
J. Agric. Sci. Mansoura Univ., 32 (4): 2491 - 2497, 2007 

EVALUATION OF GENETIC BEHAVIOUR OF VEGETATIVE 
AND EARLINESS TRAITS IN MAIZE HYBRIDS AT TWO 
LOCATIONS. 
Abd El-Hadi, A.H.; A.M. El-Adl; K.S. Kash and M.Z.M. El-Diasty 

Genetic Department, Faculty of Agriculture Mansoura University, Egypt.  

 
ABSTRACT 

 
This investigation was carried out to evaluate the genetic behaviour of earliness 

and vegetative traits of maize at two locations.  Therefore, 11 inbred lines of maize 
were crossed among them according to factorial arrangement to obtain 30 F1 hybrids.  
Five inbred lines were used as male parents while six inbred lines were used as 
female parents.  All genotypes (41) were evaluated at two locations.  The first location 
was the farm of Genetic Department, Faculty of Agriculture, Mansoura University (L1) 
while the second location (L2) was the farm of Faculty of Agriculture, Sohag University.  
Different earliness and vegetative traits were studied.  These traits were: plant height   
in centimeters  (P.H.), number of leaves per plant (No. L./P.), leaf area (L.A.), number 
of days to 50% tasseling (No. D. 50%.T.) and number of days to 50% silking (No. D. 
50% S.). 

The results of the combined analysis indicated that all studied vegetative and 
earliness traits showed significance among evaluated genotypes.  Similarly, the 
interaction between genotypes and location (g x L.) were also significant for all studied 
traits except P.H.  The results also revealed that P.H. and N.L./P. showed positive and 
highly significant values of heterosis versus the mid-parents.  On the other hand, the 
two earliness traits (No. D. 50%. T.) and (No. D. 50%. S.) showed significant and 
negative (desirable) values.  The results cleared that the variances of male, female 
and M. x F. were significant for most studied traits.  The results indicated that the 
values of heritability in brood and narrow senses were medium for most studied traits. 

 
INTRODUCTION 

 
Many investigators studied the manifestation of heterosis and nature of 

gene action in maize.  Galal et al. (1994), Shehata et al. (1997), Metawei 
(2002), Alvi et al. (2003) and Welcker et al. (2005) evaluated different F1 
hybrids of maize and obtained variable estimations of heterosis versus the 
mid-parents or the better parent for vegetative and earliness traits. 

Melchinger et al. (1990), El-Hosary and Sedhom (1990), Shafey (1993), 
Amer et al. (1998), Mostafa (2000), Abd El-Hadi et al. (2005) and Brandon et 
al. (2007) studied the nature of gene action in maize.  Their results illustrated 
the importance of general combining ability (GCA) and/or specific combining 
ability (SCA) for different traits OF maize. 

Yassien (1999), El-Kahal (2002), Siriani et al. (2003) and Leilani et al. 
(2006) estimated heritability values and indicated that heritability in broad 
sense (h2

b%) were always larger than the corresponding of heritability in 
narrow sense (h2

n%). 
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MATERIALS AND METHODS 
            

Eleven inbred lines of maize were used in this investigation. These 
lines were : Inb.L. 2, Inb.L. 21, Inb.L. 51, Inb.L. 56 , Inb.L. 59 , Inb.L. 76, Inb.L. 
81, Inb.L. 122, Inb.L. 133, Inb.L. 144 and Inb.L. 147 

The seeds of all parental inbred lines wee obtained from National 
programe of maize, Agricultural Research Center (ARC), Egypt.  The parental 
inbred lines: Inb.L. 2, Inb.L. 21, Inb.L. 51, Inb.L. 56 and Inb.L. 59 were used 
as male parents.  While, the other six parental inbred lines: Inb.L. 76, Inb.L. 
81, Inb.L. 122, Inb.L. 133, Inb.L. 144 and Inb.L. 147 were used as female 
parents.  The crosses among males and female inbred lines were made 
according to factorial arrangement to obtained 30 F1 hybrids at  the growing 
season of 2005.  All genotypes (41) which included 30 F1 hybrids and 11 
parental lines were evaluated in a randomized complete blocks design 
(RCBD) with three replications at two locations.  The first location was 
Mansoura University, Faculty of Agriculture, Farm of Genetic Department (L1). 
The second location was the Farm of Faculty of Agriculture, Sohag University 
(L2).  The analysis of variances for (RCBD) as outlined by Cochran and Cox 
(1957).  In the same time, the analyses of variance of factorial mating design 
were made according to Comstock and Robinson (1952).  The standard error  
(S.E.) of the variance components were calculated as outlined by Andrson 
and Bancroft (1952).   
 

The results were recorded on the following earliness and vegetative traits: 

Plant height in centimeters (P.H. cm.), number of leaves per plant (No. 
L./P.), Leaf area in centimeters2 (L.A. cm2), number of days to 50% tasseling 
(No. D. 50% T.) and number of days to 50% silking (No. D. 50% S.).  

Heterosis values were made as the deviation of the mean of F1 hybrids 
from the mid -parents and the better parent  The differences were tested for 
significance through estimating LSD values as outlinedby Steel and Torrie 
(1960)  .  Heritability values in broad and narrow senses were estimated as 
follows: 
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m + 2

f + 2
mf  

h2
b.s%  = ـ     ــــــ   x 100              ــــــــــــ

            2
m + 2

f + 2
mf + 2

e  

               2 2
m  

            (h2
n.s)m  =   ـ    ـــــ   x 100    ـ ـ       ـــــــ

        2
m + 2

mf + 2
e  

               2 2
f  

               (h2
n)f  = ـ     ــــــ   ـ     ـــــ  x 100      ــ

       2 2
m + 2

mf + 2
e  

                 2
m +  2

f 

            (h2
n)m+f  = ـ       ــــــــ   ـ     ـــــ  x 100    ــ

                     2
m + 2

f + 2
mf +2

e  
where: (F = 1) 

2 2
m = 2 CovHS(m) = VA + ¼ VAA + 1/16 VAAA 

2 2
f  = 2 CovHS(f)  = VA + ¼ VAA + 1/16 VAAA … 
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2
m + 2

f  = CovHS(m) + CovHS(f)  = VA + ¼ VAA + 1/16 VAAA … 

   2
mf   = Covfs - (CovHS(m) + CovHS(f)) = VD + ½ VAA + ¼ VDD … 

The combined analysis of variances were made for all studied traits 
over two locations. 

 

RESULTS AND DISCUSSION 
 

The analysis of variances of all earliness and vegetative traits were 
made for each location and over both locations and the results are presented 
in Table 1.  The results indicated that the mean squares of locations showed 
highly significance for all studied traits indicating the great effects of different 
environments on the expression of different genotypes.  The results also 
indicated that the genotypes mean squares were significant or highly 
significant for all studied traits.  The same trend were also found for 
genotypes mean squares.  These findings cleared the importance of choice of 
genotypes for suitable locations. 
 

Table 1: The results of the combined analyses of variance and the mean 
squares of earliness and vegetative traits over both locations. 

S.V. d.f. P.H. No. L/P L.A. cm. No. D-5 No. D-50 

Loc. 1 5477.5** 13.21** 232497.7** 2536.99** 5766.18** 

R(L.) 4 2635.8 1.43** 12535.2 51.663** 43.337** 

gen. 40 4986.7** 5.71** 8982.6* 41.90** 29.45* 

g x L 40 939.4 2.54** 16795.9** 11.78** 17.37** 

Error 160 286.4 0.30 5920.9 6.82 9.31 
 

The mid-parents (M.P.), ranges, mid of F1 hybrids (F1), heterosis values 
against the mid-parents and heterosis values versus the better parent were 
calculated and the results are presented in Table 2. 

The results reveald that the mean of F1 hybrids significantly exceeded 
the mid-parents for all studied traits.  The highest values of heterosis versus 
the mid-parents were 33.18% for plant height trait bellowed by 15.16% for 
number of leaves per plant.  It could be also noticed that the two traits number 
of days to 50% teaseling and number of days to 50% silking showed negative 
and significant values of heterosis versus the mid-parents.  These negative 
values were desirable and expected where these traits were the indicator of 
earliness.   

The results also reveald that heterosis from the bettco parent were 
16.34%, 3.33%, - 10.38%, 8.93% and 1.61% for P.H., N.L./P., L.A., No. D. 
50% T. and No. D. 50% S., respectively.  The hybrids, which exceeded the 
better parent, could be used as promising hybrids. Similar results were o 

The analysis of variances for factorial mating design were made for 
each location over both two locations and the results are presented in Table 
3.  The result, reveald that the mean squares of crosses showed highly 
significance for all studied traits.  In the same time, the interactions between 
crosses and locations were significant for all studied traits.  This finding 
indicated the effect of different environments on the expression of genotypes. 
It could be noticed from the same table that the mean squares of both males 
and females were significant for all studied traits.The obtained significant 
values of males and females indicated that the mean squares of males were 
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more important than those the mean squares females in the significance of 
crosses and crosses x locations interactions.  

 

Table 2: Mid-parents, ranges, F1 hybrids, ranges and heterosis values 
estimated versus the mid-parents (MP) and better parent 
(BP) for traits at two locations and from the combined, data. 

S.V. d.f. P.H. N.L./P. L. A. No. D. 50% 
T. 

No. D. 50% S. 

 
M.P. 

L1 170.27 13.82 607 61 60.64 

L2 182.18 13.09 464 65.64 70.37 

Comb. 176.46 13.46 535.55 63.18 65.36 

 
Range 

L1 140-188 12 – 15 506-679 55 – 64 57 – 63 

L2 149-222 12 – 15 356-564 58 – 69 66 – 77 

Comb. 152-202 12 – 15 490-607 56 – 66 62 – 67 

 
F1 

L1 243 15 560 57 58 

L2 226 16 528 64 68 

Comb. 235 15.5 544 61 63 

 
Range 

L1 210-269 13 – 16 395-708 53 – 62 54 – 63  

L2 198-262 14 – 17 434-614 59 – 69 64 – 73 

Comb. 213-265 15 – 16 454-627 57 – 65 60 – 67 

 
H (M.P.) 

L1 42.72** 8.54** -7.74 -6.56** -4.35** 

L2 24.05** 22.23** 13.79** -2.50** -3.37** 

Comb. 33.18** 15.16** 1.58 -3.45** -3.61** 

 
H (B.P.) 

L1 29.26 0.00 -17.53 3.64 1.75 

L2 1.80 6.67 -6.38 10.35 3.03 

Comb. 16.34** 3.33 -10.38** 8.93** 1.61 

L.S.D. 0.05 M.P. L1 7.02 0.26 40.64 1.27 1.55 

L2 6.67 1.18 16.94 0.79 0.80 

Comb. 6.81 0.22 30.98 1.05 1.23 

L.S.D. 0.01 M.P. L1 9.31 0.34 53.91 1.68 2.07 

L2 8.85 0.24 22.47 1.05 1.06 

Comb. 8.98 0.29 40.83 1.38 1.62 

L.S.D. 0.05 B.P. L1 20.23 0.74 117.12 3.65 4.47 

L2 19.23 0.52 48.82 2.29 2.31 

Comb. 19.63 0.64 89.27 3.03 3.54 

L.S.D. 0.05 B.P. 

 

L1 26.83 0.98 155.38 4.84 5.93 

L2 25.51 0.69 64.76 3.04 3.06 

Comb. 25.88 0.84 117.68 3.99 4.67 

 

The variance components of males (2
m), females (2

f), male x female 

(2
mf), males x location (2

m x L.), females x locations (2
f x L.) and males x 

females x locations (2
mf x L.) and their standard error were determined and 

the results are shown in Table 4.  The results illustrated that the comparisons 

of the variance components 2
m, 2

f, 2
mf, 2

m x L. 2
f x L. and 2

mf x L. with 
their standard error values showed significant or highly significant values for 

all studied earliness and vegetative traits except 2
f x L. for number of leaves 

per plant (No. L./P.).  These results indicated the effectiveness of locations on 
the variance components for all studied traits.  The obtained results also 

indicated the importance of both 2
m and 2

f as indicator to additive genetic 
variances for many traits. In addition, the results also indicated the importance 

2
mf as indicator of non-additive genetic variances including dominance for 

some traits. 
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Table 3: The combined analyses of variance and the mean squares of 
the factorial mating design for earliness and vegetative traits 
from the combined data over the two locations. 

S.V. d.f. E.W. E.L. E.D. No. R./E. W 100/K 

Loc. 1 13028.8** 38.46** 44979.0** 2226.05** 4147.20** 

Rep. (L.) 4 2810.2** 2.16** 16522.0* 50.64** 42.41** 

Crosses 29 868.6* 0.96** 9686.2 27.33** 22.45** 

  M. 4 3519.9** 1.90** 34011.6** 81.65** 96.63** 

  F. 5 852.8* 2.25** 10035.0 58.42** 20.98* 

M. x F. 20 342.3 0.45* 4734.0 8.69 7.97 

Cross. x L. 29 594.1** 1.82** 13982.0** 10.51 15.56** 

  M. x L. 4 1860.9** 8.47** 39713.1** 36.62** 52.30** 

  F. x L. 5 176.0 0.42 18326.8 2.76 25.67** 

M.x F.x L. 20 445.3 0.83** 7749.7 7.23 5.68 

Error 116 248.5 0.22 5482.6 6.08 7.66 

 
Table 4: The estimated values of variance components from the factorial 

mating design and their standard errors for earliness and 
vegetative traits over the two locations. 

S.V. P.H. No. L/P L.A. No. D-50% T. No. D-50% S. 

2
m  49.0 + 1.20 -0.17+ 0.052 -74.6 + 4.45 1.21+ 0.18 1.17 + 0.20 

2
f 156.0+3.18 0.07 + 0.031 -176.0 +3.20 1.81+ 0.15 -0.23 + 0.13 

2
m x  f.  20.6 + 1.82 -0.07+ 0.057 -503.0 +5.62 0.25 + 0.21 1.38 + 0.19 

2
m x  L. -4.55 +1.25 0.424 +0.095 1776.0 +6.56 1.63 + 0.20 2.59 + 0.24 

2
f. L.  27.0 + 2.36 -0.028+0.03 705.0 + 5.14 -0.30 + 0.10 1.33 + 0.19 

2
m .f.L. 69.9 + 2.05 0.207+ 0.094 756.0 + 9.41 0.38 + 0.29 -0.66 + 0.27 

 
The values of heritability in broad and narrow senses wee estimated for 

each location and over two locations and the results are cleared in Table 5.  
The results cleared that the highest calculated values of heritability in narrow 

sense from 2
m, 2

f and from 2
m + 2

f were: 34.2, 49.5 and 41.3% for P.H. 
and No. D. 50% T., respectively. 
 
Table 5: The estimated percent values of heritability in broad and narrow 

sences for vegetative and earliness traits at the two locations 
and combined. 

S.V. d.f. P.H. N.L./P. L. A. No. D. T. No. D. S. 

 
%h2

n.m 

L1 34.7 - 33.2 2.24 8.2 

L2 58.5 65.7 54.0 74.4 79.0 

Comb. 34.2 - - 33.1 31.9 

 
%h2

n.f 

L1 9.97 32.1 5.05 15.2 16.9 

L2 - 1.74 49.5 55.1 37.8 

Comb. 37.0 28.11 - 49.5 - 

 
%h2

n.m + f 

L1 25.7 1.91 21.5 9.17 12.7 

L2 41.3 49.1 51.8 69.4 68.6 

Comb. 35.6 14.1 - 41.3 15.9 

 
%h2

b.m + f + mf 

L1 31.6 41.6 23.2 16.6 12.7 

L2 59.9 76.5 63.4 71.7 68.6 

Comb. 35.6 14.1 - 44.7 21.1 

 



Abd El-Hadi, A. H. et al. 

 2496 

In the same time, the values of heritability in broad sense ranged from 
14.1% to 44.7% for No. L./P. and No. D. 50% T., respectively.  The obtained 
quit values of heritability indicated the possibility of improving of genotypes of 
maize through suitable selection programe in promising hybrids of maize. 

 
REFERENCES 

 
Abd El-Hady, A.A.; K.S. Kash; A.A. El-Shenawy and I.A. El-Gazzar (2005).  

Combining ability and heterosis in maize (Zea mays, L.).  Egypt. J. of 
Genet. Cytol., 34(1): 123 – 134. 

Alvi, M.B.; M. Rafique; M.S. Tariq; A. Hussain; T. Mahmood and M. Sarwar 
(2003).  Hybrid viguor of some quantitative characters in maize (Zea 
mays, L.).  Pakistan J. Bio. Sci., 6(2): 139 – 141. 

Amer, E.A.; A.A. El-Shenawy and F.A. El-Zeir (1998).  Diallel analysis for ten 
inbred lines of maize.  Egypt. J. Appl. Sci., 13(8): 79 – 91. 

Androson, R.L. and T.A. Bancroft (1952).  Statistical theory in Research. Mc 
Grow Hill Book Company Inc., New York. 

Brandon, M.W.; W.E. Jode and R.L. Kendall (2007).  The genetic sturcture of 
a maize population: The role of dominance. J. Crop. Sci., 47: 467 – 474. 

Cochran, W.C. and G.M. Cox (1957).  Experimental design.  John Willey and 
Sons. Inc. New York. 

Comstock, R.E. and H.F. Robinson (1952).  Experiments for estimation of the 
average dominance of genes affecting quantitative characters.  
Heterosis, pp. 494 – 516.  Ames. Iowa State Univ. Press. 

El-Hosary, A.A. and S.A. Sedhom (1990).  Diallel analysis of yield and other 
agronomic characters in maize (Zea mays, L.).  Ann. Agric. Sc. 
Moshtohor, 28(4): 1985 – 1998. 

El-Kahal, A.H.H. (2002).  Genetic behaviour of some quantitative traits in 
maize (Zya mays, L.).  M.Sc. Thesis, Fac. Agric., Moshtohor, Zagazig 
Univ., Egypt. 

Galal, A.A.; A.A. Agamy; A.F. Abdalla and E.A. Amer (1994).  Inheritance of 
nine agronomic traits in four new single crosses of maize.  J. Agric. 
Res. Tanta Univ., (3). 

Leliani, A.R.; E.K. Craig; D.G. White; A.P. Gray; M.M. Chris and J.B. Holland 
(2006).  Heritabilities and correlations of Fusarium ear rot resistance 
and Fumonisin contamination resistance in two maize populations.  J. 
Crop. Sci. 46: 353 – 361. 

Melchinger, A.E.; M. Lee; K.P. Lamker; A.R. Hallauer and W.L. Woodman 
(1990).  Genetic diversity for estriction fragment length polymorphisms 
and heterosis for two diallel sets of maize inbreds.  Theo. Appl. 
Genetics, 80: 488 – 496. 

Metawei, A.A.E. (2002).  Biotechnological and genetical studies on maize.  
Ph.D. Thesis, Fac. of Agric., Kafr El-Sheikh, Tanta Univ., Egypt. 

Mostafa, M.A.A. (2000).  Improvement of oil in some top crosses by using high 
oil lines of maize.  M.Sc. Thesis, Fac. Agric., Al-Azhar Univ., Egypt. 

Shafey, S.A. (1993).  Diallel analysis of some agronomic characters and yield 
in yellow maize (Zea mays, L.).  Egypt. J. Apll. Sci., 8: 602 – 616. 



J. Agric. Sci. Mansoura Univ., 32 (4), April, 2007 

 2497 

Shehata, A.H.; F.A. El-Zeir and E.A. Amer (1997).  Influence of tester lines on 
evaluating combining ability of some new maize inbred lines.  J. Agric. 
Sci., Mansoura Univ. 22(7): 2159 – 2176. 

Siriani, S.; S. Bin Saleh, and S.A. El-Tahiv (2003).  Heritability, performance 
and correlation studies on single cross hybrids of tropical maize.  Asian 
J. Plant. Sci., 2(1): 51 – 57. 

Welcker, C.; C. The; B. Andreau; C. De leon; S.N. Parentoni; J. Bernal, J. 
Felicite, C. Zonkeng; F. Salazar; L. Narro; A. Charcosset and W.J. 
Horst (2005).  Heterosis and combining ability for maize adaptation to 
tropical acid soils.  Crop. Sci., 45: 2405 – 2413. 

Yassien, H.E. (1999).  Genetic analysis in three yellow maize (Zea mays, L.).  
Crosses. J. Agric. Sci., Mansoura Univ., 24(10): 5319 – 5331. 

 

 
     ة عبى                                                                  تقييم السلوك الوراثى لبعض  الفبت ا الريبريا والتع يبر عبى عضب  ذرب  الب ر

  0                منطقتي  مرتلتتي 
                                                              اله دى، على م ذر الضدل،  وثر سضد قش ومحمد ز ري  محمد الدي سطى              أشرف حسي  ععد 

    0   مفر  –               مضا المنفورة  ر  –              ليا الزراعا   –  -            قسم الوراثا  1
 

                                                                             أجريت هذه الدراسة لتقييم السلوك  اللكرا ل لل ال التلالت الة لرية نلل هجلة مةتوالة ملة 
      ذكرهل   ل                    الذرة تم الحتكل عول                                   كقد استةدم إحدى عشر سلالة نقية مة     0                         الذرة نل منطقتية مةتواتية

   تلم      0                    مركز ال حكث الزراعية  –                           ماهد  حكث المحلتيل الحقوية   –                                 مة ال رنلمج القكمل لوذرة الشلمية 
        جلية جيلل  ه    00                                        ً                                  التهجية  ية السلالات النقية الإحدى عشر ط قلً لنظلم التزاكج الالمول لوحتكل عول 

            يب الكرا ية                    كقد تم تقييم التراك     0             ت نقية كأمهلت   سلالا   6                 سلالات نقية كآ لء ك   5                   أكل حيث تم استةدام 
  ل                                                                            تركيللب كرا للل كالتللل اشللتموت عوللل ال لللء كالجيللل الكلخ نللل منطقتللية مةتواتللية الكلللل هلل    14 )

                                   )مكقل  أكلخ  كال لنيلة هلل مزرعلة كويلة –               جلمالة المنتلكرة   –             كوية الزراعة   –                  مزرعة قسم الكرا ة 
  0       ق   لةخ               جلماة سكهلج )مك  –        الزراعة 

    لتلل                                                                          ت نتلئج تحويلل الت للية كجلكد نلركن مانكيلة  لية التراكيلب الكرا يلة لكلل التلالت ا    أظهر
      ً    كقالً حيلث                                                                                  درست  ككذل  كجكد نركن مانكية لوتالعل  ية التراكيب الكرا ية كال يئة  كقد كلة هذا مت

  0                                                                أة متكسط مر الت المكاق  كلة عللل المانكية لجمي  التالت التل درست
  د  قل ً                                                     لً أة تالت طلكل الن للت  كعلدد الكرانان للت  كمسللحة الكرقلة                      كقد أظهرت النتلئج أي 

        همل عدد  ك                                       ً                                         أعطت قيم مانكية مكج ة لقكة الهجية حسل لً مة متكسط ال لء   ينمل أعطت تاتل الت كير 
     0   ة                         ملة الحريلرة قليم مانكيلة سللل   %  50                                   مة النكرة المذكرة كعلدد اليللم لظهلكر    %  50            اليلم لظهكر 

  0                كي حث عنه المر ل                   كهذا أمر مرغكب نيه 
      لأمهلللت                   ً                                                         أظهلرت النتلللئج أي لللً أهميللة كللل مللة الت لللية ا لراجلل  لا لللء ككللذل  الت لللية الراجلل  ل
       ية هللذه   لل                                                                      ً         )ت لللية تجمالللخ  ككللذل  التالعللل  للية اا لللء كالمهلللت )الت لللية التجمالللخ كأي لللً التالعللل 

     0  قلل                   ويهللل نللل نطلللن المتك                                    كقللد كلنللت قلليم مالمللل التكريللث المتحتللل ع     0                        المككنلللت ال لا للة كالمكاقلل 
         ب نل نسل                                                                                 كالنتلئج السل قة تك ح إمكلنية إنتلج هجة نل الذرة كتحسية هذه التالت مة ةلال الانتقل

  0                                   الجيلل الإنازالية ل ال الهجة الم شرة
 


