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The research was conducted in the fields of a farmer 

in Ramadi city, Iraq, on the left bank side of the 

Euphrates River. The study aimed to know 

sunflowers' ability and genetic action using 

cytoplasmic male sterility. Five cytoplasmically 

male-sterile sunflower lines (A6, A10, A12, A13, 

and A16) were crossed with three testers carrying 

fertility restoration genes and the multi-head trait 

(R1, R2, and R3). A (line × tester) system was 

applied to 15 hybrids. The lines were planted during 

the spring of 2023 to produce 15 hybrids. In the 

autumn season of 2023, seeds of the genetic 

combinations (8 parents + 15 hybrids) were planted 

using a randomized complete block design (RCBD) 

with three replications. The experiment aimed to 

evaluate the lines and hybrids, estimate the general 

and specific combining abilities of the parents and 

hybrids, and study other genetic traits. The results of 

the genetic combining ability showed significant 

differences in all the studied traits. A10 line 

exhibited the highest value in disk area, measuring 

194.31 cm², with 934.40 seeds per disk and a yield 

of 67.73 g.  A13 line excelled in 1000-seed weight, 

yielding 74.2 g. Meanwhile, the A6 line showed the 

highest oil content in seeds, reaching 49.12%. 

Among the testers, R1 was the best for most traits. 

The hybrid A10×R3 recorded the highest values in 
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disk area of 249.13 cm², number of seeds per disk of 

1356.04 seeds, and yield of 94.71 g. On the other 

hand, the hybrid A12 × R1 recorded the highest oil 

content in seeds, with 47.21%. The specific 

combining ability variance components were more 

significant than the general combining ability 

variance components. Moreover, the dominance 

genetic variance was more significant than the 

additive genetic variance. The narrow-sense 

heritability ranged between 3.95% for oil content 

and 55.09% for plant height. This led to a dominance 

degree higher than one for most of the studied traits. 

It can be concluded from this study that confident 

superior parents can be utilized in crosses to develop 

individual hybrids with specific combining abilities, 

leading to high seed yield. This is because most traits 

were influenced by dominance and over-dominance. 

Keywords: Dominance, Male Sterility, Heritability, Hybrids, Fertile Lines.   

وقابلية الائتلاف لزهرة الشمس باستعمال العقم الذكري  تقدير الفعل الجيني  
           السايتوبلازمي 
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 الخلاصة

تم إجراء البحث في حقول أحد المزارعين في مدينة الرمادي، على الضفة اليسرى لنهر الفرات. الهدف كان دراسة  
تم التضريب بين خمس   .قابلية الأئتلاف والفعل الجيني في زهرة الشمس باستخدام العقم الذكري السايتوبلازمي

، مع ثلاث فواحص تحمل  A6 ،A10  ،A12 ،A13 ،A16 سلالات عقيمة سايتوبلازمياً من زهرة الشمس، وهي
تم تطبيق نظام التزاوج السلالة × الفاحص،   .R1  ،R2  ،R3جينات استعادة الخصوبة وصفة تعدد الرؤوس، وهي  

هجيناً. في الموسم الخريفي   15بهدف إنتاج    2023زرعت السلالات خلال الموسم الربيعي لعام    .هجيناً   15وأُنتج  
 هجين( باستخدام تصميم القطاعات الكاملة المعشاة  15آباء +    8، زرعت بذور التراكيب الوراثية ) 2023لعام  

(RCBD)  كان الهدف من هذه التجربة هو تقويم السلالات والهجن، وتقدير قابلية الائتلاف    .مع ثلاث مكررات
ضلا عن دراسة بعض المعالم الوراثية الأخرى. تم تحليل البيانات وتقديم رؤى  العامة للإباء والخاصة للهجن، ف 
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أظهرت نتائج مقارنة التراكيب الوراثية وجود   حول كيفية تحسين خصائص زهرة الشمس من خلال هذه الأساليب.
بإعطائها أعلى قيمة في مساحة القرص، إذ   A10 اختلافات معنوية في جميع الصفات المدروسة. تميزت السلالة 

 تفوقت السلالة،  غم  67.73بذرة، وحاصل البذور بلغ    934.40، وعدد البذور بالقرص  ²سم  194.31بلغت  
A13    غم. بينما تميزت السلالة   74.2بذرة، إذ أعطت    1000في وزن A6   بأعلى نسبة زيت في البذور، حيث
هو الأفضل في معظم الصفات. في حين   R1 أما بالنسبة للفواحص، فكان الفاحص الأولو   .%49.12بلغت  

  1356.04، وعدد البذور بالقرص  ²سم  249.13قرص  أعطى أعلى قيمة في مساحة ال A10 × R3 اعطى الهجين
سجل أعلى نسبة زيت في البذور   A12 × R1 غم. في حين أن الهجين  94.71بذرة، وحاصل بذور القرص  

الأئتلاف أنها أكبر من مكونات تباين القدرة العامة  كما أظهرت مكونات تباين القدرة الخاصة على    .47.21%
على الأئتلاف. وكان التباين الوراثي السيادي أكثر أهمية من التباين الوراثي المضيف. تراوحت نسبة التوريث في  

% في ارتفاع النبات. هذا أدى إلى ارتفاع درجة السيادة عن  55.09% لنسبة الزيت و3.95معناها الضيق بين  
يمكن استنتاج من هذه الدراسة أنه يمكن استخدام بعض الآباء المتفوقة   .يح لمعظم الصفات المدروسةواحد صح

في التضريبات لاستنباط هجن فردية ذات قابلية اتحاد خاصة، مما يؤدي إلى إنتاج حاصل بذور عالي. لأن معظم 
          .الصفات كانت تحت تأثير السيادة والسيادة الفائقة

 . السيادة، العقم الذكري، التوريث، الهجن، سلالات خصبة مفتاحية:كلمات 

Introduction 

Sunflower (Helianthus annuus L.) is one of the most important oil crops in the 

world. Its seeds contain a high percentage of oil (55%). The crop ranks third in the 

world after soybeans and rapeseed in oil production and is a major source of vegetable 

oil in many countries. In Iraq, sunflower is the first oil crop; in Europe, it ranks second 

after rapeseed. Sunflower oil is of high quality due to its high content of unsaturated 

fatty acids. The materials from pressing the seeds are considered good fodder for 

animals and poultry due to their high protein content of up to 32% and 20-22% 

carbohydrates. (5). Despite the great importance of this crop, its productivity in Iraq is 

still low compared to global production. The average yield in Iraq reached 2.11 tons 

per hectare, while in some countries, it reached 7.5 tons per hectare (10). This large 

gap in productivity calls for thinking about possible solutions: how can the productivity 

of this crop be raised? What steps must be taken? Taking action to narrow the gap 

between local and global production. Developing well-thought-out programs and plans 

to improve productivity is essential: modern agricultural techniques can be used, and 

appropriate conditions for crop growth can be provided. Hybrid production requires 

evaluating crop lines to identify those with high combinability. These lines provide 

indicators for producing high-yielding hybrids and help understand the nature of 

genetic action affecting the trait. The selection of the appropriate lineage depends on 

two main factors: the traits of the lines themselves. For example, crop productivity, the 

formation of sufficient pollen grains, resistance to diseases and insects, the ability to 

adapt to environmental factors, and the behavioral compatibility of the lines in the 

hybrid (which determines the extent to which the lineage interacts with other lines in 
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the hybrid), which is an important factor for hybridization success. Sunflowers are a 

crop with a high rate of cross-pollination, where yields decrease when internal 

pollination occurs (self-breeding) and increase when crossing genetically distant 

parents. For this reason, researchers prefer producing single hybrids to maximize the 

potential of hybrid vigor. Single hybrids have advantages such as high yield and 

uniform growth and maturity. 

Sunflower hybrids are grown on over 21 million hectares worldwide (26). In some 

countries, such as the United States, Europe, Argentina, and Australia, 100% of 

sunflower oil production depends on hybrid cultivation (11, 12 and 23). However, what 

made this possible? The discovery of cytoplasmic male sterility (CMS) and fertility 

restoration (RF) genes in the 1970s played a major role in the development of 

sunflower cultivation. CMS has become an essential tool for efficient hybridization 

(18, 19 and 24). The crop requires the removal of pollen from the mother plant, and 

this transformation has revolutionized hybrid breeding and increased productivity. 

Thanks to these technologies, sunflower hybrid breeding has developed rapidly and 

efficiently. The application of CMS could solve agricultural problems in certain 

regions. This study evaluates cytoplasmically sterile and genetically fertile lines to 

determine hybrid vigor and general and specific combining ability. This is done to 

select superior lines that can produce high-yielding hybrids. Additionally, the study 

aims to estimate the heritability and degree of dominance of the studied traits. This 

information is essential for understanding how genetics influence traits of interest to 

production, such as seed yield, oil content, and disease resistance. Through this study, 

lines that exhibit good interaction with each other in hybrids can be identified. This 

interaction enhances the vigor of the hybrid, thereby increasing its productivity. For 

example, if lines with high combining ability are identified, significant yield increases 

can be achieved.  

Materials and Methods 

To test and evaluate sunflower lines for hybrid production using cytoplasmic male 

sterility, a field study was conducted on five cytoplasmically sterile lines (A-Lines) and 

three genetically fertile, multi-headed lines (R-Lines). These lines were obtained from 

the Iraqi General Commission for Agricultural Research. A hybridization program was 

applied according to the (line × tester) mating system. The sterile lines (3 lines) were 

used with the fertile, multi-headed lines (5 lines) to produce diverse hybrids (15 

hybrids). 

Table 1: Type and symbols of the lines used in the study of Iraq. 

Notes Code Line Number 

Genetically fertile line (R-Lines) R1 1 

Genetically fertile line (R-Lines) R2 2 

Genetically fertile line (R-Lines) R3 3 

Cytoplasmically sterile line (A-Lines) A6 4 

Cytoplasmically sterile line (A-Lines) A10 5 

Cytoplasmically sterile line (A-Lines) A12 6 

Cytoplasmically sterile line (A-Lines) A13 7 

Genetically fertile line (R-Lines) A16 8 
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The study was conducted during the spring and autumn seasons of 2023 in a farmer's 

fields in Ramadi city on the left bank of the Euphrates River. In the spring season, the 

seeds of the studied lines were sown on March 2, 2023, alternately in rows at a ratio of 

3 sterile lines to 1 fertile line. The distance between holes was set at 0.20 m and between 

rows at 0.70 m. To conduct crosses and produce hybrid seeds, discs of a group of plants 

of the studied lines were coated at the beginning of the appearance of the petal leaves. 

The cytoplasmically sterile lines were crossed with the genetically fertile lines using 

the (line × tester) mating system proposed by (20). Fifteen hybrids were produced from 

this process. Lines R1, R2, and R3 were used as testers, while lines A16, A13, A12, 

A10, and A6 were used as mothers. At the end of the season, plants were harvested 

from all eight parents and fifteen hybrids. The seeds were manually sown in preparation 

for planting in the control experiment. In the fall season of 2023, hybrid seeds were 

planted with the parents at the same site on July 10, 2023. A randomized complete 

block design (RCBD) with three replicates was used. The experimental unit consisted 

of five 6-meter-long rows, with a distance of 0.75 meters between rows and 0.30 meters 

between holes. Three seeds were sown in each hole, and the number of plants was 

reduced to one plant per hole. All agricultural operations were carried out according to 

established recommendations. Phosphate fertilizer (P2O5) was added at 200 kg ha-1 

before planting. Urea fertilizer (N) was added at 220 kg ha-1 in two batches. 

All studied traits were measured on an individual plant basis at a rate of ten plants 

per treatment (from the median lines). Guard lines (lateral lines) were excluded from 

the analysis. The following traits were studied: stem diameter (mm), disc area (cm²), 

number of disc seeds, 1000-seed weight (g), seed yield per plant (g), and oil percentage. 

The data were statistically analyzed using the Line×Tester analysis method, which was 

suggested by (19) and explained by (25), where the parents are divided into two groups, 

the first representing the parents used in the test (Testers, T=3) and the second the 

parents required to be evaluated (Lines, L=5). According to the analysis method, the 

number of hybrids will be equal to the product of the lines L× the number of testers T, 

which represents fifteen individual hybrids, and accordingly, the number of genetic 

compositions will be (8+15) =23. 

The effects of general and specific combining ability were estimated as follows: 

The effect of general combining ability (GCA) for the lines to be tested:    

𝑔�̂� =
𝑥𝐿 …

𝑡𝑟
−

𝑥 …

𝐿𝑡𝑟
 

The effect of the general ability to coalesce (GCA) on the parents using testers: 

𝑔�̂� =
𝑥. 𝑗

𝐿𝑡
−

𝑥 …

𝐿𝑡𝑟
 

Effects of special combining ability (S.C.A) for the hybrids (i,j): 

�̂�𝑖𝑗 =
𝑥𝑖𝑗

𝑟
−

𝑥𝑖. .

𝑡𝑟
−

𝑥. 𝑗.

𝐿𝑟
+

𝑥 …

𝐿𝑡𝑟
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The phenotypic variance components (б2p), including host variance (б2A), 

dominance variance (б2D), and environmental variance (б2E), were estimated from the 

mean expected variance (EMS) values of the fixed model, and б2E= Mse. 

The degree of heritability in the broad sense (H2.B.S) and narrow sense (h2.n.S) and 

the average degree of dominance (ā) were estimated as follows : 

               %𝐻𝐵.𝑆
2 =

𝛿2𝐺

𝛿2𝑃
× 100 

 

%ℎ𝑛.𝑠
2 =

𝛿2𝐴

𝛿2𝑃
× 100 

 

�̅� = √
2 𝛿2 𝐷

𝛿2 𝐴
 

Standard errors for the effect of coalition capacity were estimated using the method 

(23). 

𝑆. 𝐸 (𝑔�̂� − 𝑔�̂�) 𝐿𝑖𝑛𝑒 = √
2 𝑚𝑠𝑒

𝑟𝑡
 

 𝑆. 𝐸 (𝑔�̂� − 𝑔�̂�) 𝑇𝑒𝑠𝑡𝑒𝑟 = √
2 𝑚𝑠𝑒

𝑟𝐿
 

𝑆. 𝐸 (𝑆𝑖�̂� − 𝑆𝑖�̂�)  = √
2 𝑚𝑠𝑒

𝑟
 

Results and Discussion 

Table 2 shows significant differences in the mean squares of the genotypes for all 

studied traits at the 1% level. There were significant differences in the mean squares of 

parents, parents versus crosses, and crosses, as well as between lines and testers, in 

addition to the interaction between lines and testers (Lines × Tester Interaction). These 

results confirm what has been indicated by many previous studies (1, 2, 4, 6, 13, 16 

and 20), all of which found significant differences between the studied genotypes. This 

means these genotypes can be the basis for studying their genetic behavior more 

deeply. 
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Table 2: Analysis of variance by (Tester Analysis × Line) for the studied traits in 

sunflower. 

Sources of 

Variation 

df Mean Squares 

Stem 

diameter 

ml 

Disc 

area 

 cm2 

Number of 

seeds per 

disc 

Weight of 

1000 seeds 

(g) 

Seed 

yield 

per 

plant (g) 

The oil 

content of 

seeds 

Replicates 2 5.1 9.4 8.82 69.3 5.3 4.28 

Genetic 

Structures 

22 ** 

15332 

** 

4827 

** 

77592.1 

** 

299.3 

** 

762.3 

** 

14.93 

Parents 7 ** 

17792 

** 

7495 

** 

69582.2 

** 

386.91 

** 

994.8 

** 

23.23 

Parents vs. 

Hybrids 

1 ** 

9227 

** 

5872.2 

** 

126983 

** 

496.13 

** 

994.9 

** 

20.33 

Hybrids 14 ** 

302.2 

** 

198.7 

** 

8732.8 

** 

103.29 

** 

30.85 

** 

5.91 

lines 4 ** 

298.9 

** 

421.3 

** 

8873.4 

** 

113.17 

** 

20.22 

** 

6.78 

Testers 2 ** 

307.2 

** 

99.97 

** 

200321 

** 

182.09 

** 

30.74 

 * 

1.92 

Lines x 

Testers 

8 ** 

238.1 

** 

96.83 

** 

2994.9 

** 

40.11 

** 

11.93 

** 

2.31 

Experimental 

Error 

44 28.91 25.88 63.09 8.36 3.65 0.44 

Table 3 shows the average values of the parents and individual hybrids for the 

studied traits. The results showed significant differences between the genotypes and 

their hybrids, where parent A10 was distinguished by giving the highest values in disc 

area (188.73 cm²), number of seeds per disc (924.28 seeds), and seed yield (66.65 g). 

Parent A13 excelled in 1000-seed weight, giving 73.3 g. Parent A16 excelled in disc 

diameter, reaching its highest value of 27 mm. Parent A6, on the other hand, gave the 

highest percentage of seed oil, reaching 48.32%. For hybrids, the hybrid 3R × A16 was 

superior in disc area (243.91 cm²), number of seeds per disc (1346.92 seeds), and seed 

yield per plant (93.14 g). The hybrid 1R × A13 did not differ significantly from the 

hybrid 3R × A10 in these traits. The hybrid 3R × A16 was superior in stem diameter, 

which reached 29 mm, while the hybrid 1R × A12 was distinguished by its highest seed 

oil percentage, 46.11%. These results confirm the findings of many previous studies 

(3, 4, 7, 8, 9,12, 18, 21 and 25) that there are significant differences between individual 

hybrids and their parents in many studied traits. These differences between parents and 

hybrids provide an opportunity to select the most appropriate genetic compositions to 

improve crop productivity and what traits are believed to be given priority in improving 

future hybrids. 
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Table 3: Averages of the studied traits for parents and first-generation hybrids 

in sunflower plants. 

Genetic 

Structures 

 

Characteristics 

Stem 

Diameter 

ml 

Disk Area 

cm2 

Number of 

Seeds per 

Disc 

Weight of 

1000 

Seeds g 

Seed 

Yield per 

Plant g 

Seed Oil 

Percentage% 

 

1R 21 74.77 591.63 35.3 20.78 46.66 

2R 22 76.18 486.96 40.5 18.67 40.54 

3R 25 81.89 459.65 37.4 19.46 43.13 

A6 25 160.87 836.33 64.6 53.77 48.32 

A10 26 188.73 924.28 49.2 66.65 41.86 

A12 22 153.81 846.34 59.5 53.55 46.50 

A13 23 156.22 624.91 73.3 58.12 44.14 

A16 27 164.99 846.23 61.6 64.15 46.61 

1R  ×A6 23 163.37 730.45 48.4 64.13 41.66 

1R × A10 24 176.35 949.86 41.7 79.07 42.25 

1R  ×A12 25 237.82 1094.33 63.8 64.21 46.11 

1R × A13 24 250.57 1239.85 58.6 87.11 38.73 

1R  ×A16 23 178.63 1034.93 83.3 73.07 37.44 

2R  ×A6 27 155.91 890.99 92.4 65.11 41.87 

2R × A10 22 197.09 1001.46 59.2 58.21 43.41 

2R  ×A12 24 226.65 848.81 95.8 65.07 39.87 

2R × A13 26 193.12 977.72 59.3 76.62 45.38 

2R × A16 28 194.95 750.77 75.7 74.26 41.98 

3R  ×A6 27 212.72 1026.13 85.5 68.85 40.87 

3R × A10 26 243.91 1346.92 68.3 93.14 41.77 

3R  ×A12 25 204.71 980.72 63.8 84.85 45.36 

3R × A13 25 185.55 1090.36 68.6 74.25 41.82 

3R  ×A16 29 217.77 1020.82 86.9 71.66 40.92 

L.S.D  5% 1.60 7.61 20.87 2.48 2.38 1.02 

The parents were evaluated by estimating the effects of general combining ability, 

Table 4. The results showed that parent R3 exhibited significant combining in the 

desirable direction for all traits except oil percentage. Parent R1 exhibited undesirable 

combining for all traits except stem diameter. Parent R2 exhibited desirable combining 

for 1000-seed weight and oil percentage, while parent A6 exhibited desirable 

combining for stem diameter and 1000-seed weight only, while undesirable combining 

for the remaining traits. The results indicate that some parents may be useful for 

increasing average seed weight in offspring from crosses. Parent A6 can be used to 

increase seed weight, although its effect on other traits may be undesirable. However, 

the A13, A10, and tester R1 exhibited significant combining effects toward reducing 

seed weight, and parent A10 exhibited desirable combining for disc area. Likewise, 

parent A12 showed a favorable combination for disc area, kernel weight, and oil 

percentage, while parent A13 showed a favorable combination for all traits except 1000 

seed weight and oil percentage, where the combination was unfavorable. Parent A16 

showed a favorable combination of disc diameter, disc area, and plant yield about seed 

yield. Lineages A10, A13, A16, and tester R3 showed a positive and significant effect, 

indicating that these lines can transfer genes associated with high seed yield to their 

progeny. Therefore, they can be used as parents in hybridization programs to improve 
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yield efficiency and increase seed production. This is consistent with the findings of 

(14 and 17), who found that using these parents to improve yield in hybridization 

programs may contribute to increasing sunflower productivity and how the 

hybridization method can be improved to select the most effective parents. 

Table 4: Effects of general combining ability of each parent on the studied traits 

in sunflower. 

testers Characteristics 

Stem 

diameter 

Disc area Number of 

seeds per 

disc 

Weight of 

1000 seeds 

Seed yield 

of the 

plant 

The oil 

content of 

the seeds 

1R 4.69 - 1.40 - 4.54 - 4.80 - 0.12 - 0.24 - 

2R 1.10 - 2.63 - 33.35 - 3.12 2.22 - 0.19 

3R 7.92 4.14 36.12 1.68 2.34 0.08 

S.E.(g^i-

g^j) 

0.36 1.69 4.63 0.55 0.52 0.23 

line  

A6 2.18 7.74 - 36.05 - 2.77 2.84 - 0.03 - 

A10 9.70 - 2.83 39.04 5.57 - 1.66 0.05 

A12 4.82 - 8.41 5.46 - 1.64 1.99 - 0.70 

A13 0.88 0.40 40.27 3.80 - 2.64 0.05 - 

A16 11.31 3.94 - 37.79 - 4.96 0.52 0.69 - 

S.E.(g^i-

g^j) 

0.46 2.18 5.98 0.71 0.68 0.29 

When estimating the effect of special combining ability on hybrids (Table 5), the 

results were as follows: The hybrid 3R × A16 showed a special combining effect for 

all studied traits, except for seed yield, and the hybrid 1R × A6 showed an undesirable 

special combining effect for all traits. The hybrid 3R × A10 showed a significant and 

desirable effect for all traits except for oil percentage. The seed yield per plant reached 

4.01 g, indicating that the parents of these hybrids can be used for recrossing, as they 

can transmit the traits to the resulting hybrid. The hybrid 2R × A13 showed a special 

combining effect for many traits and positively affected disc area and seed yield per 

plant. The results confirm that some hybrids can positively affect special combining 

ability. For example, the 3R x A10 hybrid is a good choice for the future due to its 

positive effect on most traits, contributing to improved yield and noticing that hybrids 

that positively affect special combining ability (SCA) may be useful for improving 

yield, which can be beneficial in improving crop quality or quantity. Some hybrids 

exhibited a positive and significant effect on SCA, while others exhibited a negative 

and significant effect. These differences demonstrate the wide variation among hybrids 

in their specific combining effects. When parents have a positive and significant effect 

on GCA for a trait, this often leads to similar significant effects in their offspring. This 

indicates the emergence of a dominant gene effect. Dominant genes are the primary 

factor determining the outcome of a genetic trait. Whereas, if GCA is positive and 

significant for a particular trait, this enhances gene expression, but no positive effect 

on SCA has been demonstrated. The reason is the influence of the host genes on this 

trait. The results confirm that special combining ability is considered more important 

than general combining ability in some cases, which is consistent with the findings of 
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researchers (11, 13, 15, 20, 25 and 26). If the special combining ability is dominant, 

the genetic influence is more pronounced and significant, and these results can be used 

to improve crop performance and increase productivity . 

Table 5: Estimates of specific combining ability. 

Hybrid Characteristics 

Stem 

diameter 

Disc 

area 

Number of 

seeds per disc 

Weight of 

1000 seeds 

Plant 

seed 

yield 

Seed oil 

percentage 

1R  ×A6 12.50 - 4.30 - 46.14 - 4.36 - 0.49 - 0.39 - 

1R × A10 17.17 9.39 - 45.21 - 0.24 - 0.99 0.18 - 

1R  ×A12 2.23 7.15 44.76 0.05 1.44 - 1.15 

1R × A13 5.49 10.48 50.31 3.46 0.89 0.71 - 

1R  ×A16 11.73 - 4.94 - 0.29 5.09 0.98 0.64 - 

2R  ×A6 11.56 5.67 - 35.14 4.53 1.11 0.07 - 

2R × A10 23.26 - 0.12 - 2.19 - 2.18 - 2.92 - 0.70 

2R  ×A12 0.40 4.87 9.65 - 6.01 0.08 - 1.38 - 

2R × A13 6.65 0.35 9.40 - 4.14 - 1.34 0.99 

2R × A16 6.64 0.88 10.92 - 3.21 - 1.82 0.29 

3R  ×A6 1.94 8.97 14.01 2.82 0.62 - 0.22 - 

3R × A10 7.09 9.54 49.41 3.43 4.01 0.14   - 

3R  ×A12 5.84 - 10.87 - 32.12 - 4.06 - 1.58 0.43 

3R × A13 10.15 - 10.50 - 37.89 - 0.68 2.66 - 0.29 - 

3R  ×A16 4.96 4.11 13.61 1.11 1.92 - 0.38 

–ij^S.E. (s

ik )^s 

0.79 3.78 10.36 1.23 1.18 0.51 

Table 6 shows the values of the variance components, broad and narrow heritability, 

and the average degree of dominance for the studied traits. The ratio of the general 

combining ability (GCA) components to the specific combining ability (SCA) 

components was less than one for all traits, indicating that the dominant effect of genes 

is the main factor controlling the inheritance of traits. In other words, dominant genes 

contribute significantly to the determination of traits. Broad heritability, however, was 

particularly high for some traits. For example, the heritability of stem diameter was 

98.71%, number of seeds per disc was 94.11%, and 1000-seed weight was 93.20%. 

This suggests that these traits possess high genetic variation while environmental 

variation is low. This increases the likelihood of these traits being passed on to the next 

generation. These results can be used to improve plant breeding programs and direct 

efforts toward improving traits with high heritability. Narrow-sense heritability values 

were high for most traits, ranging from 18.66% for seed yield to 53.66% for seed 

number per disc. This is due to the high additive genetic variance for these traits, 

suggesting they could be improved through quantitative selection. The mean degree of 

dominance was more significant than one for all traits studied, indicating the 

predominance of genes controlling the inheritance of these traits. This is consistent 

with the findings of several researchers (15, 22 and 24), who found that the ratio of the 

components of the variance of general combining ability to the variance of specific 

combining ability was less than one. Heritability was relatively high in the broad and 

moderate in the narrow sense, while the mean degree of dominance was more 

significant than one . 
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Table 6: Estimation of genetic parameters of the studied traits in sunflower. 

Genetic 

parameters 

Characteristics 

Stem 

diameter 

(ml) 

Disc area 

(cm²) 

Number of 

seeds per 

disc 

Weight of 

1000 seeds 

(g) 

Plant seed 

yield 

(g) 

Seed oil 

percentage 

gca2σ 8.11 8.48 733.33 5.98 0.56 0.16 

sca  2σ 56.64 24.93 1105.27 19.16 2.79 0.61 

gca2σ 0.14 0.34 0.66 0.31 0.20 0.26 

sca 2σ 

A2σ 16.22 16.96 1466.66 11.96 1.12 0.32 

D2σ 56.64 24.93 1105.27 19.16 2.79 0.61 

G2σ 72.86 41.89 2571.93 31.12 3.91 0.93 

E2σ 0.95 21.42 160.94 2.27 2.09 0.39 

P2σ 73.81 63.31 2732.87 33.39 6.00 1.32 

.b.s.2H% 98.71 66.17 94.11 93.20 65.17 70.45 

.n.s.2h% 21.98 26.79 53.66 35.82 18.66 24.24 
-a 2.64 1.71 1.23 1.79 2.23 1.95 

Conclusions 

The variance components in specific combining ability (SCA) are more significant 

than general combining ability (GCA) for all studied traits except stem diameter. The 

best parents for seed yield were R3, A10, and A13, the best in combining ability for 

seed yield. The 3R × A10 hybrid achieved high GCA values, making it superior in seed 

yield compared to the others. The hybrids showed high narrow-sense heritability for 

some traits, indicating that these traits are highly heritable and transferable from 

generation to generation. These traits can be improved using quantitative selection, but 

improvement is more rapid in the presence of superdominance effects. It was observed 

that dominance variance was the main component of genetic variance, which was 

reflected in the super dominance value, which significantly affected the heritability of 

the traits. This makes obtaining suitable genotypes in the first generations more 

difficult during selection. Since improving some traits will be difficult through 

selection alone in early generations, techniques based on hybridization will be more 

effective. These results support the idea that selection alone may not be sufficient in all 

cases, especially if there are strong dominance effects. Therefore, hybridization may 

be the optimal solution for improving genetic traits.  
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