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INTRODUCTION       

Oil crops are important economic and strategic crops in 

Egypt because they are considered the main source of energy. In 

Egypt, the production of oil is still for below the needs and the 

country has to supplement the needs for oil to meet the annual 

requirements by importing. The requirements are likely to 

increase with rapidly growing population. Therefore there is a big 

problem concerning edible oil production. 

The local production satisfies 13% (FAO, 2010)* only of the total 

requirement. 

Sunflower Helianthus annuus L. is one of the most 

important oil crops in the world where it became the main source 

of edible oil in many countries due to the expanding of cultivated 

area with sunflower in the world attributed to some aspects, it has      

wide range of the adaptability because it is tolerant to both 

moisture and temperature fluctuations than most crops, and can be 

grown in new reclaimed soils. In addition to height percentage of 

excellent edible oil in the seed (40-55%) with a high proportion of 

poly unsaturated fatty acids in the oil and sunflower
'
s protein is of 

high biological value. 

For increasing the total production of edible oil, planting 

high potential yield cultivars as well as conducted the best 

agricultural practices such as N fertilization and planting spaces.  

 

* FAOSTAT/FAO Statistics Division 2010 /13/January    
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This study aimed to studying the effect of some agricultural 

practices as well as N fertilization levels, planting spaces on yield 

and its components of four genotypes (two mutant lines of 

sunflower white and black seeds) and two local cultivars (Sakha 

53 and Giza 102) to determine the response of these genotypes to 

these treatments and determine the best treatments which produce 

the high yield quantity and quality of all genotypes. 
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REVIEW OF LITERATUR 

The review of literature of this study could be classified into three 

main headings as follows:- 

 (1) Effect of plant spacing.

 (2) Effect of nitrogen fertilization.

 (3) Effect of varietal variation. 

(1) - Effect of plant spacing:

El-Keredy et al., (1981) reported that increasing plant 

spacing from 20 to 50 cm increased stem and head diameter, 100-

seed weight and seed yield / plant, but decreased seed and oil 

yields / fed. Plant height and oil percentage were not affected by 

plant spacing.  

       Kene et al., (1992) in India, evaluated plant spacing in 

sunflower (45x30, 45x22.5, 45x15, 30x30, 30x22.5 or 30x15 cm).  

They awarded that these spaces produced mean seed yields of 

0.71, 0.69, 0.59, 0.70, 0.56 and 0.48 t / ha respectively. Seed oil 

content (%) was not affected by the treatments.   

Yakout et al., (1992) in Egypt, determined the effect of 

planting distances on yield and its components in sunflower 

cultivars. The sowing distances were 12, 18, and 30 cm between 

plants in both seasons. They demonstrated that increasing 

planting distances significantly increased head diameter and seed 

yield per plant and decreased seed yield per fed. Planting distance 

had a significant effect on seed oil content in 1987 season . 
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Zeiton (1995) in Egypt,  studied the response of sunflower 

to planting density, the results indicated that increasing planting 

density from 20.0, 28.0 and 46.6 thousand plants / fed , decreased 

significantly each of 1000-seed weight and seed weight / head, 

whereas, seed and oil yields were significantly increased. 

Brahim et al., (1996) in Arizona, U.S.A, studied the effect 

of plant populations (250,000, 500,000, 750,000, 

1,000,000, and a no thinned control of 1,500,000 on oil 

yield and composition in Lesquerella fendleri L. Eight 

fatty acids, which make up 87–96% of mature seed oil, 

were investigated. These included palmitic (C16: 0), 

palmitoleic (C16: 1), stearic (C18: 0), oleic (C18: 1), 

linoleic (C18: 2), linolenic (C18: 3), lesquerolic (C20: 1-

OH), and auricolic (C20: 2-OH) fatty acids. They reported 

that the 750,000 plants/ha treatment produced the highest 

fatty acid content yield, although both this oil and that 

from the 1,000,000 plants/ha treatment lacked auricolic 

acid. Lesquerolic acid was the dominant oil for the no 

thinned control. No significant differences for seed yield, 

fatty acid composition or content were found among plant 

populations. 

El-Karamaity and El-Sergy (1997) in Egypt, evaluated the 

response of some sunflower genotypes (Hysn, G.101 and pioneer 
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6480) to three row spacing i.e., 50, 60 and 70 cm on yield and its 

components. The results showed that exhibited significant 

increase in plant height , head diameter , weight of seeds / head , 

100-seed weight , seed oil  yield , seed and oil yield / fed,  while 

seed oil % was significantly increased with increasing  row 

spacing from 60 cm  apart ( 28000 plants / fed) gave the highest 

seed and oil yield / fed followed with significant difference by 

those sown in rows of 70 cm apart (24000 plants / fed) most of 

the previous characteristics were significantly affected by 

genotypes.  

 Basha (2000) in Egypt, studied the effect of three hill 

spacing i.e., 20, 30 and 40 cm apart on yield and yield attributes 

of two local sunflower cultivars i.e., Giza-1 and Maiak, under 

sandy soil conditions. He revealed that widening the spaces 

among sunflower plants from 20 to 30 and 40 cm apart caused a 

significant increase in stem diameter, head weight, seed weight / 

head, 100-seed weight and seed yield / fed more over, doubling 

the space among plants from 20 to 40 cm was accompanied by 

significant increase in hill spacing from 20 to 30 cm apart caused 

a significant increase in oil % and oil yield / fed as showed from 

combined analysis, the results indicated that Maiak cv, surpassed 

the other tested cv. in the yield attributes i.e., 100-seed weight and 

oil yield / fed in 2
nd

  season and oil % in both seasons as well as 

stem and head weight in 2
nd  

season . The highest seed yield / fed 
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was obtained by Maiak cv. with no significant difference between 

two tested cultivars.  

Sanchez Lianes et al., (2000) in Cuba, evaluated the 

influence of sowing densities on sunflower .They reported that 

there was an  increase of the length of the plant stem in the 

highest plant population, but the thickness of the plant stem 

decreased with increasing plant density. The number of leaves 

was not affected by plant population, whereas when the plant 

population was decreased the capitulum's diameter and weight of 

seeds were increased. The highest plant population (83333 plants 

ha
-1

) showed an approximate yield of 2.44 t ha
-1

, while yield at 

the lowest population was about 1.52 t ha
-1

.

Abd El-Samie et al., (2002) in Fayoum governorate, Egypt, 

determined the productivity of sunflower under three plant 

densities (23333, 28000 and 35000 plants / fed). The results 

indicated that planting sunflower at 35000 plants / fed increased 

seed and oil yields by 22.56 and 27.40% as compared with the 

lowest density when planting sunflower at 23333 plants/fed.  

Bassal (2003) in Damiatta governorate, Egypt, evaluated the 

effect of hill spacing (15, 25 and 35 cm) on yield and its 

components of sunflower (cv.Vidoc). He recorded that increasing 

hill spacing up to 35 cm significantly increased stem and head 

diameter, seed yield / plant, 1000-seed weight and seed oil 

content. However, seed and oil yields / fed were increased with 

hill spacing of 25 cm.  
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Ahmad et al., (2005) in Pakistan, investigated the optimum 

plant density (40000, 60000, 80000 and 100000 plants/  ha) 

among plant density, they explained that the highest mean head 

diameter (23.2 cm) was obtained with 40000 plants per ha, while 

the highest mean 1000-seed weight (61.20 g) and achene's yield 

(3247 Kg / ha) were obtained with 60000 and  

80000 plants / ha.                                                                    

Aguilar-Garcia et al., (2005) in Mexico, studied the effect 

of plant densities i.e., 2.5 (50x80 cm) 5.0 (25x80 cm) and 7.0 

(33x40 cm) plants per m
2
 on leaf area index (L.A.I) and yield of 

sunflower under rainfed conditions. They awarded that increasing 

plant density increased plant height and L.A.I, mainly before 

flowering. 

Jahangir et al., (2006) in Bangladesh, evaluated the effects 

of plant spacing (20, 25 and 30 cm between hills) on the growth 

and yield of sunflower.  They observed that the highest sunflower 

yield was obtained under a plant spacing of 20 cm. 

Al-Thabet (2006) in Saudi Arabia, determined the effect of 

plant spacing (20, 25, 30 and 35 cm between hills) on seed yield 

and its components of sunflower. The results showed that plant 

spacing significantly affected all estimated characters (plant 

height, stem and head diameters, 100–seed weight, seed yield / 

ha, seed oil percentage and oil yield / ha) except seed oil 

percentage. Twenty–five cm was observed as suitable plant 

spacing, whereas higher or lower plant spacing and had a negative 
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effect on seed and oil yields / ha. Considering the superiority of 

25cm plant spacing for seed and oil yields, could be 

recommended for producing desirable yield under study area 

conditions.           

Beg et al., (2007) in Iran, demonstrated the effects of plant 

density (38 000 to 100 000 Pl / ha) and plant spacing (20, 25, 30, 

35 cm between hills) on agronomic traits of two open pollinated 

sunflower cultivars. The results indicated that the higher plant 

populations produced higher yield compared with lower 

populations.

Szabo and Pepo (2007) in Hungary, determined the effect 

of plant density (35 000, 45 000, 55 000, 65 000 and 75 000 plant 

/ ha) on the yield and oil content of ten sunflower genotypes. 

They indicated that the lowest yield was obtained under the 

highest plant density of 75 000 plant / ha. PR 63A82 showed the 

highest oil yield of 1679 kg / ha under a density of 45 000 plants / 

ha. The maximum oil contents were obtained under 65000-75 000 

plants / ha. Diablo showed the highest oil yield of 48.3%. Oil 

yields were highest under low plant density. 

         El-Sarag (2007) in Egypt, studied the response of three 

sunflower cultivars, i.e., Sakha 53, Fedouk, and Euroflor, to three 

plant spacing (20, 25 and 30 cm between hills) under North Sinai 

environmental conditions. He explained that Fedouk and Euroflor 

cultivars produced their maximum seed and oil yields in both 

seasons under narrow plant spacing (20 cm). Contrarily, Sakha 53 
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cultivar gave its maximum seed and oil yields in both seasons 

under wide plant spacing (30 cm). Meanwhile, the highest seed 

oil % value (43.5 - 44.2%) was recorded with Sakha 53 planted at 

25 cm plant spacing. To increase sunflower production under 

North Sinai environmental conditions, Fedouk cultivar with 20 

cm planting distance should be recommended, as it produced the 

highest seed and oil yields. [1 feddan = 0.42 ha].

Sedghi et al., (2008) in Pakistan, evaluated the effect of 

Plant density on sunflower yield and its attributes. Treatments 

were three levels of plant density (6, 8 and 10 plant m
-2

 as D1, D2 

and D3, respectively). They found that plant density had 

significant effects on sunflower growth characteristics. The 

highest grain yield obtained from D2, the highest 1000-grain 

weight, stem and head diameters and yield per plant recorded at 

D1, while D3 showed the highest values of plant height and 

percentage of hollow grains.                            

Shamsi and Petrosyan (2008) in UK, evaluated four planting 

densities and three sunflower varieties. They showed that seed 

yield was not significantly affected by varieties whereas it was 

significantly affected by plant density and density of 83333 Plants 

ha
-1

 had highest seed yield (4088 kg/ ha) Maximum L.AI 

belonged to Mehr hybrid with 111000 Plant/ ha. Head diameter, 

1000-seed weight, stem diameter were significantly affected by 

planting densities. 
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 (2)Effect of nitrogen fertilization:  

El-Keredy, et al., (1981) reported that application of N up 

to 45 Kg N/fed increased stem and head diameters, 100- seed 

weight and seed yield / plant and per fed in both seasons, while 

yield of oil / fed was increased significantly in the first season. 

However, oil percentage was not affected by N application. Giza-

1 cultivar surpassed Maiak in all characters studied, while higher 

oil percentage and oil yield / fed were obtained from Mayak.  

El- Sayed et al., (1984) in Egypt, determined the effect of 

three levels of N fertilization (0, 33 and 50 Kg N/fed) on yield, its 

components and oil of sunflower variety Giza1.They 

demonstrated that plant height, stem and head diameters, 1000-

seed weight and seed yield increased significantly by increasing 

the level of applied nitrogen up to 50 Kg N/fed. On the other 

hand, oil percentage was decreased by increasing the level of 

nitrogen. 

     Saleh et al., (1984) in Egypt, evaluated the effect of 

different levels of nitrogen fertilizer (0, 15, 30 and 45 Kg N/fed.) 

on yield of sunflower. He explained that increasing of N fertilizer 

levels increased significantly head diameter and seed weight in 

the two seasons. 

    Abdel-Aal and Dawwam (1985): in Minufiya 

governorate, Egypt, demonstrated the effect of four levels of N (0, 

30, 60 and 90 kg N/fed) on yield and its components of sunflower 

(Giza-1 cv.). They explained that increasing N-fertilization up to 



 00 

90 kg/fed increased plant height, head diameter, 100-seed weight 

and seed yield lfed , while decreased seed oil percentage. 

Hefni et al., (1985-a): in Nubaria, Egypt, determined the 

effect of three rates of N (0, 30 and 60 kg/fed) on three sunflower 

varities i.e., Giza 1, Maiak and Sorem 80. They awarded that N-

fertilization at arate of 60 kg/fed encouraged leaf area / plant, 

stem diameter and plant height, but reduced the number of leaves 

/ plant. 

Hefni et al., (1985-b): in Nubaria, Egypt, revealed that head 

diameter, 100-seed weight and seed yield / plant as well as seed 

and oil yields / fed were increased, while seed oil content was 

reduced by increasing N-fertilization up to 60 kg N/fed. 

Awad and Griesh (1992) in Egypt, investigated the effect 

of different nitrogen fertilizer levels (40, 60 and 120 Kg N/fed) on 

growth, yield and yield components of two sunflower cultivars 

(Maiak and Hybrid 7116). The results showed that fertilization 

treatments had insignificant effect on plant height, number of 

leaves / plant in 1986 season while in 1987 season it had 

significant effect on these characters. L.AI increased significantly 

by fertilization treatments. Head diameter was unaffected by 

fertilization treatments mean, while seed yield per plant and 

feddan and 100-seed weight increased significantly. Oil yield 

increased while seed oil content decreased by N fertilization 

treatments. Maiak cultivar surpassed significantly H.7116 in 

characters studied. Both cultivars did not differ significantly from 
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each other in seed yield, yield components and seed quality. Seed 

yield / plant, 100-seed weight, seed oil content and seed oil yield 

were affected significantly by interaction between studied factors. 

 Zeiton (1995) in Egypt, studied the response of sunflower 

to N fertilizer levels. The results showed that increasing nitrogen 

addition up to 45 Kg N/fed increased significantly yields of seed 

and oil. 

   Geweifel et al., (1997) in Egypt, studied the response of 

three levels of nitrogen fertilizer (30, 60 and 90 kg N/fed) of 

sunflower. They awarded that increasing the rate of N application 

increased seed yield. In addition, head diameter, seed weight / 

head and 100-seed weight increased as N fertilizer increased. 

 Bahl et al., (1997) in india, recorded that N-application 

decreased oil percentage in sunflower. The oleic acid: linoliec 

acid ratio increased with N-application indicating improvement in 

oil stability and cooking quality. Nitrogen played vital role 

increasing the proportion of unsaturated fatty acids which is 

major factor determining the quality of sunflower.      

Metwally (1997) in Egypt, evaluated the growth and yield 

of sunflower as affected by N fertilizer levels (30, 45 and 60 Kg 

N/fed). He explained that increasing N rates up to 60 Kg N/fed 

resulted insignificant increases in plant height, stem and head 

diameters, seed weight / plant, 1000-seed weight and seed yield / 

fed in the two seasons. 



 02 

   Emam (1999) in EL-Fayaum governorate, Egypt, 

demonstrated the effect of three N levels (30, 45 and 60 kg/fed) 

on growth, yield, yield attributes and quality of sunflower (hybrid 

Giza 101). He obtained that increasing N level up to 60 kg/fed 

significantly increased plant height, number of leaves, stem and 

head diameters and leaf area / plant. Seed oil percentage as well 

as yield and yield attributes i.e., head diameter, 1000-seed weight, 

seed yield / plant and oil yield / fed had the highest significant 

values by N-fertilization of 60 kg/fed. 

Basha (2000) in Egypt, detrmined the effect of three N 

fertilizer levels (30, 60 and 90 Kg N/fed) on yield and yield 

attributes of two local sunflower cultivars (Giza 1 and Maiak) 

under sandy soil condition.  He revealed that increasing the level 

of N applications up to 90 Kg N/fed caused highly significantly 

increases in all traits under study. 

   Gorttappeh et al., (2000) in India, indicated that 

increasing in application rates of N fertilizer caused increasing in 

all characteristics recorded. The highest grain and oil yield was 

obtained in both years with N = 200 Kg/ha. 

    Gutierrezet et al., (2000) in Mexico, observed that N 

increased seed yield, weight of 100-seed and head area. 

Application of 10 and 20 g N / m
2
 similarly increased the above 

variables.   

     Sivamurugan et al., (2000) in India, investigated the 

effect of N levels on the yield attributes of sunflower. They 
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demonstrated that N at 80 Kg/ha gave the highest values for head 

diameter (15.3 and 13.6 cm), 100-seed weight (5.24 and 5.20 g) 

and seed yield (1540 and 1313 Kg/ha) in the summer and South 

West Monsoon (SWM) seasons, respectively. 

Angelovan (2001) in Bulgaria, evaluated the N fertilizer 

rate optimum for the yield of the sunflower hybrids, Albena and 

Superstar, and the cultivar, Predovik in calcareous black soil. He 

reported that the highest effect on sunflower was observed upon 

application of 60 Kg N/ha. In dry years, the rate of N fertilizer 

had no significant effect on the productivity of sunflower. The 

yield of Peredovik increased with increasing rate of N fertilizer. 

Application at 120 Kg N/ha resulted in a 5.8% higher yield 

compared with N at 60 Kg/ha. The differences between the yields 

obtained after application of 60 and 120 Kg N/ha were not proven 

in Albena and Superstar.                                       

   Munoz et al., (2001) in Mexico, determined the effect of 

N levels, 0 and 100 kg/ha, on the yield and yield components. 

They recorded that the weight of 100 seeds (g) was not affected 

by the treatments.           

Valchoviski (2002) in Bulgaria, analysed the seed quality  

 (oil content and fatty acid composition ) of sunflower under 

varying N rate. He showed that the high N rate (180 kg/ha) 

decreased the seed oil content and the sum of unsaturated fatty 

acid (oleic and linoliec) and increased the sum of saturated fatty 

acid (stearic and palmitic).  
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Perez et al., (2002) in Cuba, evaluated the effect of N 

fertilizer application (0, 50 or 100 Kg N/ha) in carbonate soil on 

growth and yield of sunflower. They awarded that lower N rate 

had no significant effects. Application of 100 Kg N/ha did not 

affect seed yield but decreased oil content and yield and increased 

leaf area.  

    Abd El-Samie et al., (2002) in Fayoum governorate, 

Egypt, determined the productivity of sunflower under three 

levels of N fertilizer (30, 45 and 60 Kg N/fed).The results 

indicated that increasing N level up to 60 Kg N/fed increased seed 

yield / fed as well as oil yield / fed. The highest seed yield / plant 

was obtained by 60 Kg N/fed whereas, seed oil content (%) 

showed the opposite trend of seed yield / plant. 

     Mandal et al., (2002) in India, investigated the influence 

of N on growth, yield and oil content of spring sunflower. They 

showed that application of N significantly enhanced the growth 

and yield of sunflower. However, highest increase (50.7%) in 

seed yield was recorded with 80 Kg N /ha.  

   Men and Kendalkar (2002) in India, determined the 

influence of nitrogen (0, 20, 40, 60 and 80 Kg/ha) on the yield of 

sunflower. They observed that increasing levels of nitrogen in 

cultivars (Modern and MSFH 17) resulted in increases yields.  

   Ayyappan et al., (2002) in India, indicated that the effects 

of N fertilizer (0, 60, 82, 109, 120, 150 and 174 Kg/ha) on the 

yield and quality of sunflower cv.IAHS-1 during the summer and 
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kharif seasons. The greatest head diameter, 100-seed weight, and 

seed yield were obtained with 120 and 150 Kg N/ha. N at 120 

Kg/ha gave the highest seed oil content, thus 120 Kg N/ha was 

optimum for higher sunflower yield and oil content. 

    Zubillaga et al., (2002) in Argentina, evaluated the 

effects of varying levels of N. Four levels of N (0, 46, 92 and 138 

Kg/ha). They suggested that it is not necessary to use different N 

requirements for fertilized crops when a yield response is 

expected. To achieve a 100% yield maximum an N supply (soil + 

fertilizer) of 181 Kg N/ha was needed. However, the highest yield 

was about 80% of the maximum yield with N supply (soil + 

fertilizer) of 146 Kg N/ha. 

    Mojiri and Arzani (2003) in Iran, studied the effects of 

different levels of N fertilizer (0, 75, 150 and 225 kg/ha) on grain 

yield and its components in sunflower. They revealed that N 

fertilizer increased plant height and stem and head diameters. N 

fertilizer up to 150 kg/ha increased the grain yield, whereas 

higher levels of N fertilizer decreased it. One-thousand grain 

weight was affected by N fertilizer. Considering the superiority of 

150 kg N/ha for grain and oil yields, it appears that they could be 

recommended for producing desirable yield in the regions similar 

to the study region.               

Ramu and Reddy (2003) in India, explained the response 

of sunflower (c.v MSFH-17) to nitrogen nutrition (60, 80 and 100 

Kg/ha) on growth and yield in sandy clay loam. Results showed 
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that N-application significantly increased the plant height, leaf 

area. The highest plant height and leaf area were recorded 

application of 100 Kg N compared with the rest of the treatments. 

Application with 100 Kg N recorded significantly the highest 

head diameter. Application of 60, 80 and 120 Kg N/ha resulted in 

64.4, 112.7 and 167.0% higher seed yield, respectively over 

control.                  

    Syed et al., (2003) in India, evaluated the effect of N (0, 

40, 80 and 120 Kg N/ha) on sunflower yield, quality. They 

showed that oil content decreased significantly with the 

increasing N level.  

    Ruffo et al., (2003) in Argentina, investigated the 

response of sunflower yield and yield components to N fertilizer. 

Five N fertilizer rates were applied (0, 25, 50, 100 and 200 Kg 

N/ha). They reported that N fertilizer application increased 

sunflower grain and oil yields, but had no effect on grain oil 

concentration.  

    Kumara et al., (2003) in India, evaluated the response of 

new sunflower hybrid, KBSH-42 to various N levels (0, 30, 60 

and 90 Kg/ha) on yield. They found that application of 60 Kg 

N/ha recorded the highest seed yield.                   

    Mandal et al., (2003) in India, demonstrated that the 

effect of N (80 Kg / ha) on growth and yield of sunflower cv. 

KBSH 1. Application of 80 Kg N / ha resulted in higher L.A.I, 
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1000-seed weight and seed yield compared with all other 

treatments.                                                               

Nawaz et al., (2003) in Pakistan, evaluated the effect of 

various N levels as urea at (0, 60, 120 and 180 Kg N/ha) were 

evaluated. They explained that the optimum fertilizer requirement 

computed was 120 Kg N / ha for sunflower crop under the 

experiment conditions.                                                                         

Ibrahim et al., (2003) in Minufiya governorate, Egypt, 

determined the effect of three levels of N (0, 30 and 60 kg/fed) on 

sunflower cultivars. They recorded that N-fertilization up to 60 

kg/fed increased plant height , number of leaves / plant, stem 

diametr, leaf area / plant, 100-seed weight and seed and oil yields 

per plant and per fed, while decreased seed oil percentage. 

Khalil (2003) in Alexandria governorate, Egypt, found that 

increasing the levels of  N-fertilization from 15 and 30 up to 45 

kg N/fed significantly increased plant height, 100-seed weight, 

seed weight / head  and yield / fed of sunflower (Vidoc cv.) . 

EL-Sadek et al., (2004) in Egypt, studied the response of 

sunflower yield and its attributes to three levels of N fertilizer (40, 

60 and 80 Kg N/fed). They obtained that increasing N fertilization 

up to 80 Kg N/fed gave the highest values of attributes and oil 

yield / fed, whereas the highest values oil percentage was 

obtained by using 40 Kg  N/fed.  

Sofi et al., (2004) in India, investigated the response of 

sunflower yield to different levels of nitrogen fertilization (0, 60 
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and 120 Kg / ha). Observed that oil content decreased with 

increasing levels of N.                                                       

Kll (2004) in Turkey, evaluated the response of sunflower 

cultivars P-6482 (oil seed) and Inegol (confection) to N 

application (0, 60 and 120 kg/ha). He found that N levels 

significantly affected the seed yield per head, 1000-seed weight, 

seed and oil yields of the two cultivars. N at 60 Kg/ha recorded 

the highest seed and oil yields.                                                    

chitale et al., (2004) in India, determined the effect of 

fertilizer application rates on the seed yield of sunflower 

(cv.Modern). The treatment comprised:(100 Kg/ha); (127Kg/ha), 

(150 Kg / ha). The results showed that N at 127 and 150 Kg/ha 

had significant effects on head diameter, and seed and oil yields 

during both years. The highest seed yield (1758 and 1740 Kg/ha) 

were obtained with 150 Kg N /ha during both years.  

Ali et al., (2004) in Pakistan, investigated the effects of 

nitrogen fertilizer (0, 50,100,150 and 200 Kg/ha) on the 

quantitative and qualitative traits of sunflower. They awarded that 

leaf area / plant, plant height, head diameter, 1000-seed weight 

and seed yield, as well as seed oil content, were significantly 

higher with 150 Kg N/ha .              

   El-Hamid (2004) in Egypt, determined the effect of N 

fertilizer application on growth and yield of sunflower. Results 

indicated that as N fertilization increased up to 40 Kg N/fed, N 

rate had a significant effect on plant height and seed yield.  
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    Ozer et al., (2004) in Turkey, determined the effects of 0, 

40, 80, 120 and 160 Kg/ha, on the growth, yield and yield 

components of sunflower hybrids AS-508 and Super 25. He 

demonstrated that stem and head diameters, 1000-seed weight, 

and seed oil yield increased with increasing rates of N, whereas 

plant height, leaf area, and seed oil concentration increased with 

increasing rates of N up to 82 Kg/ha and decreased with further 

increase in N rate. The values for all parameters measured were 

higher during 1998 and with AS-508.                

Smiderle et al., (2005) in Brazil, recorded that oil content 

decreased with increased N rate. The best results were obtained 

with 80 Kg N/ha.                                                                                       

Ahmed et al., (2005) in Pakistan, determined N 

requirements (0, 100, 150, 200 and 250 Kg/ha) for sunflower 

hybrid. Among the N rate, 250 Kg N/ha gave the highest mean 

head diameter (24.4cm), and achene yield (3483 Kg/ha).They 

awarded that N at 150 Kg/ha gave the highest mean 1000-seed 

weight (61.88g).                         

Tan Wan Neng and Li Yang Yang (2005) in China, 

studied the effects of different N forms on the growth of 

sunflowe. The results indicated that plant height, and leaf area 

was higher when supplied with nitrate nitrogen.  

Montemurro and Giorgio (2005) in Italy, determined the 

effects of N fertilizers rates (0, 50 and 100 Kg N/ha) on N yield 

performance of sunflower genotypes Sanbro and Prointa Agd 
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239. (L.A.I) was measured at flowering. They revealed that there 

was a significant difference in yield, and oil content percentage 

between the years. The differences between sunflower genotypes 

in yield performance were observed. N fertilizer application rates 

showed a significant response in the genotypes to the N fertilizer 

treatments in yield and in most measured parameters. 

Olowe et al., (2005) in Nigeria, investigated the response of 

sunflower to applied N (0, 30, 60 and 90 Kg N/ha). They 

explained that N significantly increased plant height when applied 

at 60 and 90 Kg/ha compared to control. N also significantly 

increased head weight, head diameter, achene weight / head. N 

applied at 30, 60 and 90 Kg N/ha significantly increased grain 

yield by 30, 40 and 50%, compared with the control.                                                                          

Ramachandrappa and Ananjappa (2005) in India, studied 

the effect of N fertilizer application on growth and yield of 

sunflower. They reported that the application of 200 Kg N/ha 

recorded significantly taller plants (130 cm), leaf area (3806.2 

cm
2
), L.A.I (2.11) at peak flowering, head diameter (20.5cm), 

seed yield (3090 Kg/ha) and oil yield (1213 Kg/ha) of sunflower 

compared to lower level of residual fertility.                                                                                                                                     

Al-Thabet (2006) in Saudi Arabia, determined the effect of 

N fertilizer levels (0, 50, 100, 150 and 200 Kg N/ha) on seed yield 

and its components of sunflower. He recorded that N application 

markedly enhanced growth and yield, but resulted in sharp 

decrease in seed oil percentage. Two hundred Kg N/ha produced 
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the highest seed yield / ha whereas, the highest oil yield / ha was 

obtained with the addition of 150 Kg N/ha. Considering the 

superiority of 150 Kg N/ha for seed and oil yields, could be 

recommended for producing desirable yield under study area 

conditions.           

Ibrahim et al., (2006) in Egypt, studied the effect of N 

fertilizer on growth and yield of sunflower. Four different N 

fertilizer treatments i.e., 45, 60, 75 and 90 Kg N/fed. They 

observed that the application of the various tested fertilization 

treatments caused increases in all studied traits expect in the oil 

content. The treatment of 75 Kg N/fed gave the highest values for 

the most vegetative, yield and its components as well as oil yield. 

The maximum sunflower seed production with good quality was 

obtained by the application of 75 Kg N/fed.  

Syed et al., (2006) in India, investigated the effect of N 

fertilization on yield of sunflower. They awarded that the 

maximum seed yield of 16.73 quintal / ha were recorded at 80 Kg 

N. {1 quintal = 100 Kg}.                               

Agrawal et al., (2007) in India, studied the effect of N 

fertilizer on the yield of rabi sunflower. They demonstrated that 

the yield increased as the N fertilizer increased. The highest yield 

(17.55 quintal / ha) was obtained with 80 Kg N/ha.  

         El-Sarag (2007) in Egypt, determined the response of three 

sunflower cultivars, i.e., Sakha 53, Fedouk, and Euroflor to three 

N fertilizer levels (30, 45 and 60 kg N / fed) under North Sinai 
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environmental conditions. He observed that Fedouk and Euroflor 

cultivars produced their maximum seed and oil yields in both 

seasons under 45 or 60 kg N level. Contrarily, Sakha 53 cultivar 

gave its maximum seed and oil yields in both seasons under the 

high level of nitrogen (60 kg N / fed). Meanwhile, the highest 

seed oil % value (43.5 - 44.2%) was recorded with Sakha 53 and 

30 kg N level. To increase sunflower production under North 

Sinai environmental conditions, Fedouk cultivar fertilized with 45 

kg N/fed should be recommended, as it produced the highest seed 

and oil yields. 

Nada (2007) in Nubaria, Egypt, evaluated the response of 

sunflower plant to some macro and micro nutrients fertilization 

on growth, yield and yield components. He showed that soil 

application of 90 kgN/fed produced the highest values of head 

growth characters studied (head diameter, head weight / plant, 

100-seed weight and seed weight / head) compared to other soil 

application of N levels (0, 30 and 60 kg N/fed) at all tested 

growth stages in the two seasons. 

Munir et al., (2007) in Pakistan, studied productivity of 

sunflower to N fertilizer application. They awarded that 

maximum achene yields of 2895 and 2792 Kg / ha were obtained 

with the 50 Kg N during 2004 and 2005 respectively.  

Escalante- Estrada et al., (2007) in Mixico, studied the 

effect of N fertilization (0, 40, 80 and 120 Kg/ha) on the yield of 

sunflower. They observed that the application of N increased seed 
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yield, chapter diameter, weight of the seedless chapter, weight of 

100-seeds and plant height. All these variables showed significant 

differences among treatments. The highest values in all variables 

were obtained when 120 Kg/ha of N was applied.                                                       

Sikka et al., (2008) in India, determined the effect of rate of 

N on growth and productivity of sunflower grown in coarse 

textured soil. Three hybrids and two levels of N (60 and 90 

Kg/ha) were tested in a split plot design. The results showed that 

hybrid MSFH-8 and Mega-363 produced significantly higher seed 

yield than PSFH-67. Hybrid MSFH-8 and Mega-363 also had 

bigger head diameter and higher 100-seed weight. Maximum 

mean yield (27.0 quintal / ha) of sunflower was obtained at 60 Kg 

N/ha and minimum (22.4 quintal / ha) was obtained at 60 N/ha. 

Application of 60 Kg N/ha registered bigger head diameter and 

higher 100-seed weight which resulted in significantly higher 

seed and oil yields.                                                                                                  

Skarpa and Losak (2008) in Czech Republic, evaluated the 

effect of N fertilization on production characteristics of sunflower 

(achene yields, head diameter, 1000- seed weight, oil content and 

oil production) and the content of fatty acids. They awarded that 

production characteristics increased statically significantly after N 

application. The application of N didn’t significantly change the 

content of fatty acids.    

Shekhawat et al., (2008) in India, studied the productivity 

of sunflower as influenced by N sources. The results showed that 



 14 

N sources application levels resulted in larger head size, higher 

seed weight / capitulum and higher 1000-seed.  

Iqbal et al., (2008) in Pakistan, determined the response of 

autumn planted sunflower to different levels of N fertilizer. They 

indicated that Hybrid FH-314 produced significantly higher 

achene yield (2725.4 Kg/ha) than that of FH-245. There was a 

progressive increase in achene yield and yield components with 

increasing levels of N. The highest achene yield (3023 Kg/ha) 

was obtained when the crop was fertilized at 120 Kg N/ha. 

Zheljazkov et al., (2009) in USA, demonstrated the effect 

of N application rate (0, 67, 134 and 202 Kg N / ha) and genotype 

on oil content and composition. They revealed that N rate and 

hybrid may significantly modify fatty acid composition and oil 

content of sunflower grown in Mississipi, suggesting that these 

could be used as management tools for decreased total saturated 

fatty acid (TSFA) and increased oil content.   

Patil et al., (2009) in India, explained the effect of fertilizer 

doses on yield and quality of sunflower hybrids under rainfed 

condition. They revealed that sunflower hybrid KBSH-1 recorded 

significant differences in growth parameters, number of leaves, 

stem girth, head diameter, grain yield / plant and seed yield 

(1296.5 Kg/ha), weight of capitulum (1522.3 Kg/ha), oil content 

(39.9%) and oil yield (517.6%) over SCH-35. Application of 

fertilizer dose 80 Kg N / ha recorded higher in all growth and yield 

attributing characters and seed yield (1447.5 Kg/ha) as compared 

with other fertilizer doses and control.                    
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(3) Effect of varietal variation:

Arslanova et al., (1976), found that gamma irradiation of 

cottonseed at 30 k rad resulted in greater relative amounts of 

saturated fatty acid (S.F.A). Unsaturated fatty acids (U.S.F.A) 

especially oleic and linoleic acids correspondingly decreased. 

El-Ahmar et al., (1980) in Egypt, studies the effect of N(0, 

30, 60 kg/fed) on seed yield / head, stem and head diameters, 100-

seed weight, plant hight and oil content on three sunflower 

varieties i.e., Giza-1, Maiak and N.A. 61. they found that the 

variety Giza-1 had taller plants with large stem and head 

diameters and gave a higher seed yield than other varieties, seed 

weight of Giza-1 variety was intermediate and contained low oil 

percentage being 32%  as compared with 38%  for Maiak and 

41%  N.A.61. Application of 30 kg N/fed was significantly 

affected all characters studied except oil content. 

El-Mohandes (1984), recorded that Maiak variety 

significantly surpassed Sunbred 212 variety in plant height, seed 

yield / fed and 500-seed weight. However, oil content and oil yield 

/ fed were similar in both varieties. Increasing plant population 

density from 17500 to 35000 plants / fed significantly decreased 

head diameter, seed weight / head and 500-seed weight, but oil 

content was not appreciably affected. Generally, there are 

significant interaction between fertilization and varieties for head 

diameter as well as between plant population and varieties for 500-

seed weight. 
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Basyony et al., (1989), reported that irradiation 0f soybean 

seeds using 0.0, 250, 1000, 2000 and 3000 GY (C0-60) did not 

changed oil content. Fatty acids composition was slightly affected. 

The ratio between (T.U.S.F.A) and (T.S.F.A) and degree of 

unsaturation (DU) was decreased at all irradiation doses.     

Nishiyama et al., (1989) in Japan, investigated the effect of 

radiation on sunflower plants. The results showed that there was 

no effect on gamma rays on plant height at low doses. 

Ragab (1991) in Egypt and Germany, studied the effect of 

different environments on oil content and fatty acid composition 

of safflower Carthamus Tinctorious, L. He explained that oil 

content and fatty acid composition were significantly influenced 

by environments. Highly significant effects were noticed for oil 

content, oleic, linoleic and linolenic acids due to genotypes. 

However, except palmitic acid, oil content and fatty acid 

composition showed highly significant differences due to 

environments by genotypes interactions. Average seed oil content 

ranged from 25.2 to 43.65 values was noticed for mut. 4. 

Abdel-Aal (1992) investigated the proper time for 

harvesting sunflower under Minufiya Governorate conditions. The 

experiments included four sunflower varieties; i.e, Pioneer 6431, 

Pioneer 6480, Zaher El-Hia and Giza-1 as influenced by six 

different  harvest times. The results indicated that Giza-1 nd Zaher 

El-Hia varieties significantly surpassed the rest varieties in each of 

plant height, number of leaves, leaf area/plant, head diameter, 100-
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seed weight, seed yield / plant and seed yield/fed. However, 

Pioneer 6431 and Pioneer 6480 significantly exceeded the other 

varieties in oil percentage. Pioneer 6480 had also the maximum oil 

yield / fed. Oil yield / fed was positively and significantly 

correlated with each of relative photosynthetic potential, head 

diameter, number of seeds/head, 100-seed weight, seed yield / 

plant, seed yield / fed and oil percentage, but negatively and 

significantly correlated with hulls percentage. 

Draz et al., (1992) in Egypt, demonstrated the effect of 

gamma irradiation (200, 400 and 800 Gy) in cotton seed oil. They 

observed that the irradiation dose had no effect on the oil content. 

The fatty acid composition, it slightly affected at all irradiation 

doses which produced short chain fatty acids. There was an 

increase in the (S.F.A) and decrease in the unsaturated ones due 

to irradiation.  

 Sorour et al., (1994) in Egypt, investigated the effect of 

gamma irradiation (100, 200 or 300 Gy) on sunflower seed 

quality. The range of values of the irradiation materials for most 

of the studied traits was wider than in the control for both 

cultivars over all generations. The results showed a high 

coefficient of variability between most treatments and the control 

in the three generations for both cultivars. Seed oil of selected 

variant plants increased in the 2 nd and 3 rd generations for both 

cultivars. 
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Mancha et al., (1994) in Spain, new Sunflower mutants 

with altered seed fatty acid composition. This varies contained 

different high levels of palmitic acid (16:0), stearic acid (18:0) 

and linoleic (18:2) fatty acids. Several mutants for which high 

levels of 16:0 and 18:0 fatty acids have been confirmed to be 

heritable are listed. 

Shabana et al., (1994) in Egypt, studied the effects of 

gamma rays on sunflower characteristics in M1 and M2 

generations. They found that irradiation doses significantly 

decreased number of leaves / plant. In contrast, 100-seed weight 

and oil content were significantly increased in M1. 

In M2 the irradiation doses significant increased the mean values 

over the two entries for number of leaves / plant, while leaf area 

was increased at 200 Gy. 

Osorio et al., (1995) in Spain, mutant sunflowers with high 

concentration of (S.F.A) in the oil. The mutant line CAS-5, which 

has oil characterized in (16:0) and the appearance of palmitoleic 

acid (16:1), and CAS-3, CAS-4 and CAS-8, which have the 

(18:0) content normally observed in the oil of cultivated 

sunflower. The marked increase in levels of either 16:0 or 18:0 

was at the expense of oleic acid (18:1) and (18:2) acids.  The 

relative proportion of 18:1 to 18:2 varied with the mutants. All 

showed variation in fatty acid composition among the seeds of the 

original plant, which indicated that, the fatty acid changes were 

controlled by the genotype of the embryo. 
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Aly et al., (1996) in Egypt, analysed the effect of gamma 

irradiation on chemical properties and fatty acid contents in 

sunflower oil in thirteen mutants obtained from the M3 

generation. They found that the maximum oil percentage was 

exerted by gamma irradiation dose of 40 Gy (mut. 7) while 

mutant obtained by the irradiation dose of 40 Gy (mut. 6) showed 

the lowest value of oil content. Fluctuation behavior could be 

served in fatty acids content due to the influence of gamma 

irradiation. 

Atia and Abo Hegazi (1996) in Egypt, gamma–rays 

induced mutations in sunflower. They revealed that seed yield / 

plant for all mutants except mutant number 5, was significantly 

higher than that of the mother variety Giza 1. The high yielding 

mutants had larger heads, some of the mutants showed significant 

reduction in plant height and stem diameter, some others were 

taller and showed increases in stem diameter. However, the 

variability in most characters was higher in the mutants than that 

in the original variety.  

Atia (1996) in Egypt, evaluated some irradiated populations 

in M4 and M5 generations of sunflower. The results showed that 

low doses (40 and 80 Gy) of gamma rays caused significant 

increases in plant height, stem and head diameters, head weight, 

and seed weight / plant. In contrast, the two doses had no any 

significant differences for sterility zone / head as compared with 

the respective controls in M4 and M5 generations. High dose (160 
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Gy) of gamma ray caused a significant decrease in plant height in 

M4 and M5 generations.     

Elangova et al., (2001) in India, gamma irradiation induced 

mutant for improved yield components in sunflower. He observed 

that the isolated mutant showed improved yield components like 

head diameter, 100-seed weight and yield / plant. Plant height, 

head diameter and 100-seed weight had direct effect on seed 

yield, and the number of leaves and stem diameter influenced the 

seed yield indirectly.  

Amer et al., (2001) in Egypt, explained the evaluation of 

sunflower irradiated populations in M4 and M5 generations. The 

results showed that some characters have been improved such as 

head diameter and oleic acid content in the synthetic population 

and linoleic acid content in Maiak cultivar after re irradiating their 

seeds with the low dose in M4 and M5. 

Ali (2003) in Egypt, evaluated sunflower seeds induced by 

gamma rays, the results indicated that the radiation mutation 

induced a significant increase in oil content of sunflower seeds. 

However, radiation mutation induced remarkable changes in fatty 

acid profiles of oil as total (S.F.A) decreased, while (U.S.F.A) 

increased. Uric acid was only detected in oil extracted from 

mutant sunflower seeds. 
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MATERIALS AND METHODS 

 

Two field experiments were carried out in the Experimental 

Farm belonging at Inshas, Plant Research Department, Nuclear 

Research Center, Atomic Energy Authority, Egypt, during the 

two growing seasons ; 2007 and 2008 to study the effect of plant 

spacing and nitrogen fertilization on some sunflower genotype 

characters induced by gamma irradiation. The study included two 

experiments as follows:  

1. The first experiment:  

1.1. Plant spacing (cm):  

a) 20 cm between hills .i.e., 35,000 plants /fed. 

b) 30 cm between hills .i.e., 26,250 plants /fed. 

c) 40 cm between hills .i.e., 17,500 plants /fed. 

1.2. Genotypes: 

Four genotypes i.e., two mutant lines of sunflower (black 

and white seeds) which were produced from a program for 

improving sunflower by Atia (1996). In addition, two local 

cultivars (Sakha53 and Giza102) are produced from Agriculture 

Research Center.  

2. The second experiment: 

2.1. Nitrogen fertilization levels:       

a) 25 Kg N/fed. 

b) 50 Kg N/fed. 

c) 75 Kg N/fed. 
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N fertilizer was in the form of ammonium nitrate (NH4NO3) 

(33.5%) were added into one dose after four weeks from sowing. 

2.2. Genotypes: As reported above. 

Each separated experiment included twelve treatments (four 

genotypes X three agricultural practices i.e., plant spacing or 

nitrogen fertilization levels for each experiment) were arranged in 

split plot design with three replicates. 

In the first experiment, the three plant spacing were allotted 

in the main plot and the four genotypes were assigned in the sub-

plots with three replicates. As for the second experiment, the three 

levels of the N fertilizer were arranged at random in the main 

plots, whereas four genotypes were assigned at random in the 

sub-plots with three replicates also. The area of each experimental 

plot was 10.8 m
2
 containing 6 rows (ridges) each of 3 meter 

length and 60cm apart. Sowing was carried out on 24 April in the 

first season and on 24 May in the second season. 

Three to four seeds were sown per each hill, thereafter, 

seedlings were thinned after 14 days to secure one plant / hill. The 

rest of cultural practices were done as usual in sunflower fields. 

The first irrigation was done after one week from sowing 

and the period between irrigation treatment was one week done 

after one week. The fertilization by phosphorus using 15 Kg P2O5 

/ fed before sowing for two experiments and the first experiment 

was fertilized by 25 Kg N/fed therefore; the second experiments 

were sown at 20 cm between hills.  
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The experimental soil was reclaimed land in texture as follows:-   

Table (1): Mechanical and chemical analysis of the 0-30 cm in soil layer at 

Inshas, percent by weight 

Mechanical analysis Chemical analysis 

Soil clay 

% 

Fraction 

silt % 

Sand 

% 

pH CaCO3 

% 

Organic 

matter 

% 

Available 

 

 

22 

 

 

8 

 

 

66 

 

 

7.6 

 

 

2.8 

 

 

0.89 

N 

ppm 

P 

ppm 

K 

ppm 

23 30 110 

 

Characters studied:  

1. Growth characters: 

Three guarded plants were randomly taken from the inner 

ridges of each experimental plot at two periods, 50 and 65 days 

from sowing to determine the following growth measurements:  

a) Plant height (cm). 

b) Stem diameter (cm). 

c) Number of leaves / plant. 

d) L.A.I , calculated as : leaf area per plant (cm
2
) / land area per 

plant (cm
2
). 

2.  Yield and yield components: 

The heads of two inner ridges of each experimental plot 

were bagged at early seed development to avoid damage that 

could be caused by birds until maturity. At harvest, fifteen 

guarded plants were randomly taken from the inner ridges of each 

experimental plot and dried under sunshine, then, the seeds were 

separated and cleaned.  

The flowing data were recorded:  
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a) Head diameter (cm). 

b) Central zone sterility diameter (cm) / head.  

c) Head weight (g). 

d) Seed weight / head (g). 

e) 100-seed weight (g). 

f) Shelling percentage (%). 

g) Seed yield Kg / fed: It estimated from seed yield per unite area 

as which calculated for the seed yield Kg /fed. 

h) Oil percentage: It was determined by using extraction method 

by A.O.A.C. (1980) using hexane with a boiling range of 60-

80°C for eight hours from duplicating the random samples. 

i) Oil yield Kg / Fed. 

3. Chemical composition of oil: Fatty acids composition of the 

samples were analyzed by Gas liquid chromatography (GLC). 

Preparation of fatty acids methyl esters: 

The methyl esters were prepared using sulfuric acid in 

methanol (2.5:97.5 v/v) as reagent and the methylation process 

was carried out by refluxing the lipid and reagent for 2.5 hours on 

water bath according to the method reported by Anon (1966). 

 

Separation and identification of fatty acids methyl esters: 

The fatty acid methyl esters were analyzed by using a 

Hewlett Packard 6890 gas chromatograph instrument equipped 

with a flame ionization detector. The column used for all analysis 

was a capillary column, innowax-crosslinked polyethylene glycol 
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column 30m; i.d. x 0.32 mlmeter; 0.5meter film thickness. Carrier 

gas was nitrogen at a follow of 2.0 ml/min. The temperature 

program was 150 °C for 1 min, then elevated to  235 °C with a 

rate of 17 °C/min, then raised to 245 °C with a rate of 1 °C / min 

and hold at 245°C for 5 minutes. The temperature of injector and 

detector were 260 °C and 275 °C, respectively. The peak areas 

and retention times were measured using a Hewlett Packard 3392 

A integrator. The identification of fatty acid methyl esters were 

performed by comparing their relative retention times with those 

of authentic fatty acid methyl esters.  

Statistical analysis:  

The data were statistically analyzed according to the method 

described by Sendecor and Cochran (1967). L.S.D method test 

was used to compare between the treatments mean.        
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Results and Discussion 

1. First experiment:  

Effect of plant spacing and genotypes on growth and yield   

characters of some sunflower genotypes in the growing seasons 

2007 and 2008. 

1.1. Sunflower growth characters: 

1.1.1. Effect of plant spacing on growth characters: 

a) Plant height (cm):  

It is apparent from the data given in Table (2) that plant 

height was substantially influenced by the tested plant density in 

the two seasons at the two periods. On the average, increasing 

plant spacing (decreasing plant density) caused a decrease in the 

mean values of plant height in the two seasons. Such response in 

a matter of mature because the more sunflower plants crowd in 

the dense sowing. Height becomes more needed and the stems 

ought to be elongated to ensure the height of sufficiency. Plant 

height was increased with decreasing of hill spacing up to 20 cm a 

part between hills. The increases were 8%, 7% and 17.5%, 12.8% 

in comparison with 30 and 40 cm a part between hills in the first 

and second periods in the second season. This increase in plant 

height of sunflower plants may be due to the competition between 

plants for height. These results are agreement with these obtained 

by Abdel-Aal and Dawwam (1985), EL-Karamity and EL-

Sergy (1997), Basha (2000), Sanchez Lines et al., (2000) and 

Bassal (2003).  
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b) Stem diameter / plant (cm): 

Data of stem diameter / plant in Table (2) revealed that there 

was an increase significantly by decreasing plant density 

(increasing spaces between hills) in the second season at the two 

periods. It is clear from Table (2) that decrease of plant density by 

increasing space between hills was more effective on stem 

diameter produced from the high plant spacing (40 cm between 

hills). On the contrast, 20 cm between hills produced the lowest 

stem diameter. The high values of stem diameter was possibly 

due to better moisture availability, more nutrients and light at low 

plant densities. The mean values of stem diameter were 1.63, 1.74 

and 1.98 in the first season first period and 1.08, 1.26 and 1.44 in 

the second season first period, for plant spacing 20, 30 and 40 cm 

between hills, respectively. But it was 1.91, 2.05 and 2.08 in the 

second period for the first season and 1.23, 1.28 and 1.47 in the 

second season for the second period.  

The increase in stem diameter was 16.5%, 33% and 4.0%, 

19.5% for plant spacing 30 and 40 cm in comparison with 20 cm. 

These results are agreement with those obtained by Bassal 

(2003); he found that stem diameter was markedly increased as 

density decreased. Similar trend was seen by Basha (2000), 

Sanchez Lines et al., (2000), AL-Thabet (2006) and Shamsi 

and Petrosyan (2008).  
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Table (2): Mean values for some sunflower growth characters at 50 and 65 days from sowing as affected by plant spacing 

between hills and genotypes during 2007 and 2008 seasons: 

 (L.A.I) Number of leaves/plant Stem diameter (cm)Plant height (cm)Treatments 

2008

   

2007 2008

     

2007

     

      2008           

 

2007 

     

2008

     

2007

      

Plant 

spacing(A) 

2nd1st2nd1st2nd1st2nd1
st

2nd1st2nd1
st

  

0.58 0.36 35.11 30.3 31.13 30.3 1.23 1.08 1.91 1.63 203.17 171.2 208.3 187.8 20 cm 

0.42 0.32 39.25 31.82 35.44 27.6 1.28 1.26 2.05 1.74 189.83 158.2 204.9 185.2cm30

0.32 0.27 40.47 33.33 33.49 29.7 1.47 1.44 2.08 1.98 180.14 145.7 202.3 184.2 cm40

N.S N.S *** *N.S ** ** N.S N.S * N.S N.S N.S F test 

2.46 2.11 4.52 0.08 0.16 - - 20.93   LSD0.05 

 Genotypes 

(B)

0.47 0.36 41.44 32.12 39.59 33.3 1.52 1.34 2.28 2.14 213.9 168.8 251.1 220.7 Mutant 4 

0.54 0.31 41.20 32.0 38.09 32.7 1.64 1.54 2.04 1.97 204.2 166.4 241.0 212.7 Mutant 11

0.37 0.32 33.53 31.18 29.16 25.7 1.09 1.07 1.81 1.59 178.3 150.1 164.4 154.2 Sakha 53 

0.37 0.28 36.92 31.97 26.59 25.0 1.14 1.09 1.70 1.44 167.7 148.2 164.1 155.2 Giza102 

** N.S **N.S ** ** ** ** **** **** ** ** F test 

0.09 2.88 6.62 2.74 0.14 0.16 0.28 0.36 18.0712.54 20.4717.99 LSD0.05 

* N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S 
Interaction 

A B 



 04 

c) Number of leaves / plant:  

Mean values of number of leaves / plant were significantly 

affected by the tested plant density in the two seasons with one 

exception at the first period in the first season. In the average, 

decreasing plant density as a result of increasing hill spacing 

caused an increase in the mean value of number of leaves / plant. 

They were 31.13, 35.44, 33.49 and 35.11, 39.35, 40.47 for hill 

spacing 20, 30 and 40 cm in first and second seasons at the 

second period, respectively. The highest number of leaves 

produced from 30 cm in the first season and from 40 cm in the 

second season where the values were 35.44 and 40.47cm, 

respectively. On the other hand,  the lowest number of leaves / 

plant produced from 20 cm apart between hills in the two seasons 

at the two periods where the values were (30.30, 31.13) and 

(30.30 , 35.11) in first and second seasons for the first and second 

periods, respectively.  

d) Leaf area index (L.A.I): 

It is obvious from Table (2) that, the increase in the number 

of plant per unit area as a result of decrease plant spacing (20 cm) 

caused insignificant increase in L.A.I. Meanwhile, the increase of 

plant spacing (30 and 40 cm) caused insignificant decrease in this 

trait. The same trend was seen by Aguilar-Garcia et al., (2005). 
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1.1.2. Effect of genotypes on growth characters: 

Data of plant height (cm), stem diameter (cm), number of 

leaves / plant at 50 and 65 days from sowing and L.A.I at 65 days 

from sowing as affected by sunflower genotypes in the two 

growing seasons are presented in Table (2). 

Data recorded in Table (2) shows that, growth characters 

studied were significantly affected by different sunflower 

genotypes in both seasons. It can be observed that the mutant 

lines 4 and 11 in the two seasons produced the highest values of 

all growth characters studied compared to the commercial 

varieties Giza 102 and Sakha 53 in the two seasons at the two 

periods.   

a) Plant height (cm):

The increases between the mutant 4 and  the two local 

varieties Sakha 53 and Giza 102 were (43.1%) and (42.2 %) in the 

first season, at the first period,  while in the second season for the 

same period the increase as percent were (12.5%) and (13.9%). 

Also the increase between mutant 11 in comparison with the local 

varieties Sakha 53 and Giza 102 were (37.9%), (37.8%) and 

(10.8%), (12.8%) in the first and second season at the first period, 

respectively. On the other hand, it found no significant 

differences between mutant 4 and mutant 11, and between Sakha 

53 and Giza 102.  

The mean values of plant height for genotypes; mutant 4, 

mutant11, Sakha 53 and Giza 102 in the first period were 220.7, 
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212.7, 154.2 and 155.2 in the first season and the value were 

168.8, 166.4, 150.1 and 148.2 in the second season, respectively. 

The same trend was found in the second period for the two 

seasons.  

Mean values of plant height increased significantly in the 

two mutant lines 4 and 11 in comparison with the two local 

varieties; Sakha 53 and Giza 102. Mean values of plant height for 

the two mutant lines 4 and 11 were taller than that of the local 

varieties Sakha 53 and Giza 102 and the increases were 52.7%, 

53% and were 19.9%, 27.5% for mutant 4 in comparison with 

Sakha 53 and Giza 102 in the first and second seasons, 

respectively. While, the increases were 46.5%, 46.8% and 14.5%, 

21.7% for mutant 11 in comparison with Sakha53 and Giza102 in 

the first and second seasons, respectively. 

From these results it may be concluded that the mutant lines 

4 and 11 were taller than the local varieties Sakha 53 and Giza 

102. These may be due to the genetic make up.  

b) Stem diameter (cm): 

Mean values of stem diameter in the two periods for the two 

seasons affected by different sunflower genotypes. 

Data in Table (2) indicated that, there were significant 

differences between the two mutant lines 4 and 11 in comparison 

with the two local varieties, Sakha 53 and Giza 102. The mean 

values of stem diameter in cm were 2.14, 1.97, 1.59 and 1.44 in 

the first season at the first period and 1.34, 1.54, 1.07 and 1.09 in 
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the second season at first period for the four genotypes; mutant 4, 

mutant 11, Sakha 53 and Giza 102, respectively.  

From these results it can be said that, the two mutant lines 4 

and 11 caused a significant increase in comparison with the two 

local varieties, Sakha 53 and Giza 102 and the increases were 

(34.59%) and (48.61%) in the first season at first period and were 

(25.33%) and (22.93%) in the second season at first period for 

mutant 4 when compared with the local varieties, Sakha 53 and 

Giza 102 in the first and second seasons, respectively. Also the 

increases were (23.89%) and (36.80%) in the first season at  first 

period and (43.92%) and (41.28%) in the second season at  first 

period for mutant 11 in comparison with the local varieties, Sakha 

53 and Giza 102 in first and second seasons, respectively. On the 

other hand, the differences between mutants 4 and 11 and 

between the local varieties, Sakha 53 and Giza 102 didn
'
t reach to 

the level of significance for stem diameter in the two seasons. 

The same trend was seen in the second period and the 

increases in stem diameter for mutant lines 4 and 11 in 

comparison with local verities Sakha 53 and Giza 102 were 

25.98%, 34.11% and 39.44%, 33.33% for mutant 4 and 12.7%, 

20% and 50.4%, 43.89% for mutant 11 . 

c) Number of leaves / plant: 

The effects of genotypes on number of leaves /plant are 

given in Table (2). However, it was evident that number of leaves 

was significantly and positively affected by the mutant lines 
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(mutant 4 and 11) in both seasons, except for the first period of 

the second season in comparison with the two local varieties 

Sakha 53 and Giza 102, which produced the lowest numbers of 

leaves / plant. The mean values of the first period were 33.3, 32.7, 

25.7and 25 in the first season and 32.12, 32, 31.18, and 31.79 in 

the second season for the mutant 4, mutant 11, Sakha 53 and Giza 

102, respectively. Meanwhile in the second period it was 39.59, 

38.09, 29.16 and 26.59 and 41.44, 41.2, 33.53 and 36.92 in the 

first and second seasons, respectively for the mutant 4, mutant 11, 

Sakha 53 and Giza 102, respectively. From these results it can be 

concluded that, mutant lines 4 and 11 produced a significant 

increase in number of leaves / plant and the increases were 35.76, 

48.89, 23.59 and 12.24 for mutant 4 and 30.62, 43.24, 22.89 and 

11.59 for mutant 11 in comparison with Sakha 53 and Giza 102 in 

the first and second seasons, respectively.  

d) Leaf Area Index (L.A.I.): 

The data in Table (2) shows that, mutant line 4 and 11 

tended to increase in L.A.I as compared with the two local 

varieties (Sakha 53 and Giza 102) in the two growing seasons. 

The increase reached the level of significance in the second 

season only. The highest values were produced from mutant 4 and 

11 and the lowest values were produced from Giza 102 and Sakha 

53. This trend was expected since plant height, stem diameter and 

numbers of leaves / plant were increased. Focusing on the 

previous data it could be concluded that the mutant lines 4 and 11 
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produced more vegetative growth more than those produced in 

the local varieties (Sakha 53 and Giza 102).  

These differences between genotypes may be due to its 

genetic structure and the mode of utilization of metabolic 

products. Many investigation, showed significant changes in most 

of the evaluated traits i.e., plant height, number of leaves, stem 

diameter and L.A.I in sunflower using gamma rays.  Sorour et 

al., (1994), Atia and Abo Hegazi (1996) and Jambhulker and 

Joshua (1999), from a program for improving sunflower through 

mutation breeding, found that some of the mutants showed a 

significant reduction in plant height and stem diameter. On the 

other hand, sunflower genotypes showed increases in plant height 

and diameter. Atia (1996) showed the same trend in sunflower. 

1.1.3. Effect of the interaction between plant spacing and 

genotypes on growth characters: 

Genotypes densities interaction mean square was significant 

only for leaf area index in the second season, indicating that the 

behavior of a genotype changed by changing plant density for 

trait. In the data shown in Table (3) revealed generally that, the 

tested sunflower genotypes appeared to be responded well to 

higher levels of plant densities. 

The highest mean values of L.A.I were produced by the 

mutant line 11 at 20 cm between hills. However, it could be 

observed that the L.A.I. of this genotype not significantly changed 

under different plant densities. The mutant line 4 gave the second 
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rank. However, the lowest mean value produced by Sakha 53 at 

40 cm apart between hills. 

 

Table (3): Mean values of (L.A.I) as affected by the interaction 

between plant spacing and genotypes in 2008 season. 

 

 

Plants pacing  

 (A) 

Genotypes(B) 

 

20cm  

 

30cm  

 

 

 

40cm  

Mutant 4  0.63 0.48 0.47 

Mutant 11 0.70 0.54 0.54 

Sakha53 0.56 0.29 0.27 

Giza102 0.45 0.36 0.37 

LSD0.05 0.16 
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1.2. Sunflower yield and yield components: 

1.2.1. Effect of plant spacing on yield and its components: 

Mean values of yield and its components are presented in 

Table (4).  

a) Head diameter (cm):  

The mean values in Table (4) indicated that, head diameter 

decreased by increasing population density (decreased plant 

spacing up to 20 cm). This reduction was found to reach the 

significance level of probability for head diameter in the two 

seasons. This reduction may be attributed to the high population 

density of sunflower which implies severe intra-specific 

competition among the plants for the environmental factors, i.e., 

light, water, nutrients and CO2…etc., which caused a depression 

in the amount of metabolites synthesized by the plant and this in 

turn affects  the dry matter accumulation in the different plant 

organs. Reductions due to using high population densities were 

obtained also previously by Abdel-Aal and Dawam, (1985), 

Bassal (2003), Mojiri and Arazani (2003), El- Sarag, (2007) 

and Sedghi et al., (2008), where they found that increasing plant 

spacing led to increase head diameter. 

b) Central zone sterility diameter (C.Z.S.D cm):  

Mean values of C.Z.S.D (Table ,4) was not affected by plant 

spacing in the two seasons, but it can be said that the increase of 

plant spacing of sunflower up to 40 cm caused insignificant 
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increase in this trait in the two seasons as compared with the other 

plant spacing.

c) Head weight / plant (g):        

Mean values of head weight / plant (Table, 4) were found to 

be increases by increasing hill spacing up to 40 cm apart between 

hills. This increase was found to reach the level of significance in 

the first season. The mean values of head weight / plant were 

78.28, 95.65 and 102.42 in the first season and 62.00, 67.8 and 

65.3 in the second season for plant spacing 20, 30 and 40 cm 

apart between hills, respectively.  

d) Seed weight (g) / head (seed yield (g) / plant): 

Mean values of seed weight / head (Table, 4) revealed that 

increasing plant spacing caused a significant increase in seed 

yield / plant in the two growing seasons. On the average of the 

two seasons, it is clear that using the high spacing in the first 

season (40 cm) and the high and intermediate (40 and 30 cm) in 

the second season caused a significant increase in seed yield / 

plant as compared with 20 cm apart between hills. where the 

value were 45.53% and 16.05% in the first and second seasons, 

respectively. The decrease in mean values of seed weight / plant 

at 20 cm apart between hills (high population densities) was 

logically expected and could attributed to the detected in the mean 

values of its components i.e., head diameter and 100-seed weight. 

Negative relationship between seed weight / plant and population 

densities were previously reported by Bassal (2003), Agele et al., 
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(2007) and Sedghi et al., (2008) were they found that seed yield / 

ha increased as plant density increased although yield of the 

individual plants and their components were significantly 

reduced.  

e) 100-seeds weight (g): 

 100-seeds weight was significantly affected by increasing 

plant density. Mean values of 100-seed weight (Table, 4) were 

found to be increase by increasing plant spacing (decreasing 

population density) up to 40 cm apart between hills. This increase 

reach to the level of significance in the two seasons. On the 

average of the two seasons, it is clear that using the high and 

intermediate plant spacing (40 and 30 cm) caused an increase in 

100-seeds weight amounted to 6.88% and 8.88% in the first 

seasons and 5.88% and 9.30% in the second season, respectively, 

more than the lowest planting space (20 cm). This trend was seen 

by Abdel-Aal and Dawm (1985) and Saliva and Schmidt 

(1986). 

f) Shelling percentage:  

Mean values for shelling percentage (Table, 4) was found to 

be increased by increasing plant density up to 30 cm apart 

between hills. This increase reach to the level of significance in 

the second season only as compared with the lowest spacing 

(20cm). The increase in the first season did not reach  to the level 

of significance. 
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g) Seed yield (kg)/fed: 

Seed yield per fedan was found to be appreciably influenced 

by the plant density in both seasons. The highest population 

density (20 cm apart between hills) significantly out-yielded those 

treated at the high and intermediate plant spacing (40 and 30 cm). 

Seed yield per fed. in fact, is the out product of its main 

components, any increase in one or more of such components 

without decrease in the others will lead to an increase in seed 

yield per fed. Therefore, the increase in seed yield per feddan 

under plant spacing conditions found herein was logical resultant 

due to the increase in both of number of seeds per head and 100-

seed weight at the similar conditions.  

From these results, it could be concluded that the increase of 

a number of plant / fed as a results to decrease plant spacing  was 

great enough to compensate the detected decrease in seed yield / 

plant (seed weight / head), indicating that the population density 

of sunflower had definite effect on seed production / fed. Similar 

conclusion was previously shown by Abd EL Aal and Dawam 

(1985), Yakout et al., (1992), Sanchez Lines et al., (2000), Abd 

El-Samie et al., (2002), Zarea et al., (2005),  Agele et al., (2007) 

and El-Sarag (2007), where they found that seed yield / fed 

increased as plant density increased (decreased plant spacing), 

although yield of the individual plants and their components were 

significantly reduced.  
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h) Oil percentage: 

 Mean values of oil percentage (Table, 4) show insignificant 

differences among the three tested plant spacing in the first 

season. While in the second season, the increase of plant spacing 

caused a significant decrease in oil percentage. The highest plant 

spacing 40 cm between hills gave the lowest mean values of oil 

percentage in comparison with lowest plant spacing 20 cm which 

produced the highest mean values of oil percentage. The mean 

values of oil percentage were 35.4%, 33.2% and 32.3% for plant 

spacing 20, 30 and 40 cm apart between hills. 

i) Oil yield (kg )/ fed:  

Oil yield (kg)/fed (Table,4) was found to be significantly 

decreased gradually  by increasing plant spacing  up to the highest 

plant spacing (40 cm apart between hills) which produced the 

lowest values  i.e., 268.1 and 270.1 Kg / fed  in the first and 

second seasons, respectively. Meanwhile the highest mean values 

of oil yield (kg)/fed produced from the lowest plant spacing (20 

cm apart between hills) where the values were 397.3 and 385.5 

(kg)/fed in the first and second seasons, respectively. The 

superiority of oil yield (kg)/fed at dense planting could be only 

attributed to the increase in seed yield per unit area. Oil yield of 

sunflower was previously reported to be increased by increasing 

the population density. Also the increase in oil percentage for 20 

cm apart between hills may be due to the increase of seed yield / 

fed. These results agree with those obtained by El-Mohandes 
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(1984), Harmati (1990), Abd El-Samie et al., (2002), Bassal 

(2003), Al-Thabet (2006) El-Sarag (2007), and Szoba and pepo 

(2007), where they found that the increase of plant density 

increased seed and oil yield 

 

1.2.2. Effect of genotypes on yield and its components: 

Data in (Table, 4) declare that mean values of yield and its 

components were significantly affected by genotypes during 2007 

and 2008 growing seasons. 

a) Head diameter (cm):  

Data in both seasons revealed that the two mutant lines 

(mut.4 and mut.11) caused a significant increase than the 

commercial varieties Sakha 53 and Giza 102 in head diameter in 

the two seasons.  

Mean values 19.27, 18.94, 16.0 and 15.93 in the first season 

and were 19.3, 19.0, 14.7 and 15.1 in the second season for 

genotypes mutant 4, mutant 11, Sakha 53 and Giza 102 

respectively. Differences in head diameter are mainly due to 

genetic make up of the tested genotypes. From these results it 

could be concluded that the head diameter of the mutant lines 4 

and 11 were higher than the commercial varieties (Sakha 53 and 

Giza 102). The increases between mutant 4 and the two local 

varieties (Sakha 53 and Giza 102) were (20.43% and 20.87%) in 

the first season and (31.29% and 27.81%) in the second season. 

Meanwhile, the increase between mutant 11 and the two 
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commercial varieties (Sakha 53 and Giza 102) were (16.6, 18.86) 

and (29.25, 32.45) in the first and second seasons, respectively. 

On the other hand, Abdel-Aal (1992) and Atia (1996) found no 

significant differences between mutants lines as well as the 

commercial varieties. 

b) Central zone sterility diameter (C.Z.S.D cm): 

The data in Table (4) shows clearly that the mutant lines 4 

and 11 were significantly decreased in C.Z.S.D than the other two 

commercial varieties, i.e., Sakha 53 and Giza 102 in the two 

growing seasons. C.Z.S.D had the value of zero cm in the two 

seasons for mutant lines 4 and 11 as compared with Sakha 53 and 

Giza 102 in the first and second seasons. These results agree with 

those obtained by Atia (1996). 

c) Head weight / plant (g): 

Data in Table (4) reveal that, mean values of head weight / 

plant were significantly affected by the four genotypes during 

2007 and 2008 growing seasons. Head weight / plant was 

significantly increased for the two mutant lines 4 and 11 

compared with other commercial varieties i.e., Sakha 53 and Giza 

102 in both seasons. Head weight / plant of mutant 4 and mutant 

11 were 115.8, 111.3 in the first season and 81.0 and 79.4 in the 

second season, respectively, compared with Sakha 53 and Giza 

102 which were 72.28, 69.73 in the first season and 48.6, 51.2 in 

the second season, respectively. The superiority of mutant lines 

may be due to the increase in head diameter. Atia and Abo-
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Hegazi (1996) and Atia (1996), came to the same conclusion in 

sunflower varieties. 

d) Seed yield / plant (g):  

Data in Table (4) showed that mean values of seed yield / 

plant were significantly affected by the four genotypes during 

2007 and 2008 growing seasons. 

Seed yield / plant were significantly increased in the mutant 

lines 4 and 11 compared with the other commercial varieties in 

both seasons. The values were 79.14, 73.28 and 44, 48 g / plant 

for mutant lines 4 and 11 in the first and second seasons 

respectively, as compared with 40.6, 41.31 and 25.8, 26.9 for 

Sakha 53 and Giza 102 in the first and second seasons, 

respectively.  

The increases of seed yield / plant in the mutant lines (4 and 

11) were expected since the head diameter, 100 seed weight and 

head weight were increased. On the other hand, the central zone 

sterility diameter was decreased in these mutants. These led to an 

increase in seed yield / plant than that of the commercial varieties 

(Sakha 53 and Giza 102) which were decreased. In This respect 

many investigators showed the same trend among them Abdel-

Aal (1991), Sorour et al., (1994), and Atia and Abo-Hegazi 

(1996).  

e) 100-seed weight (g): 

Regarding 100-seed weight, the results indicated that, there 

were significant differences among the four genotypes in 100 
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seed weight in both seasons. Seeds of mutant lines 4 and 11 

appeared to be significantly lighter than those of Sakha53 and 

Giza102. The values of 100 seed weight were 9.04, 9.48, 5.66 and 

5.68 for mutant line 4, mutant line 11, Sakha53 and Giza 102 in 

the first season, respectively. While the values were 9.2, 9.2, 5.3 

and 5.1 for mutant line 4, mutant line 11, Sakha53 and Giza 102 

in the second season, respectively. From these results it could be 

concluded that the mutant lines i.e., 4 and 11 exceeded 

significantly the other two tested varieties Sakha 53 and Giza 102 

for the trait in consideration. These findings could be due to the 

genetic variance which led to a relatively late maturing, and 

caused larger vegetative organs (plant height, head diameters) and 

hence produced high assimilator which was translocated to seeds 

which led to the detected increase in seed weight. 

Similar results were previously obtained by Sorour et al., 

(1981) and (1994), Atia (1996), and Atia &Abo-Hegazi (1996) 

where they found that, some mutant lines increased significantly 

for 100-seed weight in comparison with other varieties. 

f) Shelling percentage: 

Mean values for shelling percentage are presented in Table 

(4). The analysis of variance showed significant differences 

between the four genotypes, the two mutant lines (4 and 11) 

caused a significant increase in shelling percentages compared 

with the local varieties (Sakha 53 and Giza 102) in the first 

season, while the mutant line 11 only produced a significant 



 44 

increase as compared with the other three genotypes under study. 

The increase of shelling percentage may be due to the decrease in 

C.Z.S.D trait in the mutant lines (4 and 11) as compared with the 

local varieties (Sakha 53 and Giza 102). The same trend was seen 

by Atia (1996). 

g) Seed yield (Kg)/fed: 

With regard to seed yield (kg) / fed, the results indicated 

that the seed yield (kg) / fed  of the two mutant lines (4 and 11) in 

the two seasons increased significantly as compared with the two 

local varieties (Sakha 53 and Giza 102). These results were 

expected since seed yield and its components were increased. The 

increase of mutant line 4 compared to and the local varieties ; 

Sakha53 and Giza102 were 57.92% and 42.47% in the first 

season and 65.83% and 60.67% in the second season, 

respectively. On the other hand, the increase  of the mutant line 

11 relative to the local varieties; Sakha53 and Giza 102 were 

52.75% and 45.23% in first season, and in the second season the 

values were79.85% and 75.68%. 

h) Oil percentage: 

Mean values of oil percentages as affected by the four 

genotypes are presented in Table (4). The results revealed that 

seed oil percentage was significantly decreased in the mutant 

lines (4 and 11) as compared with local varieties (Sakha 53 and 

Giza 102) which produced the highest values in the two seasons.   
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i) Oil yield (Kg)/fed: 

The mutant lines (4 and 11) caused a significant increase in 

this trait in the second season only as compared with the local 

variety Sakha 53. On the other hand, the increase did not reach to 

the level of significant in the first season. The increases of oil 

yield(Kg)/fed for the mutant line 4 were 24.5% and12.3 % 

relative to Sakha 53 and Giza 102 and 27.8% and 15.3% for the 

mutant 11 relative to the same varieties, respectively. However, 

these increases could be attributed to the increase of seed yield 

(Kg)/fed of the mutant lines than that of the local varieties.  
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Table (4): Mean values for some sunflower yield characters as affected by plant spacing between hills and genotypes 

during 2007 and 2008 seasons:
 

Treatments 

 

 

Head     

diameter (cm) 

 

C.Z.S.d.  

(cm)

 

Head weight  / 

plant (g) 

 

 

Seed yield(g) 

/ plant

 

100-seed 

weight (g)

 

Shelling 

percentage 

 

Seed yield 

(kg)/fed 

 

 

Oil 

percentage

 

Oil yield 

(kg)/fed

Plant 

spacing(A) 
2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 

 

20 cm 
15.9 16.3 1.1 1.6 78.28 62.0 47.4 32.7 7.1 6.8 0.59 0.50 1162 1207 36.7 35.4 397.3 385.5 

 

30 cm 

 

17.4 17.1 1.1 1.5 95.65 67.8 59.5 39.1 7.6 7.2 0.61 0.55 1062 1043 35.4 33.2 354.0 316.6 

 

40 cm 
19..1 17.6 1.1 1.7 102.42 65.3 68.8 36.8 7.7 7.6 0.64 0.52 751 793 34.5 32.3 268.0 270.1 

 

F.Test 
** ** N.S N.S * N.S * ** * * N.S * ** ** N.S * * ** 

 

L.S.D 0.05 
0.76 0.48 - - 21.45 - 2.7 2.4 0.4 0.46 - 0.05 111 38.6 - 2.5 70.8 33.9 

 

Genotypes 

(B) 
2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 

 

Mutant 4 
19.2 19.3 0.0 0.0 115.8 81.0 79.1 44.0 9.0 9.2 0.67 0.53 1331 1221 29.7 28.6 360.8 348.4 

 

Mutant 11 18.9 19.0 0.0 0.0 111.3 79.4 73.2 48.0 9.4 9.2 0.64 0.60 1283 1135 31.0 27.1 361.1 357.7 

 

Sakha  53 
16.2 14.7 2.1 3.0 72.2 48.6 40.6 25.8 5.6 5.3 0.55 0.50 775 742 41.4 37.9 321.7 279.8 

 

Giza 102 15.9 15.1 2.1 3.4 69.7 51.2 41.3 26.9 5.6 5.1 0.59 0.47 787 759 40.12 40.9 315.6 310.3 

 

F.Test 
** ** ** ** ** ** ** ** ** ** * * ** ** ** ** N.S * 

 

L.S.D0.05 
0.98 0.72 0.18 0.25 9.04 3.44 4.02 3.95 0.42 0.38 0.1 0.07 101 88 3.05 3.26 - 52.5 

Interaction         

A B       
N.S ** N.S N.S N.S ** N.S N.S N.S * N.S N.S * N.S N.S N.S N.S N.S 



 43 

1.2.3. Effect of the interaction between plant spacing and 

genotypes on yield and yield components of sunflower: 

The genotypes x plant spacing interaction mean square was 

significant for head diameter, head weight and 100-seed  weight 

in the second season, while it was significant for seed yield 

(kg)/fed in the first season. This would indicate that the behavior 

of the studied genotypes could be differed with the change of 

plant spacing for trait in question. The other interactions did not 

reach to the level of significant, indicating that the performance of 

a genotype could be stable with changing plant densities.  

a) Head diameter (cm): 

Data presented in Table (5-a) indicated that, mutant lines 4 

and 11 in the second season had more values of head diameter 

than the other genotypes under different plant spacing. Mutant 

lines (4 and 11) at 40 cm apart between hills produced the highest 

mean values of head diameter. On the contrast, both commercial 

varieties; Sakha53 at 20cm and Giza 102 at 30 and 40 cm 

produced the lowest mean values of head diameter.  

b) Head weight / plant (g): 

Mean values of head weight (g) / plant were presented in 

Table (5-b). The highest mean values produced from mutant line 

11 at 30 and 40 cm space between hills and mutant line 4 at 30 cm 

apart between hills. On the contrast, the lowest head weight 

produced from the interaction between Sakha 53 x 20 cm and 

Giza 102 x 30 cm.  
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c) 100-seed weight, g (seed index): 

Data presented in Table (5-c) showed the genotypes x plant 

spacing (GD) interaction for 100-seed weight. The highest 100-

seed weight produced by the interactions; mutant 4x30cm, mutant 

4x40cm , mutant 11 x30cm and mutant 11x40cm  where the 

values were 9.2,9.8,9.6 and 9.7(g), respectively  . On the contrast, 

the lowest 100-seed weight produced by the interaction Giza 102 

x 30 cm and Sakha 53 x 20 cm where the values were 4.8 and 5.0 

g, respectively.  

Generally, 100-seed weight increased for all genotypes by 

increasing plant spacing.  

d) Seed yield (kg)/fed: 

Data presented in Table (5-d), showed the effect of   

genotypes x plant spacing interaction on seed yield (kg) / fed. It 

could be observed that the mutant 11x20cm,the mutant 4x30cm 

and the mutant 4x20cm interactions gave the highest seed yield 

(kg/fed. However, the four genotypes produced the highest seed 

yield (kg)/fed at the lowest plant spacing 20 cm apart between 

hills. On the contrary, the four genotypes produced the lowest 

seed yield (kg)/fed at the highest plant spacing 40 cm apart 

between hills. The increases of seed yield (kg)/fed may be due to 

the increase of number of plants per unit area. The significance of 

the interaction between plant densities and varieties was 

previously reported by El-Keredy et al., (1981) and El-

Mohandes (1984).  
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Table (5-a): Mean values of head diameter (cm) for the 

interaction between plant spacing and genotypes in 2008 season. 

 

Plants pacing  

 (A)  

Genotypes(B) 

 

   20cm  

 

   30cm  

 

 

 

   40cm  

Mutant 4 18.0 19.8 20.0 

Mutant 11 17.3 19.0 20.6 

Sakha53 13.7 15.4 15.1 

Giza102 16.2 14.3 14.8 

LSD0.05 1.25 

 

Table (5-b): Mean values of head weight (g) for the interaction 

between plant spacing and genotypes in 2008 season: 

 

Plants pacing 

(A) 

Genotypes(B) 

 

20cm 

 

30cm 

 

 

 

40cm 

Mutant 4 79.1 88.8 75.5 

Mutant 11 67.8 85.2 85.3 

Sakha53 45.6 52.4 47.8 

Giza102 55.5 45.5 52.5 

LSD0.05 5.95 
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Table (5-c): Mean values of 100-seed weight (g) for the 

interaction between plant spacing and genotypes in 2008 season. 

 

Plants pacing 

(A) 

Genotypes(B) 

 

20cm 

 

30cm 

 

 

 

40cm 

Mutant 4 8.7 9.2 9.8 

Mutant 11 8.3 9.6 9.7 

Sakha53 5.0 5.2 5.7 

Giza102 5.2 4.8 5.3 

LSD0.05 0.66 

 

Table (5-d): Mean values of seed yield (kg)/fed for the 

interaction between plant spacing and genotypes in 2007 season. 

 

 

 

 

 

 

 

 

 

 

 

 

Plants pacing 

(A) 

Genotypes(B) 

 

20cm 

 

30cm 

 

40cm 

Mutant 4 1329.3 1413.4 921.5 

Mutant 11 1478.7 1128.9 941.8 

Sakha53 901.6 879.4 542.3 

Giza102 937.6 824.3 599.3 

LSD0.05 175.09 
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3. Chemical composition:   

3.1. The data of the effect of plant spacing and genotypes on fatty 

acids composition of sunflower oil of seeds are presented in Table 

(6). 

3.1.1. Effect of plant spacing on fatty acids composition:  

The effect of plant spacing on unsaturated fatty acid profiles 

as percentage of sunflower oil seed cleared in Table (6). 

a) Oleic fatty acid (c18:1): 

The oil which contained high percentage of oleic fatty acid 

was considered useful for human's health and the best oil for 

industrial products. A slight increase produced from 30 cm apart 

between hills in comparison with the two other planting spaces 20 

and 40 cm apart between hills. Mean values were 51%, 49.73% 

and 49.27% for plant spacing 30, 20 and 40 cm apart between 

hills.  

b) Linoleic fatty acid (c18:2): 

  Data presented in Table (6) shows that mean values of 

linoleic acid decreased with the increasing plant spacing. The 

lowest increase produced from 30 cm apart between hills in 

comparison with the two other spaces 20 and 40 cm apart between 

hills. Mean values were 41.79, 43.64 and 46.6% for spaces 30, 40 

and 20 cm apart between hills respectively.  
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Table (6): Mean values of fatty acid composition of sunflower seeds oil as affected 

by plant spacing and genotypes 

 

 

Total  

fatty acids 

Total of 

S.F.A 

S.F.ATotal of 

U.S.F.A 

U.S.F.A Treatments 

 Stearic 

C 18:0 

%

Palmetic 

C 16:0

%

Linoleic 

C 18:2%

Oleic 

C 18:1%

Plant 

spacing(A) 

99.99 3.670.03.6796.3346.6149.72

 

20 cm 

98.215.460.624.8292.7541.7850.9730 cm

99.99 7.170. 436.7492.8243.5549.2740 cm 

1.44±0.35±1.39±0.91±2.54±2.78±

 

±S.E 

               

Genotypes (B)

98.61 4.260.04.2693.3537.8455.51Mutant 4 

99.99 5.110.834.2894.8842.4652.42Mutant 11

99.98 4.80.574.2395.1847.5147.67

 

Sakha 53

99.99 7.530.07.5392.46

 

48.0944.36

 

Giza102 

  

0.25± 

 

0.0

 

0.25±

 

0.25±

 

2.07±

 

2.29±

 

± S.E
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c) Palmetic acid (c16:0): 

Is important saturated fatty acid, it was increased to 8.03% 

in Giza 102 for 20 cm apart between hills and mutant 11 for 40 

cm apart between hill 7.52%.  

 In general saturated fatty acid increased in Giza 102 as 

compared with the other genotypes over all plant spacing. On the 

other hand saturated fatty acid increased with the increasing plant 

spacing up to 40 cm apart produced highest values of saturated 

fatty acid which was 6.14% in comparison with 4.32 and 3.66% 

for 30 and 20 cm apart between hills. 

Palmitic acid disappeared in mutant 4 in 30 cm and both mutant 

11 and Sakha 53 in 20 cm apart. 

d) Stearic acid (c 18:0): 

Stearic acid was 2.49 and 1.71% for mutant 11 in 30 cm and 

Sakha 53 in 40 cm only and disappeared in the other treatments. 

3.1.2. Effect of genotypes on fatty acids composition:  

a) Oleic fatty acid (c18:1): 

As for the effect of different genotypes on oleic acid, mean 

values indicated that the mutant lines 4 and 11 produced the 

highest mean values of oleic acid which were 55.54% and 52.41% 

in comparison with 47.67% and 44.36% for Sakha 53 and Giza 

102 respectively. The highest mean values of oleic acid produced 

from the interaction mutant 4 x 30 cm which was 59.16% but the 

lowest mean values oleic acid produced from Giza 102 x 20 cm 

which was 40.23%. 
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b) Linoleic fatty acid (c18:2): 

As for the effect of genotypes on linoleic acid mean values 

were decreased in the mutant lines, 4 and 11 in comparison with 

the local varieties Sakha 53 and Giza 102. Mean values were 

37.84, 43.32, 47.51 and 48.09% for genotypes i.e., mutant 4, 

mutant 11, Sakha 53 and Giza 102 respectively.  

From these results, it could be calculated that the mutant 

lines 4 and 11 increased oleic acid but decreased linoleic acid. 

The lowest linoleic acid produced from (mutant 4 x 30 cm) 

interaction which was 33.2% but the highest linoleic produced 

from the interaction (Giza 102 x 20 cm) which was 51.73%.  

These results are agreement with these obtained by Ali (2003). 

They found that safflower mutant lines have an increase in 

unsaturated fatty acids as well as decrease in saturated fatty acids. 

Saturated fatty acid profiles of seed oil for sunflower genotypes 

under different plant spacing were shown in Table (6). 

c) palmetic acid(c16:0): 

Data presented in Table (6) show that Giza 102 variety 

produced the highest amount of palmetic acid which was 7.53% 

in comparison with the other genotypes which were 4.26, 4.28 

and 4.23 for mut 11 and sakha 53 respectively.  

d) Stearic acid (c18:0): 

It has no amount of stearic acid. Generally saturated fatty 

acid (palmetic and stearic acids) increased in Giza 102 in 

comparison with the other genotypes. 
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3.1.3. Effect of the interaction between plant spacing and 

genotypes on fatty acid composition: 

a) Oleic acid (c18:1): 

Data presented in Table (7) show clearly that the lowest 

Oleic acid produced from the interaction (Giza 102 x 20 cm) 

which was 40.23% but the highest Oleic acid produced from the 

interaction (mut.4 x 30 cm) which was 59.67%. 

b) linoleic acid (c18:2): 

The lowest linoleic acid produced from (mut. 4 x 30 cm) 

interaction which was 33.2% but the highest linoleic produced 

from the interaction (Giza 102 x 20 cm) which was 51.73%.  

These results are agreement with these obtained by Ali (2003) 

who found that safflower mutant lines have an increase in 

unsaturated fatty acids as well as decrease in saturated fatty acids.  

c) Palmetic acid (c16:0): 

Is important saturated fatty acid, it was increased to 8.03% 

in Giza 102 for 20 cm apart between hills and mutant 11 for 40 

cm apart between hill 7.52%.  

Palmetic acid disappeared in mut. 4 in 30 cm and both mut. 11 

and Sakha 53 in 20 cm apart. 

d) Stearic acid (c 18:0): 

As for data presented in Table (7) show clearly that the 

stearic acid was 2.49 and 1.71% for mutant 11 in 30 cm and 

Sakha 53 in 40 cm only and disappeared in the other treatments. 
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In general saturated fatty acid increased in Giza 102 as 

compared with the other genotypes over all plant spacing. On the 

other hand saturated fatty acid increased with the increasing plant 

spacing up to 40 cm apart produced highest values of saturated 

fatty acid which was 6.14% in comparison with 4.32 and 3.66% 

for 30 and 20 cm apart between hills. 
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Table (7): Mean values of fatty acid composition of sunflower seeds oil as 

affected by the interaction between plant spacing and genotypes 

 
                      

Fatty acids 

 

 

                

Treatments 

 U.S.F.A  

Total of 

U.S.F.A 

S.F.A  

Total 

of S.F.A 

Total 

fatty 

acids 

 

genotypes 
Oleic  

C 18:1 

% 

Linoleic  

C 18:2 

% 

 Palmetic  

c 16:0 
% 

Stearic  

  c18:0 
    %    

  

 

 

 

 

20 cm  

Mut. 4 53.60 39.76 93.36 6.63 0 6.63 

 

99.99 

Mut. 11 55.6 44.39 99.99 0 0 0 

 

99.99 

Sakha 53 49.47 50.52 99.99 0 0 0 

 

99.99 

Giza 102 40.23 51.73 91.96 8.03 0 8.03 

 

99.99 

 

 

 

 

 

30 cm  

Mut. 4 59.67 33.20 92.96 0 0 0 

 

92.96 

Mut. 11 51.00 41.17 92.17 5.32 2.49 7.81 

 

99.99 

Sakha 53 45.09 48.22 93.31 6.67 0 6.67 

 

99.98 

Giza 102 48.14 44.55 92.69 7.30 0 7.30 

 

99.99 

 
 

 

 

40 cm  

Mut. 4 53.25 40.58 93.83 6.16 0 6.16 

 

99.99 

Mut. 11 50.65 41.82 92.47 7.52 0 7.52 

 

99.99 

Sakha 53 48.45 43.80 92.25 6.02 1. 71 7.73 

 

99.98 

Giza 102 44.73 47.99 92.72 7.27 0 7.27 

 

99.99 
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2. Second experiment:  

Effect of nitrogen fertilization and genotypes on sunflower 

characters 

2.1. Sunflower growth characters: 

2.1.1. Effect of nitrogen fertilization levels: 

a) Plant height (cm): 

 Mean values of plant height, stem diameter, number of 

leaves / plant at the two periods and L.A.I at (65 days from 

sowing) of sunflower plant as affected by different nitrogen 

fertilization levels are presented in Table (8). 

Results of Table (8) showed that, N-application up to 75 

(kg)/fed caused insignificant increase in plant height, except in 

the first season at the first period where the increase reached to 

the level of significance. The highest plant height produced by the 

application of 50Kg N/fed where the increases as percentage were  

11.6 % and 8.6% relative to 25 Kg N/fed and 75 Kg N/fed, 

respectively. These results mean that N-application enhanced the 

number of internodes and / or internodes length, probably resulted 

from the increase in the activity of meristimatic tissues due to the 

increase in the rate of cell division an elongation and 

consequently increased plant height. These results are in harmony 

with those obtained by Ibrahim et al., (2003) where they found 

that the plant height was remarkably increased by soil application 

of N-fertilization up to 60 (kg)/fed. The same trend was seen by 

Khalil (2003), Ozer (2004), and Olowe et al., (2005). 
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b) Stem diameter (cm): 

  Data reported in Table (8) showed a significant increase in 

stem diameter (cm) by application N-fertilization in the first 

season at the first period. The highest mean value of stem 

diameter was produced by the application of N-fertilization with 

50Kg N/fed. However, there is no significant difference between 

this dose and 75Kg N/fed. Similar trend was seen by Emam 

(1999) and Ibrahim et al., (2003).  

c) Number of leaves / plant and leaf area index: 

The data presented in Table (8) cleared that there is no 

significant difference between no. of leaves/plant and L.A.I as a 

result of the application of the used N rates in the two seasons. 
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Table (8): Mean values for some sunflower growth characters at 50 and 65 days from sowing as affected by nitrogen 

fertilization and genotypes during 2007 and 2008 seasons:

(L.A.I) Number of leaves/plant Stem diameter (cm)Plant height (cm) Treatments 

2008 2007 2008 2007 2008 2007 2008 2007 Nitrogen 

fertilization 

(A) 

2nd2nd2nd1st2nd1st2nd1st2nd1st2nd1st2nd1st 

0.60 0.39 30.9 26.5 35.3 30.96 1.10 0.9 1.94 1.83 163.8 136.7191.9 176.5 25 Kg N/fed 

0.72 0.45 32.5 26.6 37.3 31.97 1.15 1.07 2.16 2.10 184.6 136.0 214.0 197.1 50 Kg N/fed

0.64 0.42 31.9 30.0 37.9 32.47 1.07 0.97 2.06 1.95 169.6 133.6 201.0 181.5 75 Kg N/fed

N.SN.SN.SN.SN.SN.SN.SN.SN.S*N.SN.SN.S ** F test 

.2509.63 LSD0.05 

Genotypes (B)

0.84 0.53 32.5 27.6 42.3 38.2 1.31 1.24 2.38 2.29 202.4 142.4 255.7 234.6 Mutant 4 

0.65 0.56 32.7 30.2 41.6 35.3 1.23 0.99 2.24 2.18 184.8 145.5 244.9 232.4 Mutant 11

0.52 0.31 30.030.6 31.7 26.5 0.880.72 1.87 1.76 149.9 128.1 156.5 138.5 Sakha 53 

0.61 0.28 32.0 26.3 31.8 27.1 1.0 0.96 1.72 1.62 153.5 125.9 152.1 134.5 Giza 102 

*** N.S N.S ** ** ** ** ** ** ** **** **F test 

0.21 0.14 4.78 5.22 0.15 0.24 0.36 0.36 13.48 11.67 29.0 24.44 LSD0.05 

N.S N.S N.S N.S N.S N.S N.S N.S N.S N.S** N.SN.S N.S Interactin      

A  B
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2.1.2. Effect of genotypes on growth characters:   

        Data of the growth characters i.e., plant height (cm), stem 

diameter (cm), number of leaves / plant and (L.A.I) at the two 

periods as affected by sunflower genotypes are presented in Table 

(8). 

a) Plant height: 

Data recorded in Table (8) shows clearly that the plant 

height was significantly affected by sunflower genotypes in both 

seasons and periods. Data of both seasons revealed that the two 

tested genotypes; mutant, 4 and 11 significantly taller than the 

commercial varieties; Sakha 53 and Giza 102. Mutant 4 produced 

the highest plant height in the two seasons at the two periods. The 

mean values of plant height for the tested genotypes were 234.6, 

232.4, 138.5 and 134.5cm respectively, at the first period (50 days 

from sowing) in the first season. Meanwhile, mean values for 

tested genotypes were 142.4, 145.5, 128.1 and 125.9cm at the first 

period (50 days from sowing)in the second season. The same 

trend was seen in both seasons at second period (65 days from 

sowing). However, the increases were 69.38%, 74.42% and 

67.79%, 72.78% in the first season at the first period (50 days 

from sowing) for mutants 4 and 11 in comparison with the two 

local varieties Sakha53 and Giza102, respectively. While the 

increases were 35.02%, 31.85% and 23.28%, 20.39% for the 

same period in the second season. The mean values of plant 

height were 255.7, 244.9, 156.5 and 152.1 in the first season at 
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the second period and 202.4, 184.8, 149.9 and 153.5 in the second 

season at the second period for sunflower genotypes; mutant 4, 

mutant 11, Sakha 53 and Giza 102, respectively. The increase of 

plant height for mutant 4 as compared with the two commercial 

varieties Sakha 53 and Giza 102 were 63.3%, 68.04% and 35.1%, 

31.9% in the first and second seasons respectively. Meanwhile, 

the increase of plant height for mutant11 as compared with the 

two commercial varieties, Sakha53 and Giza102 were 56.4%, 

60.9% and 23.2%, 20.3% in the first and second seasons, 

respectively.  

Differences in plant height are mainly due to the genetic 

make up of the tested genotypes. Similar trend were seen by El-

Mohandes (1984), where he found differences between varieties 

in plant height. Atia and Abo-Hegazi (1996), found some mutant 

lines taller than the mother variety by using gamma radiation. 

b) Stem diameter (cm):  

Regarding to stem diameter, data reported in Table (8) 

revealed that stem diameters had significantly increased in the 

two mutant lines (mut.4 and mut.11) as compared with the 

commercial varieties, Sakha53 and Giza102 in the two seasons. 

Mean values of stem diameters were 2.38, 2.24, 1.87 and 1.72 cm 

in the first season at the second period, while in the second season 

at the second period  the values were 1.31, 1.23, 0.88 and 1.00 cm 

for the four tested genotypes, mutant 4, mutant 11, Sakha53 and 

Giza102 in the first and second seasons, respectively. The same 
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trend was seen at the first period for the two seasons. The 

differences of stem diameter were reported by Atia and Abo-

Hegazi (1996) where they found from a program of mutation 

breeding by using gamma radiation. That mutant lines increase in 

stem diameter than the mother variety. 

c) Number of leaves / plant:  

Number of leaves / plant showed significant increase in the 

mutant lines (4 and 11) as compared with the two local verities, 

Sakha53 and Giza102 in the first season only for the two periods, 

while the increase in the second season did not reached to the 

level of significance. The mean values were 42.34, 41.63, 31.7 

and 31.83 for the four genotypes, i.e., mutant 4, mutant 11, 

Sakha53 and GIza102, respectively in the second period (65 

days). The increase of number of leaves / plant in the two ages 

may be due to the increase of plant height of the two mutant lines 

in comparison with commercial varieties. The mutant lines 4 had 

increased in no. of leaves/plant by 44.0%,41% , 33.4%and 33% 

more than Sakha 53 and Giza 102 at the first and second periods 

in the first season, while the mutant line 11 had increases by 

33%,30%,31.2% and 30.8% more than Sakha 53 and Giza 102 at 

the same periods in the same season, respectively. 

d) L.A.I: 

Data presented in Table (8) reveal that L.A.I was 

significantly increased for the mutant lines (mut.4 and mut.11) in 

comparison with the commercial varieties, Sakha53 and Giza102 
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in the two seasons except mutant line11 in the second season 

where the increase did not reach to the level o f significance. The 

increase of leaf area index for the mutant lines may be due to the 

increase in number of leaves/plant in these mutant lines as 

compared with commercial varieties, Sakha53 and Giza102. The 

increase of leaf area index was 71%, 89.28% and 80.69%, 100% 

for mutants 4 and 11 in comparison with respect to Sakha53 and 

Giza102 in the first season respectively.  

 

2.1.3. Effect of interaction between N-fertilization and 

genotypes on growth characters: 

The effect of genotypes x N-fertilization interaction was 

reach to the level of significance for plant height at the second 

period in the second season as presented in Table (9).Theses 

results clarified that the tested genotypes differed in their response 

to fertilization. However, the mutant 4 x 25 kg N/fed and mutant 

line 11x 50 kg N/fed interactions gave the tallest plants , while  

Giza 102 x25 kg N/fed and Sakha 53x25 kg N/fed interactions 

gave the shortest plants. 
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Table (9): Effect of the interaction between N-fertilization levels 

and genotypes on plant height (cm) during 2008 season. 

 

N-fertilizatio 

(A) 

Genotypes(B) 

 

25kgN/fed 

 

50kgN/fed 

 

75kgN/fed 

Mutant 4 231.6 197.2 178.5 

Mutant 11 145.2 237.4 171.7 

Sakha53 142.2 146.6 161.0 

Giza102 136.3 157.2 167.2 

LSD0.05 23.35 
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2.2. Effect of N-fertilization and genotypes on yield and its 

components characters: 

2.2.1. Effect of N-fertilization on yield and its components    

characters: 

a) Head diameter (cm): 

Data presented in Table (10) reveal that the head diameter 

had in significant increase with increasing N-application up to the 

highest level (75kg N /fed) in both seasons. The highest mean 

values produced from N-application with 50 kg N/fed in both 

seasons. Meanwhile, the application of 25 kg N/fed produced the 

lowest mean values of head diameter in the two seasons. Similar 

trend was seen by Saleh (1984), Poonia (2000), Olowe et al., 

(2005), and El-Sarag et al., (2007). 

b) C.Z.S.D. (cm): 

Mean values of C.Z.S.D. (cm) Table (10) showed that N-

application up to 75 kg N/fed caused insignificant increase in 

central zone sterility diameter in both seasons. The application of 

50 kg N /fed produced the highest mean values of C.Z.S.D. 

Meanwhile, the lowest fertilizer 25 kg N/fed produced the lowest 

mean values in the two seasons respectively.  

c) Head weight / plant (g): 

Head weight / plant as presented in Table (10) show that 

increasing N level up to 75 kg N/fed. led to a significant increase 

in the second season only. The mean values of head weight were 
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74.8, 63.8 and 63.7 for N-fertilization levels 75, 50, and 25 kg N 

/fed respectively. 

d) Seed weight (yield) / plant (g):      

Seed yield / plant as represented in Table (10) reveal that the 

increasing of N-level from 25 to 75 Kg N/fed caused an increase 

in seed yield/plant but the increase did not reach the level of 

significant in the two seasons. Mean values were 65.1, 65.6 and 

62.3 in the first season but in the second season were 41, 38 and 

36 g / plant for 75, 50 and 25 Kg N/fed respectively. Many 

investigations found that increasing nitrogen fertilizer increased 

seed yield / plant up to 75 Kg N/fed. Hefni et al., (1985), Abou- 

Khadrah et al., (2000). 

e) 100-seed weight, g (seed index):        

As for seed index (100- seed weight), the data revealed that, 

significant increase with increasing N- application up to the 

highest level (75 kg N/fed) in the second season only but the 

increase did not reached the level of significant in the first season. 

These results are in harmony with those obtained by Hefni et al., 

(1985 a&b), he found that 100-seed weight were increased by 

increasing soil application of N- fertilization up to 60 kg N/fed. 

These results may be due to the intra competition among seed / 

head. The four genotypes differed from its response to N- 

fertilization. The two mutant lines (4 and 11) increased in this 

trait by increasing N–fertilization up to 75 kg N/fed which 

produced the highest mean values of 100-seed weight which were 
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11.1 and 11.6 respectively. On the contrary the two commercial 

varieties produced the lowest 100- seed weight. 

f) Shelling percentage:          

Shelling percentage as presented in Table (10) had no 

affected significantly by N-fertilization levels in the two seasons 

but it can be said that a slight decrease in this trait by increasing 

N-fertilization level from 25 to 75 Kg N/fed. 

g) Seed yield (kg)/fed:   

Seed yield (kg)/fed as presented in Table (10) exhibited 

positive response to increasing nitrogen level up to 75 Kg N/fed. 

The increase reached the level of significant in the second season.  

The mean values of seed yield / fed were 1188.6, 1162.7 

and 1056.2 in the first season and were 1245.3, 1196.3 and 1148.8 

(kg)/fed in the second season for nitrogen levels 75, 50 and 25 Kg 

N/fed respectively. From these results it could be concluded that 

the increase of nitrogen caused an increase in seed yield/fed. The 

increases were (12.5%, 10.1%) and (8%, 4%).For N-fertilization 

levels 75 and 50 Kg N/fed in comparison with 25 Kg n/fed in the 

first and second seasons respectively. The increase of seed yield / 

fed by increasing N-fertilization levels may be due to the increase 

of the increase of head diameter, 100-seed weight, and head 

weight / plant. This trend was expected since head weight, 100-

seed weight and head diameter were increased by increasing N-

fertilizer levels from 25 to 75 Kg N/fed. Many investigations 
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showed the same trend such as Basha (2000), Khalil (2003), 

Ozer et al., (2004) and AL-Thabet (2006). 

h) Oil percentage:  

Mean values of oil percentage affected by soil application of 

N-treatments in Table (10). 

Regarding the effect of N-fertilization levels on seed oil 

percentage it is evident that seed oil content was significantly and 

negatively affected by the rate of nitrogen fertilization in the 

second season. 

Increasing N-levels from 25 to 75 Kg N/fed had remarkably 

reduced seed oil percentage in the two seasons. The decrease 

reached the level of significance in the second season which was 

9% for 75 kg N/fed in comparison with 25 and 50 kg N/fed.  The 

decrease in seed oil percentage related to the increase in N-

application may be due to the role of nitrogen in increasing 

protein and other substances which led to decreasing seed oil%. 

These results agree with those obtained by Valchovski (2002), 

Abd El Samie et al., (2002) and Ruffo et al., (2003).  
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i) Oil yield (kg)/fed: 

Mean values of oil yield (kg)/fed affected by soil application 

of N-treatments in Table (10). 

Data in the same Table shows clearly that oil yield (kg)/fed 

increased by increasing N-fertilization levels up to 75 (kg)/fed but 

the increase did not reach the level of significance in the two 

seasons. The increase of oil seed yield kg / fed may be due to the 

increase of seed yield / fed. These results agree with those 

obtained by Abd El-Samie et al., (2002) and Ruffo et al., (2003) 

they showed that increasing N-level up to 60 (kg)/fed produced 

the highest oil yield kg / fed. Whereas. Seed oil content (%) 

showed the opposite trend. 
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2.2.2. Effect of genotypes on yield and its component 

characters: 

       Data of yield and its component characters of sunflower 

plant, i.e., head diameter, C.Z.S.D trait, head weight, seed yield / 

plant, 100-seed weight, shelling percentage, seed yield / fed, oil 

percentage and oil yield kg / fed are presented in Table (10). 

a) Head diameter (cm): 

Data recorded in Table (10) show clearly that head diameter 

in cm was significantly affected by using different genotypes in 

both seasons. It can be observed that mutant line 4 produced the 

highest head diameter compared with the other tested genotypes 

in the two seasons. However the mutant line 11 came in the 

second rank in both seasons. Moreover, the lowest values in these 

characters were resulted from the commercial varieties (Sakha 53 

and Giza 102) in the two seasons. Mutant line 4 head diameter 

increased by (28.12%, 28.75%) and (23.77%, 21.23%) as 

compared with commercial varieties (Sakha53 and Giza102) in 

the first and second seasons respectively, but the head diameter of 

mutant line 11 increased by (25.0%, 25.62%) and (23.o7%, 

20.54%) as compared with commercial varieties (Sakha 53 and 

Giza 102) in the first and second seasons respectively.  

The longer vegetative growth stage of mutant lines 4 and 11 may 

had enhanced the metabolites and consequently produced larger 

head. 
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It is not worthy that mutant lines 4 and 11 exhibited 

significantly larger heads than those of Sakha 53 and Giza 102. 

Therefore, the detected differences between genotypes could be 

logically due to the differences in gene control of this trait. 

Similar results obtained by Atia and Abo-Hegazi (1996) and Atia 

(1996); they found that some of the mutant lines of sunflower had 

larger heads than that of mother variety. 

b) Central zone sterility diameter (C.Z.S.D cm): 

The results in Table (10) show that highly significant 

differences were obtained among the four tested genotypes in 

central zone sterility diameter in both seasons. 

  Heads of the mutant lines (4 and 11) have 0.0 C.Z.S.D in the two 

seasons as compared to 2.6, 2.6 and 3.9, 3.7cm for Sakha 53 and 

Giza102 in the first and second seasons respectively. These 

results may be due to the genetically effect of those mutant lines. 

This trait was very important for the other traits i.e. shelling 

percentage and yield / plant. Similar trend was obtained by Atia 

and Abo Hegazi (1996) and Atia (1996). 

 c) Head weight (g) / plant: 

Data reported in Table (10) reveals that mean values of head 

weight/plant were significantly increased in the mutant lines (4 

and 11) as compared with the two local varieties (Sakha53 and 

Giza102) in the two seasons. Head weight of mutant lines 4 and 

11 appeared to be higher than these of Sakha 53 and Giza102. The 

heaviest head weight/plant, i.e., 121.8, 117.6, 78.5 and 76.9 g 
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were achieved from mut.4, mut.11, Sakha 53 and Giza 102 in the 

first seasons and were 89.2, 83.9, 48.3 and 48.4 in the second 

seasons respectively. The increase of head weight / plant were 

55.15%, 58.38%, 63.97% and 84.29% for mutant 4 in comparison 

with Sakha 53 and Giza 102 in the first and second seasons 

respectively. But the increases in head weight / plant for mutant 

11 in comparison with the same local varieties Sakha 53 and Giza 

102 were 49.80%, 84.29%, 73.70% and 73.34% in the first and 

second seasons respectively. This increase may be due to the 

increase of head diameter and 100-seed weight, of these mutants 

than these of the local varieties Sakha 53 and Giza 102.        

From these results it could be concluded that the mutant 

lines exceeded significantly the other two tested local varieties. 

d) Seed weight (g) / plant: 

The results of seed weight / plant in Table (10) showed that 

mutant lines 4 and 11 outweighed significantly the other two 

varieties, i.e., Sakha 53 and Giza 102 in the two seasons. The 

superiority of mutant lines 4 and 11 in seed weight/plant is mainly 

due to the increase in head diameter, 100-seed weight, shelling 

percentage and head weight/plant also due to the decrease in 

C.Z.S.D. Similar results were seen by El-Mohandes (1984).
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Table (10): Mean values for some sunflower yield characters as affected by N fertilization and genotypes during 2007 and 2008 seasons: 
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N- fertilization  

(A) 
2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007  2008 

25kgN/fed 18.1 15.7 1.1 1.8 97.0 63.7 62.3 36.9 7.2 6.5 0.62 0.6 1056 1148.8 35.3 34.1 349.5 367.5 

50KGN/fed 18.6 16.5 1.4 2.0 98.2 63.8 65.6 38.0 7.3 7.6 0.65 0.5 1163 1196.0  34.9 34.0 399.1 384.0 

75KGN/fed 17.9 16.0 1.3 1.9 100.9 74.8 65.1 41.0 7.5 8.0 0.60 0.5 1189 1245 34.1 31.3 388.7 369.5 

F.Test N.S N.S N.S N.S N.S ** N.S N.S N.S ** N.S N.S N.S * N.S * N.S N.S 

L.S.D0.05 - - - - - 4.39 - - - 0.51 - - - 81.8 - 2.39 - - 

 

Genotypes 

(B) 
2007 2007 2007 2007 2007 2007 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 

 Mutant 4 
20.6 17.7 0.0 0.0 121.8 89.2 89.2 53.7 8.9 9.5 0.7 0.6 1448 1575 29.9 26.3 432 414.3 

Mutant 11 
20.1 17.6 0.0 0.0 117.6 83.9 83.4 49.9 9.0 9.9 0.7 0.9 1390 1514 28.9 27.0 400.0 407.9 

Sakha 53 
16.1 14.3 2.6 3.9 78.5 48.3 43.3 25..3 5.8 4.9 0.5 0.5 856 860.0 38.7 39.2 331.8 336.8 

Giza 102 
16.0 14.6 2.6 3.7 76.9 48.4 41.4 25.7 5.6 5.1 0.5 0.5 849 838.6 41.5 40.0 352 335.7 

F.Test 
** ** ** ** ** ** ** ** ** ** ** * ** ** ** ** * ** 

L.S.D0.05 
1.08 1.06 .027 0.35 7.04 6.11 7.35 9.12 0.53 0.54 0.05 0.12 190.4 47.5 2.6 2.1 60.3 28.3 

Interaction              

AB 
N.S N.S N.S N.S N.S * N.S N.S N.S ** N.S N.S N.S N.S N.S * N.S * 
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e) 100-seed weight, g (seed index):  

Table (10) shows significant differences were obtained 

among the four tested sunflower genotypes in this trait in both 

seasons. Seed of mutant lines 11 and 4 appeared to be 

significantly higher than those of Sakha 53 and Giza 102. The 

heaviest 100-seed weight, i.e., 8.9, 9 and 9.5, 9.9 were achieved 

from mutant lines 4 and 11 in the first and second seasons 

compared with 5.8, 5.6 and 4.9, 5.1 g for Sakha 53 and Giza 102 

in the first and second seasons respectively, which exceeded 

significantly the other two tested varieties. This finding could be a 

result of that mutant lines 4 and 11 as a relatively late maturity, 

head larger vegetative organs (plant height, head diameter) and 

hence produced higher assimilates which translocated to seeds 

and this led to the detected increase in seed weight. Similar results 

were previously reached by Sorour et al., (1981), and Atia and 

Abo Hegazi (1996). 

f) Shelling percentage: 

     Table (10) represented the mean values of shelling 

percentage for the four tested genotypes. The data indicated that 

there were significant differences among the four genotypes in 

this trait in both seasons. 

Shelling percentage of the two mutant lines 4 and 11 were 

higher than the commercial varieties Sakha 53 and Giza 102. The 

heaviest shelling percentages were 70, 70 and 60, 60 in the first 

and second seasons for mutant lines 4 and 11 respectively. On the 
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other hand shelling percentage were 50 for Sakha 53 and Giza 

102 in the two seasons. The increase of shelling percentage of the 

two mutant lines 4 and 11 may be due to the decrease of C.Z.S.D. 

[zero cm] and the increase of 100- seed weight of those mutants 

as compared with the commercial varieties Sakha 53 and Giza 

102 in the two seasons. 

g) Seed yield (kg)/fed: 

Data reported in Table (10) showed that seed yield / fed   

was significantly increased in both mutant lines 4 and 11 as 

compared with both commercial  varieties Sakha53 and Giza102  

in the two seasons. The mean values of seed yield/fed were 1448, 

1389.8, 856.4 and 849 (kg)/fed and were 1575.1, 1513.6, 860 and 

838.6 for the genotypes mutant 4, mutant 11, Skha 53 and Giza 

102 in the first and second seasons respectively.   

The results indicated that seed yield / fed followed the same 

trend of seed yield / plant and its components; head diameter, 

100-seed weight and head weight. Seed yield/fed was 

significantly higher for mutant lines 4 and 11 than Sakha 53 and 

Giza102. the differences of seed yield per unit area as a result to 

using different genotypes were seen by Elangovan et al., (2001) 

he fount that gamma radiation induced mutant for improved yield 

components like head diameter and 100-seed weight had direct 

effect on seed yield. Atia and Abo Hegazi (1996), from a 

program for improving sunflower through mutation breeding by 

using gamma radiation, they found that seed yield / plant for some 
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mutant lines was significantly higher than that of the mother 

variety Giza1. The increase of seed yield / plant leads to an 

increase of seed yield per unit area. 

h) Oil percentage:  

The data of oil percentage represented in Table (10) showed 

that the differences between the four tested sunflower genotypes 

were significant in the two seasons. The oil percentage in both 

commercial verities Sakha 53 and Giza 102 was significantly 

higher than the other two mutant lines 4 and 11 in both seasons.  

It is worthy to mention that both commercial verities were early 

maturity among the tested genotypes.  

From these results, it can be concluded that the earlier 

sunflower varieties had high oil content. In this respect, Shabana 

(1990) found negative association between oil content in 

sunflower seeds and each of days to flowering and plant height. 

i) Oil yield kg / fed:  

As for oil yield / fed in Table (10) in spite of the superiority 

of the two commercial varieties Sakha53 and Giza102. The 

obtained data showed that the two mutant lines, 4 and 11 

produced the highest significant oil yield / fed compared to the 

other two commercial varieties in both seasons. The increases in 

oil yield / fed for the two mutant lines may be due to the increase 

in seed yield / fed which compensated the reduction in oil 

percentage in its seeds. 
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2.2.3. Effect of interaction between N-fertilization and 

genotypes on yield and its components:  

The effect of genotypes x N-fertilization interaction was 

found herein to reach the level of significance for head weight / 

plant, 100-seed weight, oil percentage and oil yield (kg)/fed. 

These results clarified that the tested genotypes differed in their 

response to fertilization. Mean values for fertilization treatments 

as signed to each variety.  

a) Head weight / plant (g): 

Mean values in this trait Table (11-a),  had the greatest 

effect of the higher rate of N-fertilization (75 Kg N/fed) for the 

four genotypes, which were 97.4, 88.4, 56.8 and 56.8 for the four 

genotypes mut.4, mut.11, Sakha 53 and Giza 102 by fertilization 

with 75 Kg N/fed. Table (11-a) shows the lowest mean values of 

head weight / plant produced from the interactions between the 

four genotypes x 25 Kg N/fed which were 76.0, 87.1, 48.1 and 

48.4 for the interactions( mutant 4, mutant 11, Sakha 53 and Giza 

102) x 25 Kg N/fed. 
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Table (11-a): Mean values of head weight (g) as affected by the 

interaction between N-fertilization and genotypes in 2008 season.   

 

N-fertilization(A) 

 

Genotypes(B) 

25 kg 

N/fed 

50 kg 

N/fed 

75 kg 

N/fed 

Mutant 4 76.0 94.2 97.4 

Mutant 11 87.1 76.1 88.4 

Sakha53 48.1 39.8 56.8 

Giza102 43.4 45.1 56.8 

LSD0.05 10.59 

 

b) 100- seed weight (g): 

  Table (11-b) showed that the four genotypes differed in 

there response to nitrogen fertilization. The two mutant lines (4 

and 11) increased in this trait by increasing N-fertilization up to 

75 kg N/fed which produced the highest mean values of 100-seed 

weight which were 11.1 and 11.6 respectively. On the contrast the 

two commercial varieties Sakha 53 and Giza 102 produced the 

lowest 100-seed weight with the high rate of N- fertilization (75 

kg N /fed).  

The mean values were 11.1 and 11.6 for interactions 

between mutant 4 x 75 Kg N/fed and mutant 11 x 75 Kg N/fed 

respectively, but the mean values of 100-seed weight for the 

interactions between Sakha 53 x 75 Kg N/fed and Giza 102 x 75 
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Kg N/fed produced the lowest 100-seed weight which was 4.6 g 

for both interactions. 

c) Oil percentage: 

In generally mean values of this trait in Table (11-c)  

decreased by increasing rate of fertilization up to 75 Kg N/fed for 

the four genotypes, The highest mean values of oil percentage 

produced from the interactions Sakha 53 x 50 Kg N/fed and Giza 

102 x 25 Kg N/fed which were 41.9% and 41.5% respectively. On 

the contrast the lowest mean values produced from the interaction 

mutant 11 x 75 Kg N/fed and mutant 4 x 50 Kg N/fed which were 

24.3% and 25.6% respectively. 

 

Table (11-b): Mean values of 100-seed weight (g) for the 

interaction between N-fertilization and genotypes in 2008 season. 

 

N-fertilization 

     (A) 

Genotypes(B) 

25 kg 

N/fed 

50 kg 

N/fed 

75 kg 

N/fed 

Mutant 4 7.6 9.8 11.1 

Mutant 11 8.4 9.7 11.6 

Sakha53 5.1 5.0 4.6 

Giza102 4.8 6.0 4.6 

LSD0.05 13.84 
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Table (11-c): Mean values of oil percentage (%) for the 

interaction between N-fertilization and genotypes in 2008 season. 

 

N-fertilization  

(A) 

 Genotypes(B)              

25 kg 

N/fed 

50 kg 

N/fed 

75 kg 

N/fed 

Mutant 4 26.1 25.6 27.1 

Mutant 11 27.7 29.1 24.3 

Sakha53 41.0 41.9 34.7 

Giza102 41.5 39.5 39.1 

LSD0.05 3.77 

 

d) Oil yield kg / fed: 

Table (11-d) showed that this trait affected significantly by 

the interaction between the genotypes and N-fertilization levels. It 

increased by the increasing N-fertilization level up to 75 Kg N/fed 

for mutant line 4 which was 454 Kg /fed but it was 443.2 Kg 

N/fed for the interaction mutant 11 x 50 Kg N/fed. On the 

contrast the lowest oil seed (kg)/fed produced from the 

interactions (Sakha 53 x 75 Kg N/fed) and (Giza 102 x 50 Kg 

N/fed) which were 301.7 Kg / fed and 330 (kg)/fed respectively. 

This results agreement with Hefni et al., (1985-a&b) who 

reported that there was a significant effect for the interaction 

between varieties and N-fertilizer on oil yield per unit area. 
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Table (11-d): Mean values of oil seed yield (kg)/fed for the 

interaction between N-fertilization and genotypes in 2008 season. 

   

N-fertilization 

(A) 

    Genotypes(B) 

 

25 kg 

N/fed 

 

50 kg 

N/fed 

 

75 kg 

N/fed 

Mutant 4 394.1 394. 454.0 

Mutant 11 399.o 443.2 381.5 

Sakha53 340.6 368.0 301.7 

Giza102 336.3 330.o 340.7 

LSD0.05 49.12 
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3.2. Effect of N-fertilization levels and genotypes on fatty 

acids composition of sunflower seeds oil:          

3.2.1. Effect of N-fertilization level on fatty acids: 

Table (12) indicated that the fatty acid composition from 

sunflower seed treated with nitrogen fertilization levels and 

genotypes. 

a) Oleic fatty acid (c 18:1): 

It is clear from the data presented in Table (12) that the 

treated plant with 25 and 50 (kg)/fed produced the highest values 

of oleic acid which were 49.31 and 53.3% respectively. On the 

contrast N-fertilization with 75 kg N/fed produced the lowest 

mean values which were 45.77. 

From these results it could be concluded that oleic acid 

increased by application N-fertilization up to 50 kg N/fed, but it 

decreased with the increase of N- fertilization over than 50 kg 

N/fed. These results are agreement with these obtained by Bahl et 

al., (1997) N-application decreased seed oil percentage in 

sunflower seeds. The oleic acid and linoliec acid ratio increased 

with N-application indicating improvement in oil stability and 

cooking quality. N played a vital role in increasing the proportion 

of unsaturated fatty acids which is a major factor determining the 

quality of sunflower oil. Similar trend was seen by Valchovski 

(2002), who found that N-application decreased linoliec acid.             
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Table (12): Mean values of fatty acid composition of sunflower 

seeds oil as affected by N-fertilization and genotypes 

 

Total 

fatty 

acids 

Total 

of   

S.F.A

S.F.ATotal of 

     

U.S.F.A 

U.S.F.A  Treatments 

 Stearic  

C 18:0 

%

Palmetic  

C 16:0 
% 

 Linoleic  

C 18:2

%

Oleic 

C 18:1

%

Nitrogen 

fertilization 

(A)

99.68 4.03 0.67 3.36 95.65 46.26 49.38 

 

25 Kg 

N/fed 

99.98 0.82 0.0 0.82 99.16 45.86 53.30 50 Kg 

N/fed

89.77 4.16 0.0 4.16 85.61 39.83 45.77 75 Kg 

N/fed

1.53±0.13±1.41±3.62±3.81±3.51±±S.E          

 Genotypes 

(B)

98.94 4.56 0.53 4.02 94.48 38.28 56.19 

 

Mutant 4 

97.61 4.93 0.36 4.56 92.23 39.59 52.63 

 

Mutant 11

89.73 1.44 0.0 1.44 88.29 46.06 42.23 Sakha 53 

99.98 1.09 0.0 1.09 98.89 52.01 46.88 Giza102 

1.09±0.0 1.09±1.10±2.32±1.56±±S.E         
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b) linoliec acid (c 18:2):  

Data show in Table (12) that the increasing of N-

fertilization caused decrease in linoliec acid, mean values were 

46.25, 45.86 and 39.83% for N-fertilization levels 25, 50 and 75 

kg N/fed, respectively. Also the two mutant lines 4 and 11 

produced decrease in linoliec acid in comparison with the local 

varieties Sakha 53 and Giza 102 .The mean values were 38.29, 

39.58, 46.06 and 52.01% for genotypes i.e., mutant 4, mutant 11, 

Sakha 53 and Giza 102, respectively.   

The highest mean values of linoliec acid produced from the 

interaction between Giza 102 and 75 kg N/fed, but the lowest 

mean values of linoliec acid produced from mutant 11 in 75 kg 

N/fed. The increase of oleic acid as well as decrease of lenoleic 

acid in some safflower mutant lines reported by Ragab (1991). 

From these results, it can be said that, mutant lines 4 and 11 

caused an increase in oleic acid but decreased linoliec acid in 

comparison with both local varieties Sakha 53 and Giza 102. The 

same trend was seen in N-fertilization levels the increase of N- 

fertlilization levels caused a decrease in linoliec acid but it 

increased oleic acid up to 50 kg N/fed. 
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c) Palmetic acid 

  Data in Table (12) indicated that palmetic acid increased by 

increasing N- fertilization up to 75 Kg N/fed as compared with 

the two N- fertilization levels (25 and 50 Kg N/fed) . 

d) Srearic acid: 

On the contrast stearic acid had no affected by the high 

levels of N- fertilization 50 and 75 Kg N/fed. 

Generally 50 Kg N/fed produced the highest level of unsaturated 

fatty acid (99.16) but produced the lowest level of saturated fatty 

acid (0.82%). 
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3.2.2. Effect of genotypes on fatty acids: 

a) Oleic fatty acid (c 18:1): 

  The data indicated that the two mutant lines 4 and 11 

produced the highest mean values of oleic acid 56.19% and 

52.63%, respectively, as compared with 42.23 % and 46.87 % for 

local varieties Sakha 53 and Giza 102, respectively.  

The highest mean values of oleic acid produced from the 

interaction between mutant 4 in 50 kg N/ fed, but lowest mean 

values of oleic acid produced from Sakha 53 in 75 kg N/fed . 

b) Linoliec acid (c 18:2):  

The increasing of N-fertilization caused decrease in linoliec 

acid, mean values were 46.25, 45.86 and 39.83% for N-

fertilization levels 25, 50 and 75 kg N/fed, respectively. Also the 

two mutant lines 4 and 11 produced decrease in linoliec acid in 

comparison with the local varieties Sakha 53 and Giza 102 .The 

mean values were 38.29, 39.58, 46.06 and 52.01% for genotypes 

mutant 4, mutant 11, Sakha 53 and Giza 102, respectively.   

The highest mean values of linoliec acid produced from the 

interaction between Giza 102 and 75 kg N/fed, but the lowest 

mean values of linoliec acid produced from mutant 11 in 75 kg 

N/fed. The oleic acid increases as well as lenoleic acid decreases 

in some safflower mutant lines were reported by Ragab (1991). 

From these results, it can be concluded that, mutant lines 4 

and 11 caused an increase in oleic acid but decreased linoliec acid 

in comparison with both local varieties Sakha 53 and Giza 102. 
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The same trend was seen in N-fertilization levels the increase of 

N-fertilization levels caused a decrease in linoliec acid but it 

increased oleic acid up to 50 kg N/fed. 

c) Palmitic acid (c 16:0):  

Mean values of palmitic acid (c16:0) indicated that the mutant 

lines 4 and 11 produced the highest values of palmitic acid in 25 

and 75 kg N/fed, but palmitic acid disappeared in 50 kg N/fed for 

all genotyps except Giza 102 which was 3.29%.      

d) Stearic acid (c18:0): 

It was found only in both mutant lines 4 and 11 in 25 kg 

N/fed and the mean values were 1.59% and 1.10% respectively. 

Draz et al., (1996) found an increase in saturated fatty acid by 

gamma radiation in cotton seeds. Similar conclusion was obtained 

by Martin et al., (1986), who found that response of soybean 

genotypes was much pronounced in N.78-2245 seeds genotypes, 

than in the Dare seed genotypes. The basis for there genotypes 

differences may be related to environment effects upon the 

differentiation of the synthetic and nutrition mechanisms during 

seed development. Fernandez-Martinez et al., (1997) found a 

new sunflower mutant was obtained which has both high plamitic 

and high oleic acid content. The mutant was selected after X-Ray 

irradiation of dry seeds. 
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3.2.3. Effect of the interaction between N- fertilization levels 

and genotypes on fatty acid composition: 

Significant differences for the interaction (G.x N.) were found in 

Table (13). 

a) Oleic acid (c 18:1): 

The highest mean values of oleic acid were found for the  

interaction mut 4 x 50 Kg N /fed which were 59.53 and the lowest  

mean values produced from the interaction Sakha 53 x 75 Kg N 

/fed which were 29.00% . 

b)  lenoleic acid (C 18:2):

The highest mean values for linoliec acid produced from the 

interaction (Giza 102 x 75 Kg N /fed) which was 56.23% and the 

lowest mean values produced from the interaction (mut 11 x 75 

Kg N /fed) which was 29.87%. 

c) Palmetic and stearic acid: 

On the other hand the highest mean values of saturated fatty 

acids produced from (mut 11 x 25 Kg N /fed) and the lowest 

values produced from ( Giza 102 x 50 Kg N /fed). 
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Table (13): Mean values of fatty acid composition of sunflower 

seeds oil as affected by the interaction between N-fertilizer levels 

and genotypes 

 

      Fatty                      

acids 

 

 

Treatments 

 U.S.F.A 
Total of 

U.S.F.A 
S.F.A 

Total 

of 

S.F.A 

Total 

fatty 

acids 

genotypes Oleic 

C 18:1 

% 

Linoleic 

C 18:2 

% 

 Palmetic 

C 16:0 

% 

Stearic 

C 18:0 

% 

  

 

 

 

25 kg N/fed 

 

Mut. 4 

 

54.04 

 

37.06 

 

91.10 

 

6. 31 

 

1.59 

 

7.90 

99.00 

 

Mut. 11 

 

46.46 

 

45.04 

 

91.50 

 

7.14 

 

1.09 

 

8.23 

99.73 

 

Sakha 53 

 

48.63 

 

51.36 

 

99.99 

 

0 

 

0 

 

0 

99.99 

 

Giza 102 

 

48.39 

 

51.60 

 

99.99 

 

0 

 

0 

 

0 

99.99 

 

 

 

 

50 kg N/fed 

 

Mut. 4 

 

59.53 

 

40.46 

 

99.99 

 

0 

 

0 

 

0 

99.99 

 

Mut. 11 

 

56.11 

 

43.88 

 

99.99 

 

0 

 

0 

 

0 

99.99 

 

Sakha 53 

 

49.08 

 

50.91 

 

99.99 

 

0 

 

0 

 

0 

99.99 

 

Giza 102 

 

48.49 

 

48.20 

 

96.69 

 

3.29 

 

0 

 

3.29 

99.98 

 

 

 

 

75 kg N/fed 

 

Mut. 4 

 

55.00 

 

37.34 

 

92.34 

 

5.77 

 

0 

 

5.77 

98.11 

 

Mut. 11 

 

55.34 

 

29.87 

 

85.21 

 

6.56 

 

0 

 

6.56 

91.77 

 

Sakha 53 

 

29.00 

 

35.91 

 

64.91 

 

4.32 

 

0 

 

4.32 

69.23 

 

Giza 102 

 

43.76 

 

56.23 

 

99.99 

 

0 

 

0 

 

0 

99.99 
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SUMMERY AND CONCLUSION 

 

In this study, two field experiments were carried out in the 

Experimental Farm belonging at Inshas, Plant Research 

Department, Nuclear Research Center, Atomic Energy Authority, 

Egypt, during the two growing seasons 2007 and 2008 to study 

the effect of plant spacing and nitrogen fertilization on some 

sunflower genotype characters.  

The first experiment included four genotypes i.e., mutant line 4, 

mutant line 11, Sakha 53 and Giza 102 and three planting spaces 

i.e., 20, 30 and 40 cm between hills.  

The second experiment included the same genotypes and three 

levels of nitrogen fertilization i.e., 25, 50 and 75 Kg N/fed. N 

fertilizer was in the form of ammonium nitrate (NH4NO3) 33.5%. 

Each separated experiment included twelve treatments were 

arranged in split plot design with three replicates. 

The results summarized as follows: 

A) Effect of genotypes: 

1- The results showed that highly significant differences between 

genotypes in plant height (cm) and the highest plant height 

produced from the mutant lines 4 and 11 and the lowest plant 

height produced from the commercial varieties Sakha 53 and 

Giza 102 in the two seasons. 

2- The results showed that the highest stem diameter (cm) 

produced from the two mutant lines 4 and 11 in comparison 
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with the commercial varieties Sakha 53 and Giza 102 in the 

two growing seasons. On the other hand, both mutant lines 

decreased saturated fatty acid.   

3- The results indicated that, the mutant lines 4 and 11 were 

higher than the commercial varieties Sakha 53 and Giza 102 

in number of leaves / plant and L.A.I. 

4- The mutant lines 4 and 11 caused a significant increase in 

head diameter, head weight, 100-seed weight and seed yield / 

plant in comparison with the local varieties Sakha 53 and Giza 

102 in the two seasons. 

5- The highest mean values of shelling percentages (%) 

produced from the mutant lines 4 and 11 in comparison with 

the local varieties Sakha 53 and Giza 102. 

6- The local varieties Sakha 53 and Giza 102 were higher than 

the mutant lines 4 and 11 in C.Z.S.D in the tow growing 

seasons. 

7- Oil percentage (%) increased significantly in the two 

commercial varieties Sakha 53 and Giza 102 in comparison 

with the two mutant lines 4 and 11 in the two growing 

seasons. 

8- Seed yield kg/fed increased significantly in the mutant lines 4 

and 11 in comparison with the local varieties Sakha 53 and 

Giza 102 in the two growing seasons. 

9- Oil yield kg/fed increased in the two mutant lines 4 and 11 in 

comparison with the local varieties Sakha 53 and Giza 102. 



 301 

10- Mutant lines 4 and 11 increased oleic acid but decreased 

linoleic acid in comparison with both varieties Sakha 53 and 

Giza 102.  

B) Effect of plant spacing: 

1- plant height (cm) decreased by increasing of plant spacing up 

to 40 cm between hills in the two growing seasons, on the 

contrast, it increased by decreasing the space between hills 

(20 cm). 

2- Mean values of stem diameter / plant (cm) increased 

significantly by decreasing plant density in the two growing 

seasons. 

3- As for number of leaves / plant it was substantially influenced 

by the tested plant density in the two growing seasons in the 

average decreasing plant density as a result of increasing hill 

spacing (40 cm) caused an increase in mean values of number 

of leaves / plant. 

4- As for L.A.I, the results showed that the increase in the 

number of plant per unit area as a result to decrease plant 

spacing (20 cm) caused a significant increase in this trait. 

5- Head diameter (cm) was increased by increasing plant 

spacing of sunflower up to (40 cm) apart between hills. On the 

contrast head diameter decreased by increasing population 

density (decreased plant spacing). 

6- Mean values of C.Z.S.D (cm) had not affected by plant 

spacing in the two seasons. 
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7- 100-seed weight, g (seed index) was significantly affected by 

increasing plant density. Mean values of 100-seed weight 

were found increase by increasing plant spacing (decreasing 

plant density) up to 40 cm apart between hills. 

8- Mean values of head weight (g) was found to increase by 

increasing hill spacing up to 40 cm apart between hills. This 

increase was found to reach the level of significance in the 

first season. 

9- Mean values of seed weight / plant (g) increased by increasing 

of plant spacing .The increase reached the level of 

significance in the two growing seasons. 

10- Mean values of shelling percentage (%) was found to increase 

by increasing plant density up to 30 cm apart between hills. 

This increase was found to reach the level of significance in 

the second season only as compared with the low spacing (20 

cm).  

11- As for seed yield kg/fed, mean values increased with the 

lowest spacing between hills 20 cm apart, on the contrast, it 

was decreased with increasing plant spacing in the two 

seasons. 

12- Oil percentage (%): Mean values of oil percentage showed 

insignificant differences among the three tested plant spacing 

(20, 30 and 40 cm apart) in the first season but it decreased in 

the second season by increasing plant spacing 40 cm. 
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13- Oil yield kg/fed increased significantly by decreasing plant 

spacing (increase plant density) 20 cm apart between in the 

two seasons. 

14- Saturated fatty acids (%) increased with the increasing plant 

spacing up to 40 cm apart between hills. On the other hand 30 

cm apart between hills produced the highest values of oleic 

acid and lowest values of linoleic acid.  

C) Effect of nitrogen fertilization: 

1.  Data indicated that N-application up to 75 Kg/fed                                                                                                                                                                      

caused insignificant increase in plant height, on the other 

hand, 50 Kg N/fed produced the highest plant height. 

2.  Stem diameter (cm) and number of leaves / plant were    

remarkably increased by soil application of N-fertilization up 

to 75 Kg N/fed. 

3.  Number of leaves / plant and L.A.I increased by increasing N-

fertilization up to 75 Kg N/fed but the increase did not reach 

the level of significance in the two seasons. 

4.  Data indicated that N-application with 50 Kg N/fed produced 

the higher mean values of head diameter in the two seasons. 

5. Head and seed weight / plant increased with the increasing of 

N-fertilization up to 75 Kg N/fed.  

6. Head weight / plant, seed weight / plant and 100-seed weight 

increased by the increasing of N-application up to 75 Kg 

N/fed. The increase reached the level of significant in the 

second season. 
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7.  Shelling percentage (%) had not affected by the three tested of 

N-fertilization. 

8.  Seed and oil yield kg/fed had insignificant increased by the 

increasing of N-fertilization up to 75 Kg N/fed. On the 

contrast, significant decreased in oil percentage by the 

increasing of N-fertilization levels. 

9. Oleic acid increased with the increasing of N-fertilization up to 

50 Kg N/fed. Gradually decreased of linoliec acid with the 

increasing of N- fertilization levels up to 75 Kg N/fed.  

In conclusion it can be said that the mutant lines 4 and 11 

were the best genotypes for all characters studies except oil 

percentage. The spaces between hills play an important role for 

producing high yield in sunflower. The best plant spacing was 20 

cm apart between hills. As for N-fertilization levels, the 

application with 50 Kg N/fed was the best N-fertilizer level for 

the four genotypes.  
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