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Generation Mean Analysis Technique for Determining Genetic Parameters for
some Quantitative Traits in Two Maize Hybrids (Zea mays L.)
Wannows, A. A. 1, Sabbouh2, M. Y., AL- Ahmad 3, S. A.

ABSTRACT
This experiment was conducted at the Maize Researches Department, General Commission for Scientific
Agriculture Researches (G.C.S.A.R.) Damascus, Syria during the summer growing seasons of 2010, 2011 to
2012. Treatments were arranged in a Randomized Complete Blocks Design with three replications. This research
aimed to evaluate genetic parameters for days to 50% silking, plant and ear height, ear length, ear diameter,
number of rows per ear, number of kernels per row, 100 kernel weight and grain yield per plant using
generations means analysis of two yellow maize hybrids (IL.292-06 × IL.565-06, IL.459-06 × IL.362-06) to
detect epistasis and estimates of m, d, h, i, j and l parameters. Results showed that the additive - dominance
model was adequate to demonstrate the genetic variation and its importance in the inheritance of most studied
traits. Non-allelic gene interaction was operating in the control of genetic variation in most studied traits. The
signs of [h] and [l] were opposite in most studied traits for the two crosses. Also, the inheritance of all studied
traits was controlled by additive and non-additive genetic effects, but dominance gene effects play the major role
in controlling the genetic variation of the most studied traits. Suggesting that the improvement of those
characters need intensive selection through later generations. High phenotypic variations were composed of high
genotypic variations and less of environmental variations, indicating the presence of high genetic variability for
different traits and less influence of environment. Highly significant heterosis relative to mid and better parents,
respectively was found for all characters, correlated that with inbreeding depression for all traits. Narrow sense
heritability and genetic advance were low in most cases due to the dominance of non-additive gene action in
controlling the genetic variation of the most studied traits.
Keywords: Maize, Gene action, Heritability, Heterosis and Potence ratio.

al. 2004). Grain yield is the most important quantitative

INTRODUCTION

and complex trait in maize. This means that yield
Maize is one of the major cereal crops providing raw

expression is caused, not only by genetic factors, but

material for the food industry and animal feed (Ünay et

also by environmental and genotype × environment
interaction effects. Melchinger et al. (1986) described
how the knowledge about the nature of gene action
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allows maize breeders to optimize their breeding
programs. The choice of selection and breeding
procedures for genetic improvement of maize or any
other crop depends largely on the knowledge of type of
gene action for different characters in the plant materials
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under investigation. Generation mean analysis, a

value as a guide to breeding value (Falconer and Mackay

biometrical method developed by Mather and Jinks

1996). Characters with high heritability can easily be

(1982), is a useful technique for determining gene

fixed with simple selection resulting in quick progress.

effects for polygenic traits. Its greatest merit lies in the

However, it has been accentuated that heritability alone

ability to estimate epistatic gene effects such as additive

has no practical importance without genetic advance

× additive [i], additive × dominance [j] and dominance ×

(Najeeb et al. 2009). Genetic advance shows the degree

dominance [l] interactions (Singh and Singh 1992).

of gain obtained in a character under a particular

Breeding for improved varieties requires a thorough

selection pressure. High genetic advance coupled with

understanding of the genetic mechanisms governing

high heritability estimates offers the most suitable

yield and yield components (Saleem et al. 2002; Ünay et

condition for selection. Ramanujam and Thirumalachar

al. 2004). In this respect many researchers have reported

(1967) reported the limitation of estimating heritability

the importance of non-additive gene action for grain

in narrow sense, as it included both additive and epistatic

yield and some other agronomic traits (Sofi et al. 2006;

gene effects, and thereby suggested that heritability

Iqbal et al. 2010; El-Badawy 2012; Shahrokhi et al.

estimates in the broad sense will be reliable if

2013). On the other hand, Heterosis has important

accompanied by a high genetic advancement. Different

implications for both F1 and for obtaining transgressive

researchers (AL-Ahmad 2004; Rafique et al. 2004;

segregates in F2 generation. In succeeding selfing

Hefny 2011; Nagabhushan et al. 2011; El-Badawy 2012

generation,

and

and Ram Reddy et al. 2013) have reported high

productiveness reduces by 50% due to inbreeding

heritability and high genetic advance for different yield

depression (Falconer 1989). Several authors have

controlling traits in maize. Therefore, availability of

reported significant heterosis over-mid and better parent

good knowledge of these genetic parameters existing in

as well as, inbreeding depression for grain yield and its

different yield contributing characters and the relative

components (Saleh et al. 1993; AL-Ahmad 2004; El-

proportion of this genetic information in various

Badawy 2012). Heritability is a measure of the

quantitative traits is a pre-requisite for effective crop

phenotypic variance attributable to genetic causes and

improvement.

homozygosity

increases,

vigour

has a predictive function in plant breeding. It provides

Therefore, The present study aimed to obtain useful

information on the extent to which a particular

information, and evaluate gene action involved in the

morphogenetic

to

inheritance of grain yield and some agronomic

heritability

characters as well as potence ratio, hybrid vigour,

successive

character

can

be

transmitted

generations. Knowledge of

influences on the choice of selection procedures used by

inbreeding

depression,

phenotypic

and

genotypic

the plant breeder to decide which selection methods

coefficient of variations, broad and

would be most useful to improve the character, to predict

heritability and genetic advance in two maize crosses.

narrow sense

gain from selection and to determine the relative
importance of genetic effects (Waqar-Ul-Haq et al. 2008

MATERIALS AND METHODS

and Laghari et al. 2010). The most important function of

The field experiments were conducted at the

heritability in genetic studies of quantitative characters is

Experimental

Farm

its predictive role to indicate the reliability of phenotypic

Department,

General
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Agriculture Researches (G.C.S.A.R.) Damascus, Syria

replicates in rows with 6 m long and 70 cm apart with 25

during the growing seasons of 2010, 2011 and 2012. The

cm between plants. The six populations of each cross

rainfall at the station was 156 mm, and the humidity was

were planted in 39 rows, i.e. 4 rows for each of P1, P2

59%. In the first season 2010, the four parental lines

and F1, 7 rows for each of BC1 and BC2, and 13 rows for

IL.292-06, IL.565-06, IL.459-06 and IL.362-06 (Table

F2. In each replicate, 60 plants of non-segregating

1) were intercrossed to produce the two high yielding F1

populations and 120 plants of BC1 and BC2 and 180

crosses i.e. IL.292-06 × IL.565-06 (cross 1), IL.459-06 ×

plants of F2 segregating populations were selected

IL.362-06 (cross 2). In the second season 2011, F1 plants

randomly for recording observations on nine traits,

of each cross were selfed and backcrossed to the two

namely: days to 50% silking, plant and ear height (cm),

parents to obtain F2, BC1 and BC2 generations. The six

ear length (cm), ear diameter (cm), number of rows per

populations, i.e. P1, P2, F1's, F2, BC1 and BC2 of the two

ear, number of kernels per row, 100 kernel weight (g)

maize crosses were grown during the third season 2012

and grain yield per plant (g) ).

in a randomized complete blocks design with three

(

)

Table 1. Names, origin and source of the inbred lines.
SymbolInbred linesOrigin Source
P1

IL.292-06

PMX- 1U.S.A

P2

IL.565-06

Gota-1 Syria

P3

IL.459-06

Gota-1 Syria

P4

IL.362-06

Ideal

France

STATISTICAL AND GENETIC ANALYSIS

h, i, j and l) were computed according to Jinks and Jones



(1958)

To determine the presence or absence of non-

where:

,

,

allelic interactions, scaling test as outlined by Mather

,

(1949) and Hayman and Mather (1955) was used. The

,

quantities A, B, C and D and their variance have been

,

calculated to test adequacy of the additive-dominance
model in each case. Where:



,

,

Smith (1952) approaches used to estimate

Potence ratio (P) as follows:

,

P = (F1 – MP) / [0.5 × (P2 – P1)] where: F1 = the first

The significance of A and B scales indicate the presence

generation mean, P1 = the mean of the first parent, P2 =

of all types of non-allelic gene interactions. The

the mean of the better parent and MP = mid parents

significance of C scale suggests [dd] type of epistasis. The

value. Complete dominance is indicated when potence

significance of D scale reveal [aa] gene interaction,

ratio is equal to (+1) or (-1). Partial dominance is the

significance of C and D scales indicate [aa] and [dd] type

case when ratio between (+1) and (-1). Over-dominance

of gene interactions (Singh and Narayanan 1993)

indicated if ratio exceeds (± 1).



The six parameters of the genetic model (m, d,
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deviation of F1 mean performance from mid-parents and



The expected genetic advance from selection

better parent according to Singh and Chaudhary (1977)

was calculated using the formulae proposed by Johanson

as follows:

et al. (1955).

HMP = [(
[(

)/

)/


]×100 and HBP =

The predicted genetic advance where the expected

]×100

genetic gain upon selection was expressed as percentage

Inbreeding depression (%) were estimated

of F2 mean.

according to Singh and Chaudhary (1977) as follows:

RESULTS AND DISCUSSION
The means, variances, variance of means and



Phenotypic coefficient of variation (PCV) and

coefficients of variability of the six generations with the

genotypic coefficient of variation (GCV) were estimated

two crosses for nine traits are presented in Tables 2, 3, 4.

using the formula suggested by Singh and Chaudhary

The results indicated that means of the F1’s were higher

(1977) as follows:

than either the highest parent or mid-parent value
and

indicating over or partial dominance, respectively
towards the respective parents for most studied traits, as



Broad and narrow sense heritability were

well as, the transgressive segregation for all traits was

estimated using the formula proposed by Burton (1951)

also observed in the F2 generation. Similar results were

and

obtained

Warner

(1952):

and

by

AL-Ahmad

(2004);

Ishfaq

(2011);

Shahrokhi et al. (2011) and El-Badawy (2012).
Table 2. means, variances, variance of means and coefficients of variability for days to 50% silking, plant and ear height.
Traits

Populations

Hybrids

P1

P2

F1

F2

BC1

BC2

Number of plants 60

60

60

180

120

120

Mean
(P1×P2) Variance

73.43 74.95 65.32 69.18 70.97 68.50 0.67
5.37 6.69

3.78 19.07 16.39 16.29

Variance of mean0.09 0.11

0.06 0.11 0.14 0.14

3.16 3.45

2.98 6.31 5.70 5.89

CV%

LSD 5%

Silk
Number of plants 60
Mean
(P3×P4) Variance

60

60

180

120

120

88.52 78.05 68.72 73.38 74.59 74.52 0.36
3.44 6.32

1.70 13.53 8.88 10.91

Variance of mean0.06 0.11

0.03 0.08 0.07 0.09

2.10 3.22

1.90 5.01 4.00 4.43

CV%

Number of plants 60
Plant height(P1×P2) Mean
Variance

60

60

180

120

120

156.83175.83201.47187.98177.13190.132.30
57.60 114.5576.52 266.69209.10202.30
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Variance of mean0.96 1.91

1.28 1.48 1.74 1.69

4.84 6.09

4.34 8.69 8.16 7.48

CV%

Number of plants 60

60

180

120

120

158.57166.82202.17176.87189.33182.751.75

Mean

85.33 99.07 63.87 148.21139.89115.06

(P3×P4) Variance

Variance of mean1.42 1.65

1.06 0.82 1.17 0.96

5.83 5.97

3.95 6.88 6.25 5.87

CV%

Number of plants 60

60

60

180

120

120

65.00 70.58 79.48 72.69 74.16 75.34 1.07

Mean

41.53 56.86 42.80 156.25114.76118.21

(P1×P2) Variance

Variance of mean0.69 0.95
ear height

60

0.71 0.87 0.96 0.99

9.91 10.68 8.23 17.20 14.45 14.43

CV%

Number of plants 60

60

60

180

120

120

81.98 71.47 107.3391.89 104.6790.04 1.29

Mean

67.58 59.61 42.77 121.83109.9792.23

(P3×P4) Variance

Variance of mean1.13 0.99
10.03 10.8

CV%

0.71 0.68 0.92 0.77
6.09 12.01 10.02 10.67

Table 3. means, variances, variance of means and coefficients of variability for ear length, Ear diameter and
Number of rows per ear.
Traits

Populations

Hybrids

P1

P2

F1

F2

BC1

BC2

Number of plants 60

60

60

180

120

120

Mean

15.50 16.16 22.48 19.56 18.6 20.37 0.25
1.20 1.54 2.22

7.40 5.85 4.56

Variance of mean0.02 0.03 0.04

0.04 0.05 0.04

(P1×P2) Variance

CV%

LSD 5%

7.08 7.67 6.63

13.91 13

10.48

180

120

Ear length
Number of plants 60
Mean
(P3×P4) Variance

60

60

120

13.98 15.03 20.58 17.97 17.58 18.62 0.27
1.64 1.69 1.16

4.38 3.51 2.98

Variance of mean0.027 0.028 0.019 0.024 0.029 0.025
CV%
Ear diameter

(P1×P2)

9.17 8.66 5.24

Number of plants 60
Mean

60

60

3.49 4.21 4.91
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Variance

0.14 0.14 0.11

0.17 0.16 0.15

Variance of mean0.00230.00230.00190.00090.00140.0012
CV%

10.57 8.86 6.82

Number of plants 60
Mean
(P3×P4) Variance

60

60

9.03 9.00 8.00
180

120

120

3.59 4.13 5.53

4.94 4.70 5.00 0.07

0.14 0.15 0.14

0.27 0.25 0.23

Variance of mean0.00240.00260.00240.00150.00210.0019
CV%

10.47 9.49 6.83

Number of plants 60
Mean

60

180

120

120

13.77 16.77 16.30 16.21 16.02 17.01 0.29
2.18 2.32 1.87

4.19 3.33 3.42

Variance of mean0.04 0.04 0.03

0.02 0.03 0.03

(P1×P2) Variance

Number of rows per ear

60

10.43 10.55 9.49

CV%

10.73 9.08 8.40

Number of plants 60
Mean

60

60

12.62 11.39 10.87
180

120

120

15.07 16.77 21.13 19.98 18.93 20.57 0.34
1.52 2.32 2.66

6.12 4.23 4.79

Variance of mean0.03 0.04 0.04

0.03 0.04 0.04

(P3×P4) Variance
CV%

8.18 9.08 7.72

12.38 10.87 10.63

Potence ratio, heterosis and inbreeding depression

dominance direction was toward the best parent, with

Potence ratio, heterosis and inbreeding depression in

exception for days to 50% silking trait which showed

the two crosses are given in Table 5. Potence ratio was

highly significant negative heterosis relative to mid and

calculated to determine the nature and degree of

better parent indicating that dominance direction was

dominance for all studied characters. The results

toward to the low respective parent. It is worth noting

indicated that potence ratio values exceeded the unity in

that heterotic effect for grain yield per plant was larger

most of the studied traits except number of rows per ear

in magnitude than for any one of its components which

for the first cross. Over dominance towards the higher

is logically expected. The results of heterosis suggested

parent was detected for most studied traits. Generally,

that hybrid vigour is available for the commercial

potence values followed the same trend as heterotic

production of maize and selection of desirable hybrids

effects for all traits. These results are in agreement with

among the crosses having heterotic and heterobeltiotic

those obtained by AL-Ahmad (2004) and El-Badawy

effects in other characters is the best way to improve the

(2012).

grain yield of maize. The significance of heterotic

The results in Table 5 denoted highly significant

effects showed that non-additive genetic type of gene

positive heterosis relative to mid and better parent for

action affects such traits. These results were previously

most studied traits in the two crosses, indicating that

reported by Saleh et al. (1993); AL-Ahmad (2004) and
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El-Badawy (2012).

is logically to expect that heterosis in F1 will be followed

Values of inbreeding depression which are presented

by an appreciable reduction in the F2 performance and

in Table 5 were positive for all studied traits in the two

vice versa due to the direct effect of homozygosis. These

crosses, except for days to 50% silking. As it is well

results are harmony with previous results obtained by

known both heterosis and inbreeding depression effects

Saleh et al. (1993); AL-Ahmad (2004) and El-Badawy

are two coincides to a same particular phenomenon

(2012).

(Falconer 1981and Mather and Jinks 1982). Therefore, it
Table 4. means, variances, variance of means and coefficients of variability for Number of kernels per row, 100kernel weight and Grain yield per plant.
Traits

Populations

Hybrids

P1

P2

F1

F2

BC1

BC2

Number of plants 60

60

60

180

120

120

22.42

27.77

44.88

32.39

30.70

37.17

9.98

9.06

13.53

50.66

36.95

31.9

Number

Variance of mean 0.17

0.15

0.23

0.28

0.31

0.27

of

CV%

10.84

8.20

21.98

19.80

15.20

kernels

Number of plants 60

60

60

180

120

120

per row

Mean

23.87

25.73

40.42

33.54

31.63

34.47

9.37

10.91

10.28

30.6

26.2

22.17

0.18

0.17

0.17

0.22

0.18

12.84

7.93

16.49

16.18

13.66

60

60

180

120

120

27.64

26.67

35.78

31.86

32.07

32.65

6.41

6.25

5.57

22.23

15.95

15.46

0.1

0.09

0.12

0.13

0.13

9.37

6.6

14.8

12.45

12.04

60

60

180

120

120

23.4

24.78

31.77

29.09

28.22

27.45

3.27

2.8

2.94

8.57

6.61

7.9

0.047

0.049

0.048

0.055

0.066

6.75

5.4

10.06

9.11

10.24

60

60

180

120

120

95.58

227.44 128.81

Mean
(P1×P2) Variance

(P3×P4) Variance

14.09

Variance of mean 0.16
CV%

12.83

Number of plants 60
Mean
(P1×P2) Variance

Variance of mean 0.11
100-

CV%

kernel

9.16

Number of plants 60

weight

Mean
(P3×P4) Variance

Variance of mean 0.055
CV%
Grain
yield per

(P1×P2)

7.73

Number of plants 60
Mean

72.80
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0.92

0.4

0.78

0.42

111.27 163.78 3.12
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151.09 136.83 189.47 610.94

Variance

Variance of mean 2.52
16.88

CV%

Number of plants 60
57.02

Mean

528.83 526.60

2.28

3.16

3.39

4.41

4.39

12.24

6.05

19.19

20.67

14.01

60

60

180

120

120

86.11

215.71 146.05

128.82 146.81 2.18

235.28 335.72 153.17 1142.33 907.44 832.68

(P3×P4) Variance

Variance of mean 3.92
26.90

CV%

5.60

2.55

6.35

7.56

6.94

21.28

5.74

23.14

23.38

19.66

of

variability present in various quantitative traits without

Variations, broad and narrow sense heritability and

the level of heritability. Genetic coefficient of variation

genetic advance

together with heritability estimates would give the best

Phenotypic

and

Genotypic

Coefficient

Data of phenotypic coefficients of variation (PCV)

indication of the amount of gain due to selection

and genotypic coefficients of variation (GCV) for yield

(Swarup and Chaugale 1962).

and yield component and plant and ear height traits in

For all studied traits in the two crosses narrow sense

the two crosses are presented in Table 5. The PCV was

heritability values were lower than those of broad sense

greater than GCV for all studied traits in the two crosses.

indicating that most of genetic variance was due to non-

These results indicated that, the environment had an

additive effects i. e., dominance and/ or epistasis. This

important role in the expression of these traits. There is

finding ascertained the previously studies on the nature

enough scope for selection based on these characters and

of gene action where the non-additive gene effects were

the diverse genotypes can provide materials for a sound

found to have a great role in these traits. Such results are

breeding program. These results are in a harmony with

in agreement with that obtained by several investigators

those obtained by Shakoor et al. (2007); Hefny (2011)

AL-Ahmad (2004); Rafiq et al. (2010); El-Badawy

and Nagabhushan et al. (2011).

(2012) and Ram Reddy et al. (2013).

Genetic coefficient of variation indicates the genetic
Table 5. Potence ratio (P), heterosis %, inbreeding depression (ID), phenotypic (PCV) and genotypic (GCV)
coefficient of variability, broad (HBS) and narrow (HNS) sense heritability, genetic advance (∆G) and genetic
advance as percentage of F2 mean (∆G%) for all studied traits in the two crosses.
Traits
Silk
Plant height
Ear height

Hybrids

P

Heterosis %
MP

ID

BP

(P1×P2) -11.67 -11.96** -11.04** -5.91
(P3×P4) -2.78 -17.49
(P1×P2) 3.70
(P3×P4) 9.57

**

21.13

**

24.26

**

(P1×P2) 4.19 17.24

NS

PCV GCV

HBS

HNS

∆G

∆G%

6.31

5.37

0.72

0.29

2.59

3.74

**

-6.78

5.01

4.25

0.72

0.54

4.08

5.56

14.58

**

6.70

8.69

7.21

0.69

0.46 15.41

8.20

21.19

**

12.51

6.88

4.57

0.44

0.28

3.97

*

8.54

-11.95

22.28

-66-
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Traits

Hybrids

P

39.89

**

(P1×P2) 20.15 42.01

**

(P3×P4) 11.57 41.88

**

(P1×P2) 2.94

27.53

**

43.26

**

(P3×P4) 5.82
Ear length
Ear diameter
Number

Heterosis %

(P3×P4) 6.19
of (P1×P2) 0.69

6.75

NS

32.73

**

78.84

**

kernels per row (P3×P4) 16.80 62.98

**

(P1×P2) 17.78 31.76

**

(P3×P4) 11.13 31.88

**

rows per ear
Number
100-kernel
weight

(P3×P4) 6.13
of (P1×P2) 7.40

ID

HBS

HNS

∆G

∆G%

0.54

0.34

7.75

8.43

12.99 13.91 12.25 0.78

0.59

3.33

17.02

12.68 11.64

9.44

0.66

0.52

2.24

12.44

6.92

9.03

4.44

0.24

0.17

0.14

3.16

50.17

14.39 12.01

39.11

**

36.93

**

16.63

NS

33.90

**

8.79

10.67 10.43

7.00

0.45

0.22

0.24

4.83

NS

0.55

12.62

8.86

0.49

0.39

1.64

10.11

26.00

**

5.44

12.38

9.96

0.65

0.53

2.69

13.47

61.61

**

27.83

21.98 19.48 0.79

0.64

9.41

29.05

57.09

**

17.02 16.49 13.47 0.67

0.42

4.78

14.26

29.45

**

10.96 14.80 12.61 0.73

0.59

5.71

17.91

28.21

**

8.44

0.31

1.86

6.38

-2.80

**

**

**

**

Grain yield per (P1×P2) 12.58 170.15 137.96
plant

PCV GCV

**

(P3×P4) 9.91 201.42 150.51

*

10.06

8.11

0.65

43.37

**

19.19 16.50 0.74

0.27 13.89 10.78

32.29

**

23.14 20.55 0.79

0.48 33.23 22.76

The genetic advance is a useful indicator of the

accumulate more additive genes leading to further

progress that can be expected as a result of exercising

improvement of their performance. In the present study,

selection on the pertinent population. Johnson et al.

high heritability along with high genetic advance was

(1955) reported that effectiveness of selection depends

noticed for number of kernels per row trait, other

not only on heritability but also on genetic advance.

characters showed moderate or low heritability along

Genetic advance was highest for grain yield per plant in

with moderate or low genetic advance which can be

the second cross (33.23) and lowest for ear diameter in

improved

the first cross (0.14). The genetic advance as percent of

segregating population developed from combination

mean was highest in case of number of kernels per row

breeding.

by inter-mating

superior

genotypes of

in the first cross (29.05) followed by grain yield per

Gene Effects

plant in the second cross (22.76), while lowest recorded

The results of the A, B, C and D scaling tests for

by ear diameter in the first cross (3.16). The information

assessing the validity of additive - dominance models are

on heritability and genetic advance helps to predict the

given in Table 6. The non-allelic interaction was found

genetic gain that could be obtained in later generations,

to be operating in the control of genetic variation among

if selection is made for improving the particular trait

the six generations for most studied traits. On the other

under study. In general, the characters that show high

hand, the values of the A, B, C and D scaling tests were

heritability with high genetic advance are controlled by

not significant in the first cross for ear height indicating

additive gene action (Panse and Sukhatme 1957) and can

the absence of non-allelic interaction and the additive -

be improved through simple or progeny selection

dominance model was adequate to demonstrate the

methods. Selection for the traits having high heritability

genetic variation and it is important in the inheritance of

coupled with high genetic advance is likely to

this studied trait in such cross. These results are in
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agreement with those obtained by AL-Ahmad (2004);

1975). Dominance effects were positive and significant

Azizi et al. (2006) and Ishfaq (2011).

in the two crosses for all traits, except days to 50%

The estimates of the six parameters, i.e. additive [d],

silking which shows negative and significant values for

dominance [h], additive × additive [i], additive ×

dominance effects in the two crosses. With regard to the

dominance [j] and dominance × dominance [l] and

negative value of [h] observed for some studied traits

means [m] are presented in Table 6. The mean effects

indicated that the alleles responsible for less value of

were highly significant for all studied traits in the two

traits were over dominant over the alleles controlling

crosses, indicating that these traits are quantitatively

high value (Cukadar-Olmedo and Miller 1997). The

inherited. Additive effects [d] were significant for all

dominance gene effect was higher than additive gene

traits in the two crosses, except days to 50% silking for

effect for all studied traits in the two crosses indicating

the second cross, Ear height and 100-kernel weight for

predominant role of dominant component of gene action

the first cross. Non-significancy in those cases may be

in inheritance of these traits, so the selection for these

ascribed to large error variance (Edwards et al. 1975).

traits should be delayed to later generation when

As is shown in Tables 6, some of the additive effects

dominant effect is diminished. These results are

were negative. The negative or positive signs for

agreement with Sofi et al. (2006); Iqbal et al. (2010); El-

additive effects depend on which parent is chosen as P1

Badawy (2012) and Shahrokhi et al. (2013).

(Cukadar-Olmedo and Miller 1997 and Edwards et al.
Table 6. Scaling test, parameters of gene effects and types of epistasis for all studied traits in the two crosses.
Scaling
Traits

Hybrids

A B C D
(P1×P2) ** ** - Silk
(P3×P4) ** ** ** **
(P1×P2) - - ** **
Plant height
(P3×P4) ** - ** **
(P1×P2) - - - Ear height
(P3×P4) ** - - **

Ear length

Parameters

test

(P1×P2) - ** - (P3×P4) - ** ** -

Type of

m

d

h

i

j

l

69.18** ±

2.47** ±

-6.65** ±

2.22NS ±

3.23** ±

-2.14NS ±

0.33

0.52

1.70

1.67

1.14

2.55

73.38** ±

0.07NS ±

-9.86** ±

4.70** ±

-5.16** ±

1.09NS ±

0.27

0.41

1.39

1.36

0.91

2.03

187.98** ± -13.00** ±

17.74** ±

-17.40** ± -3.50NS ±

1.22

1.85

6.28

6.12

176.87** ±

6.58** ±

76.16** ±

36.68** ±

0.91

1.46

4.85

4.66

72.69** ±

-1.18NS ±

19.93** ±

8.24NS ±

0.93

1.39

4.77

4.65

3.07

7.03

91.89** ±

14.63** ±

52.47** ±

21.86** ±

9.37** ±

-43.17** ±

0.82

1.30

4.34

4.19

2.98

6.54

19.56** ±

-1.77** ±

-0.30NS ±

-1.44* ±

-1.02NS ±

0.20

0.29

1.00

0.63

1.50

-0.52NS ±

-2.75** ±

17.97** ±

6.35** ± 1.03

-1.04** ± 6.60** ± 0.80 0.52NS ±
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4.07

18.48* ±
9.30

10.71** ± -51.11** ±
3.40

7.38

1.61NS ± -12.70NS ±

epistasis
Com.
Dupl.
Com.
Dupl.
Dupl.
Dupl.
Dupl.
Dupl.
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(P1×P2) ** ** ** *
Ear diameter
(P3×P4) * ** ** -

Number of rows
per ear

(P1×P2) ** * * (P3×P4) ** ** ** -

Number of kernels
per row

(P1×P2) ** - ** *
(P3×P4) - ** - (P1×P2) - ** - -

100-kernel weight
(P3×P4) * ** ** **

Grain
plant

yield

per

(P1×P2) ** - ** **
(P3×P4) * - - **

0.16

0.23

**

**

0.78

4.57 ±

-0.32 ±

0.03

0.05

4.94** ±

-0.30** ±

0.04

0.06

16.21** ±

-0.99** ±

0.15

0.24

19.98** ±

-1.64** ±

0.18

0.27

32.39** ±

-6.47** ±

25.97** ±

0.53

0.76

2.67

33.54** ±

-2.84** ±

13.66** ±

0.41

0.63

31.86** ±

1.38** ± 0.17 0.32* ± 0.16

0.52
0.04

NS

1.18
±

-1.40** ±

0.12

0.26

-0.36NS ±

-0.03NS ±

-0.26NS ±

0.20

0.14

0.32

1.22NS ±

0.51NS ±

-4.14** ±

0.77

0.55

1.21

-0.92NS ±

-0.79NS ±

-3.98** ±

0.92

0.60

1.41

-3.80* ±

-1.97NS ±

1.62

3.86

-1.96NS ±

-1.91NS ±

-0.20NS ±

2.14

2.08

1.40

3.19

-0.58NS ±

10.63** ±

2.00NS ±

-1.07NS ±

-5.57** ±

0.35

0.51

1.78

1.74

1.12

2.60

29.09** ±

0.77* ±

-5.02** ±

1.46 NS ±

5.40* ±

0.22

0.35

1.12

0.76

1.73

1.31** ± 0.21
2.25** ± 0.80
4.29** ± 0.95

2.66* ± 1.15

128.81** ± -52.51** ± 178.11** ±
1.84

2.97

9.69

146.05** ± -17.99** ± 111.21** ±
2.52

3.81

12.82

6.18* ± 2.61

34.86** ± -41.12** ± 38.30** ±
9.46

6.32

-32.94** ± -3.45NS ±
12.63

8.22

14.58
56.23** ±
18.80

Dupl.
Dupl.
Dupl.
Dupl.
Dupl.
Dupl.
Dupl.
Com.
Com.
Com.

As it is shown in Tables 6, different types of epistasis

signs associated with estimates of [i], [j] and [l] types of

interaction effects were found for different traits and

epistasis indicate the direction in which the gene effect

crosses, with the exception of ear height in the first

influence the mean of the population (Mather and Jinks

cross, as well as, ear diameter and number of kernels per

1982). Most of the signs of the estimates of [l] were

row in the second cross. Our results showed that, besides

opposite to that of [h] in both crosses, indicating

the additive and dominance genetic effects, epistatic

duplicate epistasis. This kind of epistasis generally

components have also contributed to genetic variations

hinders the improvement through selection and, hence, a

for most of the characters studied. However, their

higher magnitude of dominance and [l] type of

relative magnitudes vary for different traits. In such a

interaction effects would not be expected. It also

situation, the appropriate breeding method is the one that

indicated that selection should be delayed after several

can effectively exploit the three types of gene effects

generations of selection (single seed descent) until a high

simultaneously. The same finding was also reported by

level of gene fixation is attained. This result is supported

AL-Ahmad (2004); Sofi et al. (2006); Shahrokhi et al.

by the findings of Azizi et al. (2006); Sofi et al. (2006);

(2011); El-Badawy (2012) and Sher et al. (2012). The

Ishfaq (2011) and Sher et al. (2012). On the other side,
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Grain yield per plant, days to 50% silking and Plant

complex

genetic

behavior.

The

simple

selection

height in the first cross and 100-kernel weight in the

procedure in the early segregating generation may not

second cross revealed Same sign of [h] and [l]

play significant role for the improvement of these traits.

components indicated presence of complimentary type

The complex genetic behavior, particularly additive and

of gene action for these traits. Thus, these traits can be

dominance components, could be successfully exploited

exploited through heterosis breeding. Similar results for

in later generation. It is suggested that selection for the

the traits were reported by Iqbal (2009); Ishfaq (2011)

improvement of the examined traits should be delayed to

and El-Mouhamady et al. (2013).

later generation of segregation population in maize.

Conclusion

After attaining homozygosis for maximum heterozygous

The traits examined in the present study have shown

loci in bulk method of selection is recommended.
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ﺍﻟﻜﻤ ﻴﺔ ﻓﻲ ﻫﺠﻴﻨﻴﻥ ﻤﻥ ﺍﻟﺫﺭﺓ ﺍﻟﺼﻔﺭﺍﺀ
ﺘﺤﻠﻴل ﻤﺘﻭﺴﻁﺎﺕ ﺍﻷﺠﻴﺎل ﻟﺘﺤﺩﻴﺩ ﺍﻟﻤﻌﺎﻴﻴﺭ ﺍﻟﻭﺭﺍﺜﻴﺔ ﻟﺒﻌﺽ ﺍﻟﺼﻔﺎﺕ 
)(Zea mays L.
ﻋﻠﻲ ﻋﻘل ﻭﻨﹼﻭﺱ ،1ﻤﺤﻤﻭﺩ ﻴﻭﺴﻑ ﺼﺒﻭﺡ ، 2ﺴﻤﻴﺭ ﻋﻠﻲ ﺍﻷﺤﻤﺩ

3

ﻤﻠﺨـﺹ
ﻨﻔﺫ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﻓﻲ ﺤﻘﻭل ﻗﺴﻡ ﺒﺤﻭﺙ ﺍﻟﺫﺭﺓ ﺍﻟﺘﺎﺒﻊ ﻟﻠﻬﻴﺌﺔ ﺍﻟﻌﺎﻤﺔ ﻟﻠﺒﺤﻭﺙ ﺍﻟﻌﻠﻤﻴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ ﻓﻲ ﺩﻤﺸﻕ ،ﺴﻭﺭﻴﺔ ﺨﻼل
ﹼ
ﻤﻜﺭﺭﺍﺕ ،ﺤﻴﺙ ﺍﺴﺘﺨﺩﻤﺕ
ﺍﻟﻌﺸﻭﺍﺌﻴﺔ ﺍﻟﻜﺎﻤﻠﺔ ﺒﺜﻼﺜﺔ 

ﺍﻟﻘﻁﺎﻋﺎﺕ
ﻭﻓﻘﺎ ﻟﺘﺼﻤﻴﻡ ﹼ
ﺍﻟﻤﻭﺍﺴﻡ ﺍﻟﺯﺭﺍﻋﻴﺔ  2010ﻭ 2011ﻭ ،2012ﹰ
ﻭﻤﻜﻭﻨﺎﺘﻬﺎ ﻭﺼﻔﺘﻲ ﺍﺭﺘﻔﺎﻉ ﺍﻟﻨﺒﺎﺕ ﻭﺍﻟﻌﺭﻨﻭﺱ ﻓﻲ

ﺍﻟﻐﻠﺔ
ﺍﻟﻭﺭﺍﺜﻴﺔ ﻟﺼﻔﺔ ﹼ

ﻁﺭﻴﻘﺔ ﺘﺤﻠﻴل ﻤﺘﻭﺴﻁﺎﺕ ﺍﻷﺠﻴﺎل ﻟﺘﻘﻴﻴﻡ ﺍﻟﻤﻌﺎﻴﻴﺭ
ﻫﺠﻴﻨﻴﻥ ﻓﺭﺩﻴﻴﻥ ﻤﻥ ﺍﻟﺫﺭﺓ ﺍﻟﺼﻔﺭﺍﺀ ) .(IL.292-06 × IL.565-06 ،IL.459-06 × IL.362-06ﺨﻠﺼﺕ ﺍﻟﻨﺘﺎﺌﺞ
ﺘﻔﻭﻕ ﻗﻴﻡ ﺍﻟﻔﻌل ﺍﻟﻭﺭﺍﺜﻲ
ﺍﻟﻤﻌﻨﻭﻴﺔ ﻓﻲ ﺃﻏﻠﺏ ﺍﻟﺼﻔﺎﺕ ﺍﻟﻤﺩﺭﻭﺴﺔ ﻤﻊ 

ﺃﻥ ﺍﻟﻔﻌل ﺍﻟﻭﺭﺍﺜﻲ ﺍﻟﺘﺭﺍﻜﻤﻲ ﻭﺍﻟﺴﻴﺎﺩﻱ ﻜﺎﻨﺎ ﻋﺎﻟﻴﺎ
ﺇﻟﻰ 
ﺍﻟﺘﻔﻭﻗﻲ ﺃﺴﻬﻡ ﻓﻲ ﻭﺭﺍﺜﺔ ﻤﻌﻅﻡ ﺍﻟﺼﻔﺎﺕ ﺤﻴﺙ
ﺃﻥ ﺍﻟﻔﻌل ﺍﻟﻭﺭﺍﺜﻲ 
ﺍﻟﺴﻴﺎﺩﻱ ﻋﻠﻰ ﺍﻟﻔﻌل ﺍﻟﻭﺭﺍﺜﻲ ﺍﻟﺘﺭﺍﻜﻤﻲ ،ﻜﻤﺎ ﺒﻴﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ 
ﺩلّ ﺍﻟﺘﻌﺎﻜﺱ ﺒﻴﻥ ﺇﺸﺎﺭﺘﻲ ﺍﻟﻔﻌﻠﻴﻥ ﺍﻟﻭﺭﺍﺜﻴﻴﻥ ﺍﻟﺴﻴﺎﺩﻱ ﻭ ﺍﻟﺴﻴﺎﺩﻱ × ﺴﻴﺎﺩﻱ ﺇﻟﻰ ﺍﻟﻨﻭﻉ ﺍﻟﻤﺯﺩﻭﺝ ) (Duplicateﻤﻥ ﺍﻟﻔﻌل
ﻭﺒﻴﻨﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﺘﺄﺜﻴﺭ ﺍﻟﺒﻴﺌﺔ
ﻋﺩﺓ ﺃﺠﻴﺎل .
ﺃﻥ ﺍﻻﻨﺘﺨﺎﺏ ﻟﻤﺜل ﻫﺫﻩ ﺍﻟﺼﻔﺎﺕ ﻴﺠﺏ ﺃﻥ ﻴﺘﻡ ﺒﻌﺩ 
ﻤﺸﻴﺭﺍ ﺇﻟﻰ 
ﹰ
ﺍﻟﺘﻔﻭﻗﻲ،
ﺍﻟﻭﺭﺍﺜﻲ 
ﻤﺤﺩﻭﺩﺍ ﻋﻠﻰ ﻭﺭﺍﺜﺔ ﻤﻌﻅﻡ ﺍﻟﺼﻔﺎﺕ ﺍﻟﻤﺩﺭﻭﺴﺔ ﻭﺫﻟﻙ ﻟﺘﻔﻭﻕ ﻗﻴﻡ ﻤﻌﺎﻤل ﺍﻟﺘﺒﺎﻴﻥ ﺍﻟﻤﻅﻬﺭﻱ ﻋﻠﻰ ﻤﻌﺎﻤل ﺍﻟﺘﺒﺎﻴﻥ
ﹰ
ﻜﺎﻥ
ﻗﻴﺎﺴﺎ ﻟﻤﺘﻭﺴﻁ ﺍﻷﺒﻭﻴﻥ ﻭﺍﻷﺏ ﺍﻷﻓﻀل ﻤﻊ ﺘﺩﻫﻭﺭﹴ ﻭﺭﺍﺜﻲ ﻤﺼﺎﺤﺏﹴ
ﹰ
ﻟﻘﻭﺓ ﺍﻟﻬﺠﻴﻥ
ﺍﻟﻤﻌﻨﻭﻴﺔ 

ﺍﻟﻭﺭﺍﺜﻲ ،ﻭﺘﺭﺍﻓﻘﺕ ﺍﻟﻘﻴﻡ ﺍﻟﻌﺎﻟﻴﺔ
ﻟﻠﺘﺭﺒﻴﺔ ﺍﻟﺫﺍﺘﻴﺔ ﻓﻲ ﺍﻟﺠﻴل ﺍﻻﻨﻌﺯﺍﻟﻲ ﺍﻷﻭل ،ﻜﻤﺎ ﺃﻭﻀﺤﺕ ﺍﻟﻨﺘﺎﺌﺞ ﺃﻥ ﻤﻌﻅﻡ ﺍﻟﺼﻔﺎﺕ ﺃﻅﻬﺭﺕ ﻗﻴﻤﺎﹰ ﻤﻨﺨﻔﻀﺔ ﺇﻟﻰ ﻤﺘﻭﺴﻁﺔ
ﻤﺅﻜﺩﺍ ﺫﻟﻙ ﻋﻠﻰ ﺃﻥ ﻤﻌﻅﻡ ﻫﺫﻩ ﺍﻟﺼﻔﺎﺕ ﺨﺎﻀﻌﺔ ﻓﻲ ﻭﺭﺍﺜﺘﻬﺎ ﻟﻠﻔﻌل ﺍﻟﻭﺭﺍﺜﻲ
ﹼ
ﺍﻟﻀﻴﻕ

ﻟﺩﺭﺠﺔ ﺍﻟﺘﻭﺭﻴﺙ ﺒﻤﻔﻬﻭﻤﻬﺎ
ﺍﻟﻼﺘﺭﺍﻜﻤﻲ ﺍﻟﺫﻱ ﺒﺩﻭﺭﻩ ﻴﻨﺒﺊ ﺒﻘﻴﻡ ﻤﻨﺨﻔﻀﺔ ﺇﻟﻰ ﻤﺘﻭﺴﻁﺔ ﻟﻠﺘﻘﺩﻡ ﺍﻟﻭﺭﺍﺜﻲ ﻤﻥ ﺨﻼل ﻋﻤﻠﻴﺔ ﺍﻻﻨﺘﺨﺎﺏ.
ﺍﻟﻜﻠﻤﺎﺕ ﺍﻟﺩﺍﻟﺔ :ﺍﻟﺫﺭﺓ ﺍﻟﺼﻔﺭﺍﺀ ،ﺍﻟﻔﻌل ﺍﻟﻭﺭﺍﺜﻲ ،ﺩﺭﺠﺔ ﺍﻟﺘﻭﺭﻴﺙ ،ﻗ ﻭﺓ ﺍﻟﻬﺠﻴﻥ ،ﺩﺭﺠﺔ ﺍﻟﺴﻴﺎﺩﺓ.

 (1ﻁﺎﻟﺏ ﺩﻜﺘﻭﺭﺍﻩ ﻓﻲ ﻜﻠﹼﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ -ﺠﺎﻤﻌﺔ ﺩﻤﺸﻕ -ﺴﻭﺭﻴﺔ.
aliwannows@yahoo.com
 (2ﺍﺴﺘﺎﺫ ﺩﻜﺘﻭﺭ ﻓﻲ ﻗﺴﻡ ﺍﻟﻤﺤﺎﺼﻴل ﺍﻟﺤﻘﻠﻴﺔ ﻜﻠﹼﻴﺔ ﺍﻟﺯﺭﺍﻋﺔ -ﺠﺎﻤﻌﺔ ﺩﻤﺸﻕ.
 (3ﺩﻜﺘﻭﺭ ﺒﺎﺤﺙ ﻓﻲ ﺍﻟﻬﻴﺌﺔ ﺍﻟﻌﺎﻤﺔ ﻟﻠﺒﺤﻭﺙ ﺍﻟﻌﻠﻤﻴﺔ ﺍﻟﺯﺭﺍﻋﻴﺔ.
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