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ABSTRACT 
A half diallel set of crosses involving 8 inbred lines of maize along with two 

commercial hybrids (SC 10 and SC Pioneer 30k8) were evaluated at two different sowing 

dates (2/5/2014 and 1/6/2014) using RCBD design with three replications at the 

Agricultural Research and Experimental Station of the Faculty of Agriculture, Moshtohor, 

Benha University to determine combining ability and gene action for grain yield and its 

components. Significant planting date mean squares were detected, with a higher 

magnitude at early sowing date compared to that at late one. Genotypes as well as their 

components (parents, crosses and parents vs crosses) mean squares reached the 

significance level of probability for most studied traits. Significant mean squares due     to 

general and specific combining ability (GCA (a) and SCA (b)) were obtained for all the 

studied traits using Griffing's methods (M 2 and M 4) and method of Jones at early, late 

and across sowing dates for most studied traits. Also, low GCA/ SCA ratio using Griffing's 

methods and a/b ratio using Jones method showed that non-additive type of gene action 

was the more important part of the total genetic variability for most studied traits in both 

and across planting dates. The parental inbred lines P3 and P7 seemed to be the best 

combiner for grain yield plant-1 as well as one or more of its components. The most 

desirable inter- and intera-allelic interactions were presented in both methods of Griffing 

by the F1 hybrids; P1xP7, P2xP8, P3xP4, P3xP7, P1xP8, P2xP3, P2xP8, P3xP4, P3xP7, 

P4xP7, P5xP6, P5xP8 and P6xP7 for grain yield plant-1. The crosses P3xP4, P3xP7, 

P6xP7, P5xP6, P2xP3, P1xP7, P4xP7, P2xP8, P1xP6 and P1xP7 gave significantly 

positive superiority in grain yield over SC10 and SC 30K8 in the combined analysis. Also, 

the three crosses P3xP7, P3xP4 and P5xP6 in the combined analysis were out yielded by 

(26.37 and 36.56%), (22.03 and 31.87%), (16.16 and 25.56%) over SC 10 and SC Pioneer 

30K8, respectively. Highly significant and larger in magnitude values of dominance 

component (H1) were obtained for all traits in both sowing dates. Significant (h2) values 

were detected for all the studied traits. Low heritability values were detected for all studied 

traits. Values of H2/4H1was largely deviated from 0.25 were obtained for 100-kernel 

weight in both planting dates and No. of kernels row-1 at early sowing date. The same 

trend was detected by F values. Over-dominance was obtained for all traits. The parental 

inbred line P5 at early sowing date and P8 and P1 at late planting date for grain yield 

plant-1 seemed to carry the most dominant genes responsible for the expression of this 

trait. However, P4 for grain yield plant-1 had recessive genes. The correlation analysis 

revealed a strong relation between the four methods used in this study for estimation of 

error variance for all studied traits. 
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INTRODUCTION 

To improve the productivity of maize more information about type 

of gene action is needed for successful breeding programs. Diallel analysis 

techniques is the choice of providing such detailed genetic information for 

type of gene action and identify the proper breeding materials that show 

great promise for success (Lonnquit and Gardner 1961). 
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To establish a sound basis for any breeding program, aimed at 

achieving high yield, breeders must have information on the nature of 

combining ability of parents and their behavior in hybrid combinations 

(Chawla and Gupta 1984). The genetic parameters general combining ability 

(GCA) and specific combining ability (SCA) were defined by Sprague and 

Tatum (1942). Both GCA and SCA effects should be taken into 

consideration when planning maize breeding programs to produce and 

release new inbred lines and crosses (Gardner 1967). 

The diallel cross design is widely and extensively used for 

estimating the type of gene action. Several methods have been devised in 

this respect to estimate the genetic components in plant populations; little 

information however is available about comparing and relative efficiency of 

these methods. The analyses of methods of diallel cross in the present 

investigation were chosen because they are widely used and applied 

simulantaneously to the same basic population with one restriction that the 

number of crosses, including parents, in each should be the same. Thus the 

methods of analysis can be compared on the basis of their return in terms of 

information yielded (Dawood et al 1994) and (Nawar 1985). The objectives 

were (1) to estimate the magnitude of both general combining ability (GCA) 

and specific combining ability (SCA) mean squares and effects and their 

interaction with two sowing dates and (2) to make a comparison between 

some methods of genetic analysis for the relative efficiency. 

MATERIALS AND METHODS 

In 2013 season, eight inbred lines of white maize (Zea mays L.), 

Moshtohor P1 (24-A), P2 (7-A), P3 (72-B), P4 (122-B), P5 (126-A), P6 (79-

N), P7 (18-A) and P8 (85-C) with different yielding abilities were split 

planted in May 8
th

, 15
th

 and 22
th

. These parents were crossed in a diallel 

fashion, excluding reciprocals. In 2014 season, two adjacent experiments 

were undertaken in two different sowing dates (2
nd

 May and 1
st
 June) at the 

Agricultural Research and Experimental Station of the Fac. of Agric., 

Moshtohor. Each experiment included the eight inbred lines and their (F1) 

hybrids (28) along with the two check varieties SC. Pioneer 30K8 and SC 

10. A randomized complete block design with three replications was used. 

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 cultural 

practices were followed as usual for ordinary maize field in the area. 

Observations on 15 guarded plants in each plot were recorded to evaluate 

ear length (cm), ear diameter (cm), No. of rows ear
-1

, No. of kernels row
-1

, 

100-kernel weight (g) and grain yield plant
-1

 (g) which was adjusted at 

15.5% grain moisture. General and specific combining ability (GCA and 

SCA) mean squares and effects were estimated according to Griffing's 

(1956) diallel cross analysis designated as method 2 and 4 model I. The 

genetic parameters described by Hayman (1954 a and b) and Jones (1965) 



 

 

 

 

717 

were also estimated. The data were also subjected to (Wr), (Vr) regression 

analysis to determine gene action as described by Jinks (1954). The 

combined analysis of the two experiments was carried out whenever 

homogeneity of mean squares was detected (Gomez and Gomez 1984). The 

relative superiority expressed as the percentage deviation of the F1 mean 

performance from the two check hybrids (SC pioneer 30K8 and SC10). 

RESULTS AND DISCUSSION 
 

The mean squares due to planting date in both Griffing's methods 2 

and 4 using Griffing's Method 2 (M2) and Griffing's Method 4 (M4) were 

significant for all studied traits with higher mean values for early planting 

date than those in late one (Tables 1and 2). The increase of mean values in 

early planting date may be due to the prevailed favorable temperature and 

day length leading to better vegetative growth, yield and its components of 

corn plant. Therefore, early planting date seemed to be non-stress 

environment. Such results are in good agreement with those reported by EL-

Hosary et al (2006 and 2011). 

The results indicated significant differences among genotypes (M2) of the 

present diallel study in both sowing dates as well as the combined analysis 

which was necessary for further analysis (Table 1). This indicates the wide 

diversity between the parental materials used in the present study. 

Significant genotypes x planting date mean squares were obtained for all 

studied traits, except No. of rows ear-1, revealing that the performance of 

genotypes differed from planting date to another. Genotypes were 

partitioned into parents (P), hybrids (F1) and parents vs. hybrids (P vs F1) 

items. Parents, crosses and parents vs crosses mean squares and their 

interactions with planting date were significant for all traits, except parents 

mean squares at late planting date, parents x planting dates and parents vs 

F1 mean squares for ear diameter, P vs F1 x planting date for ear length as 

well as, planting date x its portioning (PxD, F1xD and P vs. F1xD) for No. 

of rows ear-1 (Table 1). For crosses (F1) in Griffing method 4 (M 4) showed 

significant mean squares for all traits. Significant F1 x sowing date mean 

squares were obtained for all studied traits using M 4, except No. of rows 

ear-1 (Table 1), revealing that the performance of genotypes differed from 

sowing date to another. 

Mean performance 

The crosses  P1xP4 in early planting date and combined data and 

P1xP8 in early planting date for ear length, P2xP3, P2xP8, P3xP4 and 

P6xP7 in both planting dates and the combined analysis for No. of rows ear-

1, P1xP4, P1xP6, P2xP3 and P3xP7 in early planting and the combined 

analysis for No. of kernels row-1, P3xP4 in both plant dates as well as the 

combined analysis and P1xP6, P3xP4, P3xP7, P5xP6 and P6xP7 in both 

planting dates and the combined analysis for grain yield plant-1, had a 

significant superiority over the best check hybrid (Table 2). These hybrids 
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Table 1. Preliminary ANOVA in an 8 parent diallel cross of maize at each and across 

planting dates for all studied traits. 

SOV df 

Mean squares 

Ear 

 length 

Ear  

diameter 

No. of 

rows ear-1 

No. of 

kernels row-1 

100- kernel 

weight 

  

Grain yield 

plant -1 

Analysis using Griffing's method 2   

planting date - 02/05/2013 (Early planting date) 

 Replication 2 0.43 0.10 0.17 3.94 1.42 41.62** 

Genotype (G) 35 20.63** 2.30** 9.99** 91.57** 49.28** 6333.29** 

Parent (P) 7 2.81** 0.37** 1.82** 43.87** 21.51** 497.55** 

Crosses (F1) 27 6.57** 0.29** 2.92** 26.36** 28.26** 2023.29** 

P vs. F1 1 524.97** 70.23** 258.23** 2186.37** 811.21** 163553.52** 

Error 70 0.30 0.09 0.29 2.08 2.12 7.77 

planting date - 1/06/2013 (Late planting date) 

Replication 2 1.03 0.06 0.13 3.53 0.003 30.94* 

Genotype (G) 35 24.04** 2.60** 10.37** 104.2** 40.01** 3823.10** 

Parent (P) 7 2.03** 0.11 2.81** 5.38* 7.38** 83.29** 

Crosses (F1) 27 9.51** 0.39** 2.66** 24.77** 29.46** 1183.41** 

P vs. F1 1 570.25** 79.45** 271.32** 2941.09** 553.10** 101273.24** 

Error 70 0.41 0.10 0.35 2.20 1.96 8.77 

Combined over 2 sowing dates 

planting date 

(D) 
1 156.35** 9.88** 4.48** 631.84** 1003.22** 64162.21** 

Rep/D 4 0.73 0.08 0.15 3.74 0.71 36.28** 

Genotype (G) 35 41.94** 4.70** 20.21** 181.71** 78.60** 9554.89** 

Parent (P) 7 1.03** 0.31** 4.47** 34.29** 14.31** 460.44** 

Crosses (F1) 27 13.56** 0.47** 5.43** 37.79** 48.10** 2595.74** 

P vs. F1 1 1094.75** 149.54** 529.47** 5099.54** 1352.00** 261113.01** 

G x D 35 2.72** 0.20** 0.15 14.08** 10.69** 601.50 

P x D 7 3.81** 0.17 0.16 14.96** 14.58** 120.41** 

F1 x D 27 2.52** 0.21** 0.15 13.34** 9.62** 610.96** 

P vs. F1 x D 1 0.47 0.14 0.08 27.92 12.32* 3713.75** 

Error 140 0.35 0.09 0.32 2.14 2.04 8.27 

Analysis using Griffing's method 4 

planting date - 02/05/2013 (Early planting date) 

Rep 2 0.036 0.19 0.04 1.97 1.29 38.27* 

Crosses (F1) 27 6.57** 0.29** 2.91** 26.36 28.26** 2023.29** 

Error 54 0.19 0.11 0.24 2.39 2.489 8.01 

planting date - 1/06/2013 (Late planting date) 
   

 Rep 2 1.24 0.13 0.45 2.61 0.001 41.35* 

Crosses (F1) 27 9.51** 0.39** 2.67** 24.77 29.47** 1183.41** 

Error 54 0.48 0.12 0.09 2.77 2.329 9.91 

Combined over 2 sowing dates 

     Sowing date 

(D) 
1 

114.59** 6.73** 3.00** 387.19** 875.45** 63564.27** 

Rep/D 4 0.64 0.16 0.04 2.29 0.64 39.81** 

Crosses (F1) 27 13.56** 0.47** 5.43** 37.79** 48.10** 2595.74** 

F1 x D 27 2.52** 0.21* 0.15 13.34** 9.62** 610.96** 

Error 108 0.34 0.11 016 2.59 2.41 8.960 

* p> 0.05; ** p> 0.01 
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Table 2. Mean performance of all studied genotypes at each and across planting 

dates for all studied traits as well as grain yield superiority over SC 

Pioneer 30k8 and SC 10 for the combined data. 

Genotypes 

Ear length (cm) Ear diameter (cm) No. of rows  ear-1 

D1 D2 C. D1 D2 C. D1 D2 C. 

P1 10.59 10.28 10.44 2.24 2.21 2.22 10.38 10.13 10.26 

P2 11.25 8.97 10.11 2.03 1.80 1.91 8.30 7.67 7.98 

P3 12.75 10.38 11.56 2.70 1.86 2.28 10.83 10.80 10.82 

P4 12.75 8.79 10.77 2.93 2.31 2.62 10.40 10.33 10.37 

P5 12.28 8.88 10.58 2.85 2.25 2.55 10.00 10.00 10.00 

P6 12.00 9.25 10.63 3.06 1.98 2.52 10.10 9.33 9.72 

P7 10.43 10.73 10.58 2.70 2.22 2.46 10.63 10.27 10.45 

P8 10.73 10.50 10.61 2.48 2.16 2.32 10.17 9.40 9.78 

Mean of parents 11.60 9.72 10.66 2.62 2.10 2.36 10.10 9.74 9.92 

P1xP2 14.30 13.80 14.05 4.20 4.00 4.10 13.20 13.00 13.10 

P1xP3 15.50 13.50 14.50 4.60 4.27 4.43 13.20 13.30 13.25 

P1xP4 20.00 19.38 19.69 4.70 4.57 4.63 13.45 13.30 13.38 

P1xP5 15.60 15.40 15.50 4.50 4.20 4.35 13.10 12.60 12.85 

P1xP6 16.00 15.30 15.65 4.65 4.43 4.54 14.80 14.27 14.53 

P1xP7 18.20 18.00 18.10 4.60 4.33 4.47 13.20 12.90 13.05 

P1xP8 19.20 15.00 17.10 4.90 4.63 4.77 14.40 13.73 14.07 

P2xP3 17.00 15.75 16.38 4.00 4.47 4.23 16.00 16.00 16.00 

P2x P4 15.40 15.20 15.30 4.75 4.32 4.53 12.60 12.00 12.30 

P2xP5 15.70 14.80 15.25 4.60 4.27 4.43 12.60 12.20 12.40 

P2xP6 17.00 17.00 17.00 4.40 3.80 4.10 13.75 13.65 13.70 

P2xP7 17.90 15.00 16.45 4.30 4.23 4.27 12.60 12.20 12.40 

P2xP8 17.80 17.38 17.59 4.90 3.97 4.43 14.60 14.40 14.50 

P3xP4 17.70 15.80 16.75 4.80 4.40 4.60 14.90 14.13 14.52 

P3xP5 14.20 11.25 12.73 4.40 4.33 4.37 14.40 13.60 14.00 

P3xP6 16.50 14.50 15.50 4.70 4.47 4.58 13.60 13.40 13.50 

P3xP7 16.50 14.25 15.38 4.20 3.70 3.95 14.00 13.60 13.80 

P3xP8 17.30 15.30 16.30 4.80 3.90 4.35 13.75 13.30 13.53 

P4xP5 16.30 14.50 15.40 4.70 4.20 4.45 12.60 12.93 12.77 

P4xP6 17.45 13.30 15.38 4.50 3.93 4.22 13.60 13.57 13.58 

P4xP7 16.25 13.60 14.93 4.00 4.00 4.00 13.90 13.33 13.62 

P4xP8 18.45 14.90 16.68 4.80 3.67 4.24 13.70 13.70 13.70 

P5xP6 20.20 18.20 19.20 4.70 4.37 4.53 13.00 12.80 12.90 

P5xP7 17.00 13.90 15.45 4.30 4.17 4.23 13.10 13.17 13.13 

P5xP8 16.70 16.60 16.65 4.70 4.50 4.60 14.10 14.47 14.28 

P6xP7 17.50 17.25 17.38 5.13 4.71 4.92 16.65 15.87 16.26 

P6xP8 15.65 12.75 14.20 3.90 3.09 3.50 13.50 13.50 13.50 

P7xP8 15.90 15.35 15.63 5.00 3.60 4.30 14.70 14.60 14.65 

SC Pioneer 30 k 8 17.30 15.90 16.60 4.70 4.30 4.50 13.10 13.00 13.05 

SC 10 18.20 18.80 18.50 5.00 3.83 4.42 13.55 12.80 13.18 

Mean of crosses 16.90 15.25 16.07 4.56 4.16 4.36 13.82 13.55 13.69 

Mean of 

Genotypes 15.72 14.02 14.87 4.13 3.70 3.92 12.99 12.71 12.85 

L.S.D 5% 0.88 1.04 0.95 0.48 0.50 0.49 0.88 0.97 0.91 

L.S.D 1% 1.17 1.38 1.25 0.64 0.67 0.64 1.17 1.28 1.19 
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Table 2. Cont. 

  No. of kernels row-1 100-kernel weight (g) Grain yield plant -1 (g) Relative superiority%  

In combined data 

for grain yield plant-1 
Genotypes D1 D2 C. D1 D2 C. D1 D2 C. 

P1 19.35 18.75 19.05 25.83 25.00 25.42 60.00 51.67 55.83 
over S C 

Pioneer 

30K8 

over  

S C 

10 P2 23.80 18.50 21.15 27.67 26.00 26.83 61.25 44.58 52.92 

P3 30.60 19.50 25.05 28.00 21.00 24.50 92.53 59.18 75.86 

P4 19.98 15.70 17.84 25.50 24.50 25.00 58.07 42.96 50.51 

P5 26.88 20.25 23.57 33.00 25.50 29.25 86.23 55.25 70.74 

P6 21.34 18.15 19.74 31.00 24.00 27.50 65.83 52.00 58.92 

P7 23.89 19.20 21.54 26.67 25.50 26.08 73.67 52.48 63.08 

P8 21.02 18.68 19.85 26.17 25.00 25.58 63.67 51.48 57.58 

Mean of parents 23.36 18.59 20.97 27.98 24.56 26.27 70.16 51.20 60.68 

P1xP2 31.07 29.00 30.03 34.00 33.67 33.83 142.85 117.67 130.26 -5.96** -12.98** 

P1xP3 29.70 26.00 27.85 38.50 30.50 34.50 151.50 100.67 126.08 -8.98** -15.77** 

P1xP4 38.00 36.10 37.05 32.00 28.50 30.25 160.00 131.60 145.80 5.26** -2.60 

P1xP5 33.10 31.90 32.50 33.50 33.00 33.25 146.80 140.23 143.52 3.61* -4.12** 

P1xP6 35.50 33.30 34.40 35.50 31.50 33.50 190.52 138.33 164.43 18.70** 9.84** 

P1xP7 34.00 31.80 32.90 38.50 35.00 36.75 173.00 138.67 155.83 12.50** 4.11** 

P1xP8 33.50 27.90 30.70 35.50 31.50 33.50 168.67 118.33 143.50 3.59* -4.13** 

P2xP3 36.00 34.50 35.25 30.00 29.00 29.50 170.33 160.00 165.17 19.24** 10.34** 

P2x P4 31.35 29.40 30.38 35.00 28.00 31.50 140.67 96.17 118.42 -14.51** -20.89** 

P2xP5 29.30 28.30 28.80 34.50 29.50 32.00 124.00 105.80 114.90 -17.05** -23.24** 

P2xP6 35.30 30.40 32.85 32.00 27.50 29.75 156.87 113.80 135.33 -2.30 -9.59** 

P2xP7 31.40 31.00 31.20 32.00 29.50 30.75 127.17 111.20 119.18 -13.96** -20.38** 

P2xP8 32.10 31.00 31.55 39.50 29.00 34.25 191.77 129.42 160.59 15.93** 7.28** 

P3xP4 34.90 32.80 33.85 40.00 35.50 37.75 206.67 158.67 182.67 31.87** 22.03** 

P3xP5 31.80 23.90 27.85 33.00 26.00 29.50 152.00 84.73 118.37 -14.55** -20.92** 

P3xP6 38.00 28.35 33.18 33.00 26.50 29.75 170.67 104.75 137.71 -0.59 -8.00** 

P3xP7 41.50 28.50 35.00 38.50 36.50 37.50 230.00 148.33 189.17 36.56** 26.37** 

P3xP8 30.90 30.70 30.80 33.00 32.00 32.50 135.21 127.68 131.45 -5.11** -12.19** 

P4xP5 31.50 31.35 31.43 39.50 33.00 36.25 158.40 129.90 144.15 4.06* -3.70* 

P4xP6 35.50 31.20 33.35 36.50 27.50 32.00 173.93 117.70 145.82 5.27** -2.59 

P4xP7 35.00 33.80 34.40 36.00 31.50 33.75 184.57 139.20 161.88 16.87** 8.15** 

P4xP8 35.30 32.90 34.10 33.50 28.50 31.00 162.33 124.90 143.62 3.68* -4.06** 

P5xP6 40.40 36.10 38.25 37.00 33.00 35.00 193.33 154.53 173.93 25.57** 16.20** 

P5xP7 33.70 32.60 33.15 28.50 24.00 26.25 121.63 103.00 112.31 -18.92** -24.97** 

P5xP8 35.80 35.60 35.70 30.50 27.50 29.00 151.10 144.37 147.73 6.65** -1.31 

P6xP7 35.30 32.10 33.70 34.00 28.00 31.00 198.67 140.53 169.60 22.44** 13.30** 

P6xP8 34.40 30.75 32.58 31.50 28.50 30.00 147.33 110.00 128.67 -7.11** -14.04** 

P7xP8 32.70 30.75 31.73 33.00 26.00 29.50 155.33 105.83 130.58 -5.73** -12.76** 

SC Pioneer 30 k 8 32.70 31.10 31.90 36.50 32.00 34.25 149.64 127.40 138.52 
 

 

SC 10 33.00 30.90 31.95 38.00 33.00 35.50 167.38 132.00 149.69 
 

 

Mean of crosses 34.18 31.14 32.66 34.57 30.01 32.29 163.76 124.86 144.31 
 

 

Mean of 

Genotypes 31.77 28.35 30.06 33.11 28.80 30.95 142.96 108.49 125.72 

 

 

L.S.D 5% 2.34 2.41 2.34 2.36 2.27 2.29 4.53 4.81 4.60 
 

 

L.S.D 1% 3.10 3.19 3.07 3.14 3.02 3.00 6.00 6.38 6.03 
 

 

Where; D1= early planting date, D2 = late planting date, C. = Combined, * p> 0.05; **  

p> 0.01 
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exhibited a significant increase of two or more of contributing traits to grain 

yield. The fluctuation of hybrids from sowing date to another was detected 

for most traits. These results may be due to significant interaction between 

hybrids and sowing date (Table 2) 

Superiority expressed as the percentage deviation of F1 mean 

performance from SC10 and Pioneer 30K8 means is presented in Table (2). 

The crosses P3xP4, P3xP7, P6xP7, P5xP6, P2xP3, P1xP7, P4xP7, P2xP8, 

P1xP6 and P1xP7 gave a significant and positive superiority over SC10 and 

SC 30K8 in the combined analysis. Also, the three crosses P3xP7, P3xP4 

and P5xP6 gave the highest superiority in the combined analysis being 

(26.37 and 36.56%), (22.03 and 31.87%), (16.16 and 25.56%) over SC 10 

and SC 30K8, respectively. Hence, it could be concluded that these crosses 

offer possibility for improving grain yield in maize.  

Combining ability mean squares 

Significant mean squares for general (GCA) and specific (SCA) 

combining ability were obtained for all the studied traits in Griffing's 

method 2 (M2) and method 4 (M 4) at early and late sowing dates and 

across them except, GCA in early date and combined analysis for ear 

diameter at M4. (Table 3). Also, the (a) component, which primary test the 

significance of additive and (b) component which indicates the presence of 

non-additive effects (Table 4) was significant for all traits in both sowing 

dates as well as the combined analysis, revealing that both types of gene 

action were involved in determining the performance of hybrids (F1) 

progeny. This finding coincided with that already reached from the 

combining ability analysis. Hence, both additive and non-additive genetic 

components were important in the inheritance of all the studied traits.  

If both GCA or (a) and SCA or (b) mean squares are significant, one 

may ask which type and or types of gene action are more 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 combining ability mean squares which 

were highly significant. Hence, GCA/ SCA ratio in Griffing's methods and 

a/b ratio in Jones method was used as a measure to reveal the prevailed type 

of genetic variance involved. It is evident that non-additive type of gene 

action was the more important part of the total genetic variability for all 

studied traits in both and across planting dates in the three methods, except 

No. of rows ear
-1

 in both planting dates and ear diameter in late planting and 

No. of kernels row
-1

 in early sowing date at M4 where additive and non-

additive were of equal importance. The genetic variance was previously 

reported to be mostly due to non-additive for No. of kernels row
-1

 by Amer 

(2003) and Shafey et al (2003) and grain yield plant
-1

 by Amer (2003); 

Mosa (2003); Shafey et al (2003); EL-Hosary and EL-Badawy (2005); El-

Hosary et al (2006) and EL-Hosary and Elgammaal (2013). On the other 

hand, the additive genetic variance was previously reported to be the most  
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Table 3. Combining ability mean squares using Griffing's methods 2 and 4 for yield and its 

components of 28 maize F1's evaluated at two sowing dates as well as the 

combined analysis across sowing dates. 

Item df 
Ear 

length 
Ear 

diameter 
No. of 

rows ear-1 
No. of 

kernels row-1 
100- kernel 

weight 
Grain yield 

plant-1 

Combining ability mean squares using griffing's method 2 
  Sowing date - 02/05/2013 (Early planting date) 

    
GCA 7 0.89** 0.10** 1.15** 12.69** 3.05** 598.99** 

SCA 28 8.37** 0.93** 3.88** 34.98** 19.77** 2489.12** 

Error 70 0.10 0.03 0.10 0.69 0.71 2.59 

GCA / SCA 
 

0.11 0.10 0.30 0.36 0.15 0.24 

Sowing date - 1/06/2013 (Late planting date) 

   
GCA 7 0.41** 0.11** 1.00** 3.18** 4.88** 60.35** 

SCA 28 9.73** 1.05** 4.07** 42.63** 15.45** 1577.87** 

Error 70 0.14 0.03 0.12 0.73 065 2.92 

GCA / SCA 

 

0.12 0.10 0.25 0.07 0.32 0.04 

Combined across 2 sowing dates 

   
GCA 7 0.87** 0.10** 2.12** 6.65** 4.50** 484.44** 

SCA 28 17.26** 1.93** 7.89** 74.05** 31.62** 3860.09** 

GCAxD 7 1.14** 0.11** 0.03 9.22** 3.43** 174.90** 

SCA xD 28 0.85** 0.06** 0.06 3.56** 3.60** 206.90** 

Error 140 0.12 0.03 0.11 0.71 0.68 2.76 

GCA/ SCA 

 

0.05 005 0.27 0.09 0.14 0.13 

GCA x D / GCA 

 

1.60 1.11 0.01 1.39 0.76 0.36 

SCA x D / SCA 

 

0.05 0.03 0.01 0.05 0.11 0.05 

Combining ability mean squares using griffing's method 4 

 Sowing date - 02/05/2013 (Early planting date) 

  GCA 7 1.26** 0.05 1.02** 11.47** 5.96** 844.19** 

SCA 20 2.51** 0.11** 00.95** 7.85** 10.63** 615.01** 

Error 54 0.064 0.04 0.079 0.80 0.83 2.67 

GCA / SCA 

 

0.502 0.49 1.07 1.46 0.56 1.37 

Sowing date - 1/06/2013 (Late planting date) 

    GCA 7 1.58** 0.15** 0.90** 7.62** 8.69** 69.88** 

SCA 28 3.73** 0.13** 0.88** 8.48** 10.22** 508.08** 

Error 54 0.16 0.038 0.03 0.92 0.78 3.30 

GCA / SCA 

 

0.42 1.15 1.02 0.89 0.85 0.14 

Combined across 2 sowing dates 

     GCA 7 2.09** 0.06 1.89** 11.94** 12.64** 645.71** 

SCA 20 5.37** 0.19** 1.78** 12.82** 17.22** 942.09** 

GCAxD 7 0.75** 0.14** 0.23 7.14** 2.02* 268.37** 

SCA xD 20 0.87** 0.05 0.06 3.50** 3.62** 181.00** 

Error 108 0.11 0.04 0.05 0.86 0.80 2.99 

GCA/ SCA 

 

0.39 0.32 1.07 0.93 0.73 0.69 

GCA x D / GCA 0.36 2.27 0.01 0.59 016 0.42 

SCA x D / SCA 0.16 0.25 0.03 0.27 0.21 0.19 

* p> 0.05; ** p> 0.01 
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Table 4. Jone's analysis of combining ability mean squares for all studied 

traits in an 8-parent diallel cross of maize. 

Item df 

Ear 

 length 

Ear  

diameter 

No. of 

rows ear-1 

No. of 

kernels 

row-1 

100- kernel 

weight 

  

Grain yield 

plant -1 

Sowing date - 02/05/2013 (Early planting date) 

    
a 7 0.89** 0.10** 1.15** 12.69** 3.05** 598.99** 

b 28 8.37** 0.93** 3.88** 34.98** 19.77** 2489.12** 

b1 1 174.99** 23.41** 86.08** 728.79** 270.40** 54517.84** 

b2 7 1.55** 0.11** 0.57** 16.58** 12.20** 442.64** 

b3 20 2.43** 0.10** 0.92** 6.73** 9.89** 603.96** 

Error 70 0.10 0.03 0.10 0.69 0.71 2.59 

Sowing date - 1/06/2013 (Late planting date) 

    
a 7 1.12** 0.11** 1.00** 3.18** 4.88** 60.35** 

b 28 9.73** 1.05** 4.07** 42.63** 15.45** 1577.87** 

b1 1 190.08** 26.48** 90.44** 980.36** 184.37** 33757.75** 

b2 7 1.29** 0.08** 1.03** 6.97** 7.03** 42.09** 

b3 20 3.67** 0.12** 0.82** 8.22** 9.95** 506.40** 

Error 70 0.14 0.03 0.12 0.73 0.65 2.92 

Combined across 2 sowing dates 

   
A 7 0.87** 0.10** 2.12** 6.65** 4.50** 484.44** 

B 28 17.26** 1.93** 7.89** 74.05** 31.62** 3860.09** 

b1 1 364.92** 49.85** 176.49** 1699.85** 450.67** 8737.67** 

b2 7 1.72** 0.09* 1.53** 20.04** 14.78** 342.06** 

b3 20 5.31** 0.18** 1.69** 11.66** 16.57** 932.53** 

a x planting date 7 1.14** 0.11** 0.03 9.22** 3.43** 174.90** 

b x planting date 28 0.85** 0.06 0.06 3.56** 3.60** 206.90** 

b1 x planting date 1 0.16 0.05 0.03 9.31** 4.11** 1237.92** 

b2 x planting date 7 1.13** 0.10** 0.06 3.50** 4.46** 142.67** 

b3 x planting date 20 0.79** 0.04 005 3.30** 3.27** 177.83** 

Error 140 0.12 0.03 0.11 0.71 0.68 2.76 

Where; * p> 0.05; ** p> 0.01, a= additive effects, b= total non-additive (dominance) effects, b1= 

mean deviation of F1's from their mid-parents, b2= Test if there is equal or unequal distribution 

among parents and b3= Existence of unique dominance of each F1, i.e., presence of considerable 

amount of heterotic effect specific to some crosses. 

 

prevalent for No. of rows ear
-1

 by Amer (2003); Mosa (2003); EL-Hosary 

and EL-Badawy (2005) and 100-kernel weight by Dubey et al (2001); 

Shafey et al (2003); EL-Hosary and EL-Badawy (2005) and EL-Badawy et 

al (2010) and EL-Hosary (2014).  

It is fairly evident that ratio for additive x sowing date (D)/ additive 

was higher than of non-additive x D/non-additive for most studied traits. 
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This result indicated that additive effects were more influenced by sowing 

date than non-additive genetic effects.  

This finding confirms those obtained above from the ordinary 

analysis of variance. The interactions between both types of gene action and 

environment were reported to be significant for grain yield plant
-1

 and its 

components (Mosa 2003, Motawei 2005, Sedhom et al 2007, EL-Badawy et 

al 2010, EL-Hosary and Elgammal 2013 and EL-Hosary 2014).    

Item b1 was highly significant for all studied traits under both and 

across planting dates, meaning significant differences between mean of 

parental inbred lines and their F1 hybrid; it only reaches the significant level 

of probability of dominance deviation of the genes that predominate in one 

direction. These results coincided with those already reached for 

corresponding parent vs F1 mean squares (Table 1). 

The significant (b2) values were obtained for all traits in both 

sowing dates as well as combined analysis. Therefore, asymmetry of gene 

distribution for these traits having significant dominance might be indicated. 

Finally, item b3 was significant for all studied traits indicating the existence 

of inconsistent allelic and or non-allelic interaction for such traits or 

showing dominance effects specific to individual crosses (Kersey 1965 and 

Mather and Jinks 1971).  

The mean squares due to interaction between sowing date and both 

types of gene action (a and b) were significant for all studied traits, except 

No. of rows ear
-1

 for both types and ear diameter for b. Such results 

indicated that the magnitude of additive and non- additive types of gene 

action changed from planting date to another. This finding coincided with 

those already reached for the corresponding GCA and SCA with sowing 

date mean squares (Table 3). 
For ear length and ear diameter, insignificant mean squares due to 

interaction between (b1) and sowing date were detected, indicating that mean 

deviation of the F1
,s from their mid-parent values was stable  from sowing date 

to another. However, the other traits showed significant interaction, indicating 

that this component was changed from sowing date to another. 

Significant mean squares due to interaction between (b2) and sowing 

date were detected for all traits, revealing that (b2) component differ from 

sowing date to another. 

Significant mean squares due to interaction between (b3) and sowing 

dates were detected for all traits, except for ear diameter, indicating that (b3) 

component differed from sowing date to another. 

The half diallel analysis of Hayman method provided six genetic 

statistical parameters; these components are D, H1, H2, h
2
, F and E (Table 

5). Also, several ratios were derived as given by Hayman (1954b) and Jinks 

(1954) methods to provide further genetic information about each trait. 

For No. of rows ear
-1

 in both planting dates, No. of kernels row
-1

 and 

100-kernel weight in early sowing date, the additive component (D) reached 
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the significant level of probability. For the other cases, the (D) value was 

insignificant, inspite of a highly significant GCA and/or (a) values were 

obtained. Dominance may have a role in both parameters GCA and (a) as 

emphasized by Jinks (1954). Also, the (a) component as it is well known 

considered as a measure of only additive variation if dominance is absent 

(Mather and Jinks 1971). In addition, the computed t
2
 was highly significant 

and of large magnitude for most traits (Table 5). Moreover, the regression 

coefficients of the parental off-spring covariance (Wr) on the parental array 

variance (Vr) were less than unity for these traits, revealing the presence of 

complementary type of epistasis.  In general the decrease of (Wr) 

disproportionably more than (Vr) leading to an inflation in the relative 

magnitude of dominance to additive components (Hayman 1954b, Hayman 

and Mather 1955 and Mather and Jinks 1971). Therefore, contradiction in 

magnitude detected herein between (D) and both GCA and (a) estimates for 

ear length, ear diameter and grain yield plant
-1

 in both planting dates, No. of 

kernels row
-1

 and 100-kernel weight at late sowing date could be attributed 

to the great role of both allelic and non-allelic interaction genetic types on 

the expression of these cases. 

Highly significant values and larger in magnitude for the dominance 

component (H1) were obtained for all traits in both sowing dates. These 

results indicate that the largest part of the total genetic variability associated 

with all traits was a result of dominance (Table 5). 

Significant (h
2
) values were detected for all the studied traits, 

indicating that dominance was unidirectional. This finding confirms the 

previous results shown by par. Vs crosses and (b1) parameters illustrated in 

Tables (1and4). 

The relative magnitude of D and H1 was estimated as a weighed 

measure of the average degree of dominance at each locus. The results 

indicated presence of over-dominance for all studied traits.  

The average frequency of negative vs positive allels in the parental 

population could be detected by computing the ratio H2/4H1. Values that 

largely deviated from 0.25 were obtained only for 100-kernel in both 

planting dates and No. of kernels/ row at early sowing date, revealing that 

negative and positive allels were unequally distributed among the parents. 

Moreover, significantly positive F value was detected in these traits, 

indicating symmetry with dominance allels being more frequent. The same 

conclusion was obtained by KD/FR. 

Low heritability values in narrow-sense were detected (Table 5). 

This finding reveals that response to selection would be achieved in the late 

segregating generations of crosses. 
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Table 5. Hayman's analysis for all studied traits at each planting date. 

 

Ear length Ear diameter No. of rows ear-1 

 Genetic  

parameter D1 D2 D1 D2 D1 D2 

D 0.84 0.53 0.09 0.01 0.51 0.82* 

F 1.56 0.92 0.12 0.00 0.40 1.12 

H1 23.01** 27.30** 2.24** 2.52** 10.13** 10.78** 

H2 21.86** 26.35** 2.19** 2.47** 9.75** 10.08** 

h2 86.08** 93.49** 11.51** 13.02** 42.32** 44.46** 

E 0.10 0.14 0.03 0.03 0.10 0.12 

(H1/D) 0.5 5.25 7.16 4.86 22.00 4.46 3.62 

(H2/4H1) 0.24 0.24 0.24 0.25 0.24 0.23 

KD/Kr 1.43 1.27 1.31 1.02 1.19 1.47 

h2(n.s) 0.04 0.04 0.02 0.04 0.09 0.07 

YD 10.54 8.96 2.39 1.97 9.15 8.63 

Yr 13.13 10.71 2.94 2.25 11.28 11.41 

R -0.88** -0.89** -0.98** -0.94** -0.89** -0.96** 

t2 17.94** 18.91** 4.34 21.36** 5.17** 9.56** 

B 0.28 0.20 0.52 0.44 0.42 0.43 

 

No. of kernels row-1 
100 

-kernel weight 
Grain yield plant-1 

 Genetic  

Parameter 
D1 D2 D1 D2 D1 D2 

D 13.91** 1.05 6.47* 1.82 162.95 24.64 

F 20.92* 4.2 14* 4.39 211.80 27.80 

H1 99.97** 110.7** 65.9** 52.1** 6772.00** 4214.00** 

H2 87.94** 105.4** 57** 46.7** 6389.00** 4181.00** 

h2 358.4** 482.2** 133.78** 90.5** 26832.00** 16614.00** 

E 0.71 0.74 0.70 0.64 2.90 3.13 

(H1/D) 0.5 2.68 10.28 3.19 5.34 6.45 13.08 

(H2/4H1) 0.22 0.24 0.22 0.22 0.24 0.25 

KD/Kr 1.78 1.48 2.02 1.58 1.22 1.09 

h2(n.s) 0.1 0.04 0.05 0.10 0.09 0.01 

YD 11.99 14.18 26.2 23.70 -93.20 85.63 

Yr 43.78 25.03 31.6 26.00 270.50 13.34 

R -0.74* -0.84* -0.6* -0.80* -0.40 -0.41 

t2 1.9 3.05** 0.24 9.23** 7.93** 2.64* 

B 0.41 0.38 0.12 0.10 0.17 -0.11 

 
* p> 0.05; ** p> 0.01 
Where: E= the expected environmental component of variation, D= Variation due to additive effect, F= Refers to 

relative frequencies of dominant Vs recessive genes in the parents, H1 = component of variation due to dominance 

effects, H2 = Component of variation due to non-additive effects, h2= Overall dominance gene effects of the 
heterozygous loci in all crosses, (H1/D)0.5 = mean degree of dominance at each locus over all loc, H2/4H1 = 

measures the average frequency of positive versus negative allels at loci exhibiting dominance, KD/KR = the ratio 

of total number of dominant to receive allels in the parents and h2 (ns) = narrow sense heritability. 
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Graphical analysis 

Graphical presentation (Wr,Vr) in Figures (1 to 6), the regression 

coefficient "b" of (Wr/Vr) is different from unity, indicating that a 

complementary type of epistasis was involved. With the exception of grain 

yield plant
-1

 at late planting date, a significant negative intercept was 

obtained, revealing over-dominance. Significantly positive intercept was 

obtained for grain yield plant
-1

 in late planting, suggesting partial 

dominance. Presence of over dominance from Hayman's parameter (H1/D)
0.5

 

was detected . This contradiction between both types of analysis might be a 

logical result of the presence of complamentary type of nonallelic 

interaction which inflated the ratios of (H1to D) and distorted the (Vr,Wr) 

graphs (Hayman 1954b, and Mather and Jinks 1971). The array points were 

widely scattered for all characters, indicating genetic diversity among the 

parents. 

The appreciable negative correlation coefficient between (Yr) and 

(Wr+Vr) obtained for all traits, except grain yield plant
-1

, indicated that 

increasers genes were dominant over decreasres. 

The parental inbred line P3 for ear length, P4 and P6 for ear 

diameter, P1 for No. of rows ear
-1

, P2 for No. of kernels row
-1

 in both 

planting dates, P6 in early sowing date and P2 and P8 in late planting for 

100-kernel weight and P5 in early sowing date and P8 and P1 in late 

planting date for grain yield plant
-1

, seemed to carry the most dominant 

genes  

 

Fig 1. Wr/vr graphs for ear length at early and late planting date. 
 

__●Pi 1
st planting date, 

...×PLi 2
nd planting date.   
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Fig 2. Wr/vr graphs for ear diameter at early and late planting date.   
 

 

Fig 3. Wr/vr graphs for No. of rows ear
-1 at early and late planting date. 

__●Pi 1
st planting date, 

...×PLi 2
nd planting date.   

__●Pi 1
st planting date, 

...×PLi 2
nd planting date.   
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Fig 4. Wr/vr graphs for No. of kernels row
-1

. Where, __● 1
st
 planting date and ...× 

2
nd

 planting date.   
 

 

Fig 5. Wr/vr graphs for 100-kernel weight at early and late planting date. 
 

__●Pi 1
st planting date, 

...×PLi 2
nd planting date.   

__●Pi 1
st planting date, 

...×PLi 2
nd planting date.   
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Fig 6. Wr/vr graphs for grain yield
-1 at early and late planting date.  

responsible for the expression of these traits. However, the parental inbred 

lines; P1 for ear length, P2 for ear diameter as well as No. of rows ear
-1

; P6 

for No. of kernels row
-1

 and P4 for grain yield plant
-1

 in both sowing dates 

and P4 and P3 for 100-kernel weight in early and late sowing dates, 

respectively, had a high concentration of recessive genes for these traits. 

Combining ability effects 

Estimates of GCA effects ( iĝ ) in individual parental inbred lines for 

each trait combined across two sowing dates in both Griffing's  methods (M 

2 and M4) are presented in Table (6). The parental inbred line P1 for 100-

kernel weight, P3 for No. of rows ear
-1

 and grain yield plant
-1

, P4 for ear 

length, 100-kernel weight and grain yield plant
-1

, P6 for ear length,, No. of 

rows ear
-1

, No. of kernels row
-1

 and grain yield plant
-1

, P7 for No. of rows 

ear
-1

 and grain yield plant
-1

 and P8 for No. of rows ear showed significant 

positive     ( iĝ ) effects in both methods. These results indicated that 

these parental inbred lines possess favorable genes and that 

improvement in respective traits may be attained if they are used in a 

hybridization program. 

__●Pi 1
st planting date, 

...×PLi 2
nd planting date.   
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Table 6. General combining ability effects for parents in the combined analysis of 

each method of Griffing (methods 2 and 4). 

Parent 

Ear length Ear diameter No. of rows ear-1 

M2 M4 M2 M4 M2 M4 

P1 0.16** 0.34** 0.05* 0.13 -0.09* -0.26** 

P2 -0.16** -0.08 -0.13** -0.07 -0.53** -0.24** 

P3 -0.32** -0.83** -0.02 0.00 0.46** 0.46** 

P4 0.18** 0.27** 0.07** 0.02 -0.11** -0.33** 

P5 -0.25** -0.39** 0.08** 0.07 -0.33** -0.58** 

P6 0.17** 0.30** 0.02 -0.02 0.18** 0.36** 

P7 0.06 0.13 -0.02 -0.07 0.21** 0.18** 

P8 0.15** 0.27** -0.04* -0.06 0.21** 0.40** 

L.S.D(0.05) gi       0.08 0.25 0.04 ns 0.08 0.18 

L.S.D(0.01) gi  0.10 0.34 0.05 
ns 

0.10 0.24 

L.S.D(0.05) gi-gj  0.15 0.38 0.08 
ns 

0.14 0.27 

L.S.D(0.01) gi-gj  0.20 0.51 0.10 
ns 

0.19 0.36 

Parent No. of kernels row-1 100-kernel weight Grain yield plant-1 

 
M2 M4 M2 M4 M2 M4 

P1 -0.70** -0.53 0.79** 1.59** -1.04** -0.12 

P2 -0.82** -1.43** -0.33** -0.74** -8.18** -11.05** 

P3 0.33** -0.81** 0.14 0.83** 7.08** 6.74** 

P4 -0.03 0.99** 0.39** 1.08** 1.19** 5.36** 

P5 0.42** -0.16 0.12 -0.80** -3.51** -9.21** 

P6 0.72** 1.61** -0.26** -0.84** 4.18** 7.55** 

P7 0.46** 0.57 -0.09 -0.09 3.32** 4.73** 

P8 -0.37** -0.25 -0.76** -1.05** -3.02** -4.00** 

L.S.D(0.05) gi       0.19 0.71 0.19 0.68 0.38 1.31 

L.S.D(0.01) gi  0.26 0.94 0.25 0.90 0.50 1.74 

L.S.D(0.05) gi-gj  0.37 1.07 0.36 1.03 0.73 1.98 

L.S.D(0.01) gi-gj  0.48 1.41 0.47 1.36 0.95 2.63 

* p> 0.05; ** p> 0.01 

Specific combining ability effects ( ijS
^

) for the studied twenty eight 

cross combinations were computed for all studied traits across two sowing 

dates using both Griffing's methods (M2 and M4) are presented in Table (7). 

The most desirable inter- and intera-allelic interactions were presented in 

both methods (M2 and M4) by F1 hybrids; P1xP4, P1xP7, P2xP3, P2xP6, 

P3xP4, P3xP8, P5xP6, P5xP8 and P6xP7 for ear length, P1xP8 and P6xP7 
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for ear diameter, P1xP6, P2xP3, P2xP8, P3xP4, P3xP5, P5xP8 and P6xP7 

for No. of rows ear
-1

, P1xP4, P2xP3, P3xP7, P5xP6 and P6xP7 for No. of 

kernels row
-1

, P1xP7, P2xP8, P3xP4, P3xP7, P1xP8, P2xP3, P2xP8, P3xP4, 

P3xP7, P4xP7, P5xP6, P5xP8 and P6xP7 for grain yield plant
-1

. The 

previous crosses might be prime importance in breeding program for 

traditional breeding procedures. 

The values of correlation coefficients between both Griffings 

methods of analysis (M2 and 4) for ( iĝ ) and ( ijS
^

) effects are presented in 

Table (8). The correlation coefficient between ( iĝ ) and ( ijS
^

) effects in the 

two methods was highly significant for all traits, revealing a strong relation 

between the two Griffing methods in estimating ( iĝ ) and ( ijS
^

) effects. This 

finding confirms the results already shown by ( iĝ ) and ( ijS
^

) effects (Tables 

6 and 7). 

The correlation coefficient of  additive and/or non-additive effects 

derived from four methods of diallel analysis across all traits in both 

planting dates as well as the combined analysis were highly significant, 

indicating the strong relation between these methods in estimating additive 

and non-additive genetic variance (Table 9). 

Also, the correlation coefficient values for error mean squares between the 

four methods of all traits were significant between these methods, revealing 

the strong relation between the four methods in estimation of error variance. 

Consequently, when costs, efforts and time needed for conducting the 

experiments and analyses the collected data are taken into consideration, the 

perferability will be for Griffing method-4. In this respect, Nawar (1985) 

compared between seven analyses of diallell crosses in maize including the 

two Griffing’s methods (2 and 4), Model II; the modified diallel cross by 

Matzinger and Kempthorne (1956) method, Gardner (1967) method, the half 

diallel cross of Jones (1965), the diallel method by Aksel and Johnson 

(1959), the regression method (wr/vr) of Jinks (1954) and Hayman (1954 a 

and b) method. He reported that the genetic analysis carried out by different 

methods of analysis of diallel crosses in general gave a similar picture with 

respect to gene action. Also, in case of grain yield per plant and silking date, 

the additive and dominance genetic effects were important in the expression 

of these traits. Moreover, the two half diallel methods, Gardner
,
s (1967) 

method, regression method analysis (wr/vr) and Matzinger and Kempthorne 

(1956) method may be more informative than the two Griffing’s methods; 

however, they are more complicated since a high seed computer facilities 

are needed to do the calculations. 
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 Tble 7. Specific combining ability effects for crosses in the combined analysis 

for Griffing method 2 (M2) and method 4 (M4). 

 
 Ear length Ear diameter No. of rows ear-1 No. of kernels row

-1
 100-kernel weight Grain yield plant

-1
 

Cross M2 M4 M2 M4 M2 M4 M2 M4 M2 M4 M2 M4 

P1xP2 -0.82** -2.28** 0.27* -0.32 0.87** -0.09 1.49** -0.67 2.43** 0.69 13.76** -2.87 

P1xP3 -0.21 -1.09** 0.49** -0.05 0.03 -0.64** -1.84** -3.47** 2.62** -0.21 -5.68** -24.84** 

P1xP4 4.47** 3.00** 0.60** 0.12 0.72** 0.28 7.73** 3.93** -1.88** -4.71** 19.93** -3.75* 

P1xP5 0.72** -0.53 0.30** -0.21 0.42* 0.01 2.72** 0.53 1.39** 0.16 22.35** 8.54** 

P1xP6 0.45* -1.07** 0.56** 0.08 1.60** 0.75** 4.32** 0.66 2.02** 0.45 35.56** 12.69** 

P1xP7 3.01** 1.55** 0.52** 0.04 0.08 -0.56** 3.08** 0.20 5.10** 2.95** 27.83** 6.92** 

P1xP8 1.91** 0.41 0.84** 0.34* 1.09** 0.24 1.71** -1.18 2.53** 0.66 21.84** 3.32* 

P2xP3 1.98** 1.22** 0.47** -0.05 3.22** 2.09** 5.68** 4.83** -1.26* -2.88** 40.55** 25.17** 

P2xP4 0.41 -0.96** 0.68** 0.22 0.08 -0.83** 1.17* -1.84* 0.49 -1.13 -0.31 -20.20** 

P2xP5 0.79** -0.35 0.57** 0.07 0.41 -0.47* -0.87 -2.27** 1.26* 1.25 0.87 -9.15** 

P2xP6 2.12** 0.71* 0.30** -0.17 1.20** -0.11 2.89** 0.01 -0.61 -0.96 13.61** -5.48** 

P2xP7 1.68** 0.33 0.50** 0.04 -0.14 -1.23** 1.50** -0.61 0.22 -0.71 -1.68 -18.81** 

P2xP8 2.72** 1.33** 0.69** 0.20 1.96** 0.65** 2.68** 0.56 4.39** 3.75** 46.07** 31.34** 

P3xP4 2.02** 1.24** 0.64** 0.22 1.32** 0.69** 3.49** 1.01 6.26** 3.55** 48.68** 26.25** 

P3xP5 -1.58** -2.13** 0.39** -0.07 1.02** 0.43* -2.97** -3.84** -1.71** -2.82** -10.93** -23.47** 

P3xP6 0.78** -0.04 0.67** 0.25 0.02 -1.01** 2.06** -0.29 -1.09* -2.53** 0.73 -20.89** 

P3xP7 0.76** 0.00 0.07 -0.34* 0.28 -0.53** 4.15** 2.57** 6.49** 4.47** 53.04** 33.38** 

P3xP8 1.60** 0.79** 0.49** 0.05 0.00 -1.03** 0.78 -0.81 2.17** 0.43 1.66 -15.60** 

P4xP5 0.60** -0.55 0.39** -0.01 0.35 -0.01 0.97 -2.06* 4.79** 3.68** 20.75** 3.69* 

P4xP6 0.15 -1.26** 0.22 -0.15 0.66** -0.14 2.60** -1.91* 0.91 -0.53 14.73** -11.41** 

P4xP7 -0.19 -1.54** 0.04 -0.32 0.66** 0.07 3.91** 0.18 2.49** 0.47 31.65** 7.48** 

P4xP8 1.47** 0.07 0.30** -0.09 0.74** -0.06 4.44** 0.70 0.42 -1.32 19.73** -2.05 

P5xP6 4.41** 3.22** 0.52** 0.12 0.21 -0.57** 7.04** 4.14** 4.19** 4.34** 47.54** 31.28** 

P5xP7 0.77** -0.36 0.25* -0.13 0.40 -0.16 2.20** 0.07 -4.73** -5.16** -13.22** -27.52** 

P5xP8 1.88** 0.70* 0.65** 0.22 1.55** 0.77** 5.59** 3.44** -1.31* -1.45 28.54** 16.64** 

P6xP7 2.27** 0.87** 1.00** 0.65** 3.02** 2.03** 2.46** -1.15 0.39 -0.37 36.38** 13.00** 

P6xP8 -0.99** -2.44** -0.40** -0.78** 0.26 -0.95** 2.16** -1.45 0.07 -0.41 1.79 -19.19** 

P7xP8 0.54* -0.85** 0.45** 0.06 1.37** 0.38 1.58** -1.26 -0.60 -1.66* 4.56** -14.45** 

LSD5% 
(sij) 0.43 0.56 0.22 0.32 0.41 0.39 1.06 1.56 1.04 1.51 2.09 2.91 

LSD1% 
(sij) 0.56 0.75 0.29 0.43 0.54 0.52 1.39 2.07 1.36 2.00 2.74 3.85 

LSD5% 
(sij-sik) 0.64 0.86 0.33 0.50 0.61 0.60 1.57 2.38 1.53 2.30 3.09 4.44 

LSD1% 
(sij-sik) 0.84 1.14 0.43 0.66 0.80 0.79 2.06 3.16 2.01 3.05 4.05 5.89 

LSD5% 
(sij-skl) 0.21 0.77 0.11 0.44 0.20 0.54 0.52 2.13 0.51 2.06 1.03 3.97 

LSD1% 
(sij-skl) 0.28 1.02 0.14 0.59 0.27 0.71 0.69 2.83 0.67 2.73 1.35 5.26 

 

 
Table 8. Correlation coefficient for GCA and SCA effects between Griffings 

methods of analysis (Method 2 and 4) in the combined analysis. 
Combining 

ability effect Ear length Ear diameter 

No. of rows 

ear -1 

No. of 

kernels row-1 

100-kernel 

weight 

Grain yield 

plant-1 

GCA effect r 0.95** 0.77** 0.86** 0.67** 0.87** 0.94** 

SCA effect r 0.98** 0.98** 0.95** 0.92** 0.95** 0.98** 

* p> 0.05; ** p> 0.01 
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Table 9: Correlation coefficients for the mean squares of GCA, SCA, 

GCA/SCA ratio and error among the four methods of analysis for 

the studied traits. 

Method of diallel GCA SCA GCA xD SCA xD GCA/SCA GCA xD/SCA SCAxD/SCA Error 

G2 vs G4 0.999** 0.995** 0.996** 0.996** 0.808** 0.420 0.446 1.00** 

G2 vs Jones 1.000** 1.000** 1.000** 1.000** 0.999** 1.000** 1.000** 1.00** 

G2 vs Hayman 0.997** 1.000**     0.643**    1.00** 

G4 vs jones 0.999** 0.995** 0.999** 0.999** 0.710** 0.411 0.451 1.00** 

G4 vs hayman 0.995** 0.813**   0.365   0.99** 

Jones vs Hayman 0.997** 1.000**   0.643*   1.00** 

* p> 0.05; ** p> 0.01 
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 ٍقاسّح تيِ تعض طشق ذحييو اىٖجِ اىرثادىيح فٚ اىزسج اىشاٍيح

 
 احمد على الحصرى

جامعة بنها –كلية الزراعة  –قسم المحاصيل   

 

ذٌ ذقييٌ شَاّيح سلالاخ ٍشتآ داخييا ٍِ اىزسج اىشاٍيح ٗ اىٖجِ اىرثادىيح تيٌْٖ )ٍاعذا اىعنسيح( 

/ 1/6ٗ  2014/ 2/5اخ ذحد ٍيعاديِ ٍِ اىضساعح )فٚ ذصَيٌ اىقطاعاخ اىناٍيح اىعش٘ائيح تصلاز ٍنشس

جاٍعح تْٖا ٗ ذٌ ذقذيش اىقذسج عيٚ  –( فٚ ٍضسعح ٍشمض اىثح٘ز اىضساعيح اىخاصح تنييح اىضساعح 2014

اىراىّف ٗ اىفعو اىجيْٚ ىصفاخ اىَحص٘ه ٗ ٍنّ٘اذٔ. ماُ اىرثايِ اىشاجع اىٚ ٍيعادٙ اىضساعح ٍعْ٘يا فٚ مو 

اىَر٘سظ اىعاً ىيَيعاد الاٗه ىيضساعح امثش ٍِ اىَيعاد اىَرأخش. ٗ ماُ اىرثايِ  اىصفاخ اىَذسٗسٔ ٗ ماُ

اىشاجع اىٚ اىرشامية اى٘ساشيح ٗ ٍنّ٘اذٖا )الاتاء, اىٖجِ , الاتّاء ٍقاتو اىٖجِ( ٍعْ٘يا ىَعظٌ اىصفاخ ذحد 

يقرٚ جشفيْج )اىطشيقح اىذساسح. ماُ اىرثايِ اىشاجع اىٚ اىقذسٓ اىعأٍ ٗ اىخاصح عيٚ الائرلاف اىَقذس تطش

                     اىصاّيح ٗ اىشاتعح( ٗ طشيقح جّ٘ض ٍعْ٘يا فٚ ٍعظٌ اىصفاخ ذحد اىذساسح فٚ مو ٍيعاد
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صساعٔ عيٚ حذٓ ٗ مزىل اىرحييو اىَشرشك ىيَيعاديِ. ٗ ماّد اىْسثح تيِ ذثايِ اىقذسج اىعاٍح ٗ ذثايِ اىقذسٓ 

د اىذساسح ٍَا يذه عيٚ اُ اىفعو اىجيْٚ غيش اىَضيف ٕ٘ اىخاصح اقو ٍِ اى٘حذٓ فٚ مو اىصفاخ ذح

اىَرحنٌ فٚ ٗساشح ذيل اىصفاخ فٚ مو ٍيعاد صساعح ٗ مزىل اىرحييو اىَشرشك. أظٖشخ اىسلالاخ الات٘يح سقٌ 

أعطد  قذسٓ جيذج عاٍح عيٚ الائرلاف ىصفح ٍحص٘ه اىحث٘ب / ّثاخ ٗ ٗاحذ اٗ امصش ٍِ ٍنّ٘اذٔ.  7ٗ  3

 P1xP7 , P2xP8 , , P3xP4 P3xP7   , P1xP8 , P2xP3 , P2xP8 , P3xP4 , ,P3xP7اىٖجِ 

P4xP7 , P5xP6 , P5xP8  ٗP6xP7  ذأشيشاخ قذسج خاصح عيٚ اىراىّف عاىيح اىَعْ٘يح ىَحص٘ه

 , P3xP4 , P3xP7 , P6xP7 , P5xP6 , P2xP3 , P1xP7اىحث٘ب / ّثاخ.  ٗ حققد اىٖجِ 

P4xP7 , P2xP8 , P1xP6  ٗP1xP7 ٘( 10ٗ فشدٙ  8ك30قا ٍعْ٘يا عيٚ صْفٚ اىَقاسّح )تيّ٘يش ذف

 , P3xP7فٚ اىرحييو اىَشرشك ىصفح ٍحص٘ه اىحث٘ب/ ّثاخ. ٗ تيغ ٍقذاس اىرف٘ق فٚ اعيٚ شلاشح ٕجِ ) 

P3xP4  ٗP5xP6( ٚح٘اى )تاىَقاسّح 25.56ٗ 16.16(, )31.87ٗ  22.03(, )36.56ٗ  26.37 )%

( ٍعْ٘ٙ ىنو H1, عيٚ اىر٘اىٚ. ماُ ذأشيش اىسيادج )8ك30تيّ٘يش  ٗ اىٖجيِ اىفشدٙ 10اىٖجيِ اىفشدٙ 

( ٍعْ٘يح ىنو h2اىصفاخ اىَذسٗسٔ ذحد ٍيعادٙ اىضساعح ٗ ماُ امثش ٍِ اىجضء اىَضيف. ٗ ماّد )

اىصفاخ اىَذسٗسح. ٗ ماّد دسجح اىر٘سيس ٍْخفضح فٚ مو اىصفاخ ذحد اىذساسح. ماّد الاىيلاخ اىَرْحيح 

(. ٗ ماّد F( ٗ قيَح )H2/4H1اٗيح فٚ الأتاء ىَعظٌ اىصفاخ ٗ رىل تأسرخذاً )ٗ اىسائذج غيش ٍرس

ٗ سقٌ  8فٚ اىَيعاد اىَثنش ٗ سقٌ  5اىسيادج اىفائقح راخ اىرأشيش الامثش فٚ مو اىصفاخ. أظٖشخ اىسلاىح سقٌ 

ماّد  4فٚ اىَيعاد  اىَرأخش اّٖا ذحَو ٍعظٌ الاىيلاخ اىسائذج ىصفح اىَحص٘ه/ ّثاخ تيَْا اىسلاىح سقٌ  1

ذحَو ٍعظٌ الأىيلاخ اىَرْحيح. ماُ ٍقذاس ٍعاٍو الأسذثاط تيِ اىقذسج عيٚ اىراىّف ٗ اىخطأ اىَقذسيِ تالأستعح 

جثح ٗعاىيح اىَعْ٘يح ٗ ٕزا يشجع اىٚ طشق )جشيفْج اىطشيقح اىصاّيح ٗ اىشاتعح ٗ جّ٘ض ٗ ٕايَِ( ٍ٘

 اىرشاتٔ فٚ مفاءج ذيل اىطشق الاستعح فٚ ذقذيشٌٕ ىيقذسج عيٚ اىراىّف ٗ اىخطأ اىرجشيثٚ.
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