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ABSTRACT

A half diallel set of crosses among six inbred lines of maize were evaluated
under two plant densities (23333 and 35000 plants/fad) for grain yield and its
components and quality traits at Sherenkash Village, Talkha district, El-Dakahlia
Governorate.

Obtained results are as follows:

1- Highly significant variances due to general and specific combining ability for all
studied yield and yield components and quality traits, except ears number per plant
and protein percentage under both plant densities and oil percentage under normal
plant density.

2- The GCA/SCA ratio was less one for all studied yield and yield components and
quality traits under both plant densities, suggesting that non additive genetic action
was more important than additive, except rows number per ear, kernels number per
row and 100-kernel weight under stress plant density.

3- GCA effects showed that the lines R24, R25 and R39 were good general
combiners for grain yield per plant under normal plant density.

4- SCA effects showed that the best F1 cross combinations were P1xP2, P1xP4,
P1xP6, P2xP3, P3xP5 and P5xP6 for grain yield per plant. These crosses had
highly significant estimates of SCA effects under normal plant density.

5- The highest value of heterotic effects relative to mid and better parents for grain
yield per plant were obtained by P4xP5 followed by P5xP6. These crosses had the
highest positive significant heterotic under both plant density.

Keywords: Maize, Zea mays, inbred lines, combining ability, heterosis, plant density

INTRODUCTION

Maize is one of the most important cereal crops. For many years, it is
used as food and feed for human and different animals. Therefore, corn
breeders give great and continuous efforts to improve and increase yielding
ability of this crop. Many investigators use diallel analysis to study combining
ability and its interactions with plant density in maize to develop and release
new single crosses characterized by high yielding ability. In this connection,
Nawar et al.(1988) found that the variances of GCA and SCA were higher
under the normal plant density than under the high plant density. El Hefnawy
and El Zeir (1991) showed that the mean squares of SCA were less than
those of GCA for all the studied characters under all environments, except for
grain yield / plant. Also, significant GCA and SCA mean squares were
detected for most of the studied characters under all environments. They
mentioned that SCA x densities interaction was significant for ear length, ear
diameter and number of kernels/row. Khalil and Khattab (1998) noted that
GCA/SCA ratios exceeded the unity for the studied characters, except ear
length, ear diameter and plant height. They reported that mean squares GCA
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and SCA as well as their interaction with plant densities were significant for
grain yield/plant, number of kernels/row, ear length, ear diameter, 100-kernel
weight, plant height and days to silking. Sultan (1998) found that variance
magnitude due to (GCA) was higher than that due to (SCA), indicates that
additive genetic variance was the major source of variation responsible for
the inheritance of grain yield and other agronomic traits. Also, the interaction
of GCA by location was markedly higher and positive for grain yield and other
traits. Fan et al. (2001) in China, found that the general combining ability
(GCA) was highly significantly different for grain vyield, while specific
combining ability (SCA) was not significantly different. EI-Shouny et al. (2003)
observed that mean squares of most sources of variation for all traits
especially genotypes and its components general and specific combining
ability (GCA and SCA) were significant. The GCA / SCA ratios were larger
than the unity for silking date, ear height and number of ears per plant at both
densities, suggesting that additive genetic action was more important than
non-additive one, also additive genetic action was more important for ear
length, ear diameter and number of kernels per row only at low plant density.
Cross and Hammond (1982) found that the average heterosis for grain
yield in this study was 10.7%. This heterosis can be attributed to increased
kernel size and kernel number, which is consistent with the idea that
heterosis may be produced by an increased effective filling period duration
(EFPD). Amer (1991) observed significant useful heterosis for number of
kernels /row, weight of 100-kernel and grain yield / plant. El Hefnawy and EI
Zeir (1991) at two locations, two season, two population densities (20 and 30
thousand plants /fed) and two nitrogen fertilizer rates, showed that highly
significant heterosis over mid and better-parent was obtained over all
environments, for most traits and most crosses. Saleh et al. (2002) in
Malaysia, found that the high estimates of heterosis were shown by grain
yield, ear weight and grain weight per ear, moderate for plant and ear
heights, shelling percentage, ear diameter, number of kernel rows per ear,
number of kernels per row and 100-grain weight. Weidong and Tollenaar
(2009) studied two hybrids and its parental inbred lines grown at a low plant
density (4 plants m'2), and high plant density (12 plants m'z). They found that
increasing plant density from 4 to 12 plants m* resulted in an increase in
heterosis for grain yield, but did not affect heterosis for dry matter at maturity.
The objectives of this study were to determine combining ability and their
interaction with plant density and to identify superior parental lines and
crosses for their use in hybrid maize breeding programe and estimates the
percentage of heterosis for grain yield trait relative to mid and better parents.

MATERIALS AND METHODS

The genetic materials used in this study were six inbred lines of diverse
genetic back ground. Source of these parental inbred lines are shown in
Table 1. These inbred lines were obtained by Quality Tecno Seeds Company,
which produced by using artificial selfing for 8 generations according to hill
method.
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Table (1): Names, source and grain color of the maize parental inbred

lines.

No Name Source Grain color
P1 R6 LOCALLY PRODUCT Purple
P2 R9 LOCALLY PRODUCT Purple
P3 R24 LOCALLY PRODUCT Red
P4 R25 LOCALLY PRODUCT Purple
P5 R27 LOCALLY PRODUCT Red
P6 R39 LOCALLY PRODUCT Dark red

In 2008 growing season, the six parental inbred lines were planted on
April 30" and May 21%, and each inbred line was grown in two ridges, to
overcome the differences in flowering date and to secure enough hybrid
seeds. During this season, all possible cross combinations, without
reciprocals, were made giving a total of 15 F1 hybrids.

In 2009 growing season, 24 entries (15 F1’s along with their 6 parental
inbred lines plus 3 cultivars checks; Pioneer 3062, S.C 155 and S.C 164 were
grown in two experiments representing two different plant density, which were
23333 plant / fad (D1, normal) and 35000 plant / fad (D2, stress) by using
distance of 60 cm between ridges and 30 or 20 cm between hills,
respectively. Each experiment was designated in a Randomized Complete
Blocks Design (RCBD) with three replicates. Each plot consisted of one ridge
three meters long. Hills were thinned after seedling emergence to secure one
plant per hill. Each experiment was hoed twice, before first and second
irrigation. Phosphorus in the form of calcium super phosphate (15.5 % P205)
at a rate of 200 kg / faddan, was added to the soil during seedbed
preparation, and potassium sulphate (48 % K20) at a level of 50 kg / fad was
applied after thinning. Moreover, nitrogen in the form of Urea (46% N) at a
rate of 120 kg N / fad was added in two equal split doses, before the first and
the second irrigation. Other agriculture practices were applied as
recommended. The studied traits were: number of ears/plant, number of
rows/ear, number of kernels/row, ear diameter(cm), 100-kernel weight(g),
grain yield/plant(g), shelling percentage, protein percentage, oil percentage
and carotene percentage.

The estimates of general (GCA) and specific (SCA) combining ability
variances and effects were estimated according to Griffing (1956) method 4
model 1 (fixed).

RESULTS AND DISCUTION

Mean squares for general (GCA) and specific (SCA) combining ability,
as shown in Table (2), were significant or highly significant for all studied
traits under both plant densities, except GCA for 0il% under normal plant
density and protein% at both densities, SCA for ears number per plant and
0il% under stress density, protein% under both densities. Similar results were
obtained by El Hefnawy and El-Zeir (1991), Shafey (1993), Khalil and Khattab
(1998), Mathur et al. (1998) and Abdel-Moneam et al. (2009).
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The relative importance of GCA/SCA for all studied traits was less than
one under both plant densities, revealing that non additive gene action had a
predominant role in the inheritance of these traits. Except, rows number per
ear, kernels number per row and 100-kernel weight under stress plant
density, showing that additive gene action had a predominant role in the
inheritance of these traits and the better methods to breeding is selection
under high density condition. Similar results were obtained by El Hefnawy
and El-Zeir (1991), Ahmed et al. (2000), EI-Shenawy and Tolba (2001),
Sadek et al. (2001) and Osman and Ibrahim (2007).

General combining ability effects (gi)

As shown in Table (3) R6 inbred line (P1) showed significant positive
GCA effects (best general combiner) for ears number per plant and rows
number per ear at normal density and for kernels number per row, 100-kernel
weight and carotene% at stress density. R9 inbred line (P2) showed
significant positive GCA effects (best general combiner) for rows/ear at both
densities, kernels number per row, 100-kernel weight and carotene at normal
density. R24 inbred line (P3) showed significant positive GCA effects (best
general combiner) for kernels number per row, 100-kernel weight and shelling
percentage at both densities, grain yield/plant at normal density and for
carotene percentage at stress density. R25 inbred line (P4) showed
significant positive GCA effects (best general combiner) for kernels number
per row and shelling percentage at both densities, grain yield/plant at normal
density. R27 inbred line (P5) showed significant positive GCA effects (best
general combiner) for shelling percentage and carotene percentage at both
densities. R39 inbred line (P6) showed significant positive GCA effects (best
general combiner) for ear diameter, 100-kernel weight, shelling percentage
and carotene percentage at both densities, grain yield/plant at normal density
and for rows number per ear at stress density.

Specific combining ability effects (Si):

As shown in Table (4) highly significant positive estimates of SCA for
grain yield/plant were recorded by crosses P1xP2, P1xP4, P1xP6, P2xP3,
P3xP5 and P5xP6 at normal density. The cross combinations viz., P1xP2,
P1xP4, P2xP4, P3xP5, P3xP6 and P5xP6 at both densities, and P2xP3 and
P4xP6 at normal and stress density, respectively were the best specific
combinations for 100-kernel weight. The best specific combinations for
kernels number per row were recorded by P1xP4, P2xP4, P3xP5 and P3xP6
at both densities, and P1xP2 and P1xP6 at normal density, while at stress
density were P1xP5 and P4xP6. The best specific combinations for shelling
percentage were recorded by P1xP3, P1xP4, P1xP5, P2xP3, P2xP4 and
P2xP6 at both densities, and P1xP6 and P2xP5 at normal density, while at
stress density was P5xP6. The best specific combinations for rows number
per ear were recorded by P3xP5 and P4xP6 at both densities, and P2xP6 at
normal density, while at stress density were P1xP2 and P2xP3. The cross
combinations viz., P4xP6 at both densities, and P1xP5 and P2xP3 at normal
density were the best specific combinations for ear diameter. The cross
combinations viz., P1xP4, P2xP6, P3xP4 and P3xP5 at normal density were
the best specific combinations for ears number per plant. The best specific
combination for oil percentage at normal density was recorded by P5xP6.
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The best specific combinations for carotene percentage were recorded by
P3xP4 and P4xP5 at both densities, and P1xP2, P1xP4, P2xP3 and P5xP6
at normal density, while at stress density were P1xP3, P1xP6, P2xP4 and
P2xP5.

Table (2): Mean squares of GCA and SCA for maize yield , yield
components and quality traits under normal and stress plant

densities.
Traits| Ears no./ Rows no./ |Kernels no./ Ear 100-kernel
d.fi plant ear row diameter weight
S.V N S N S N S N S N S

Genotypes|14| 0.246 |0.013| 1.39 | 2.14 | 50.2 | 78.1|0.405 | 0.177 | 47.8 33.6
GCA 5 |0.092**/0.006*|0.537**|1.430**| 27.8** |53.8**|0.090**|0.100**| 26.5** | 25.1**
SCA 9 10.07** [0.004 |0.422**|0.317**|10.6** [10.6**|0.160**|0.036**| 10.1** | 3.47**
Error 28| 0.002 | 0.002 | 0.022 | 0.021 | 0.020 |0.048| 0.008 | 0.008 | 0.013 | 0.018

GCA/SCA 0.299 |0.556| 0.323 | 1.19 | 0.656 | 1.27 | 0.136 | 0.808 | 0.655 1.81

Traits.df Grain yield | Shelling % | Protein % Qil % Carotene %

S.vV | N S N S N S N S N S

Genotypes|14|1108.2|511.0| 80 108.1 1 0.436 |0.247| 0.452 | 0.44 | 50482.7 [18076.4
GCA 5 |656.8**| 134.0 | 28.2** | 29.5** |0.0256|0.086| 0.045 | 0.196* | 6571.0** |4082.6**
SCA 9 [209.7**[190.5*| 25.8** | 39.6** | 0.212 |0.080[0.209* | 0.122 |22525.7**|7104.8**
Error (28| 0.018 | 74.6 |0.0143| 0.076 | 0.131 |0.068| 0.068 | 0.074 | 0.087 | 0.102

GCA/SCA 0.783 [0.128] 0.273 | 0.186 |-0.324]0.380]-0.040 | 0.641 0.073 0.144

*and**significant at 5% and 1% probability levels, respectively.

Table (3): General combining ability (GCA) effects of inbred parents for
maize yield , yield components and quality traits under
normal and stress plant densities.

Traits Ears no./ plant| Rows no./ ear Kernels no./ Ear diameter 100-l§ernel
row weight
Parent N S N S N S N S N S

P1(R6) 0.218** |0.028| 0.275* | 0.064 |-1.81** [1.21**| 0.091 | -0.019 |-0.70**|0.56**
P2(R9) -0.05 |-0.039/0.109**|0.405**| 1.01** |-0.53*| -0.084 | -0.009 |0.358**|-0.153
P3(R24) 0.1 |0.028|-0.684**| -1.14** | 2.44** 14.31**| -0.106 | -0.083 |0.608**|0.88™*
P4(R25) 0.034 |0.011| -0.1 | 0.205 | 3.03** |2.45**| -0.134 | -0.054 |-1.38** |-1.79**
P5(R27) |-0.084* |0.028| 0.317 | -0.069 |-0.850**|-1.16**| -0.028 | -0.143 |-3.29** |-3.42**
P6(R39) |-0.217**|-0.056| 0.083 |0.531**| -3.82** |-6.29**0.260**|0.308**| 4.40** |3.92**

S.E(gi) 5%| 0.073 NS 0.25 | 0.24 0.24 | 0.36 | 0.15 | 0.15 | 0.19 | 0.23

1% 0.11 0.39 | 0.38 0.37 | 057 | 0.23 | 0.23 | 0.29 | 0.35

S.E(gi-gj) 5%| 0.1 NS 0.39 | 0.37 0.36 | 056 | 0.23 | 0.23 | 0.29 | 0.35

1% 0.18 0.60 0.59 0.57 |1 0.88 | 0.36 | 0.35 | 0.46 | 0.55

Traits | Grain yield Shelling % Protien% QOil % Carotene%
Parent N S N S N S N S N S

P1(R6) -15.1** | 6.00 [-3.66** | -4.01** | -0.031 | 0.021 | 0.0458 | 0.029 |-24.3** |23.2**
P2(R9) -5.04** |-4.37 | -2.87** | -2.74** | -0.126 | 0.071 | 0.1458 | -0.168 |30.2** |-11.4**
P3(R24) 18.7** | 7.02 [3.093**|2.809**| 0.052 |-0.186|-0.0367| 0.217 |-27.2** |27.7**
P4(R25) 6.12** | 1.66 |0.966**|1.196™*| 0.092 |0.238 | -0.149 | -0.358 |-54.0** |-58.9**
P5(R27) | -11.6**|-3.12|1.086**|1.700**| -0.038 |-0.054| 0.066 | 0.117 |48.0** |8.80**
P6(R39) 6.80** |-7.161.388**|1.047**| 0.052 |-0.089| -0.072 | 0.164 |27.3** [10.7**

SE(gl) 5% | 022 02 | 046 043 | 045 | 049 [ 053
1% | 035 | NS | o3 | 07 | NS | NS | 568 | 071 | 077 | 083
S.E(gi-gj) 5% 0.34 031 | 0.71 067 | 070 | 0.76 | 0.82
1%| 054 | NS | 049 | 111 | NS | NS | 405 | 109 | 119 | 1.29

*and**significant at 5% and 1% probability levels, respectively.
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Table (4): Specific combining ability (SCA) effects of hybrids for yield,
yield components and quality traits under normal and stress
plant densities.

Trait Ears no. /plant Rows no. / ear kernels no. / row
Cross N S N S N S
P1 x P2 0.087 -0.047 0.030 0.509** 1.85** -0.258
P1 x P3 0.070 0.087 -0.045 -0.017 -5.68** -0.934**
P1 x P4 0.270** 0.036 0.072 -0.058 3.77** 1.26**
P1 x P5 -0.280** -0.047 0.155 0.017 -0.988** 4.73*
P1 x P6 -0.147* -0.030 -0.212 -0.450* 0.945** -4.80**
P2 x P3 -0.197** -0.047 0.122 0.475* 0.070 -0.458
P2 x P4 -0.330** -0.030 0.105 -0.067 1.32** 2.63**
P2 x P5 -0.013 0.086 -0.612** -0.592** -0.405* -2.69**
P2 x P6 0.453** 0.037 0.355* -0.325 -2.84** 0.774**
P3 x P4 0.187** 0.036 -0.937** -0.825** -1.31** -2.78**
P3 x P5 0.170** -0.047 1.113** 0.484* 2.49** 1.80**
P3 x P6 -0.230** -0.030 -0.253 -0.116 4.33* 2.37**
P4 x P5 0.036 -0.030 -0.003 0.075 -1.22** -3.31*
P4 x P6 -0.163** -0.013 0.763** 0.875** -2.56** 2.19**
P5 x P6 0.087 0.037 -0.653** 0.017 0.12 -0.533*
S.E(Sij) 5% | 0.106 NS 0.35 0.34 0.33 0.5
1% | 0.147 0.49 0.48 0.46 0.7
S.E(Sij-Sik) 5% | 0.167 NS 0.55 0.54 0.53 0.8
1% | 0.23 0.77 0.75 0.74 1.13
S.E(Sij-Ski) 5% | 0.136 NS 0.45 0.44 0.43 0.67
1% | 0.189 0.63 0.6 0.60 0.93

*and**significant at 5% and 1% probability levels, respectively.

Table (4): Cont.
traitt Ear diameter |100-kernel weight Grain yield Shelling %
Cross N S N S N S N S
P1 x P2 0.093 | 0.172 | 3.76* | 1.61** | 8.68* | -11.60 | -11.1** | -13.0*
P1 x P3 -0.244*| -0.030 | -2.50** | 0.075 |-16.01**| 12.10 | 4.66** | 4.27*
P1 x P4 -0.294*| -0.226* | 1.79** | 0.841** | 19.3* 13.40 | 2.87* | 5.92**
P1 x P5 0.710**| 0.199 | -3.30** | -2.26** | -19.6** | -2.02 1.21** | 3.68**
P1 x P6 -0.265*| -0.115 0.25 -0.267 | 7.65** -11.8 2.39* | -0.854*
P2 x P3 0.336**| 0.116 1.48** | 0.283 | 11.8* 9.90 | 0.466** | 1.96**
P2 x P4 0.030 | 0.084 | 0.696** | 1.52** | -7.11* 8.00 3.62** | 5.46**
P2 x P5 -0.325**| -0.130 | -0.353* |-0.484** | -2.23** | -9.40 3.22** | 0.508

P2 x P6 -0.134 | -0.241* | -5.58** | -2.93** | -11.1** 3.14 3.81** | 5.09**
P3 x P4 -0.087 | -0.035 | -1.12** | -2.02** |-0.572**| -13.70 |-0.688™* | -3.52**
P3 x P5 0.037 | -0.050 | 1.03** | 1.15** | 7.54* 4.86 -2.91** | -3.08*
P3 x P6 -0.041 | -0.001 | 1.11** | 0.508** | -2.80** | -13.1 | -1.53** | 0.374

P4 x P5 -0.255*| -0.099 | -1.49* |-0.717**| -1.81** | -11.56 | -1.33** | -2.18*"

P4 x P6 0.606™*| 0.277* | 0.122 | 0.375* | -9.77** 3.78 -4.47** | -5.68"

P5 x P6 -0.166 | 0.079 | 4.11* | 2.31* | 16.1** | 18.00 | -0.193 | 1.07**
S.E(Sij) 5% 0.21 0.21 0.26 0.30 0.30 20.27 0.28 0.6
1% 0.29 0.29 0.37 0.44 0.43 28.16 0.39 0.90
S.E(Sij-Sik) 5% | 0.36 0.32 0.4 0.50 3.19 32.05 0.45 1.02
1% | 0.46 0.45 0.58 0.70 0.69 44.54 0.6 1.4
S.E(Sij-Ski) 5%| 0.27 0.27 0.34 0.41 0.40 26.17 0.36 0.83
1%| 0.37 0.37 0.48 0.57 0.56 36.37 0.51 1.16

*and**significant at 5% and 1% probability levels, respectively.
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Table (4): Cont .

Trait] Protein % Oil % Carotene%
Cross N S N S N S
P1x P2 20.302 0.067 0.249 0470 | 1264~ | 814"
P1x P3 0.041 -0.256 0.032 0.186 -3.93 90.8"
P1 x P4 -0.060 20.031 0.114 0.191 44.77 9.4
P1x P5 0.541 0.422 20.561 20495 | -116.2" | -1053"
P1x P6 20.220 20,403 0.167 0.288 510 | 1151
P2 x P3 0495 | -0.086 0.422 0.183 14377 | _-10.7
P2 x P4 0.406 0.0095 | -0326 | -0502 | -54.9- 4.947
P2 x P5 20005 | -0338 20.041 0.423 885% | 1325
P2 x P6 0.396 0.147 20.304 0.066 | -126.7" | -45.3"
P3 x P4 20.262 20,003 0.047 0.123 54.7 9.41%
P3 x P5 0.418 00995 | -0449 | 0142 | -109.7~ | -358"
P3 x P6 0.298 0.245 20.251 0350 | -848% | 537
P4 x P5 20.282 20.086 0.314 0.203 367" 147
P4 x P6 0.198 0.110 20349 | 0015 | -482% | -9.97~
P5 x P6 20672 20,098 0.737* 0.011 310.7% | 6.09"
SESi) 5% 0.6 0.69 0.75
1% NS NS 0.85 NS 0.96 1.04
S.E(Sij-Sik) 5% 0.97 110 119
1% NS NS 1.34 NS 152 165
S.E(Sij-Ski) 5% 0.79 0.90 0.97
1% NS NS 1.10 NS 1.25 135

*and**significant at 5% and 1% probability levels, respectively.

Heterosis studies:

Results given in Table (5) revealed that the cross combinations viz.,
P4xP5, P5xP6, P4xP6 and P1xP4 at both densities recorded the highest
positive significant heterosis over mid and better-parents for grain yield/plant.
These crosses had positive and significant heterosis over mid and better-
parent for ear diameter, kernels number per row and 100-kernel weight. The
highest significant positive heterosis over mid and better-parent for protein
percentage were recorded by P3xP6 and P1xP5 at normal density and
P2xP4 and P3xP4 at stress density. For oil percentage, the highest positive
significant heterosis over mid and better-parent were recorded by P5xP6 and
P4xP5 at normal density and P1xP6 at stress density. For carotene
percentage, the highest positive significant heterosis over mid and better-
parents was recorded by P5xP6 at normal density and P1xP6 at stress
density. The results agree with those obtained by Amer (1991), El Hefnawy
and El Zeir (1991), Saleh et al. (2002) and Weidong and Tollenaar (2009),
found that significant useful heterosis for number of kernels /row, weight of
100-kernels and grain yield / plant.
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Table (5): Percentage of heterosis over mid (M.P) and better-parent (B.P)
for F1 crosses of studied maize traits under normal and stress

plant densities.

Trait| Ears no. /plant Rows no. / ear

N S N S

Cross M.P. B.P. M.P. B.P. M.P. B.P. M.P. B.P.
P1xP2 23.1* 0.00 -3.24** | -6.93** 11.9** 9.47* 5.09** 1.70**
P1xP3 | 44.4* 23.8* 12.5** 5.91** 14.0** 7.48* 1.01* -7.63**
P1xP4 | 55.6** 33.4* 13.3** 13.3** 25.5** 13.1** 2.63* 2.63**
P1xP5 -5.3** -21.7** 0.047 -5.83** 17.4** 17.1** 6.96* 1.05**
P1xP6 | 20.0** 20.0** 0.00 0.00 3.45* | -4.11* | 4.86* 2.10**
P2xP3 | -20.0** | -25.0** | -9.09** | -11.7** 11.4** 2.82** 4.30** | -7.39**
P2xP4 | -33.3** | -37.5* | -3.24** | -6.28* | 21.3** 747 1.78** | -1.48**
P2xP5 | -23.4** -25** 3.00** 0.00 747 4.86** 1.07** | -7.39**
P2xP6 17.9** -4.2** -3.24** | -6.28* | 4.22** | -1.37* | 4.96* | -0.983**
P3xP4 19.1** 19.1** 6.24** 0.00 15.4** 9.97* | -4.75** | -12.9*
P3xP5 4.5 0.00 -5.83** | -5.83** | 24.6** 17.7** 10.9** 7.10**
P3xP6 | -16.7** | -28.6* | -6.24** | -11.7** 1.43** | -11.0** | 7.26** 0.558*
P4xP5 -9.1** -13.0** 0.047 -5.83** | 25.6** 13.4** 8.63** 2.63**
P4xP6 | -16.7** | -28.6** 0.00 0.00 18.7** 0.00 16.8** 13.7**
P5xP6 | -10.5** | -26.1** 0.047 -5.83** | 0.741* | -6.85** 14.0** 10.6**
LSD 1% 0.143 0.117 0.156 0.128 0.503 0.411 0.761 0.622
LSD 5% 0.191 0.156 0.209 0.171 0.672 0.549 1.02 0.831

*and**significant at 5% and 1% probability levels, respectively.

Table (5): Cont.
Trait kernels no. / row Ear diameter
N S N S
Cross M.P. B.P. M.P. B.P. M.P. B.P. M.P. B.P.
P1xP2 | 52.9** | 41.2* | 66.5* | 58.3** | 34.3** | 17.6™ | 15.7** | 9.64**
P1xP3 | 30.8** | 18.3** | 85.4* | 76.9** | 21.6** | 6.09** | 10.1** | 7.06**
P1xP4 | 64.4* | 56.2** | 84.4* | 78.3** | 31.4** | 24.3** | 18.8** | 10.7**
P1xP5 | 41.4* | 23.3** | 96.4* | 77.7* | 74.9** | 67.3* | 26.9** | 18.9**
P1xP6 | 25.8** | 19.3** | 34.0** | 12.5* | 24.1** | 3.02** | 12.7** | 3.64**
P2xP3 | 81.9* | 77.8* | 89.2* | 88.6 | 18.5** | 18.0* | 8.94** | 6.06*"
P2xP4 | 80.3** | 75.00* | 92.4* | 89.0** | 18.5** | 9.10* | 19.6** | 5.97**
P2xP5 | 71.2** | 60.8** | 60.0** | 51.8** | 11.6** | 1.69** | 8.78* | -3.07**
P2xP6 | 32.6** | 28.9** | 63.9** | 43.9* | 8.50** | 1.90** | 3.63** | 0.392**
P3xP4 | 79.0** | 69.9* | 89.0* | 86.3** | 13.5** | 4.12* | 16.6** | 5.80**
P3xP5 | 96.7** | 88.8** | 107.8** | 96.6** | 22.1** | 10.9** | 12.3** | 2.52**
P3xP6 | 74.0** | 65.5* | 99.4* | 74.2** | 10.0** | 3.73* | 11.3** | 5.04**
P4xP5 | 71.2** | 56.4** | 69.0** | 57.8** | 22.9** | 21.5** | 24.2** | 23.4**
P4xP6 | 38.4** | 38.1* | 84.9* | 59.5** | 37.8** | 19.9** | 31.8** | 13.6*
P5xP6 | 46.0** | 33.6** | 62.5** | 49.3** | 19.0** | 2.50** | 21.8** | 5.59**
LSD1% | 0.486 | 0.397 0.805 0.658 | 0.278 | 0.227 | 0.278 0.227
LSD5% | 0.650 | 0.531 1.08 0.879 | 0.372 | 0.304 | 0.372 0.304
*and**significant at 5% and 1% probability levels, respectively.
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Table (5): Cont.

Trait 100-kernel weight Grain yield
N S N S
Cross M.P. B.P. M.P. B.P. M.P. B.P. M.P. B.P.
P1xP2 51.9* | 50.4** | 37.1** | 30.5* 74.3* 73.8* 63.1** 62.7**
P1xP3 5.23* | -4.57* | 26.2** | 14.1** 52.5** 36.1** | 155.5** 132.6**
P1xP4 52.2** | 31.1* | 49.1* | 29.0 | 205.3** | 115.1** | 230.9** 124.6**
P1xP5 | -2.31** | -11.0** | 8.92** | -1.50** 58.2** 10.6™* | 163.7** 84.3*
P1xP6 27.5% | 7.44* | 26.9* | 5.73* 136.9** | 94.9* | 94.19* 56.7*
P2xP3 31.3* | 20.1* | 17.7* | 11.5* 113.4* | 91.1* | 128.8** 108.8**
P2xP4 50.2** | 28.3** | 40.1* | 16.3** 161.2** | 83.7** | 185.7* 94.2*
P2xP5 22.8** | 10.8* | 9.99* | -4.86** | 129.5* | 60.2** | 113.9* 49.8**
P2xP6 3.24* | -12.3** | 5.03* | -8.74* | 116.4* | 77.5** | 106.29** 66.8**
P3xP4 24.5* | -1.14* | 14.4* | -9.03** | 186.5** | 89.3** | 193.39** | 110.5**
P3xP5 19.9** 0.00 19.7** | -1.04** | 167.2** | 75.4** | 228.5** 143.9**
P3xP6 26.3** | 16.4** 21* 10.5** 148.3** | 87.0* | 117.6** 90.4*
P4xP5 24.1* | 16.6* | 21.2** | 15.4* | 353.2* | 347.1* | 315.9* 295.0**
P4xP6 39.2** | 4.13* | 32.4* | -1.58** | 283.05** | 213.1** | 268.6** 191.4*
P5xP6 44.1** | 12.7** | 29.6** | -0.288* | 316.3** | 237.6** | 291.0** 222.4**
LSD1% | 0.383 | 0.313 0.465 | 0.380 0.461 0.376 25.6 20.9
LSD5% | 0.512 0.418 0.622 0.508 0.616 0.503 34.2 27.9
*and**significant at 5% and 1% probability levels, respectively.
Table (5): Cont.
Trait Shelling% Protein %
N S N S
Cross M.P. B.P. M.P. B.P. M.P. B.P. M.P. B.P.
P1xP2 -22%* -22.4* | -24.3* | -24.5** | -3.80** | -8.27** | 4.90** 2.85**
P1xP3 3.76** 3.08** 4.87* 4.44* 7.13** 4.88* | -3.57** | -8.86*
P1xP4 12.87** | -0.223 | 22.9** 4.49* 2.04* | -3.71** | 6.25** | 0.901**
P1xP5 1.07* -2.06** 14+ 2.30** 13.3* 10.7+* 6.56** 3.30*
P1xP6 -1.65* | -2.78** | -5.02** | -5.76** | 4.05** 2.83* | -7.67* | -9.61*
P2xP3 -0.822 | -0.935* | 3.72* 3.47* | -7.42* | -9.87* | 2.03** | -1.72*
P2xP4 14.2* 0.508 24.4** 5.87** 2.69** 1.57* 9.93** 6.41**
P2xP5 3.94* 0.177 11.5** 0.221 -1.62* | -4.04* | -2.47* | -3.59**
P2xP6 0.510 -0.198 | 4.21* 3.22** 6.90** 3.11* 3.60** 3.44**
P3xP4 16.3** 2.23* 19.6** 2.01* -1.80* | -5.42* | 9.73** 9.18**
P3xP5 3.61** | -0.248 14.6** 3.21* 10.4** | 10.12** | 4.24* 1.55*
P3xP6 1.13* 0.528 5.51** 4.27* 11.2** | 10.12** | 4.96** 1.25*
P4xP5 17.7** 7.08** 35.7* 27.6* | -3.62** | -6.99** | 7.65** 5.39**
P4xP6 8.21** | -5.38** | 12.1** | -5.29* | 5.98** 1.14 9.14** 5.80**
P5xP6 4.19** | -0.253 16.4** 3.76** | -5.51** | -6.60** | -1.05* | -2.04**
LSD 1% | 0.917 0.749 1.20 0.977 1.42 1.16 0.784 0.641
LSD 5% 1.23 1.00 1.60 1.31 1.89 1.54 1.05 0.857

*and**significant at 5% and 1% probability levels, respectively.
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Table (5): Cont.

Traif] Oil % Carotene %

Cross M.P. B.P. M.P. B.P. M.P. B.P. M.P. B.P.
P1xP2 2.87* | -2.08* | -9.77* | -12.6™ 35.8** -1.83" | -25.5" | -34.7**
P1xP3 | -9.71* | -12.5 | 6.04* | -3.84™ | -54.4** -56.3** 34.8* | -7.40™
P1xP4 | -4.17* | -13.3*" | -10.5"* | -18.3"* | -29.2* -50** -46.0* | -62.7**
P1xP5 | -18.9* | -25.3** | -14.6* | -20.2** | -55.6™ | -67.04™ | -49.3"* | -63.6™
P1xP6 | -8.10** | -9.90* | 15.3** | 11.00** | -52.5* -54.1* | 113.2* | 84.2**
P2xP3 8.86™ | 6.86™ | -2.93** | -9.32** 50.5** 11.9** -28.0"* | -46.2**
P2xP4 | -9.12** | -13.8** | -39.4** | -43.1** | -13.9* -17.0" | -54.6™ | -65.8*
P2xP5 4.02** | 0.576 | 4.70* | 0.877* 22.3* 17.5™* 31.3** | 3.40*
P2xP6 | -13.7** | -16.3** | -1.52** | -2.09** | -42.2** -57.3* | -22.5* | -23.8*
P3xP4 0.700 | -6.19** | -15.6* | -16.2* | -21.5** -43.0** | -53.6™* | -54**
P3xP5 | -15.2* | -19.5** | -7.50** | -10.4** | -51.4* -62.8** | -43.7** | -47.6*
P3xP6 | -18.8** | -19.8** | -9.29** | -14.8** | -61.8* -62.1** | -36.7** | -52.1**
P4xP5 11.8** | 9.57** | -13.4* | -15.6* 31.9* 22.3* -54.3** | -57.1*
P4xP6 | -19.1** | -25.,5** | -16.7** | -20.3** | -43.3** -569.0* | -52.3** | -63.7**
P5xP6 16.9** | 9.76™ | 1.71* | -1.46* | 143.2* 84.9* -18.6** | -35.0**

LSD 1% | 0.821 0.670 0.838 0.684 0.915 0.747 0.962 0.786
LSD 5% 1.10 0.895 1.12 0.914 1.22 0.998 1.29 1.05

*and**significant at 5% and 1% probability levels, respectively.
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