study.

Trait
S.O.V. d.f. days to maturity no of rows ear* no of kernels row™
S. |[Comb N1 N2 Comb N1 N2 Comb N1 N2 Comb

Nitrogen rate 1 182.35** 4.95* 241.47*
Rep/N 2 4 2.541* 0.29 141 5.01** 0.11 2.56* 1.34 2.22 1.78
Genotypes 27 27 16.87* 32.35* 45.35** 7.55** 4.23** 9.99** 61.52** 71.10** 124.29**
parent 6 6 44.23** 63.09** 106.07** 2.26* 1.78* 2.50* 34.63** 32.63** 63.89**
Cross 20 20 9.50** 23.06** 28.47** 7.73** 3.72* 9.52** 35.27* 45.84* 70.90**
Par.vs.cr. 1 1 0.09 33.66** 18.60** 35.58** 29.04** 64.46** 747.87* | 807.07** | 1554.38**
G/N 27 3.87* 1.78* 8.34
par./N 6 1.26 1.54 3.37
Cr./N 20 4.09* 1.94* 10.21

Par.vs.cr.Vs.N 1 15.14* . 0.17 0.56
Error 54 108 0.56 0.72 0.64 0.60 0.31 0.46 4.99 3.43 4.21
GCA 6 6 15.82** 41.63* 54.18** 4.12** 2.72* 6.55** 8.57** 6.70** 11.67*
SCA 21 21 2.71* 1.97* 3.95% 2.05* 1.03** 2.41* 23.91* 28.55** 49.93**
GCA xN 27 3.87* 1.78* 8.33**
SCA XN 6 3.26** 0.29 3.60
Error 54 21 0.19 0.24 0.73 0.20 0.10 0.68 1.66 1.14 2.54
GCA/SCA 108 5.84 21.11 13.70 2.00 2.63 2.72 0.36 0.23 0.23

GCA x N/GCA 0.07 - -

SCA x N/SCA 0.82 - -

Table 1: Cont.

Trait
S.O.V. d.f. 100-kernel weight grain yield plant® shelling%
S. |Comb N1 N2 Comb N1 N2 Comb N1 N2 Comb

Nitrogen rate 1 319** 21536.75** 1.49
Rep/N 2 4 5.17 7.65 6.41 832.04** 23.00 427.52 0.30 1.18 0.74
Genotypes 27 27 104.80** 95.76** 193.05** 5856.12** | 6132.681** | 11570.16** | 68.92** 51.07* 110.93**
parent 6 6 15.11* 24** 37.33** 971.17** 2280.35** 2960.09** | 127.22* | 87.21* 207.10**
Cross 20 20 19.46* 26.8** 37.23* 1878.57** 2252.97* 3657.31* 27.15* 34.39** 54.33**
Par.vs.cr. 1 1 2349.72** | 1905.75** | 4243.86** | 114716.80** | 106840.89** | 221487.68** | 554.40** | 167.74** | 666.01**
G/N 27 7.52 418.64 9.05*
par./N 6 1.78 291.43 7.33
Cr./N 20 9.03 474.234* 7.21
Par.vs.cr.Vs.N 1 11.61 70.02 56.12**
Error 54 108 5.31 4.91 5.11 136.97 105.25 121.11 1.97 2.48 2.23
GCA 6 6 5.10** 8.70** 12.49** 598.83** 571.04** 1134.32** 27.23** 27.06** 48.78**
SCA 21 21 43.457* | 38.557* 79.16** 2338.67** 2465.13** 4634.54** 21.76** 14.15* 33.60**
GCAXN 27 7.51* 418.64* 9.047*
SCA XN 6 1.32 35.55 5.51*
Error 54 21 1.77 1.64 2.85 45.66 35.08 169.26 0.66 0.83 2.30
GCA/SCA 108 0.12 0.23 0.16 0.26 0.23 0.24 1.25 191 1.45
GCA x N/GCA - - 0.19
SCA x N/SCA - - 0.16

*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, respectively.
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Table 2 : Meanperformance of all genotype under study at the two nitrogen levels as well as the combind across

them.
Trait
Cross days to maturity no of rows ear* no of kernels 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 27.37P
2x2 97.57 LM 101.0 LN 99.28 IL 10.83JK 10.87J 10.85 H 27.53 M 27.93 M 27.73 P
3x3 102.50 CD 106.3 CE 104.4 CD 10.93 IK 12.60 DI 11.77 FG 28.63 LM 32.40 KL 30.52 0
4x4 97.00 M 99.67 NP 98.33 L 11.93 FJ 13.33 CF 12.63 DF 34.47 FK 35.88 HJ 35.17 JL
5x5 94.87 N 96.33 S 95.60 M 11.33 HK 11.80 | 11.57 GH 31.67 KL 31.90 KL 31.78 NO
6x6 102.4 CD 105.3 EG 103.8 DE 12.07 FJ 12.27 FI 12.17 EG 32.93 IK 36.27 GJ 34.60 KM
X7 104.7 A 109.0 A 106.8 A 11.77 GK 12.57DI 12.17 EG 26.60 M 29.30 LM 27.95P
1x2 98.93 IL 101.0 LN 99.97IK 12.25 FJ 13.32 CF 12.78 DE 37.88 CG 43.33 BC 40.60 CF
1x3 101.8 CE 105.6 DF 103.7 DF 13.00 EG 13.55 CD 13.28CD 38.13 CG 38.30 FH 38.21 FI
1x4 99.40 HK 101.3 KM 100.4 HJ 14.80 BC 14.00 C 14.40 B 39.50 BE 39.90 CF 39.70 DG
1x5 98.00 KM 99.33 0Q 98.67 KL 12.80 EH 12.40 EI 12.60 DF 32.40 JL 34.70 IK 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 37.55GJ
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 99.00 OR 98.81 KL 14.20 CE 16.50 A 15.35A 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 34.10 GK 38.33 FH 36.21 HK
2X7 101.9 CE 102.8 HK 102.4 FG 12.60 FH 12.60 DI 12.60 DF 41.10 BD 46.30 B 43.70 B
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
3x5 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
3x6 100.7 EH 104.3 FH 102.5 EG 12.80 EH 13.30 CF 13.05 DE 32.70JL 35.75 HJ 34.23 KN
3x7 100.2 FI 103.3 HJ 101.8 GH 12.85 EH 12.20 GI 12.53 DF 33.30 HK 38.70EH 36.00 IK
4x5 98.20 KM 97.67 RS 97.93 L 15.60 AC 15.10 B 15.35 A 37.10 DI 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 32.65LO
ax7 102.9 BC 105.0 EG 103.9D 15.40 AC 13.60 CD 1450 B 38.70 CF 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
6Xx7 99.17 IK 104.0 GI 101.6 GH 10.40 K 12.60 DI 11.50 GH 31.80 KL 38.50 EH 35.15JL
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 12.00 FJ 13.00 CH 12.50 DF 47.60 A 53.10 A 50.35 A

Over mean 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 letters 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-kernel weight grain yield plant? shelling%

N1 N2 comb. N1 N2 comb. N1 N2 comb.
1x1 25.00 | 27.00 K 26.00 K 83.67KL 91.17 MN 87.42 KL 74.67TM 79.67HI 77.17K
2x2 24.33 1 28.00 K 26.17K 69.60L 80.67N 75.13 L 84.67DG 86.33AD 85.50CD
3x3 27.33HI 32.00 1J 29.67J 84.83KL 129.0L 106.91J 79.00KL 79.33HJ 79.1713
4x4 30.33H 35.00 HI 32.67 | 126.7J 163.0IK 144.8 H 68.33N 71.33K 69.83M
5x5 26.33I 28.67JK 27.50 JK 89.67 KL 104.7M 97.17JK 84.33EH 83.00EG 83.67DE
6x6 24.00 | 28.00 K 26.00 K 93.90K 127.0L 110.4 1 84.33EH 86.67AD 85.50CD
X7 24.671 29.00JK 26.83K 80.00KL 107.0 M 93.50 K 73.00M 77.3310 75.17L
1x2 35.50FG 44.50 BC 40.00CF 201.8B 204.0 DF 202.9 DE 88.28A 88.38A 88.33A
1x3 35.50FG 41.00 CG 38.25 DG 197.0 BC 210.4 CE 203.7CE 82.42FJ 82.58FG 82.50EG
1x4 39.50CF 41.50 CF 40.50 CE 194.6 BD 239.8 B 217.2C 86.64AE 86.38AD 86.51AC
1x5 34.50 G 35.00 HI 34.75 HI 123.4J 155.1 K 139.3H 81.78HJ 85.85AE 83.81DE
1x6 44.50 AB 47.00B 45.75B 177.9CG 236.7B 207.3CE 82.72FI 83.79DG 83.25E
1x7 41.00 BD 41.00 CG 41.00 CD 225.2 A 238.5B 231.8B 84.85CG 86.98AB 85.91BC
2x3 36.50 EG 39.50 DG 38.00 DG 195.2 BC 201.6 DF 198.4E 87.56AB 86.22AD 86.89AC
2x4 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 24148B 214.0CD 87.40AC 86.88AC 87.14AC
2x6 42.00 AC 43.00 BE 42.50 C 169.9 FI 180.3GJ 175.1FG 82.24GJ 83.86CG 83.05E
2x7 37.50 DG 38.50 FH 38.00 DG 186.5 BF 215.6 CD 201.1DE 88.87A 87.80AB 88.34A
3x4 36.50 EG 40.50 CG 38.50 DG 172.3EH 187.3FH 179.8F 79.92JL 81.55GH 80.73GlI
3x5 38.00 CG 39.00 EH 38.50 DG 152.9 HI 194.9EG 173.9FG 85.05BF 79.22HI1J 82.13EG
3x6 37.50 DG 38.00 FH 37.75 EG 161.0GlI 173.0HK 167.0FG 78.41L 76.55J 77.48JK
3x7 36.50 EG 37.00 GH 36.75 GH 157.7 Gl 167.01K 162.4G 83.24FI 83.02EG 83.13E
4x5 36.50 EG 39.00 EH 37.75 EG 175.7CG 176.5GJ 176.1FG 84.70DG 81.07GH 82.88EF
4x6 40.50 BE 43.00 BE 41.75C 148.8 1 182.2GlI 165.5FG 81.00IK 81.09GH 81.04FH
ax7 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 161.0GlI 168.1HK 164.5G 81.11 IK 77.4110 79.26HJ
5x7 37.50 DG 38.50 FH 38.00 DG 172.9DH 179.3GJ 176.1FG 86.42 AE 85.51AF 85.97BC
6x7 40.50 BE 44.00 BC 42.25C 126.5J 161.9JK 144.2H 82.54 FJ 82.89EG 82.72EF

Pioneer 30K8 38.00 CG 40.00CG 39 DG 185.6 BF 220.5BC 203.1 CB 83.00 FI 84.5 BF 83.75 DE
Hytech 2031 45.50 A 52.00 A 48.75 A 2385 A 2773 A 2579 A 85.01 BF 86.70AD 85.86BC
Over 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 analysis, respectively.

The capital letters 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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