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Abstract 

S 
ix yellow maize (Zea mays L.) inbred lines were 
crossed in a half diallel mating scheme at Gemmeiza 
Agric. Res. Stn. in 2009. In 2010, the resulting lS 

crosses along with three check hybrids; SC 162, SC 164 and 
SC 166 were evaluated at Gemmeiza and Mallawy, where 
GCA and SCA effects were estimated'; Location and crosses 
mean squares were significant for all traits except for no. of 
rows ear"1

• Significant cross x location interaction mean 
squares were recorded for all traits, except for ear diameter 
and no. of rows ear"1

• The mean squares associated with 
GCA and SCA were significant for all traits at both locations 
and also in the combined analysis, indicating that both 
additive and non-additive gene effects were involved in the 
inheritance of the traits. The ratio of GCA/SCA mean squares 
exceeded the unity for no. of rows ear"1 and no. of kernels 
row-1 at the two locations, and their combir.ied analysis. 
However, the same ratio was less than unity for ear 
diameter, 100-kernel weight and grain yielq fed.-1 at the two 
locations and their combined analysis, indicating that 
additive (a) and (aa) gene effects play an important role in 
the inheritance of the traits in the first case and non-additive 
was predominant in the second one. The ratio of GCA x 
L/SCA x L mean squares was less than unity for ear 
diameter, 100-kwt·and grain yield fed.-1

, indicating that non
additive genes were more interacted with location than 
additive ones for the traits in question, while the same ratio 
exceeded the unity for no. of rows ear"1 and no. of kernels 
row-1

, indicating that additive (a) and (aa) changed with 
changing the environments. The parental genotype (P2) was 
a good general combiner for no. of kernels row-1 and 100-
kwt at Gemmeiza, while P4 was cpnsidered as a good 
general combiner for no. of rows ea(1 and 100-kernel 
weight at Mallawy and for no. of kernels row-1 at Gemmeiza. 
The ·same parental genotype performed as a good general 
combiner for ear diameter, no. of rows ea(1 and grain yield 
fed.-1 at Mallawy. The crosses; Pl x P3 and PS x P6 had 
significant inter- and intra-allelic interactions for ear 
diameter at both locations and their combined data, no. of 
kernels row-1 at Gemmeiza and combined data and grain 
yield fed.-1 at Mallawy. Moreover, the crosses; Pl x P2 , P2 
x P4, P3 x P6 and PS x P6 surpassed the three check 
hybrids with respect to grain yield. 
Keywords: (Zea mays L.), GCA, SCA, gene effect, Diallel 

cross. 
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INTRODUCTION 

Maize (Zea mays L.) is one of the major cereal crops in Egypt and the world. 

The grown area of maize in Egypt is about 1.6 million fedden in 2010 season with an 

average production of 24 ardab fed.-1 (one feddan = 4200 m2 and one ardab=140 kg) 

a~cording to National Maize Program. It is used r:nainly for animal feed and domestic 

consumption. The main goal of the breeders is to develop new maize cultivars, which 

could be achieved by estimating heterosis and combining ability for maize genotypes 

under different environments. Sprague and Tatum (1942) were the first scientists 

defined general and specific combining ability. Hallauer and Miranda (1981) concluded 

that improving inbred lines increased grain yield and modified maturity. 

Yield and yield components are of great importance for dealing with the 

inheritance of such traits to assist maize breeders and geneticists to plan convenient 

breeding programs for increasing yield potential. The diallel mating design has been 

used and abused. more extensively than any other designs in maize and other plant 
,!"' 

species to determine the combining ability of various genotypes. After these steps of 

evaluation, the breeder can exploit both additive and non-additive gene action 

available, which helps to plan the suitable breeding program via the proper breeding 

method. Therefore, the main objectives of the present investigation were to study and 

determine: a) combining ability and interaction with environment, b) the type of gene 

action controlling the inheritance of the studied traits and c) identify the superior 

crosses, which surpass the check cultivars. 

MATERIALS AND METHODS 

Six yellow (Zea mays L.) inbred lines with a wide range of diversity for several 

traits (Table 1) ·were crossed in a half diallel mating scheme in 2009 season at 

Gemmeiza Agric. Res. ·station giving a total of 15 crosses as hybrid seeds. In 2010 

season, these 15 crosses along with three commercial check hybrids; i.e., (S.C 162, 

S.C 164 and S.C 166); were evaluated in a randomized complete block design 

experiment with four replications at two locations i.e. Gemmeiza and Mallawy 

Agricultural Research Stations, representing Delta and Upper Egypt regions, 

respectively. 
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Table 1. Name and pedigree of the six yellow inbred lines. 

No. of parent Name Pedigree 

P1 Gm. 101 Pool- 22 -622 

P2 Gm.102 Pop. 146 -66 

P3 Gm. 104 Pop. 31-69 

P4 Gm. 207 (Comp# 21) 

Ps Gm. 215 (Comp# 45) 

P5 Gm. 230 (Gm.Y.Pop.) 

The experimental plot was one ridge of 6-m length and 0.80 m width. Sowing 

was done in hills evenly spaced by 25 cm at the rate of two kernels per hill on one 

side of the ridge. Seedlings were thinned to one plant per hill. Agricultural practices 

were executed as recommended for maize cultivation. Data were recorded for ear 

diameter (cm), number of rows ear"1, number of kernels row-1
, 100-kernel weight (g) 

and grain yield (ardab fed.-1
) adjusted to 15.5% moisture content. Analysi~,.. of 

variance for randomized complete block design was performed according to the 

method outlined by Snedecor and Cochran (1967) and used for each location, and 

then combined performance across locations. 

The L.S.D. test at 0.05 and 0.01 level of probability according to Steel and 

Torrie (1980) was used for comparisons of the mean performance of different 

genotypes. General (GCA) and specific (SCA) combining ability effects were estimated 

according to Griffing (1956) model 1, method 4. Superiority percentage for all 

characteristics under study w&is computed for individual crosses as the percentage of 

increase of each cross relative to the three checks. 

Superiority over check [CF 1 - check) I check ] x 100 

The value of Fi-check compared with least significant difference (L.S.D) at 0.05 and 

0.01 levels of probability to determine the level of significance where: 

L.S.D o.os = t 0.05 ~ 2 M.S r error 
0.01 0.01 

RESULTS AND DISCUSSION 

The analysis of variance for the five studied traits in each location and their 

combined data are presented in Table 2. Results indicated that location mean squares 

were significant for all studied traits, except for no. of rows ear"1
, indicated overall 

differences between the two locations. 
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Significant differences were detected among crosses for all traits in each 

location as well as the combined data except for Gemmaiza location for no. of rows 

ea(1, indicating wide diversity between the crosses used in this study. Significant 

crosses x locations interaction mean squares were obtained for all traits, except for 

ear diameter and number of rows ea(1
• These results indicated that the tested 

· crosses changed its ranking from the first location to the second. These results were 

in harmony with those reported by Venugopal, et. al. (2002), Mosa (2003), Osman et. 

a/. (2012), Abd El-Mottalb and Gamea (2014) and Mousa (2014). 

Combining ability 

Analysis of variance 

Analysis of variance for combining ability as outlined by Griffng (1956) model. 

1, method 4 in each location and their combined data for studied• traits are shown in 

Table 3. The mean squares associated with (GCA) and (SCA) were significant for all 

studied traits in both locations as well as the combined analysis. Insignificant mean 

squares of GCA were detected for ear diameter and grain yield at Gemmeiza~ while 

insignificant mean squares of SCA were detected for no. of rows ea(1 at Gemmeiza 

and at Mallawy for no.· of kernels row-1
• The ratio of GCA/SCA mean squares was less 

than unity for ear diameter, 100-kernel weight and grain yield (ard. fed.-1
) at the two 

locations and their combined data, indicating the importance of non-additive gene 

action in the inheritance of these traits. These results were in agre~ment with those 

reported by Venugopal, et. a/. (2002), Mosa (2003), Mosa and Amer (2004), Singh 

and Roy (2007), Akbar ff.f. a/. (2008), Osman et al. (2012), Abd El-Mottalb and 

Gamea (2014) and Mousa (2014). On the other hand, the ratio of GCA/SCA mean 

squares exceeded the unity for no. of rows ea(1 and no. of kernels row-1 at the two 

locations and their combined analysis. This would indicate that additive and additive x 

additive gene effects played an important role in the inheritance of the traits in view. 

Nigussie and Zelleke (2001), Yousif et al. (2003), Abd El-Hadi et. al. (2005), Soliman 

et al. (2005) and Motawei (2005) came up to the same conclusion. The ratio of GCA 

x location/SCA x location mean squares was less than unity for ear diameter, 100-

kernel weight and grain yield (ard. fed.- 1
), indicating that non-additive genes were 

more interacted with location than additive ones for the traits in question . 
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On the other hand, the same ratio exceeded the unity for no. of rows ea(1 

and no. of kernels row-1
, indicating the importance of additive and additive x additive 

gene effects with changing the environments for these traits. However, Dawood et. al 

(1994) found that SCA x location interactions were higher than GCA x locations, 

indicating that non-additive gene action was more interacted with location than 

additive one. Mosa (2003) found that additive gene action was more interacted with 

locations than non-additive due to exceeding the ratio of GCA x location/SCA x 

location than unity. EL-Shenawy (2005) found that the ratio of SCA x location/GCA x 

location mean squares was more than unity for ear diameter indicating that non

additive genes were more interacted with environments than additive one for this 

trait, Motawei (2006) indicated that mean squares due to GCA x location were higher 

than those due to SCA x location interaction for all traits, indicating that additive gene 

effects was more affected by the environmental conditions than non-additive gene 

action and Mousa (2014) stated that the magnitude of SCA x location interaction was 

larger than GCA x location for all traits. (The ratio of GCA x loc.1/GCA x lqe.2 mean 

squares was less than unity for grain yield (ard. fed.-1
), indicating that additive and 

additive x additive gene effects more interacted with Mallawy location than do with 

Gemmeiza location for these traits. The opposite case was observed for ear diameter, 

no. of rows ea(1, no. of kernels row-1 and 100-kernel weight, where the same ratio 

was more than one, indicating that additive and additive x additive gene effects more 

interacted with Gemmeiza location than do with Mallawy one for the traits in 

consideration. The ratio of SCA x loc.1/SCA x loc.2 mean squares was less than unity 

for no. of rows ea(1 and grain yield (ard. fed.-1
), indicating that non-additive genes 

were more interacting with Mallawy than with Gemmeiza for the above-mentioned 

traits, while, ear diameter, no. of kernels row-1 and 100-kernel weight were more 

affected by non-additive genes at Gemmeiza than at Mallawy (where the same ratio 

exceeded the unity). 

b. General combining ability effects (g'\). 

Considering ear diameter, desirable significant (g"i) was detected for PG at 

Mallawy only (Table 4). The inbred lines; P4 and PG exhibited desirable significant (g"i) 

under Mallawy for number of rows ea(1
. For number of kernels row-1, the highly 

significant (g"i) was detected under Gemmeiza for the inbred lines (P2 and P4), while 

the inbred line (P1) had high significant (g"i) for the trait in view at Mallawy. 

Considering 100-kernel weight, desirable significant (g"i) was detected for P1 

and P2 at Gemmeiza and P4 at Mallawy. For grain yield, the inbred line PG showed 

desirable and high significant (g"i) under Mallawy and the combined anarysis, while 

the inbred line P2 was considered as good combiner at Mallawy for the trait in view. 
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Soecific combining ability effects (s"ii) 

Specific combining ability effects (s"ii) of the crosses for all traits at separate 

locations and their combined are presented in Table 5. For ear diameter, the crosses; 

(P1 x P3) and (P5 x P6) showed significant positive values of (s\) at the two locations 

and the combined analysis. For no. of rows ea(1, the crosses; (P1 x P3) and (P4 x P6) 

showed high significant positive values of (s"ii) at Maflawy. The crosses; (P1 x P3), (P1x 

P5) (P3 x P4), (P4 x Ps) and (Psx P6) showed significant positive values of (s"ii) for no. 

of kernels row-
1 

at Gemmeiza and combined analysis. For 100-kernel weight, the 

cross; (P1 x P5) at the two locations and their combined data; the crosses; (P1 x P6), 

(P2 x P3) and ( P2 x P4) at Gemmeiza and the combined analysis and the crosses; (P1 
x P2), (P3 x P4 ) and ( P4 x P6 ) at Mallawy exhibited significant (s"ii) in positive 

direction for the trait in question. The cross; (P1 x P2) at the two locations and the 

crosses; (P1 x P4 ), (P2 x P4 ), ( P3 x P6 ) and (P5 x P6 ) at Maflawy showed high 

significant (s\) in positive direction for grain yield. These results were in good 

agreement with those obtained by Zelleke (2000), Barakat et. al. (2003) and Kabdal 

et. al. (2003), Osman et al. (2012), Abd El-Mottalb and Gamea (2014), Mousa (2014) 

and Osman (2014). 
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4 - Superiority percentage 

The superiority over the three checks (S.C. 162, S.C. 164 and S.C. 166) 

relative to the average of the two locations is presented in Table 6. For ear diameter, 

three crosses out of fifteen ones i.e., (P2 x P4), (P4 x P5) and (P5 x P6) exhibited their 

superiority relative to the check cultivar (S.C.162), where the values of these crosses 

were significant in positive direction. With regard to no. of rows ea(1
, the cross; (P4 x 

P5) was significant in positive superiority percentage over the three checks, while the 

crosses; (P2 x P4), (P2 x P6), (P4 x P6) and (P5 x P6) was significantly increased in rows 

ea(1 than the check cultivar (S.C.162). For no. of kernels row-1
, all the significant 

values of superiority percentage were in negative direction, which means that no. of 

kernels row-1 of the cross-plant was significantly less than that of the check cultivars. 

Concerning 100-kernel weight, the crosses; (P1 x P5) and (P1 x P6) exhibited its 

superiority over the check cultivars (S.C.162 and S.C.166) for the trait in view. For 

grain yield, the results pointed out that, the crosses; (P1 x P2), (P2x P4), (P3 x P6) and 

(P5 x P6) had its superiority percentage over the three checks, where its values ~ere 
highly significant in positive direction and the crosses; (P1x P4), (P2 x P3) and (P4 x P5) 

significantly exceeded grain yield than the two checks i.e., (S.C.164) and (S.C.166). 

However, all crosses had superior percentage in grain yield over the check cultivar 

(S.C.164). Results were in good agreement with those reported by EL-Kielany (1999), 

Rana and Kumar (2001), Hammouda (2002), Singh et. al. (2002), Unay et. al. (2004), 

EL-Hosary and EL-Badawy (2005), Mousa (2014) and Osman (2014). They compared 

their crosses with check cultivars and came up to the same conclusions. 



T
a

b
le

 6
. 

S
u

p
e

ri
o

ri
ty

 p
er

ce
nt

ag
es

 o
f 

ye
llo

w
 m

ai
ze

 c
ro

ss
es

 r
el

at
iv

e 
to

 c
he

ck
 h

yb
ri

d
s 

(S
.C

. 
16

2,
 1

54
 a

nd
 S

.C
. 

16
6)

 f
o

r 
st

ud
ie

d 
tr

a
its

, 
ba

se
d 

on
 

av
er

a1
 

rf
o

rm
a

n
ce

 a
cr

os
s 

lo
ca

tio
ns

. 
20

10
 

1e
 p

e1
 

E
ar

 d
ia

m
et

er
 

N
o.

 o
f 

ro
w

s 
ea

r"
1 

N
o.

 o
f 

ke
rn

el
s 

ro
w

·1 
10

0-
ke

rn
el

 w
ei

gh
t 

(g
) 

G
ra

in
 y

ie
ld

 (
ar

d.
 f

ed
:1 ) 

C
ro

ss
 

s.c
 1

62
 

s.c
 1

64
 

s.c
 1

66
 

s.c
 1

62
 

s.c
 1

64
 

s.c
 1

66
 

s.c
 1

62
 

s.c
 1

64
 

s.c
 1

66
 

s.c
 1

62
 

s.c
 1

64
 

s.c
 1

66
 

s.c
 1

62
 

s.c
 1

64
 

s.c
 1

66
 

P1
 *

 P
2 

2.
06

 
-1

.9
8 

0.
00

 
3.

58
 

-0
.3

3 
0.

67
 

-9
.0

6*
* 

-7
.7

7*
* 

-1
0.

25
**

 
0.

68
 

-6
.1

5*
* 

-0
.8

0 
17

.6
0*

* 
38

.5
0*

* 
25

.8
2*

* 

P1
 *

 P
3 

3.
71

 
-0

.4
0 

1.
62

 
5.

16
 

1.
19

 
2.

21
 

-1
0.

81
 *

* 
-9

.5
4*

* 
-1

1.
98

**
 

-5
.4

6*
* 

-1
1.

87
**

 
-6

.8
5*

* 
-1

.8
9 

15
.5

6*
* 

4.
97

 

P1
 *

 P
4 

-1
.4

4 
-5

.3
5*

 
-3

.4
3 

0.
34

 
-3

.4
4 

-.(
..4

7 
-9

.2
2*

* 
-7

.9
3*

* 
-1

0.
41

**
 

-4
.3

0*
 

-1
0.

79
**

 
-5

.7
0*

* 
6.

06
 

24
.9

1*
* 

13
.4

7*
* 

P1
 *

 P
s 

-1
.0

3 
-4

.9
5 

**
 

-3
.0

3 
0.

00
 

-3
.7

7 
-2

.8
1 

-1
6.

06
**

 
-1

4.
87

**
 

-1
7.

17
**

 
5.

60
**

 
-1

.5
6 

4.
05

* 
-5

.5
5 

11
.2

4*
 

1.
05

 

P1
 *

 P
6 

3.
09

 
-0

.9
9 

1.
01

 
1.

51
 

-2
.3

2 
-1

.3
4 

-7
.5

9*
* 

-6
.2

8*
* 

-8
.8

0*
* 

7.
11

**
 

-0
.1

5 
5.

54
**

 
0.

98
 

18
.9

3*
* 

8.
04

 

P2
 *

 P
3 

0.
00

 
-3

.9
6 

-2
.0

2 
0.

48
 

-3
.3

1 
-2

.3
4 

-1
2.

26
**

 
-1

1.
01

**
 

-1
3.

41
 *

* 
0.

57
 

-6
.2

5*
* 

-0
.9

1 
7.

18
 

26
.2

4*
* 

14
.6

7*
* 

P2
 *

 P
4 

6.
19

**
 

1.
98

 
4.

04
 

9.
08

**
 

4.
97

 
6.

02
 

-9
.5

3*
* 

-8
.2

4*
* 

-1
0.

71
 *

* 
2.

03
 

-4
.8

9*
* 

0.
53

 
16

.6
2*

* 
37

.3
5*

* 
24

.7
7*

* 

P2
 *

 P
s 

1.
65

 
-2

.3
8 

-0
.4

0 
5.

30
 

1.
32

 
2.

34
 

-9
.9

9*
* 

-8
.7

1 
**

 
-1

1.
18

**
 

-6
.4

1 
**

 
-1

2.
76

**
 

-7
.7

8*
* 

-1
.1

2 
16

.4
5*

* 
5.

78
 

P2
 *

 P
6 

3.
71

 
-0

.4
0 

1.
62

 
7.

71
**

 
3.

64
 

4.
68

 
-8

.8
3*

* 
-7

.5
3*

* 
-1

0.
02

**
 

-2
.2

2 
-8

.8
5*

* 
-3

.6
5*

 
1.

38
 

19
.4

0*
* 

8.
46

 

P3
 *

 P
4 

0.
00

 
-3

.9
6 

-2
.0

2 
1.

03
 

-2
.7

8 
-1

.8
1 

-8
.3

6*
* 

-7
.0

6*
* 

-9
.5

6*
* 

-2
.2

7 
-8

.9
0*

* 
-3

.7
0*

 
1.

31
 

19
.3

2*
* 

8.
39

 

P3
 *

 P
s 

-1
.4

4 
-5

.3
5*

* 
-3

.4
3 

1.
38

 
-2

.4
5 

-1
.4

7 
-1

7.
63

**
 

-1
6.

46
**

 
-1

8.
71

**
 

-2
.6

8 
-9

.2
8*

* 
-4

.1
0*

 
0.

62
 

18
.5

0*
* 

7.
65

 

P3
 *

 P
6 

-3
.0

9 
-6

.9
3*

* 
-5

.0
5*

* 
-1

.0
3*

* 
-4

.7
7 

-3
.8

1 
-1

6.
34

**
 

-1
5.

16
**

 
-1

7.
44

**
 

-8
.1

7*
* 

-1
4.

39
**

 
-9

.5
1 

**
 

27
.1

0*
* 

49
.7

0*
* 

35
.9

9*
* 

P•
 *

 P
s 

5.
77

 *
* 

1.
58

 
3.

64
 

9.
98

**
 

5.
83

* 
6.

89
* 

-5
.0

2*
* 

-3
.6

7*
 

-6
.2

7*
* 

-3
.0

6 
-9

.6
3*

* 
-4

.4
8*

 
8.

42
 

27
.6

9*
* 

15
.9

9*
* 

P4
 *

 P
6 

3.
71

 
-0

.4
0 

1.
62

 
8.

60
**

 
4.

50
 

5.
55

 
-1

1.
63

**
 

-1
0.

37
**

 
-1

2.
79

**
 

0.
73

 
-6

.1
0*

* 
-0

.7
5 

-1
.4

2 
16

.1
1 

**
 

5.
47

 

Ps
 *

 P
6 

7.
84

 *
* 

3.
56

 
5.

66
 *

* 
8.

40
**

 
4.

30
 

5.
35

 
-8

.1
3*

* 
-6

.8
2*

* 
-9

.3
3*

* 
-4

.6
0*

 
-1

1.
07

**
 

-6
.0

0*
* 

24
.1

3*
* 

46
.2

0*
* 

32
.8

0*
* 

r-
0.

05
 

0.
19

 
0.

84
 

1.
46

 
1.

30
 

2.
49

 
"' 0 

0.
01

 
0.

25
 

1.
11

 
1.

93
 

1.
72

 
3.

29
 

*a
n

d
 *

* 
S

ig
ni

fic
an

t a
t 

0.
05

 a
nd

 0
.0

1 
le

ve
ls

 o
f p

ro
ba

bi
lit

y,
 r

es
pe

ct
iv

el
y.

 

~)
 

N
 

O
"\ 

O
"\ .....
 

.....
. 

:..-
i 

(1
 

0 3
: 

(1
 

O
J 

0 
....

.. 
3

: 
~
 

-0
 

z 
0 

G
l 

z 
)>

 
m

 
O

J 
z 

.....
. 

~§
 

-n
 

m
 

;;i
 
~
 

F
 

:s:
 

0 
~
 

::!
 

m
 

3
: 

U
l 

)>
 

"T
l 

....
.. 

0 
~
 
~
 

....
.. 

G
l 

~ 
~ 

~
 

.....
. 

m
 

z 
0 

-<
 

r 
,_

, 
.....

. 
m

 
z 

r 
m

o
 

U
l 

)>
 

z 0 ~ 



El-REFAEY, R.A. et. al. 267 

REFERENCES 

1. Abd El-Hadi, A.H., Kawther S. Kash, A.A. El-Shenawy and I.A. El-Gazzar. 2005. 

Combining ability and heterosis in maize (Zea mays L.). Egypt. J. Genet. Cytol., 

34(2):123-134. 

2. Abd El-Mottalab, A.A. and H.A.A. Gamea. 2014. Combining ability analysis in new 

white maize inbred lines ((Zea mays L.), Minufiya J. Agric. Res., 39:143-151. 

3. Akbar, M., M. Saleem, F. Muhammad, M.K. Ashraf, R.A. Ahmad. 2008. Combining 

ability analysis in maize under normal and high temperature conditions. J. of 

Agric. Res. (Lahore). 46(1):27-38. 

4. Barakat, A.A., M.A.A. El-Moula, A.A. Ahmed. 2003. Combining ability for maize 

grain yield and its attributes under different environments. Assiut Journal of 

Agricultural Sciences, 34(3):15-25. 

5. Dawood, M.I., M.T. Diab, Sh.A. El-Shamarka and A.A. Ali. 1994. Heterosis and 

combining ability of some new inbred lines and its utilization in maize hybrid 

breeding program. Minufiya J. Agric. Res., 19(2):1065-1076. '" 

6. EL-Hosary, A.A. and M.EI.M. EI-Badawy. 2005. Heterosis and combining ability in 

yellow corn (Zea mays L.) under two nitrogen levels. The 11th Conf. Agron., 

Agron. Dep., Fae. Agric., Assiut Univ., 89-99. 

7. El-Kielany, M.E.M. 1999. Evaluation of some new inbred lines of maize (Zea mays 

L.). Ph. D. Thesis, Fae. Agric., Moshtohor, Zagazig Univ. Egypt. 

8. El-Shenawy, A.A. 2005. Combining ability of prolific and non-prolific maize inbred 

lines in their diallel crosses for yield and other traits. J. Agric. Res. Tanta Univ., 

31(1):16-31. 

9. Griffing, B. 1956. Concept of general and specific combining ability in relation to 

diallel crossing system. Austrian J. Biol. Sci., 9:463-493. 

10. Hallauer, A.R. and J.B. Miranda. 1981. Quantitative Genetics in Maize Breeding. 

Tawastate Univ .. Press. USA. 

11. Hammouda, A.E.H. 2002. Genetic behavior of some quantitative traits in maize 

(Zea mays L.). M.Sc. Thesis, Fae. Agric. Moshtohor, Zagazig Univ., Egypt. 

12. Kabdal, M.K., S.S. Verma, A. Kumar, and U.B.S. Panwar. 2003. Combining ability 

and heterosis analysis for grain yield and its components in maize. Indian J. of 

Agric. Res., 37(1):39-43. 

13. Mosa, H.E. 2003. Heterosis and combining ability in maize (Zea mays L.). 

Minufiya J. Agric. Res., 28(5-1):1375-1386. 

14. Mosa, H.E. and Amer. 2004. A diallel analysis among maize inbred lines for 

resistance to pink stem borer and grain yield under artificial infestation and non 

infestation. Annals of Agric. Sci., Moshtohor, 42(2):449-459. 

15. Motawei A.A. 2005. Combining ability and heterotic effect of nine maize inbred 

lines via diallel cross analysis. Minufiya J. Agric. Res., 30 (1):197-214. 



268 II.7 COMBINING ABILITY ESTIMATES FOR GRAIN YIELD AND ITS 
COMPONENTS OF YELLOW MAIZE INBRED LINES 

"· 16. Motawei, A.A. 2006. Gene action and heterosis in diallel crosses among ten 
":I,, 

inbred lines of yellow maize across various environments. Egypt. J. Plant Bred. 

10(1):407-418. 

17. Mousa, S.Th.M. 2014. Diallel analysis for physiological traits and grain yield of 

. seven white maize inbred lines. Alex. J. Agric. Res., 59 (1):9-17. 

18. Nigussie, M. and H. 'Zelleke. 2001. Heterosis and combining ability in a diallel 

among eight elite maize populations. African Crop Science Journal,9 (3):471-479. 

19. Osman, M.M.A. 2014. A diallel analysis among seven newly yellow maize inbred 

lines for grain yield and other agronomic traits. Egypt. J. of Appl. Sci., 29(1): 1-12. 

20. Osman, M.M.A., kh.A.M. Ibrahim and M.A. El-Ghonemy. 2012. Diallel analysis of 

grain yield and some other traits in yellow maize (Zea mays L. ) inbred lines. 

Assiut J. Agric. Sci., 43 (6):16-26. 

21. Rana, M.K., V. Kumar. 2001. Heterosis for quantitative characters in maize under 

hilly conditions of Himachal Pradesh. New Botanist. 28 (1/4):13-19. 

22. Singh, P.K. and A.K. Roy. 2007. Diallel analysis of inbred lines in maize. Int. J. of 

Agric. Sci., 3 (1):213-216. 

23. Singh, P.K., L.B. Chauhdary and S.A. Akhtar. 2002. Heterosis in relation" to 

combining ability in maize. J. Res. Birsa Agric. Univ., 14 (1):37-43. 

24. Snedecor, G.W. and W.G. Cochran. 1967. Statistical Methods of 6th ed. Iowa 

State University Press, Ames, Iowa, U.S.A. 

25. Soliman, M.S.M., Fatma A.E. Nofal and M.E.M. Abd El-Azeem. 2005. Combining 

ability for yield and other attributes in diallel cross of some yellow maize inbred 

lines. Minufiya. J. Agric. Res., 30(6):1767-1781. 

26. Sprague, G.F. and L.A. Tatum. 1942. General versus specific combining ability in 

single crosses of corn. J/American Soc. Agron., 34:923-932. 

27. Steel, R.G.D. and J.H. Torrie. 1980. Principles and Procedures of Statistics. 

McGraw Hill Book Company, Inc., New York. 

28. Unay, A., H. Basal, C. Konak. 2004. Inheritance of grain yield in a half-diallel _ 

maize population. Turkish J. of Agric. and Forest, 28( 4):239-244. 

29. Venugopal, M., N.A. Ansari, N.V. Rao. 2002. Combining ability studies in maize. 

An. of Agric. Res., 23(1):92-95. 

30. Yousif, D.P., H.C. Ali and R.H. Baker. 2003. Estimation of heterosis and 

combinjng ability in local maize inbred lines. Dirasat. Agric. Sci., 30(2):246-259. 

31. Zelleke, H. 2000. Combining ability for grain yield and other agronomic characters 

in inbred lines of maize. Indian J. of Gen. & Pia. Breed., 60:1, 63-70. 



L 
_.

::;
, 
(
·
 

~;
 
~
 
~
 

;,'.
 

•t
 {

 
~·

 
~
 

~·
 

~·
 

L
. 

t'
 
\•

 \
,.

 
~
 

(•. 
~·
 
~.

 
(• 

f 
~·
 

; 
t 

l 
~ 

l 
f 

l 
ll

 
~ 

-
[., 

-i:.
. 

b 
E

 -
e. 

c 
~ 

£ 
" 

ll
 

-
·i

 
,. 

t_
\e

 
c
:-

-
'
·
 

-
f
:
_

 
L 

. 
~
 -

,t
' 

-
\.

. 
·_

 
t'

 
-

' 
{ 

t 
£§

. 
. 

0
' 

f 
F 

L
. 

~.
 

"'
 

. 
r 

\:; 
,, 

1-
-

~: 
x 

~ 
l 

.f::
 ~

~ 
~.
 
~ 

~ 
~
 
~ 

~ 
·t

' 
~: 
~ 

l 
~ 
~ 

~ 
~
 ·

~ 
1-

[• '°
 

L 
ff,· 

l 
__, 

l 
~ 

'£ 
·t·

 
~ 

~· 
l 

l 
-
l 

[• t
 

'r. 
t>

 
l 

l 
t.·

 
~
 ~
 

r· 
~
 "_

 \..
 ·~

 
~ 

cf
· 
~ 

\.
. 

;:
 
~ 

~ 
~. 

: 
~: 

r 
[· 

~ 
. ·

~ 
~
 
_ -

:-
L 

£ 
~
 

V-°
 

o
• 

Ir
 

-
l 
~
 

~: 
<;;

:_ 
~: 

() 
~ 

'° 
l 

}; 
r;

: 
~ 

!!
.-

f. 
&

 
f: 

~ 
~ 

~ 
·~ 

l 
( 

[ ~
" ·

t.
 ~ 

't
 ~

 ~'
. 

[·. 
~ 

{ 
f 

:-~
 ~

 1
-

f; 
·t 

~: 
:~ 

t 
~..

 
-

tf 
-

, 
.c

 
C· 

ll
 

[ 
-

{ 
V\

 
F 

C· 
[ 

tl 
·~ 

~ 
, 

.c:
-

\;.
. 

·~ 
~ 

~; 
· 

C
· 

o
• 
~
 

,t
 

{ 
-

-
V\

 
x 

~ 
h 

l 
f 

-
l 

'° 
Ir

 
[ 

t 
Ci

_ 
r 

Y,
· 

l 
~ 

=i:.
 

~. 
'L 

l 
l 

~.
 ~
 ·(

 ·[
' 

t'.: 
.=r

 l
· 

\ 
c: 

g·
 

l_
..

 
f.

 
.f 

E
 r

 i
· . 

.t.
 

'.[·o
: 

.c-
-t

 l 
-

-
. 

. L
 

~ 
,[

" 
1-

b 
-,. ·

 L
 

-
'e_

.. 
,._

, 
• 

);
 

" 
0 

' 
l'

.,
 

('
<

' 
·t_

 
-

j;
 

};
 

\.
, 

-
' 

L
• 

tj
 

--=
 

_ 
x 

[ 
t 

~ 
L

' 
'~ 

-
-

1 
f 

-
'$ 

~ 
\-_

 
C

· 
r<

> 
t'

 
~ 

'£ 
~ 

·.:
: 
~ 

g 
F::

 
"' 

--
·L

 
v. 

"' 
t;

 
fil 

~ 
"'. 

f 
. 

~ 
t 

~ 
r 

ir
 
8 

l 
E

 
.~ 

\.
 
f 

·~ 
l 

·t· 
·~ 

f 
r 

-c 
·~ 

·~ 
t 

~· 
c: 

'(
 i· 

[ 
~ 

r 
~ 

E
 f

 
~ 

. 
~ 

~ 
~ 

"' 
t 

.f 
~ 

':, 
~ 

. t 
l 

tf 
\, 

~: 
' {

 
-

, 
'fi"

 
l'

 <
;;:.

. 
'°,

 
(• 

.C
" 
r 

~ 
t 

_
i
 

.f
:'

 
[•

 
~ 

l 
l. ~·

 
· V

\ 
C· 

-
c· 

t.
 

!£:
 

1:
 

c 
'i-

t 
F 

C. 
1· 

.c;
. 

r. 
'r. 

-
: 

t 
~ 

~ 
L,

 
.t

' 
[;:

 
f 

'l 
E: 

~ 
~·

 
:1:

· 
·
-

E: 
~ 

l 
~.
 

·~·
 

i..
. 
~ 

·L
 

L,
 

-
lr.

-
(;;,

 
V

 
f 

--<
 

, 
• 

, 
( 

~
 

C
· 

~.·
 

-
\:.

,. 
-

,,
. 

-
-

-
·
 

' 
. 

. 
C

 
"'

 
:t 

o
• 

V\
 

L
 

. 
!::

:: 
G; 

\,
. 

,f::
 '

~ 
~: 

!::_
 

t,[
; 

. 
l'.

,,
 

G\_
_ 

;
;
 

t:··
 

~· 
~'

 .
 . 

' ,.
 

\_,
 l 

-;; 
. ~

· 
\:;, 

fu· 
~· 

f" 
C

· 
ll
 

' 
l 

1-
l 

i.
..

· 
-

o
• 

L
 

'° 
-· 

'° 
·i:,

 
~ 

-
r 

~ 
. 

(} 
~· 

·i
 

'f:.
 

b 

{
t
~
~
r
"
'
7
t
~
~
~
1
-
~
i
1
-
~
f
·
.
~
{
f
~
~
{
~
t
r
~
 

c 
[ 

~· 
. 

' .
 

"' 
[ 

E
 L

 
-

l,L
_ 

' 
• 

: 
c..

 
c 

h 
~· 

\-_
 

-
_

i
 

L 
~ 

-
-

-i:
,, 

c;;,
_ 

. 
o 

.r.;
 

-
-

.(
: 

IA
 

t 
~·

 
~
 

. 
.~

· 
I:"

 
f. 

ff
o

. 
-'

l·
 

'-
· 

_
i
 

• 
-

l_
..

 
..

..
. 

• 
b 

t 
..

 
~
 

[.
 

.t
 

' 
x 

t·. 
t,

 
~ 

f~ 
"' 

b 
.t

' 
[ 

\.
. 

c 
~ 

\.
. 

E
 t

 
[ 

~ 
~ 

F 
~ 

~· 
·~ 

-: 
--<

 
f 

'° 
1,L

_ 
{ 

' 
.c

 
v 

V\
 

[ 
i; 

[ 
-

I-
' 

-
-

L
 

l 
.!!

 
'° 

t 
__

, 
• 

c 
0 

\.
, 

IA
 
~
 

,. 
'--=

t 
L 

. 
f 

' 
~·
 

o
• 
~
 

~
 

-
-

L 
~
-

u
,.

 
• 

• 
:1:

" 

:
-

~· 
·'i,

.. 
.t'.:

 
.-

x 
~: 

E
 ·t~ 

~ 
f 

( 
l 
~ 

c·. 
't 

~ 
"'i.

 l
· 
~
 \,

. 
~ 

~· 
1 

-»
 

t
:
 

. 
-

l 
t' 

L 
t 

__, 
l 

g 
.C

" 
( 

-
( 

r 
. 

·i
 

'£ 
1 

C. 
..

i 
.c:

-
. 
l 

-
-C

· 
,._

, 
r.

 
f-1

· [
 "i._

 
"'

 
' 

-
,._

, 
,r

 
.~
· 

Ir
 

-,. 
' 

. 
' 

l.
 
~
 

,I:
 
~
 

. 
·
-

-
f 

L 
i..

. 
!:.

! 
f 

~ 
\,

 
L 

-
~ 

~ 
l:[

 
t:

 
~
 

~· 
~ 

t:.
 
~ 

~.
 
~ 

~ 
l 

r.
 
l. 

\ 
fE· 

~·
 
l:

 ~
. 

~. 
~ 

· .
.. -

--
i. 

[ 
i 

£ 
\.

 
t -

t.
 
~
 

,1
: 

l.
 

l 
[.

 
O

•
 

--<
'. 

\.
, 

..
..

 . 
·(

 
""

';:
"' 

-
' 

' 
-

(•
 

[ 
. 

' 
-

~
 

L 
Ir

 
L 

-
r:l

f 
-

. 
· 

• 
-

. 
. 

' 
~
 

\
e
-
f
 

tl
 

;~
· 

. 
{;.

. 
{;.

. 

l 
; 

~ 
~·. 
t i

 
~ 

( 
.~ 

f 
t= 
~ 
~ 

~ 
1-

\.·. 
~ 

1· 
g 
~ 

~. 
~ i

 ~. 
f 
~ 

~ 
(-

1 
'£,.

 
~'. 

I 
l.

 
-·

 

[•
 ~ \.
. 

I 
r 

t 
. 

~ 
t. 

l-
r.

 
~ 

~ 
<p

_ 
~· 

. 
-· 

,,::
: 

~· 
1.

 
l 

~ 
rF

 
·[

 
~_,

 
r;-

. 
-

0
\
 

<;; 
f;

 
.r

 
l 

,', 
~ 

f. 
'E. 

c:: 
f 

r· 
r 

i l
 

[ 
·[

I 
·I:

 
-

b 
'"

"
1

 
~ 

·t
'E

 
t 

( 
·t 

~ 
\.

 
I 

t-
~ 

o
• 

,/'
-, 
~
 

L 
o

• 
~ 

L
-•

 
L 

~ 
·~
 

\,
-

~ 
~ 

~' 
I 

(;
".

 
Ci' 

~ 
~ 

t 
\ 

·~ 
1 

( 
C:

• 
I 

l 
l 

F
 

-<
 

L 

-..
, 

-

m
 

~
 

m
 
~
 

-~
 

:;o
 

;i:.
 

Cb
 

N
o 

llJ
 

;-
. 

N
 

O
'I 

l.O
 


