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ABSTRACT 

 
Six male genetic-cytoplasmic sterile lines (ICSA-14, ICSA-44, ICSA-93, ICSA-

155, ICSA-88010and ICSA-ATX2-2) and six testers (ICSR-93002, ICSR-93004, 
ICSR-91022, ICSR-89025, ICSR-89028 and ICSR-93018) were crossed in line x 
tester design in 2008 season at Shandweel Agric. Res. Station, Sohag, Egypt to 
produce 36 hybrid combinations. These hybrids along with their twelve parents were 
grown in a randomized block design with three replications in 2009 and 2010 
seasons. The samples for estimation of four characters (50% flowering, plant height 
(cm), 1000-grain weight (gm) and grain yield/plant.) were taken. The analysis of 
variance indicated significant differences for the studied characters in all the 
genotypes, comparing with local and check hybrid. The obtained data also clearly 
show that the crosses had highly significant differences among all studies traits at two 
growing seasons 2009 & 2010 and combined over the two seasons, the cross ICSA-
ATX2-2× ICSR93002 was earliest genotype and it has lowest negative heterosis 
relative to better parent, the combination ICSA-14 × ICSR93004 was the best cross in 
plant height trait and the cross ICSA-93× ICSR-93018 recorded highest value of 
heteosis of 1000-grain weight, while the cross ICSA-ATX2-2 × ICSR93004 was the 
best cross for grain yield/plant. 

The parents ICSR-93002, ICSA-93, ICSA-88010 and ICSA-ATX2-2 were good 
combiners for 50% flowering and the parents ICSR-93002, ICSR-89028, ICSR-93018, 
ICSA-14 and ICSA-44 were good combiners for plant height and the parents  ICSR-
93002, ICSR-93004,  ICSR-93018 and ICSA-93 were good combiners for 1000-grain 
weight while the parents ICSR-93004, ICSR-93018, ICSA-155, ICSA-88010 and 
ICSA-ATX2-2 were good combiners for grain yield/plant. 

Some hybrids had positive sca effects for some traits, but ICSA-88010×ICSR-
91022 was the only hybrid which had negative highly significant specific combining 
ability for 50% flowering. For plant height, the crosses ICSA-93×ICSR93002, ICSA-
ATX2 -2 × ICSR-89028 and ICSA-88010 × ICSR-91022 had highly positive sca 
effects, respectively. The crosses ICSA-44×ICSR-89025, ICSA-14×ICSR-89028 and 
ICSA-ATX2-2×ICSR93004 were observed and had highly positive sca effects for1000-
grain weight. For grain yield/plant, The crosses ICSA-88010 × ICSR-89028, ICSA-14 
× ICSR-89028 and ICSA-44 × ICSR93002 showed the greatest positive sca effect.  

These combinations could be utilized in the hybrids programs of grain 
 sorghum   
 

INTRODUCTION 
 

Sorghum (Sorghum bicolor. (L.)Moench) is one of the most crops in the 
world that ranks fifth in acreage after wheat, rice, maize and barley. Sorghum 
plays a very important role in providing nutrition to human race along with 
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wheat, rice, maize and barley in many countries of the world. It is one of the 
most important food and feed crops of Egypt. Thus, improvement of sorghum 
is much emphasized owing to its importance as food and fodder crop. The 
demand for fodder sorghum is fast increasing. To meet the demand increase 
in the production should come from same or even less area in the present 
situation of shrinking agricultural land. Improvement of the genetic potential of 
the crop in order to maximize the economic gain per unit of input remains the 
most possible means of increasing the production. Genetic cytoplasmic male 
sterility can be used to facilitate cross-pollination. Several studies have been 
established on grain sorghum and emphasized on gene action, general and 
specific combining ability, heterosis and their effects to develop new hybrids 
in grain sorghum. Present study have been established on grain sorghum 
and emphasized on general and specific combining ability, heterosis and their 
effects to develop new grain sorghum hybrids. The combining ability analysis 
gives useful information regarding the selection of parents in terms of the 
performance of their hybrids. Further, their analysis elucidates the nature and 
magnitude of various types of gene actions involved in the expression of 
quantitative traits (Dhillon, 1975). Line x tester mating design is used routinely 
to generate material for estimation of combining ability effects which provide 
basic idea about the genetic potential of parents. The objective of this study 
was to determine the combining ability of 12 parents for grain yield. The study 
investigated assessing general combining ability of parents and specific 
combining ability of crosses by following a line x tester mating design. 

Rawlings and Thompson (1962). used line x tester analysis to estimate 
gca and sca of inbred parents and various genetic parameters would provide 
guide lines to the sorghum breeders to launch effective breeding strategies. 

 
MATERIALS AND METHODS 

 
Thirty six grain sorghum crosses were developed at Shandweel 

Agric.Res. Station, Sohag, Egypt. These hybrids were made from six 
introduced genetic-cytoplasmic male sterile lines (A-lines) and male lines as 
restorer lines (R-line).The origin and agronomic characters of the six A-lines 
and the six R-lines are shown in Table1. A field experiment was conducted in 
two successive seasons 2009 and 2010 to evaluate the 36 F1 crosses, their 
parents (B-lines & six R-lines) and Shandaweel-6 as a check hybrid. In both 
seasons the genotypes were cultivated on 15th of May. The trial was laid out 
in a randomized complete block design with three replications. Each plot 
consisted of one row with 4 meters long and 60 cm apart. Hills were spaced 
with 20 cm along the row and two plants/hill. All cultural practices were 
carried out as recommended. In each season data were recorded on days to 
50% flowering, plant height (cm), 1000-grain weight (gm) and grain yield/plant 
(gm). Data of each season and combined over the two seasons were 
subjected to regular analysis of variance of randomized complete block 
design. The analysis of variance by using line × tester analysis according to 
Kempthorne (1957). General and specific combining ability (gca & sca) 
effects were estimated according to Singh and Chaudhry (1977).  
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Heterosis was determined as the percentage of increase or decrease of F1 
mean over the better parent: 

Heterosis % = 100
.

.1 


PB

PBF
 

LSD for better-parent heterosis = 
r

MSe
t

2
  

Where: t is the tabular t value at a stated level of probability for the 
experimental error degree of freedom, MSe is mean squares of the 
experimental error from the analysis of variance and r is number of 
replication. 
 
Table 1: Origin and agronomic traits of female and male lines which 

used in top crosses at Shandweel in 2008 season. 

Lines Origin 
Days to 50% 

flowering 
Plant height 

1000-grain 
weight (gm) 

Restorer (R) 

ICSR-93002 
ICSR-93004  
ICSR-91022 
ICSR-89025  
ICSR-89028  
ICSR-93018 

 
Indian 
Indian 
Indian 
Indian 
Indian 
Indian 

 
72 
75 
76 
78 
74 
74 

 
180 
165 
166 
160 
170 
167 

 
77 
65 
70 
67 
66 
70 

Female (A) line 

ICSA-14 
 ICSA-44 
ICSA-39 
ICSA-155 
ICSA-88010  
ICSA-ATX2-2 

 
Indian 
Indian 
Indian 
Indian 
Indian 
U.S.A 

 
75 
74 
69 
67 
70 
68 

 
145 
160 
168 
100 
115 
122 

 
56 
50 
53 
47 
44 
42 

 

RESULTS AND DISCUSSION 
 

The combined analysis of variance was shown in Table 2. 
The combined analysis of variance over the two seasons for all studied 

traits show highly significant differences between two years. Also, there are 
significant differences among genotypes for all studied traits. The interaction 
between genotypes and years was highly significant for all studied characters 
except days to 50% flowering trait. Moreover, the Table show that highly 
significant differences were detected for all studied characters among 
parents, crosses, their partitions (males, females, females×males) and 
parents vs. crosses traits (except plant height). Also, the interactions between 
parents and years was significant in only grain yield/plant and the interactions 
between parents vs. crosses and years was significant in only grain 
yield/plant, the interactions between crosses and years was highly significant. 
The interactions between males and years was significant except 50% 
flowering. Also, the interactions between females and years was significant 
except 1000-grain weight. Moreover, the interactions among males, females 
and years was significant except 50% flowering. 
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Table 2: Combined analysis of variance of the studied genotypes 
(without check) for four traits over two growing seasons 
2009 & 2010 

Source 
of variation 

d.f 
Days to 50% 

flowering 
Plant height 

(cm) 
1000-grain 

weight (gm) 
Grain yield 
/ plant (gm) 

Year (Y) 
Rep/Year 
Genotypes (G) 
Parents (P) 
Crosses (C) 
P vs. C 
Male (M) 
Female (F) 
F×M 
G×Y 
P×Y 
P vs. C×Y 
C×Y 
M×Y 
F×Y 
F×M×Y 
Error 

1 
4 
47 
11 
35 
1 
5 
5 
25 
47 
11 
1 
35 
5 
5 
25 

188 

906.67** 
2.88 

100.23** 
78.98** 
76.50** 

1164.36** 
71.32** 

388.48** 
15.14** 

4.90 
1.55 
0.33 

6.09** 
2.07 

18.13** 
4.49 
3.68 

847** 
5.79 

4887.88** 
4113.64** 
1078.08** 
146747.51 
1225.68** 
4181.56** 
427.87** 

47.4** 
21.52 
11.09 

56.57** 
65.03** 
59.75* 
54.24** 
21.07 

21.10* 
1.75 

78.28** 
61.48** 
73.56** 

428.27** 
196.35** 
179.97** 
27.72** 
3.30** 
1.49 
1.19 

3.92** 
7.35** 
1.54 

3.72** 
1.32 

1009.67** 
6.90 

1334.27** 
670.47** 
455.77** 

39383.63** 
530.56** 

1014.15** 
329.13** 
59.75** 
34.68** 

87** 
66.85** 
32.28* 

137.94** 
59.54** 
10.46 

 

Table 3 show combined means over two years of the studied 
characters of the crosses and their parents. Many means of crosses were 
high in all studied characters comparison with check variety. 

Regarding to Days to 50% flowering, the combined data over the two 
seasons cleared that highly significant for most studied genotypes and the 
mean range of crosses was from 65.2 to79.2 and for R-Lines was from 72.5 
to 79.5 and for A-Line was from 68.5 to 76.5. The data indicated that the 
earlier genotypes were the crosses ICSA-88010 × ICSR-91022 and ICSA-
ATX2-2× ICSR93002 (65.2), equally. 

With regard to plant height, the cross ICSA-93×ICSR93002 was the 
tallest genotype and the tallest R-Line was ICSR-93002 while the tallest A-
Line was ICSA-93, the mean of trait ranged from 99.0 to 225.2 cm. 
Concerning 1000-grain weight, the means showed that the highest genotypes 
was the cross ICSA-93× ICSR-93018, quitely. The mean of crosses ranged 
from 22.8 to 35.53 

and ranged for R-Line  from 23.98 to 30.4and for A-Line it ranged from 
20.5 to 25.52.  As for grain yield/ plant, the data appeared that highly 
significant for most studied genotypes and the mean range of crosses was 
from 67.4 to 99.33 and for      R-Lines was from 61.86 to 71.77 and for A-Line 
was from 42.46 to 52.62. 

The data indicated that the highest genotypes were the cross ICSA-
ATX2-2× ICSR93004  

All these results agreed with those obtained by Tadasse and Debelo 
(1995), Khaled (1997), Amir (1999), Pattanashetti et al., (2005) and Prakash 
et al (2010).  
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Table 3: The combined means over two years of the studied characters 
of the crosses and their parents. 

Number 
 

Genotypes 
 
 

Days to 
50% 

flowering 

Plant height 
(cm) 

1000-grain 
weight (gm) 

Grain yield 
/ plant (gm) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

ICSA-14 × ICSR93002  
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018   
ICSA-44 × ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-93× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-155× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-88010× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-ATX2-2× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 

71.2** 
73.3** 
79.2 

74.2** 
76.5 
77.5 

69.5** 
73.0** 
72.7** 
70.7** 
72.8** 
73.7** 
65.8** 
67.2** 
66.5** 
68.7** 
68.7** 
67.7** 
66.2** 
68.3** 
73.0** 
67.2** 
69.3** 
70.7** 
65.8** 
68.2** 
65.2** 
66.2** 
68.2** 
66.2** 
65.2** 
68.0** 
67.2** 
68.5** 
71.2** 
69.0** 

223.0** 
219.8** 
211.7** 
206.3** 
226.5** 
222.5** 
205.5** 
209.7** 
208.3** 
206.0** 
206.3** 
220.0** 
225.2** 
192.7** 
203.8** 
200.2** 
192.2** 
220.7** 
206.7** 
205.5** 
208.8** 
193.3** 
203.3** 
208.5** 
210.5** 
202.5** 
209.5** 
184.0** 
191.2** 
197.7** 
180.5** 
188.0** 
171.8** 
177.5** 
199.0** 
199.5** 

30.22** 
29.70** 
23.92** 
29.03** 
30.62** 
26.67** 
27.45** 
24.63** 
22.80* 
28.20** 
23.49** 
30.52** 
34.99** 
34.63** 
24.65** 
30.33** 
31.71** 
35.53** 
27.73** 
24.65** 
24.00** 
23.73** 
24.47** 
29.02** 
27.28** 
31.27** 
24.66** 
24.42** 
29.22** 
31.05** 
29.29** 
32.10** 
25.07** 
25.01** 
26.97** 
30.76** 

91.62** 
85.20** 
77.81** 
75.00** 
89.75** 
75.68** 
88.03** 
78.30** 
73.31** 
69.36** 
71.03** 
93.14** 
70.95** 
79.45** 
83.66** 
81.60** 
67.40** 
84.68** 
89.49** 
94.10** 
81.69** 
81.07** 
75.72** 
93.40** 
79.77** 
84.84** 
89.35** 
79.22** 
97.73** 
95.58** 
83.94** 
99.33** 
89.70** 
93.63** 
85.28** 
98.36** 

 
R-Line 

ICSR-93002 
ICSR-93004 
 ICSR-91022 
ICSR-89025  
ICSR-89028 
 ICSR-93018 

72.5** 
76.0* 
78.0 
79.5 
76.8 
77.7 

182.5** 
162.5** 
167.7** 
159.5** 
173.0** 
169.0** 

30.40** 
27.99** 
29.02** 
28.32** 
23.98** 
26.17** 

70.84** 
62.00** 
61.86** 
71.77** 
63.85** 
68.51** 

 
A-Line 
          

ICSA-14 
ICSA-44 
ICSA-93 
ICSA-155 
ICSA-88010 
ICSA-ATX2-2 

76.5* 
75.7* 
71.3** 
68.5** 
71.2** 
69.7** 

145.7** 
161.8** 
164.5** 

99.0 
115.3** 
120.0** 

25.52** 
20.94 

23.80** 
20.50 

23.07** 
23.09** 

52.62** 
48.88* 
49.08* 
49.08* 
42.46 
43.98 

 Check 72.5** 192.65** 28.15** 83.59** 

 L.S.D. 5% 
L.S.D. 1% 

3.06 
4.02 

7.34 
9.63 

1.83 
2.41 

5.18 
6.78 
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Heterosis: 
Estimates of  combined heteosis relative to better parent are given in 

Table 4.  
The usefulness of a particular cross in exploiting heterosis is judged by 

the sca effect of component lines. According to Sprague and Tatum (1942) 
the sca is controlled by non-additive gene action. The sca effect is an 
important criterion for the evaluation of hybrids. 

Results revealed significant heterosis effects better parent for all 
studied characters. 

For Days to 50% flowering, the heterosis values ranged from-10.19 to 
7.14 percent from better parent and the cross ICSA-ATX2-2× ICSR93002 
was earliest genotype and has a lowest negative heterosis value.  

Heterosis to higher parent for the plant height ranged from -1.1 to 
35.28. Significant positive heterosis higher parent were observed in crosses 
like ICSA-14 × ICSR93004, ICSA-14  × ICSR-93018  and ICSA-14  × ICSR-
89028, respectively, and the cross ICSA-14 × ICSR93004 was the superior.  

Concerning 1000-grain weight, heterosis values ranged from-21.42 to 
35.76. Best crosses were ICSA-93× ICSR-93018, ICSA-93× ICSR-89028 and 
ICSA-93×ICSR93004, respectively. 

With respect grain yield/plant, most crosses had a highly positive 
significant heterosis percentages to the better parent, the highest three 
crosses were ICSA-ATX2-2 × ICSR93004, ICSA-88010 × ICSR-89028 and 
ICSA-155 × ICSR93004 were the greatest crosses and had a positive and 
highly significant of heterosis, the heterosis values ranged from -3.35 to 60.22 
percent. 

Significant sca effects and heterosis over standard check Shandaweel -
6 are indicating the importance of non additive gene action which could be 
exploited for developing hybrids in sorghum. 

These results are in harmony with those obtained by Reddy and Joshi 
(1993), El-Menshawy (1996), Khaled (1997), Amir (1999), Hovny (2000), 
Pattanashetti et al., (2005), Iyanar and Gopalan (2006) and Prakash et al 
(2010).  They mentioned that, the heterosis was useful in grain sorghum 
crosses for yield and yield components.  
General combining ability effects: 

General combining ability (gca) effects of the parental lines for studied 
characters over two seasons are shown in Table 5. 

General combining ability is defined as average performance of a line 
in a series of crosses. According to Sprague and Tatum (1942), general 
combining ability is due to genes which are largely additive in their effects . 

Concerning days to 50% flowering, the gca effects for the R-Line, the 
ICSR-93002 line has lowest negative gca effects and highly significant. 

Also, the lines ICSA-88010, ICSA-93 and ICSA-ATX2-2 for A-Line had 
negative high significant gca effects, respectively, The negative effect means 
that the line has favorable gene action for earliness and like these lines will 
be considered as good combiner for earliness. While the positive effect 
means that the line has favorable gene action for lateness and like these 
lines will be considered as a good combiner for lateness. 
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Table 4: Estimates heterosis relative of the better parent of thirty six 
crosses over two growing seasons, 2009 and 2010. 

Cross no. 
 

Genotypes 
 
 

Days to 
50% 

flowering 

Plant 
height 
(cm) 

1000-grain 
weight (gm) 

Grain yield 
/ plant (gm) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

ICSA-14 × ICSR93002  
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018   
ICSA-44 × ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-93× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-155× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-88010× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-ATX2-2× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 

-2.67 
-2.16 
2.56 
-2.14 
1.28 
2.56 

-4.44** 
-2.6 
-2.56 

-6.41** 
-3.85* 
-2.56 

-7.34** 
-5.05** 
-5.5** 
-2.29 
-2.75 

-6.42** 
-1.43 
1.9 

7.14** 
-1.43 
1.43 

4.29** 
-7.76** 
-4.11** 
-8.22** 
-6.85** 
-4.11** 
-6.85** 

-10.19** 
-6.02** 
-6.94** 
-5.56** 
2.78 
-1.39 

22.19** 
35.28** 
26.24** 
29.36** 
30.92** 
31.66** 
12.6** 

29.03** 
24.25** 
27.29** 
19.27** 
30.18** 
23.38** 
17.12** 
21.57** 
21.68** 
11.08** 
30.58** 
13.24** 
26.46** 
24.55** 
21.21** 
17.53** 
23.37** 
15.34** 
24.62** 
24.95** 
15.36** 
10.5* 

16.96** 
-1.1 

15.69** 
2.49 

11.29** 
15.03** 
18.05** 

-0.6 
6.13** 

-17.58** 
2.53** 

19.98** 
1.92* 

-9.71** 
-12.01** 
-21.42** 

-0.41 
-2.03* 

16.64** 
15.09** 
23.73** 
-15.06** 
7.01** 

32.25** 
35.76** 
-8.77** 

-11.92** 
-17.28** 
-16.19** 

2.04* 
10.88** 
-10.26** 
11.73** 
-15.01** 
-13.77** 
21.88** 
18.67** 
-3.65** 
14.72** 
-13.61** 
-11.67** 
12.48** 
17.53** 

29.34** 
37.42** 
25.77** 

4.51 
40.56** 
10.46** 
24.27** 
26.3** 
18.5** 
-3.35 

11.24** 
35.94** 

0.16 
28.15** 
35.23** 
13.7** 
5.55* 

23.59** 
26.33** 
51.77** 
32.05** 
12.96** 
18.59** 
36.32** 
12.61** 
36.84** 
44.44** 
8.82** 

53.05** 
39.5** 

18.49** 
60.22** 
45.00** 
30.46** 
33.56** 
43.56** 

 L.S.D. 5% 
L.S.D. 1% 

3.06 
4.02 

7.34 
9.63 

1.83 
2.41 

5.18 
6.78 

 
With respect to plant height, the lines ICSR-93018 and ICSR-93002 for 

R-Line and ICSA-14 and ICSA-44 for A-Line had positive high significant gca 
effects. These results explain that these lines are good combiners because 
they had observed tall genes, so that these lines become good combiner for 
plant height trait. 

As for 1000-grain weight, the gca effects for the R-Line, the ICSR-
93018, ICSR-93004 and ICSR-93002 lines has highest positive gca effects 
and highly significant, respectively. Moreover, the line ICSA-93 for A-Line 
has positive high significant gca effects. these lines are good combiners  for 
this character. 

Regarding to grain yield/ plant, the male lines ICSR-93018 and ICSR-
93004, and  female lines ICSA-ATX2-2, ICSA-88010 and ICSA-155 had 
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positive highly significant gca effects for grain yield/plant, respectively. This 
result clears that these lines had desirable gene action and can be 
considered as good combiners for improving this character. 

This result coincide with those of Wang et al.(1990), Khaled (1997), 
Amir (1999), Pattanashetti et al (2005) and Prakash et al (2010). 
 
Table 5: General combining ability (gca) effects for studied characters 

over two seasons.  

 

 
Genotypes 

 

Days to 50% 
flowering 

Plant height 
(cm) 

1000-grain 
weight (gm) 

Grain yield 
/ plant (gm) 

 
R-Line 

ICSR-93002 
ICSR-93004 
ICSR-91022 
ICSR-89025  
ICSR-89028 
ICSR-93018 

-2.52** 
-0.13 
0.81 
-0.44 
1.31** 
0.98* 

4.72** 
-0.81 
-1.51 

-9.28** 
-0.76 
7.64** 

1.44** 
1.45** 
-3.87** 
-1.26** 
-0.30 
2.54** 

-0.12 
2.79** 
-1.50* 
-4.29** 
-2.94** 
6.05** 

 
A-Line 
          

ICSA-14 
ICSA-44 
ICSA-93 
ICSA-155 
ICSA-88010 
ICSA-ATX2-2 

5.50** 
2.25** 
-2.38** 
-0.69 

-3.19** 
-1.50** 

14.47** 
5.47** 
1.94 
0.52 

-4.62** 
-17.78** 

0.31 
-1.87** 
3.92** 
-2.45** 
-0.07 
0.15 

-1.57* 
-5.22** 
-6.13** 
1.83* 
3.48** 
7.62** 

 L.S.D. 5% 
L.S.D. 1% 

0.89 
1.16 

2.12 
2.78 

0.53 
0.70 

1.49 
1.96 

 
Specific combining ability effects (sca): 
Sca effects for the crosses are shown in Table 6.  

There is a relationship between sca effects and heterosis. The cross 
combination which showed significant heterosis for some characters, it was 
mostly due to high sca effects and as such there was a close correspondence 
between high heterosis and sca effects. Sca effects represented dominance 
and epistatic interaction which could be related with heterotic vigor in 
sorghum. 

Specific combining ability is defined as the deviation in the performance 
of hybrids from the expected productivity based up on the average 
performance of lines involved in the hybrid combination. Sprague and Tatum 
(1942) reported that the specific combining ability is due to the genes with 
dominance or epistatic effect.   

The cross of ICSA-88010×ICSR-91022 showed the highest negative 
sca effect (-2.25) for days to 50% flowering indicating that this cross was 
earliest than their parents. While the crosses ICSA-14 ×ICSR-91022 and 
ICSA-155× ICSR-91022 were the latest crosses. 
For plant height, the highest negative sca effect was for cross ICSA-93 × 
ICSR-89028, while the crosses ICSA-93× ICSR93002, ICSA-ATX2-2× ICSR-
89028 and ICSA-88010 × ICSR-91022 had  highly positive sca effects, 
respectively. 
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With respect1000-grain weight, the crosses ICSA-44×ICSR-89025, 
ICSA-14×ICSR-89028 and ICSA-ATX2-2× ICSR93004 had highly positive 
sca effects.  

The cross ICSA-88010 × ICSR-89028 showed the greatest positive sca 
effect for grain yield/plant (13.10), followed by ICSA-14 × ICSR-89028 (10.17) 
and ICSA-44 × ICSR93002 (9.29)   

The results were corroborated with the findings of El-Menshawy (1996), 
Khaled (1997), Amir (1999), Pattanashetti et al (2005) and Iyanar and 
Gopalan (2006). 
 
Table 6: Estimates the specific combining ability effects of thirty six 

crosses over two growing seasons, 2009 and 2010. 

Cross no. 
 

Genotypes 
 
 

Days to 
50% 

flowering 

Plant 
height 
(cm) 

1000-grain 
weight (gm) 

Grain yield 
/ plant (gm) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

ICSA-14 × ICSR93002  
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018   
ICSA-44 × ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-93× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-155× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-88010× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 
ICSA-ATX2-2× ICSR93002 
------------ × ICSR93004  
------------ × ICSR-91022 
------------ × ICSR-89025  
------------ × ICSR-89028 
------------ × ICSR-93018 

-1.6 
-1.83 
3.05** 
-0.69 
-0.11 
1.22 
-0.03 
1.07 
-0.20 
-0.95 
-0.53 
0.63 
0.94 
-0.11 
-1.73 
1.69 
-.06 
-0.73 
-0.42 
-0.64 
3.07** 
-1.50 
-1.09 
0.58 
1.75 
1.69 

-2.25* 
0.00 
0.25 
-1.42 
-0.61 
-0.17 
-1.94 
1.46 
1.55 
-0.28 

-0.02 
2.34 
-5.13 
-2.68 
8.95** 
-3.44 

-8.52** 
1.17 
0.53 
5.98* 
-2.22 
3.06 

14.67** 
-12.3** 
-0.44 
3.67 

-12.86** 
7.27** 
-2.41 
1.95 
5.98* 
-1.74 
-0.27 
-3.49 
6.56* 
4.08 

11.78** 
-5.93* 
-7.3 

-9.19** 
-10.27** 

2.76 
-12.71** 

0.73 
13.69** 
5.81* 

0.41 
-0.10 
-0.58 
1.93** 
2.57** 
-4.23** 
-0.18 

-3.00** 
0.49 

3.28** 
-2.39** 
1.8** 
1.57* 
1.21** 
-3.45** 
-0.38 
0.04 
1.01 
0.69 

-2.39** 
2.27** 
-0.61 
-0.83 
0.87 

-2.15** 
1.84** 
0.54 

-2.31** 
1.54* 
0.53 
-0.35 
2.46** 
0.73 

-1.93** 
-0.93 
0.02 

9.23** 
-0.09 
-3.20 
-3.22 

10.17** 
-12.88** 
9.29** 
-3.34 
-4.06* 
-5.21** 
-4.89** 
8.22** 
-6.89** 
-1.29 
7.19** 
7.93** 
-7.62** 
0.67 
3.7* 

5.39** 
-2.72 
-0.55 

-7.25** 
1.43 

-7.67** 
-5.51** 
3.29 

-5.17** 
13.10** 

1.96 
-7.65** 
4.84** 
-0.51 
6.21** 
-3.5 
0.59 

 L.S.D. 5% 
L.S.D. 1% 

2.17 
2.84 

5.19 
6.81 

1.30 
1.70 

3.65 
4.78 
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قوة الهجين والقدرة على الإئتلاف  ىتى الت رة الرىيلتح لل بتول بلا ليتا سجتن ال تفلح 
 ىى الكشا 

 م مد رزق الله ع ران  فني** ،*ا مد م مد  يد   ين ،*خل  عبد المجيد عمر اللار 
 **عمر أبو ال  ن يونس و
 ىرع أ يوط -جاملح الأزسر –كليح الزراعح  -ق م الم اصيا*  
 مركز الب وث الزراعيح-ملهد ب وث الم اصيا ال قليح-الرىيلح ق م ب وث ال رة**

 

مةن سةتة اوةاه وعةا ورةث  را ة  من الذرة الرفيعةة لحبوة و  ذلة  هجيناً  63تضمنت هذه الدراسة إنتاج  
,  فة   8002 قةد تةث التعجةين ويةنعث فة  صةي   )اوةاه محربةة( سيت ولازم  )أمعات(  ستة اواه معيدة لحخص وة

لحمرارنةةة  ذلةة  فةة  تصةةميث  3-تةةث تريةةيث العجةةن  اجوةةاه وجانةةو هجةةين مبحةة   ةةند ي  8000  8002م سةةث 
الرطاوات الكامحة الع ة ايية فة   ةلاك مكةررات ومزروةة مبطةة الوبة ك الزراويةة و ةند ي  ومباف ةة سة هاج 

تزهيةر  طة   النوةات   زن الألة  بوةة  مبصة   النوةات  %00الأيةاث بتة  صةاات    قد أخذت الرياسات وح
 - كانت النتايج كاجت :الك ا   Xل ابد  قد تث تبحي  الويانات واستخداث ن اث السلالة ا

فةةر م معن يةةة وةةين كةة  التراكيةةو ال را يةةة المسةةتخدمة فةة  كةة  الصةةاات  جةة د التوةةاين  تبحيةة أ عةةر 
 فةة  كةة  الصةةاات  كانةةت أفضةة  ودرجةةة محب  ةةةالمدر سةةة العجةةن  كمةةا أن مت سةةطات ك يةةر مةةن  المدر سةةة

 . والعجين المبح ارنة والمر
أ عر تردير ق ة العجين  ج د معن يةة  اضةبة وةين العجةن لكة  الصةاات المدر سةة كنسةوة مي يةة وةن 

-ICSA تركيةو لحتزهيةر  %00لصةاة الأيةاث بتة   سةالوة  منخاضةة هجةينقة ة أفضة   ت كانةأفض  الأوة ين 
ATX2-2× ICSR93002 تركيةو حل ف  صاة ط   النوات م جوة   كانت أوح  ق ة هجين ICSA-14 × 

 ICSR93004فةة  صةةاة  زن الألةة  بوةةة لحعجةةين  م جوةةة  كانةةت أكوةةر قةة ة هجةةينICSA-93× ICSR-
بصة   فة  صةاة م م جوة أوح  ق ة هجين ICSA-ATX2-2 × ICSR93004 قد كان العجين   93018

 النوات ال ابد.
-ICSR-93002, ICSA-93, ICSA اهأ عةةةر تبحيةةة  الرةةةدرة العامةةةة وحةةة  ا يةةةتلا  أن الأوةةة

88010, ICSA-ATX2-2   كمةةا أن اجوةةاه  تزهيةةر %00كانةةت واليةةة الت افةةم والنسةةوة لصةةاة الأيةةاث بتةة ,
ICSR-93002, ICSR-89028, ICSR-93018, ICSA-14 , ICSA-44   لعةا قةدرة واليةة وحة

 ICSR-93002, ICSR-93004,  ICSR-93018الت افم ف  صاة ط   النوات , كةذل  فة ن السةلا ت 
, ICSA-93  وعةا قةدرة واليةة وحة  ا يةتلا  فيمةا يتعحةم وصةاة  زن الألة  بوةة , كمةا أن السةلا تICSR-

93004, ICSR-93018, ICSA-155, ICSA-88010,ICSA-ATX2-2  تمتحة  قة ة ت افةم مرتاعةة
 ف  صاة مبص   النوات ال ابد.

الخصة    أن التركيةو  أ عر تبحي  الردرة الخاصة وح  ا يتلا   ج د فر م معن ية  اضبة وعةذا
فة  التزهيةةر  كةةان لةق أقةة  قةدرة خاصةةة  سةالوة ممةةا يعنة  التوكيةةر ICSA-88010×ICSR-91022الة را   

-ICSA-93×ICSR93002, ICSA-ATX2-2×ICSR-89028, ICSAن  النضةةج, كمةةا أن العجةة
88010×ICSR-91022 

-ICSAالت افيةةم كةةان لعةةا أوحةة  قةةدرة خاصةةة فةة  صةةاة طةة   النوةةات وحةة  الترتيةةو , كةةذل  فةة ن 
44×ICSR-89025, ICSA-14×ICSR-89028,ICSA-ATX2-2×ICSR93004   أ عةرت أوحة

-ICSA-88010×ICSRقةةةدرة خاصةةةة وحةةة  الت افةةةم والنسةةةوة لصةةةاة  زن الألةةة  بوةةةة, أيضةةةاً فةةة ن العجةةةن 
89028, ICSA-14 × ICSR-89028,ICSA-44 × ICSR93002   إمتحكةت أوحة  قةدرة خاصةة وحة

 ا يتلا  ف  صاة مبص   النوات ال ابد  وح  الت ال  مما يدوث البص   وح  ق ة هجين والية .
 خحصت الدراسة وا ضافة  إل  ما سوم أن إستغلا  العرث الذكرى ف  إنتاج العجن كةان مايةداً جةداً فة  

 تاج التجارى. تبسين مبص   الس رجث  ف  ورامج إنتاج العجن  ف  ا ن
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