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ABSTRACT 

Twenty three inbred lines (selfed) were top-crossed with two testers. The 46 top 
crosses along with their parents were planted in Randomized Complete Block 
Design (RCBD) with three replications. The results showed highly significant 
mean square of crosses was observed for all the traits including days to 50% 
flowering, days to maturity, plant height, stalk diameter, head diameter, 100-achene 
weight, achene yield/plant, achene yield/plot and oil content, indicating significant 
variation for these traits. The mean squares due to lines were highly significant. 
While, variance among testers were highly significant only for plant height, head 
diameter and oil content. The results revealed that ten S1 lines (S1, S3, S5, S7, S8, 
S11, S13, S15, S17 and S23) exhibited positive GCA effects. Nine lines out of ten were 
significant or highly significant GCA effects. These lines should be considered as 
good combiners for oil content, and its implies that these lines possess favorable 
alleles with additive genetic effects for this trait.  
The same result was found by the analysis of half-sib families. Whereas, that the respective S1 lines would 
have good g.c.a for oil content and selected as parent to produce the first cycle of recurrent selection for the 
population H.S. Concerning the SCA values for oil content, the results indicated that thirteen crosses were 
positive and significant or highly significant. These crosses were suitable combination and can be superior 
candidate for improving high oil content genotypes. Therefore, we are selected the best 10 crosses  exhibited  
positive  significant  or  highly  significant, (S1 × A21, S3 × A3, S4 × A3, S5 × A21, S8 × A3, S14 × A21, S15 × A21, 
S17 × A3, S20 × A3 and S23 × A21) as parents to produce the first cycle of recurrent selection for population top 
crosses. 

INTRODUCTION  

Sunflower (Helianthus annuus L.) is one of the 

most important oilseed crops in the world.  

Selection for high oil in Russia began in 1860 and 

was largely responsible for increasing oil content 

from 28 % to almost 50 %. The cultivated area in 

the world was 24.80 million hectares producing 

37.45 million ton with an average 1.51 ton/ha. In 

Egypt the cultivated area was 8 thousand hectares 

producing 20 thousand tons with an average 2.50 

ton/ha (F. A. O, 2011). 

 
 

The line × tester analysis one of the efficient 

methods of evaluating a large number of inbred as 

well as providing information on the relative 

importance of general and specific combining 

ability effects for interpreting the genetic basis of 

important plant traits. Recently, line × tester 

analysis has widely been used for combining ability 

tests as reported by (Singh and Chaudhary 2001). 

Khan et al. (2008) evaluated eight sunflower 

parents and their sixteen F1 hybrids to estimate mid 

and high parent heterosis for seed yield and oil 
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content. Highly significant genetic differences 

(P<0.01) were observed among parents and F1 

hybrids for yield/hectare, harvest index, moisture 

factor and oil content. Mid parent and high parent 

heterosis estimates of F1 hybrids ranged from 5.60 

to 185.02% and -9.06 to 181.73% for yield/hectare, 

23.33 to 171.66 % and -43.91 to 127.36 % for 

harvest index, 11.19 to -30.35 and 19.13 to -20.71 

%  for  moisture  factor  and -4.78 to 52.85%   and  

-18.39 to 42.50 % for oil content, respectively. 

Bakheit et al. (2010) showed that the differences 

among genotypes were highly significant for all 

studied traits. The interaction among genotypes and 

years was highly significant for all studied traits. 

Also, highly significant differences were detected 

among parents, crosses, their partitions; lines 

(females), testers (males) and lines × testers and 

parent vs. crosses for all studied traits. The earliest 

cross over the two seasons was (L5 × Rf10). The 

cross (L19 × Rf4) had the broadest head in both 

seasons and at the combined level over the two 

years. All crosses had broadest head diameter than 

the check variety Giza 102. 

Soheila et al. (2013) found that crosses of RGK-

21 × AGK-52, RGK-19 × AGK-52 and RGK-21 × 

AGK-148 were identified with desired specific 

combining ability (SCA) for grain and oil yield. It 

is concluded that selection for achieving high grain 

yield must be done for grain/head and 1000-kernel 

weight. The objective of this research was to 

estimate general and specific combining ability 

effects to identify the parental lines of the best 

crosses. 

MATERIALS AND METHODS 

Twenty three inbred lines (selfed) were top-

crossed with two testers (A3 and A21) cytoplasmic 

male sterile lines at Shandaweel Agriculture. 

Research Station, Agri. Res. Center in 2010 

summer season, for characterization and produced 

forty six top crosses. In 2011 season, the twenty-

three S1 per se lines, the 46 top-crosses and the two 

testers (B3 and B21) were planted at Shandaweel 

Agric. Res. Station. The Randomized Complete 

Block Design (RCBD) with three replications was 

used; the plot size was 1 rows, 4 meter long and 60 

cm apart. Planting was done in hills spaced 25 cm 

apart. Seedlings were thinned to one plant per hill 

before the first irrigation (two weeks after 

planting). The cultural practices followed the 

recommendation for oil seed sunflower production. 

At harvest, the oil percentage was determined in the 

all genotypes. 

The studied characters 

The traits studied in this study could be divided 

into three sub headings such as earliness, growth 

traits and yield components. 

A. Earliness traits 

1. Days to 50 % flowering: number of days 

from sowing date to appearance of heads 

50 % of plants.  

2. Days to maturity: was measured as number 

of days from sowing date until the head 

became yellow on plot basis. 

B. Growth traits 

The following traits were taken from random 

sample of five guarded plants. These plants were 

chosen from each plot and assigned to be fixed for 

the following measurements. 

1. Plant height, cm: average length in cm from 

soil level to the tip of the head. 

2. Stalk diameter, cm: measured at 30cm 

above the soil surface with vernier-calipers, 

at nearest 0.1cm. 

3. Head diameter, cm: estimated as an average 

of maximum width of the head.                

C. Yield and yield components 

1. Achene yield/plant, g: estimated as average 

of seed weight/head. 

2. Achene yield/plot, g: measured from the 

adjusted seed yield/plot.     
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3. 100-achene weight, g: One hundred seed 

were counted and weighed from the bulk of 

the guarded plants in grams. 

4. Oil content: random sample of seeds were 

taken from the seed yield of the five 

guarded plants. The oil content was 

determined by soxalet apparatus using 

petroleum ether (Bp 40-60 cº) as solvent 

according to the official method (A. O. A. 

C. 1980).  

Statistical analysis 

The analysis of variance by using line x tester 

analysis was calculated according to Kempthorne 

(1957). The sum of squares for the F1 top crosses 

was partitioned components due to testers (T), lines 

(L) and line x tester interaction. 

Estimation of variance components 

 Mean squares were equated to obtain estimates 

of the components of variance for lines (σ²l), testers 

(σ²t) and lines x testers (σ²l x t) in Table (1). 
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Where: 

σ²l = cov. Between maternal half sibs = σ² GCA (l) 

σ²t = cov. Between parental half sibs = σ² GCA (t) 

σ²l x t = cov. Full sib – 2 cov. Half sib = σ² SCA 

General combining ability (GCA) effects for the 

parents and testers and specific combining ability 

(SCA) effects of the crosses were estimated 

according to Singh and Chaudhray (1977). The 

model used to estimate GCA (additive) and SCA 

(non additive) effects of the Xijk th observation 

was: 

jkijjiijk eiSggX 
 

Where: 

μ   = overall population mean. 

gi   = GCA effect of the ith female parent. 

gj   = GCA effect of the ith male parent. 

Sij = SCA effects of the ith cross combination. 

eijk = The error associated with the xijk observation. 

i = number of male parents = 1, 2,…., m. 

Estimation of general combining ability 
(GCA) effects 

General combining ability (GCA) from lines  

ltr

x
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Where: 

 t= No. of testers (males). 

 l= No. of lines (females). 

 r= No. of replications. 

 General combining ability (GCA) from testers  

ltr
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.. 

 

Estimation of the specific combining ability 
(SCA) effects 
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Where: 

xij = total of the lt th  top cross over all replications. 

Estimation of standard error for combining 
ability effects 

S.E [GCA for lines] = (Me/rt)½ 

S.E [GCA for testers] = (Me/rl)½ 

S.E [SCA effects] = (Me/r)½ 

 

 

Where:  

Me = mean square for error (error variance) gi, gj 

and sij are general combining ability for line i, line 

j and specific combining ability for cross ij 

respectively.  
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Table (1) Portion of the separate ANOVA showing the 

partitioning of sum of squares for F1 top crosses 
and expectations of mean squares. 

Source of 
variance 

D. F 
Mean 

squares 
Expectation of 
mean square 

F1 top 
crosses 

(lt-1)   

Line (L) (l-1) M1 σ² + rσ² lt + rtσ² l 

Tester (T) (t-1) M2 σ² + rσ² lt + rl σ² t 

L x T (l-1) (t-1) M3 σ² + rσ² lt 

Error (r-1) (c-1) M4 σ² 

 

Where, c, r, l and t are the number of crosses, reps, 

lines and testers, respectively. Subscripts to the 

variance symbol designate the type of variance. 

RESULTS AND DISCUSSION 

I.1. Mean squares (MS) for all studied traits 
along top crosses 

Highly significant mean square of crosses was 

observed for all the traits including days to 50% 

flowering, days to maturity, plant height, stalk 

diameter, head diameter, 100-achene weight, 

achene yield/plant, achene yield/plot and oil 

content, indicating significant variation for these 

traits (Table 2).  

The mean squares due to lines were highly 

significant. While, variance amonge testers were 

highly significant only for plant hight, head 

diameter and oil content.  

The significance of the line x tester interaction 

suggests that testers were able to discriminate 

within this set of inbred lines. Similar results were 

obtained by (Hussain et al. 1999, Khan et al. 

2008, Bakheit et al. 2010, Syeda et al. 2011, 

Sayed 2012, Muhammad et al. 2012). 

I.2. Combining ability effects for testers, lines 
and their crosses 

Estimation of combining ability of new lines for 

identification of superior parents for hybridization 

is essential in sunflower breeding programs. 

General and Specific combining abilities as well as 

gene action for different agronomic traits have been 

estimated by many researchers Lines that have 

good mean performance in the first evaluation are 

advanced to a test involving tester and eventually to 

evaluate specific hybrid combinations (Fehr 1987). 

Table (2) Mean squares (MS) for all studied traits along to top crosses. 

S.O.V d. f 

MS 

Days to 
50% 

flowering 

Days to 
maturity 

Plant  
height, 

 cm 

Stalk 
diameter, 

cm 

Head 
diameter, 

cm 

100-achene 
weight, g 

Achene 
yield/plant, g 

Achene 
yield/plot,  

g 

Oil 
content, 

% 

Rep. 2 2.20 5.32 125.25 0.06 0.79 0.30 1.26 38.40 1.58 

Crosses (C) 45 5.89** 16.10** 450.75** 0.58** 9.61** 3.06** 851.10** 64492.25** 12.93** 

Lines (L) 22 9.32** 23.15** 669.10** 0.60** 6.88** 3.28** 935.94** 72396.77** 13.86** 

Testers (T) 1 6.09 2.09 3118.38** 0.00 5.68** 0.18 7.42 3099.39 62.67** 

L X T 22 2.44 9.69 111.15** 0.60** 12.53** 2.30** 804.60** 59378.32** 9.74** 

Error 90 1.89 1.67 16.36** 0.10 0.67 0.24 16.37 1188.88 0.33 

   *, ** significant and highly significant at 0.05 and 0.01 levels of probability, respectively. 
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I.2.1. Days to 50% flowering 

Estimates of general and specific combining 

ability effects for days to 50% flowering are 

presented in Table (3).  

The GCA effects of the 23 lines per se showed 

that fifteen S1 lines were negative effects, five S1 

lines were negative and significant or highly 

significant GCA effects and considered as good 

combiners for earliness. While, six lines were 

positive and highly significant GCA effects. 

Otherwise, the testers showed insignificant GCA 

effects. 

Table (3) Estimates of general effects for testers and lines and specific combining ability for crosses for days to 50% 

flowering, days to maturity and plant height. 

No. of S1 
lines 

Days to 50% flowering Days to maturity Plant height, cm 

GCA 

SCA 

GCA 

SCA 

GCA 

SCA 

Tester Tester Tester 

A3 A21 A3 A21 A3 A21 

1 -2.54** -0.88 0.88 -3.07** -0.29 0.29 -17.91** -1.92 1.92 

2 -0.54 -0.21 0.21 2.43** 0.21 -0.21 8.43** 0.75 -0.75 

3 -1.54** -0.21 0.21 -3.57** 0.21 -0.21 8.74** 3.58 -3.58 

4 -1.38* -0.71 0.71 2.76** 0.54 -0.54 5.09** -3.59 3.59 

5 -0.04 -0.04 0.04 -2.41** 1.04 -1.04 -12.91** 0.08 -0.08 

6 -1.38* 0.29 -0.29 -2.91** 0.21 -0.21 -6.07** -1.42 1.42 

7 1.62** -0.71 0.71 -1.07* -0.62 0.62 -7.57** -0.59 0.59 

8 0.46 -0.54 0.54 0.43 2.88** -2.88** 24.43** 6.75* -6.75* 

9 0.96 -0.04 0.04 0.26 -0.96 0.96 -2.07 1.58 -1.58 

10 -1.38* -0.04 0.04 -0.24 1.88* -1.88* -1.07 7.25* -7.25* 

11 -0.88 -0.54 0.54 0.93 0.38 -0.38 1.93 7.25* -7.25* 

12 -0.88 0.46 -0.46 -0.41 1.38 -1.38 13.07** -5.75 5.75 

13 -0.04 0.29 -0.29 -0.57 1.88* -1.88* -4.91** 1.75 -1.75 

14 1.46** 1.46 -1.46 2.26** 0.04 -0.04 7.59** 5.25 -5.25 

15 1.62** 0.62 -0.62 1.76** -2.79 2.79 -0.74 2.58 -2.58 

16 -0.04 0.96 -0.96 0.26 -1.62 1.62 5.26** -3.75 3.75 

17 -0.21 -0.21 0.21 0.43 -1.46 1.46 -3.41* 0.58 -0.58 

18 1.96** -1.04 1.04 0.59 -1.29 1.29 12.09* -1.25 1.25 

19 -0.21 1.12 -1.12 -2.24** -0.79 0.79 1.93 -9.09** 9.09** 

20 1.79** 0.46 -0.46 2.59** 0.04 -0.04 16.26** -4.75 4.75 

21 -0.04 -0.04 0.04 -1.91** -0.12 0.12 16.57** -1.25 1.25 

22 1.46** -0.21 0.21 2.59** -0.62 0.62 10.43** -5.25 5.25 

23 -0.21 -0.21 0.21 1.09* -0.12 0.12 1.59 1.25 -1.25 

GCA  0.21 -0.21  0.12 -0.12  4.75** -4.75** 

S.E (gi.) 0.56 0.53 1.65 

S.E (g.j) 0.17 0.16 0.49 

S.E (Sij) 0.79 0.75 2.34 

*,** significant and highly significant at 0.05 and 0.01 levels of probability, respectively. 
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On the other hand, SCA effects of the crosses 

presented in Table (3) showed that out of 46 F1 

crosses, 23 crosses exhibited insignificant and 

negative SCA effects. While 23 crosses exhibited 

insignificant and positive SCA effects. Generally, 

the earliest crosses could be expected from crossing 

testers with the lines which having negative GCA 

effects. While the later flowering crosses had 

positive SCA effects. 

I.2.2. Days to maturity 

Estimates of GCA and SCA effects of days to 

maturity for testers and S1 lines per se along with 

crosses are presented in Table (3). 

The results indicated that ten S1 lines were the 

earliest maturing lines. Seven lines showed 

negative significant or highly significant GCA 

effects. While, seven lines showed positive and 

significant or highly significant GCA effects. 

Whereas, the testers showed insignificant GCA 

effects. These results reflect that these lines could 

be considered as good combiner to improve days to 

maturity.  

Concerning, of SCA effects (Table 3), the results 

indicate that 3 crosses exhibited negative and 

significant. This indicates that these crosses could 

be considered as best combination for days to 

maturity. On the other hand, three crosses 

possessed positive and significant SCA effects. In 

general, these results showed that to obtain crosses 

having SCA effects, at least one of the parents 

should have high GCA ratio. 

I.2.3. Plant height, cm 

Estimates of GCA and SCA effects of plant 

height for the testers and lines along with their 

crosses are shown in Table (3). 

Six lines showed significantly or highly 

significantly negative GCA effects. Moreover, 

three lines showed insignificantly negative GCA. 

Consequently, these lines could be used as a parent 

for this trait. While, eleven lines showed 

significantly  or highly significantly positive GCA 

effects. On the other side, the testers were highly 

significant GCA effects. Significant negative GCA 

effects were detected for plant height and life-

duration (Khan et al. 2008; Ghaffari et al. 2011). 

Results concerning the SCA values for the 

crosses (Table 3), indicated that eight crosses were 

significantly or highly significantly SCA effects. 

Only four crosses exhibited negatively significant 

SCA effects. These results reflected that these 

crosses had desirable gene action for shortness. 

While the highest positive SCA effect was 

registered for the tallest cross (S19 × A21). 

I.2.4. Stalk diameter, cm 

Estimates of GCA and SCA values of the stalk 

diameter for the lines and testers along with their 

crosses are presented in Table (4). 

The GCA effects for stalk diameter of lines were 

highly significant and positive for seven lines. 

These lines were considered the best combiners for 

thick stem. While seven lines showed the highest 

negatively and significantly GCA effects. On the 

other hand, the testers GCA effects equal zero. 

Concerning the SCA values for the crosses 

showed that twenty four crosses were significantly 

or highly significantly SCA effects. Only twelve 

crosses exhibited positive significant or highly 

significant SCA effects. These crosses were 

considered as good combinations for this trait. 

I.2.5. Head diameter, cm 

Estimates of GCA and SCA values for the lines 

and testers along with their crosses are showed in 

Table (4). 

Results indicated that eleven lines had positive 

GCA effects. Seven out of them gave highly 

significant positive GCA effect. This results 

indicates that these lines could be considered as 

good combiners and having favorable genes for 

increasing head diameter. While five lines were 

showed highly significant and negative GCA 

effects. On the other hand, the GCA effects for 

testers displayed significant. 
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Results of SCA effects of crosses (Table 4), 

showed that twelve crosses had positive and 

significant or highly significant SCA effects. 

Therefore, these combinations can be good 

candidate for head diameter improving. On the 

contrary, twelve crosses showed negative and 

significant or highly significant SCA effects. 

Table (4) Estimates of general effects for testers and lines and specific combining ability for crosses for stalk diameter, 

head diameter and 100-achene weight. 

No. of 
S1 lines 

Stalk diameter, cm Head diameter, cm 100-achene weight, g 

GCA 

SCA 

GCA 

SCA 

GCA 

SCA 

Tester Tester Tester 

A3 A21 A3 A21 A3 A21 

1 -0.55** 0.00 0.00 1.09** 1.37** -1.37** 0.93** 0.30 -0.30 

2 0.45** 0.00 0.00 1.09** 2.04** -2.04** 0.27 0.30 -0.30 

3 -0.38** 0.17 -0.17 -0.91** -0.30 0.30 -0.40* 0.30 -0.30 

4 0.12 -0.33* 0.33* -1.41** -1.13* 1.13* -0.90** -1.20** 1.20** 

5 -0.05 0.50** -0.50** 1.59** 3.54** -3.54** -0.23 0.13 -0.13 

6 -0.55** 0.00 0.00 1.09** 0.70 -0.70 -1.40** 0.30 -0.30 

7 0.28** 0.17 -0.17 -0.24 -0.30 0.30 0.77** 0.46 -0.47 

8 0.28** 0.17 -0.17 0.09 -0.63 0.63 0.77** 1.13** -1.13** 

9 -0.55** 0.00 0.00 -1.74** -0.46 0.46 -0.07 -1.04** 1.04** 

10 -0.05 0.50** -0.50** -0.24 -1.30** 1.30** 0.10 -0.87** 0.87** 

11 0.28** -0.17 0.17 0.59 1.87** -1.87** 0.43* 1.46** -1.46** 

12 0.12 0.33* -0.33* -1.74** 0.20 -0.20 0.27 -0.04 0.04 

13 -0.05 -0.50** 0.50** -0.41 2.20** -2.20** -0.40* -0.04 0.04 

14 0.45** 0.00 0.00 2.09** 0.70 -0.70 1.43** 0.46 -0.46 

15 0.12 0.33* -0.33* -0.57* -0.96* 0.96* -0.90** -0.54 0.54 

16 0.28** -0.17 0.17 -0.41 -0.13 0.13 0.10 0.13 -0.13 

17 -0.22* 0.33* -0.33* -1.24** -0.96* 0.96* -0.73** 0.63* -0.63* 

18 -0.05 -0.50** 0.50** 0.09 -1.96** 1.96** -0.23 -1.20** 1.20** 

19 -0.22* -0.33* 0.33* -0.74* -0.46 0.46 -1.23** -0.20 0.20 

20 -0.05 -0.50** 0.50** -0.41 -1.46** 1.46** 0.93** -0.70* 0.70* 

21 -0.22* 0.33* -0.33* 0.09 -0.30 0.30 -0.23 0.13 -0.13 

22 0.12 -0.33* 0.33* 0.93** -2.46** 2.46** 0.77** -0.54 0.54 

23 0.45** 0.00 0.00 1.26** 0.20 -0.20 -0.07 0.63* -0.63* 

GCA  0.00 0.00  -0.20* 0.20*  0.04 -0.04 

S.E (gi.) 0.11 0.33 0.20 

S.E (g.j) 0.03 0.10 0.06 

S.E (Sij) 0.15 0.47 0.28 

*,** significant and highly significant at 0.05 and 0.01 levels of probability, respectively. 
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I.2.6. 100-achene weight, g 

Estimates of general and specific combining 

ability effects for the lines, testers and their crosses 

for 100-achene weight are presented in Table (4). 

Data of GCA effects of lines indicated that 

eleven lines were positive GCA effects. One and 

six lines had positive significant and highly 

significant GCA effects, respectively. 

These lines were considered as a good combiner 

for 100-achene weight. While, five lines exhibited 

negative and highly significant GCA effects. On 

the other hand, the testers were showed not 

significant GCA effects. 

Concerning, the SCA effects nine crosses 

exhibited positive and significant or highly 

significant SCA effects (Table 4). 

However, nine crosses registered significantly 

and negative SCA effects. While, nine crosses 

exhibited significant and positive values. 

Moreover, most of the heaviest hybrids in 100-

achene weight results from crossing lines having 

positive and significant GCA values. It may be 

concluded that GCA and SCA effects, were 

effective in predicting hybrids performance in 100-

achene weight. 

I.2.7. Achene yield/plant, g 

Estimates of GCA and SCA effects of the achene 

yield/plant for the testers and lines along with their 

crosses are presented in Table (5). 

The GCA effects of ten lines were positive and 

highly significant, while eleven lines showed 

negative and highly significant GCA effects. These 

lines considered as a good combiner for achene 

yield/plant. Whereas, the GCA effects of the testers 

exhibited insignificant. 

Result of SCA effects (Table 5) of crosses 

indicated that eighteen crosses showed positive and 

significant or highly significant SCA effects. 

Reflecting that these crosses could be considered 

the best combination for this trait. However, 

eighteen crosses registered negative and significant 

or highly significant SCA effects. 

 It is worthy to mention that most of the heaviest 

crosses in achene yield/plant derived from crossing 

lines having positive and significant GCA effects. 

I.2.8. Achene yield/plot, g 

Estimates of general and specific combining 

ability effects of the achene yield/plot for the 

testers and lines along with their crosses are listed 

in Table (5). 

The GCA effects of the lines were positive and 

highly significant for ten lines. While the negative 

and highly significant effects were recorded for 

eleven lines. This result indicates that these lines 

had desirable gene action and could be considered 

as good combiners for increasing the achene 

yield/plot. Whereas, the GCA effects of the testers 

were insignificant. 

Respect to specific combining ability, results 

showed that eighteen crosses were registered 

positive and significant or highly significant SCA 

effects, and were suitable combinations for this 

trait. Whereas, eighteen crosses recorded negative 

and significant or highly significant SCA effects. 

It is of interest of indicate the GCA effects 

assessed the contribution of each genotype to it 

progeny response positive values indicate a 

contribution toward a large effect on achene 

yield/plot. While negative values indicate a 

contribution toward smaller effects. 

I.2.9. Oil content, % 

Estimates of GCA and SCA effects of the lines, 

testers and their crosses for oil content are listed in 

Table (5). 

The results showed that ten S1 lines (S1, S3, S5, 

S7, S8, S11, S13, S15, S17 and S23) exhibited positive 

GCA effects. Nine lines out of ten, were significant 

or highly significant GCA effects. These lines 

should be considered as good combiners for oil 

content, and its implies that these lines possess 
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favorable alleles with additive genetic effects for 

this trait. 

The same result was found by the analysis of 

half-sib families. Whereas, that the respective S1 

lines would have good g.c.a for oil content and 

selected as parent to produce the first cycle of 

recurrent selection for the population H.S. 

However, thirteen lines showed negative GCA 

effects. Eleven out of them had significant or 

highly significant GCA effects. The testers GCA 

values exhibited non-significant. 

Table (5) Estimates of general effects for testers and lines and specific combining ability for crosses for achene 

yield/plant, achene yield/plot and oil content. 

No. of S1 
lines 

Achene yield/plant, g Achene yield/plot, g Oil content, % 

GCA 

SCA 

GCA 

SCA 

GCA 

SCA 

Tester Tester Tester 

A3 A21 A3 A21 A3 A21 

1 13.99** 7.57** -7.57** 137.33** 60.24** -60.24** 0.14 -1.33** 1.33** 

2 7.49** 5.07* -5.07* 62.83** 49.07* -49.07* -0.20 -0.33 0.33 

3 -20.35** 13.57** -13.57** -184.01** 122.57** -122.57** 1.80** 1.34** -1.34** 

4 -13.85** -8.93** 8.93** -121.67** -72.76** 72.76** -0.36 1.17** -1.17** 

5 -6.51** 3.07 -3.07 -63.84** 26.76 -26.76 1.97** -1.49** 1.49** 

6 -24.51** 0.07 -0.07 -224.67** -2.43 2.43 -0.86** 0.01 -0.01 

7 6.82** -6.27** 6.27** 51.83** -49.93* 49.93* 0.97** -0.49** 0.49** 

8 -2.35 26.23** -26.23** -7.84 224.74** -224.74** 0.47* 2.34** -2.34** 

9 0.65 -13.77** 13.77** 5.49 -121.26** 121.26** -1.53** 0.01 -0.01 

10 7.49** -15.93** 15.93** 66.66** -137.09** 137.09** -1.86** -0.33 0.33 

11 11.32** 11.57** -11.57** 95.83** 111.07** -111.07** 1.64** 0.51 0.51 

12 -5.51** 3.40 -3.40 -47.67** 39.24* -39.24* -0.53* -0.33 0.33 

13 -5.35** -2.10 2.10 -41.34** -31.76 31.76 2.47** 0.34 -0.34 

14 17.82** -11.93** 11.93** 157.33** -100.09** 100.09** -0.53* -0.99** 0.99** 

15 -14.85** -9.27** 9.27** -124.17** -77.93** 77.93** 2.97** -1.83** 1.83** 

16 8.32** 8.57** -8.57** 71.49** 64.07** -64.07** -1.53** 0.34 -0.34 

17 -11.35** 13.90** -13.90** -90.84** 114.72** -114.72** 0.80** 2.34** -2.34** 

18 -4.85** -19.60** 19.60** -53.51** -170.26** 170.26** -1.36** -0.83* 0.83* 

19 -5.51** -8.93** 8.93** -42.17** -69.26** 69.26** -3.03** 0.17 -0.17 

20 15.32** -5.10* 5.10* 138.49** -43.59* 43.59* -0.86** 1.34* -1.34** 

21 -6.68** -2.10 2.10 -52.17** -30.93 30.93 -0.70** 0.17 -0.17 

22 20.65** -5.10* 5.10* 174.66** -38.43 38.42 -1.03** 0.84* *-0.84 

23 11.82** 16.07** -16.07** 91.99** 133.91** -133.91** 1.14** -2.99** 2.99** 

GCA  -0.23 0.23  -4.74 4.74  -0.67 0.67 

S.E (gi.) 1.65 14.08 0.23 

S.E (g.j) 0.49 4.15 0.07 

S.E (Sij) 2.34 19.91 0.33 

*,** significant and highly significant at 0.05 and 0.01 levels of probability, respectively. 
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Concerning the SCA values for oil content, the 

results indicated that thirteen crosses were positive 

and significant or highly significant. These crosses 

were suitable combination and can be superior 

candidate for improving high oil content genotypes. 

Therefore, we are selected the best 10 crosses 

exhibited  positive  significant or highly significant, 

(S1 × A21,  S3 × A3,  S4 × A3,  S5 × A21,  S8 × A3,  

S14 × A21, S15 × A21, S17 × A3, S20 × A3 and S23 × 

A21) as parents to produce the first cycle of 

recurrent selection for population top crosses. In 

earlier studies (Khan et al. 2009; Karasu et al. 

2010) were reported significant SCA effects for oil 

content, seed yield and yield associated traits. 

Soheila et al. (2013)  found  that  crosses  of  RGK-

21 × AGK-52, RGK-19 × AGK-52 and RGK-21 × 

AGK-148 were identified with desired specific 

combining ability (SCA) for grain and oil yield. It 

is concluded that selection for achieving high grain 

yield must be done for grain/head and 1000-kernel 

weight. 

Godfree et al. (2014) showed predominance of 

σ2gca over σ2sca for seed yield and oil yield 

indicating that superior TCHs can be identified 

based on positive and significant GCA effects of 

the female lines. For oil content σ2sca was 

predominant over σ2gca indicating that selecting for 

TCHs with high oil content would be best among 

line × tester combinations and not among female 

S3CMS lines per se. 
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 الكشاف×   المحصولية فى عباد الشمس من خلال تحليل السلالةالقدرة على الائتلاف للصفات 

 ١عابدين احمد الشيمىو٢، عاطف ابوالوفا احمد٢، باهى راغب بخيت١محروس عبد الباسط عطيه
 مركز البحوث الزراعية - معهد بحوث المحاصيل الحقلية -قسم بحوث المحاصيل الزيتية١
 جامعة أسيوط  -قسم المحاصيل كلية الزراعة ٢

ʝلʳʸال  
 ʤسـʦفـى م ʛʸʵاد الॺɸ ʥى مʸق ʥʻʱن هʦعȁة وأرʯاج سʯان ʤل ٢٠١٠تȂوʗʹـʵǺ ـةॻɸراʚث الʦـʲॺـة الʠʲʸǺ , خـلال ʥمـ ʣوذلـ

ʥʻافʵ تـʤ تقʻـʤॻ الهʱـʥ القॻʸـة مـع الʵؒـافʥʻ فـى تʶـʤॻʸ  ٢٠١١فى مʦسـʤ . الʯهʥʻʱ بʥʻ ثلاثة وعʙʵون عائلة ملقʲة ذاتॻا  وؕ

أوضح تʲلʻل الॺʯايʥ أن مʦʯسȊ مȁʙعات الانʙʲافـات للهʱـʥ ؕانـʕ عالॻـة الʸعʹȂʦـة . مʙȜراتالقʠاعات الؒاملة العʦʵائॻة مʥ ثلاثة 

عʗد الأǻام مʥ الʚراعة حʯى الʹʷـج، ʟـʦل  تʚهʙʻ،% ٥٠لؒل الʶفات الʗʸروسة والʯى شʸلʕ صفات عʗد الأǻام مʥ الʚراعة حʯى 

، مʶʲــʦل القʠعــة الॻʮȂʙʱʯــة ونʴــॺة الȂʚــʕ فــى بــʘرة، مʶʲــʦل الʹॺــات الفــʙدȎ ١٠٠الʹॺــات، قʠــʙ الʹॺــات، قʠــʙ القــʙص، وزن ال

بʸʹʻـا ؕـان الॺʯـايʥ عالॻـا بـʥʻ . أʷǻا ؕان مʦʯسـȊ مȁʙعـات الانʙʲافـات للʴـلالات ؕـان معʹـȎʦ جـʗا لؒـل الʶـفات الʗʸروسـة. الʘʮور

فة نʴـॺة Ǻالʹʴـॺة لʯـاثʙʻ القـʗرة علـى الائـʯلاف لʶـ. الʵؒافʥʻ فقȊ فى صفات ʦʟل الʹॺات، قʙʠ القـʙص ونʴـॺة الȂʚـʕ فـى الʮـʘور

، ٨، ٥، ٣، ١(تʴـعة مʹهـا ؕانـʕ ذات تـأثʙʻ معʹـȎʦ هـى . الʕȂʚ في الʘʮور  ؕان هʹاك عʙʵة عائلات أʡهʙت قـʗرة عامـة مʦجॺـة

ʻـʔ الهʱـǺ ʥالʹʴـॺة لʶـفة نʴـॺة الȂʚـʕ فـي الʮـʘور). ٢٣و  ١٧، ١٥، ١٣، ١١ ʙؕل العائلات في تʷأف ʥم ʙʮʯه العائلات تعʘه .

ائلات الأخʦة غʙʻ الأشقاء حʖʻ أن عائلات الʻʱل الـʘاتي الأول ذات قـʗرة عامـة عالॻـة فـي نفʛ الʹʱॻʯة قʙرت مʥ خلال تʲلʻل ع

أمـا . نॺʴة الʕȂʚ في الʘʮور وتʤ انʳʯابها ؕآǺـاء للʶʲـʦل علـى الـʗورة الأولـى مـʥ الانʳʯـاب الـʗورȎ لعʵـʙʻة الإخـʦة غʻـʙ الأشـقاء

وتـʤ انʳʯـاب أحʴـʥ . ات قʗرة مʦجॺة ومعʹȂʦة أو عالॻة الʸعʹȂʦةʸॻɼا يʯعلȖ بʯأثʙʻات القʗرة الʳاصة ؕان هʹاك ثلاثة عʙʵ هʻʱʹا ذ

 ʥـʱة هʙـʵع)S1 × A21, S3 × A3, S4 × A3, S5 × A21, S8 × A3, S14 × A21, S15 × A21, S17 x A3, S20 × 

A3   وS23 × A21 (ةॻʸالق ʥʱة الهʙʻʵلع Ȏورʗاب الʳʯالان ʥورة الأولى مʗاج الʯاء لإنǺكآ .  

 


