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ABSTRACT  
 

The present investigation was carried out during the summer seasons 2015 and 2016 at the 
Experimental Farm, Fac. of Agric., Zagazig University. A half diallel cross among five inbred lines of 
white maize was done aiming to evaluate their yield and its components. The results indicated that 
mean squares due to maize genotypes, parents and their F1 crosses were significant for all characters 
under the study.  

Significant mean squares of both general (GCA) and specific (SCA) combining abilities 
variances were detected for all characters. Both additive and dominance genetic variances were 
significant and involved in the inheritance of all studied characters. The additive genetic variance was 
larger in its magnitude than the corresponding dominance one in some characters. Otherwise, the 
dominance genetic variance was acounted the major part in the inheritance of the other characters. 
Heritability estimates in narrow sense were high (> 50%) for some yield characters.  

Grain yield showed significant positive correlations with plant height, ear length, number of 
rows/ear, number of grains/row at both phenotypic and genotypic levels. Maximum positive direct 
effect on grain yield was contributed greatly by plant height, followed by ear length number of 
grains/row and number of rows/ear indicating that a slight increase in one of these characters may 
directly contribute to grain yield. 
 
Key words: Maize, genetic variability, heritability, phenotypic and genotypic correlations and path 

coefficient analysis 

 
Introduction 
 

Maize is one of principal cereal crops in Egypt and all over the world. It is used as feed for 
cattle and poultry. Also, it is considered as a main component in several important industries such as 
corn oil, starch, fructose sugar and other products. In the last period, maize is used for human feed in 
Egypt by mixing 20% with wheat flour in bread making to lessen wheat imports by 2.4 million tons 
annually and save hard currency.  

Diallel analysis system is one of important techniques used to estimate combining ability 
which supports the breeders in selecting desirable parents and crosses with maximum potential of 
gene exploitation for identifying the most promising inbred lines that involved in maize crosses 
programs. Ofori et al. (2015) reported that combining ability was important in the genetics of yield 
and most of its attributing characters. (Okasha et al., 2014; Mousa 2014 and Al-Falahy, 2015) 
obtained significant additive effect for grain yield only. General combining ability (GCA) for grain 
yield were detected and greater than specific combining ability (SCA) showing that additive gene 
effects were more important than dominance ones in the genetics of grain yield kg/ha (Zeleke 2015). 

Several authors determined genetic variance for yield and its component characters in maize 
and showed moderate to high heritability El-Shouny et al. (2005) showed that ear length, number of 
kernels per row and 100-kernel weight were the most important sources of plant grain yield variation. 
Aminu and Izge (2012) and Reddy and Jabeen (2016) showed higher heritability estimates for, plant 
height, weight of cobs and grain yield. (Jamshidian et al., 2013; Kinfe and Tsehaye, 2015; Ghimire 
and Timsina, 2015; Matin et al., 2017) reported that the high phenotypic and genotypic coefficients of 
variability were observed for most of the yield and yield attributing characters studied in maize 
genotypes.  
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Adesoji et al. (2015) indicated that plant height, cob length, number of grains per cob and 100-
seed weight showed positive direct effects on grain yield. Jakhar et al. (2017) reported that ear length 
and 100 kernel weight had high positive direct effects on grain yield. Sadek et al. (2006) revealed that 
grain yield/plant was positive and high significantly correlated with each of plant height, ear length, 
number of kernels/row, 100 kernels weight. Pandey et al. (2017) indicated that grain yield was 
positively and strongly correlated with 100 grain weight, cob length, plant height, kernels / row and 
kernel rows / cob. 
  This study aimed to estimate genetic variations and associations between grain yield and its 
components of maize, which were important to improve this important crop through. The work was 
extended to study the direct and indirect effects using path coefficient analysis of yield components on 
grain yield of maize. 
 
Materials and Methods  
 

The present study was carried out during the summer growing seasons 2015 and 2016 at 
Zagazig Agriculture Research Station at Ghazala, Egypt. In summer growing season of 2015, five 
inbred lines of maize (Zea mays L.) were grown and crossed to obtain 10 F1’s crosses in a half diallel 
fashion. The origin and pedigree of the used maize inbred lines are giving in Table (1). These lines were 
kindly obtained from Maize Section, Agric. Res. Cont., Giza, Egypt. 

 

Table 1: The origin and pedigree of the used maize inbred lines 

Code No. Inbred line Origin Pedigree 

1 L 84 Gamet selection (sanjune x 307) (SC 14) Rg 41 

2 L 119  Local developed L.53A 

3 L 93 Gamet selection (Beida x 307) (SC 14) Rg 50 

4 L 37 Improved by B C with (69 x 213) G 507A 

5 L 9 Tuxpano G227 B 

These lines varied in their agronomic and yield attributes. 

 
In summer growing season of 2016, the five parental inbred lines and their 10 F1’s crosses 

were sown in rows 6 m. long and 70 cm. apart, the distance between hills was 25 cm. Randomized 
complete block design with three replicates was used. All agronomic practices were applied as 
recommended cultivation of maize.  

The following data were recorded on ten guarded and competitive plants from each replicate for 
each line or cross: plant height, days to 50% tasselling, days to 50% silking, ear length, number of 
rows/ear, number of grains/row, 100-grain weight and grain yield which calculated a ard./fad. 

The collected data were statistically analyzed using conventional two way analysis of variance 
according to Steel et al. (1997). The least significant differences, LSD at 0.05, was also calculated to 
detect the observed significances.  
Genetic components of variation were estimated using σ2 GCA, σ2 SCA and σ2e: 

2 A = 2 
2 gca 

2 D = 
2 sca 

Where: 

2 A = Additive genetic variance 

2 D = Dominance genetic variance 

2 e = Environmental variance. 
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Genotypic and phenotypic variances and co-variances were computed from ANOVA and 
ANCOVA and used to estimate genotypic and phenotypic correlations among characters according to 
Kwon and Torrie (1964). Path coefficient analysis was computed according to Dewey and Lu (1959) 
by solving simultaneous equations using genotypic correlations.  
 
Results and Discussion 

 
Mean performance 
 

Data presented in Table (2) showed mean squares of the all studied characters for parents and 
their F1 crosses. 

It is noticeable that mean squares due to maize genotypes, parents and their F1 crosses were 
significant for all characters under the study. These results provide evidence for the presence of 
adequate amount of genetic variability valid for further biometrical assessments. 

Parents versus crosses mean squares, as measure of average heterosis, were found to be 
significant also for all studied characters. In this connection, significant and genetic variability 
between parents and their F1 crosses were detected for earliness and yield and its components by 
Ofori et al. (2015). 

 
Table 2: Mean squares of the studied characters for parents and F1,5 in 5 x 5 diallel crosses and GCA and SCA 

varlances. 

S.O.V d.f. 
Plant 
height 
(cm) 

Days to 
50 % 

tasselling 

Days to 
50 % 

silking 

Ear 
length 
(cm) 

Number 
of 

rows/ear 

Number of 
grains/row 

100 grain 
weight(gm) 

Grain 
yield 

(ard./fad.) 
Genotypes 14 5409.14* 54.20* 56.31* 11.64* 9.34* 162.82* 43.12* 292.21* 

Parent 4 3030.77* 69.90* 100.27* 5.47* 11.84* 63.31* 77.86* 3.63 
F1 9 1419.20* 53.20* 41.05* 3.55* 4.40* 9.84* 20.94* 13.96* 

P×F1 1 50832.15* 0.40 17.78* 109.08* 43.71* 1937.66* 103.77* 3950.83* 
GCA 4 5369.96* 181.20* 168.06* 32.48* 80.41* 70.96* 77.23* 23.56* 
SCA 10 5424.81* 3.40* 11.61* 130.45* 50.29* 199.56* 29.47* 399.67* 
Error 28 49.16 1.19 0.82 0.49 0.49 2.04 2.39 2.79 

GCA/SCA  0.99 53.29 14.47 0.25 1.60 0.36 2.62  0.06 
* Significant at 0.05. 

 
Significant mean squares of both general (GCA) and specific (SCA) combining abilities 

variances were detected for all characters. The ratio of GCA/ SCA variances was more than unity for 
earliness, number of rows/ear and 100 grain weight indicating that additive variance was more 
important in the inheritance of these characters. Whereas, their ratio was less than unity for remaining 
characters indicating that dominance variance was more important in the inheritance of such 
characters. Our results are in agreement with Okasha et al. (2014), Mousa (2014) and Al-Falahy 
(2015) who found that GCA mean square was higher in its magnitude than the corresponding SCA 
ones for grain yield. 

Mean performance of the studied characters among the tested genotypes, (Table 3) showed 
significant differences and suggesting that these genotypes differed in genes governed these characters. 

It is interest to mention that, the parental inbred lines P4, P3 and P1 and their F1 crosses P3 x P4, 
P1 x P3, P1 x P4 and P2 x P3 were the shortest and earliest plants among maize genotypes. On the 
other hand, the parental inbred lines P5 and P2 and F1 crosses P2 x P5, P3 x P5, P4 x P5 and P1 x P5 
were classified as the longest and latest ones.  

In this respect, significant genetic variabilities were recorded for plant height (Jamshidian et al., 
2013; Adesoji et al., 2015; Matin et al., 2017) for earliness characters Aminu and Izge (2012) and 
Reddy and Jabeen (2016).  

For ear length maize parental inbred lines P3 and P5 as well as F1 crosses P3 x P5, P3 x P4, P1 
x P2, P1 x P5, P2 x P3 and P1 x P3 exhibited the highest mean values of ear length, whereas the 
remaining ones were the lowest ones among the studied genotypes. These results are in agreement 
with those obtained by El-Shouny et al. (2005) and Motawei (2005) who obtained significant 
differences between maize genotypes for ear length. 
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For grain yield and its components, the results indicated that the lines P5, P2 and P3 as well as 
F1 crosses P1 x P2, P1 x P4, P2 x P5 and  P3 x P5 exhibited the highest values of yield characters. On 
the other hand, the lines P1 , P4 and  the crosses P1 x P3, P1 x P4 and P1 x P5 were the lowest ones for 
grain yield and its components. In this connection significant differences among maize genotypes 
were recorded for grain yield and its components by Jakhar et al. (2017). 
 
Table 3: Mean performance of five maize parents and their F1 crosses for the studied characters. 

Characters
 

Genotypes 

Plant height 
(cm) 

Days to 50% 
tasselling 

Days to 
50% silking 

Ear length 
(cm) 

Number of 
rows/ 

ear 

Number of 
grains/ 

row 

100 grain 
weight 
(gm) 

Grain yield 
(ard./fad.) 

P1 234.67 61.0 64.67 13.63 10.14 26.77 23.76 9.28 

P2 243.00 60.0 62.00 12.77 12.17 22.63 29.22 11.42 

P3 223.33 58.0 60.33 15.53 9.50 21.37 31.00 9.89 

P4 183.00 59.0 60.00 13.37 11.33 23.70 18.09 8.57 

P5 270.00 70.0 74.00 15.77 14.58 32.87 27.03 10.53 

P1 x P2 301.67 60.0 64.33 18.50 14.33 38.33 27.15 30.82 

P1 x P3 285.33 58.0 61.67 17.30 12.00 37.27 32.10 27.46 

P1 x P4 288.50 60.0 61.00 16.67 12.67 41.33 23.71 26.59 

P1 x P5 307.97 68.0 65.00 17.70 14.00 42.00 28.21 29.31 

P2 x P3 294.87 58.0 57.00 17.67 13.33 36.33 32.21 31.41 

P2 x P4 291.73 59.0 60.00 16.17 14.00 40.10 29.73 28.51 

P2 x P5 335.67 67.0 65.00 16.50 16.00 40.67 29.93 33.80 

P3 x P4 265.00 57.0 59.00 18.50 12.33 38.50 28.53 28.51 

P3 x P5 329.27 65.0 67.67 19.57 13.00 39.00 27.31 31.42 

P4 x P5 320.97 66.0 68.00 16.60 14.67 40.33 31.53 30.33 

L.S.D 0.05 11.39 1.27 1.47 1.4 1.13 2.32 2.51 2.72 

 
Components of variances and heritability 
 

Data presented in Table (4) show genetic components along with heritability in narrow sense 
for all studied characters of the studied genotypes. The results showed that, both additive and 
dominance genetic variances were significant and involved in the inheritance of these characters. 

The additive genetic variance was larger in its magnitudes than the corresponding dominance 
one, resulting in σ2 A/ σ2 D was more than unity and confirmed with the results of general and specific 
combining ability variances for days to 50% tasselling, days to 50% silking and  number of rows/ear. 
Therefore, these characters could be effectively improved through the phenotypic selection procedure. 
Otherwise, the dominance genetic variance was counted the major part in the inheritance of the other 
characters.  

Environmental variance was significant for most studied characters suggesting that these 
characters are more influenced by the environmental changes. 

The heritability estimates in narrow sense were high most studied characters, suggesting that 
selection may be effective for improving these characters. In this connection, (Zeleke, 2015) recorded 
high values of narrow sense heritability for days to 50% tasselling, days to 50% silking and number of 
rows/ear. 

While, narrow sense heritability was low for the remaining ones showing that selection for such 
characters may be delayed to later segregated generations.  

The estimates of phenotypic and genotypic coefficients of variation for all the studied 
characters are showed in (Table 4). Phenotypic coefficients of variation were equivalent to their 
relating genotypic coefficients of variation, showing few impact of environment on the advertising of 
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these characters. Maximum phenotypic and genotypic variance were recorded for plant height and 
grain yield. 

Similar results were reported by Kinfe and Tsehaye (2015) and Ghimire and Timsina (2015).  
 
Table 4: Components of variances and heritability for the studied characters in 5 x 5 diallel crosses. 

 
Genetic 

Components 

Plant 
height 
(cm) 

Days to 
50 % 

tasselling 

Days 
to 50 

% 
silking 

Ear 
length 
(cm) 

Number 
of 

rows/ear 

Number of 
grains/row 

100 grain 
weight(gm) 

Grain yield 
(ard./fad.) 

2 A 1520.23* 51.43* 47.78* 2.18* 5.60* 19.69* 21.38* 5.93* 

2 D 5375.66* 2.21* 10.78* 12.55* 4.54* 197.52* 27.08* 396.88* 

Phenotypic 
Variance (σ2p) 

1835.8 18.9 19.3 4.2 3.4 55.6 16.0 99.3 

Genotypic 
Variance (σ2g) 

1786.7 17.7 18.5 3.7 2.9 53.6 13.6 96.5 

Environmental 
Variance  
(σ2e) 

49.2 1.2 0.8 0.5 0.5 2.0 2.4 2.8 

PCV (%) 256.8 45.1 45.1 41.3 42.1 103.3 61.7 168.9 
GCV (%) 253.4 43.7 44.1 38.8 39.0 101.4 56.9 166.5 
h2 (n) 35.3 93.66 87.16 23.08 63.33 16.07 53.85 2.83 

2 A/
2 D 0.28 23.32 4.43 0.17 1.23 0.09 0.79 0.015 

* Significant at 0.05.   PCV: Phenotypic coefficient of variance    GCV: Genotypic coefficient of variance 

Genotypic and phenotypic correlations 
Phenotypic and genotypic correlation coefficients of grain yield with other characters are 

showed in (Table 5). The genotypic correlation coefficients for most of the characters were 
approximately similar in magnitude as the corresponding phenotypic ones, indicating that associations 
among these characters were largely under genetic control assuring the superiority of genetic variance 
in expression of these characters and the low effect of environmental conditions on such studied 
characters in maize which agreed with the finding of Pandey et al. (2017). 

Results given in Table (5) show that grain yield showed significant positive correlations with 
plant height, ear length, number of rows/ear, number of grains/row at both phenotypic and genotypic 
levels.  

Plant height showed significant positive phenotypic and genotypic correlations with ear length, 
number of rows/ear and number of grains/row. 

Also, number of grains/row showed significant positive correlation with ear length and number 
of rows/ear at both phenotypic and genotypic levels. Generally, selection for these characters seemed 
will automatically to improve grain yield in maize. 
 
Table 5: Coefficients of phenotypic correlation (rp) upper diagonal and genotypic correlation (rg) coefficients 

lower diagonal between the studied characters in maize. 

Grain yield 
(ard./fad.) 

100 grain 
weight(gm) 

Number of 
grains/row 

Number 
of 

rows/ear 

Ear 
length 
(cm) 

Days to 
50 % 

silking 

Plant 
height 
(cm) 

Phenotypic 
 correlation 
 

Genotypic  
correlation 

 
0.87* 0.51 0.85* 0.72* 0.69* 0.32 1 Plant height (cm) 

-0.10 -0.03 0.15 0.41 0.6 1 0.33 
Days to 50 % 
tasselling 

0.78* 0.35 0.74* 0.38 1 0.7* 0.75* Ear length (cm) 
0.62* 0.22 0.69* 1 0.45 0.44 0.81* Number of rows/ear 

0.88* 0.28 1 0.76* 0.79* 0.15 0.88* Number of grains/row 

0.45 1 0.31 0.32 0.42 -0.04 0.55 100 grain weight(gm) 
1 0.48 0.92* 0.67* 0.84* -0.08 0.88* Grain yield (ard./fad.) 

* Significant at 0.05.    
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Path coefficient analysis  
 

Genotypic path coefficient values of all the characters with grain yield are showed at Table 6. 
Maximum positive direct effect on grain yield was contributed greatly by plant height, followed by 
ear length, number of grains/row and number of rows/ear, indicating that a slight increase in one of 
these characters may directly contribute to grain yield. However, negative direct effects were 
exhibited by Days to 50 % silking and 100 grain weight showing loss contribution on grain yield. 

 
Table 6: Genotypic path coefficients analysis of six characters on grain yield in maize  

Characters 
Plant 

height (cm) 

Days to 50 

% silking 

Ear length 

(cm) 

Number of 

rows/ear 

Number of 

grains/row 

100 grain 

weight(gm) 

Plant height (cm) 
0.606 -0.130 0.174 0.120 0.147 -0.030 

Days to 50 % silking 
0.200 -0.393 0.162 0.065 0.025 0.002 

Ear length (cm) 
0.454 -0.275 0.232 0.067 0.132 -0.023 

Number of rows/ear 
0.491 -0.173 0.104 0.148 0.127 -0.017 

Number of grains/row 

0.533 -0.059 0.183 0.113 0.167 -0.017 
100 grain weight(gm) 

0.333 0.016 0.097 0.047 0.052 -0.054 
Direct effects are in bold type. 

The highest positive indirect effects were detected by number of grains/row, number of 
rows/ear and ear length via plant height, respectively. The same trend was detected for ear length and 
number of rows/ear via number of grains/row, respectively. Ear length also had a cognizable indirect 
effect via number of rows/ear. Also, number of grains/row showed indirect effect via 100 grain 
weight.  

Moreover, number of grains /ear, number of rows /ear, ear length and plant height appeared to 
effectively contribute to grain yield. Therefore, indirect selection for these characters might be 
effective for improving grain yield of maize, as mentioned by Jakhar et al. (2017) and Pandey et al. 
(2017). 
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