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ABSTRACT 

 
          In order to study the response of two cultivars of sunflower (Sakha-53 and 
Giza-102) to inoculation with phosphate dissolving bacteria (phosphorine) and 
biological nitrogen fixation bacteria (Cerealin) under different nitrogen fertilizer levels 
i.e. (15, 25 and 35 kg N /fad.). The main finds could be summarized as fallows: Two 
field experiments were conducted at Agricultural experimental farm of AL –Azhar 
Univ. at Assiut, during 2012 and 2013 seasons.  
        The results revealed that sunflower cultivars exhibited significant differences in 
all studied traits except No. of seeds per plant. Plants of Sakha-53 were surpassed 
significantly Giza-102 in all studied traits in the two growing seasons. 
         Increasing nitrogen fertilizer levels up to 35 kg N /fad significant increased all 
traits under study except seed oil percentage was decreased with increasing N levels 
up to 35 kg N /fad in both seasons. 
          Results indicated that the inoculation of sunflower seed with phosphate 
dissolving bacteria (phosphorine) or with N2- fixation bacteria (Cerealin) enhanced 
significantly all studied traits over the control except seed oil percentage in both 
seasons. Seed inoculation with cerealin gave highest means of all studied traits.  
          The interaction between cultivars and nitrogen fertilizer rates had a significantly 
effected plant height and seed yield ton/fad. in both seasons as wall as stem diameter 
and oil yield kg/fad in the first season only and seed oil percentage in the second 
season. The interaction between cultivars and bio-fertilizer significantly affected stem 
diameter, seed and oil yields /fad in both seasons, plant height and head diameter in 
the first season only and seed oil percentage in the second only. The interaction 
between nitrogen fertilizer rates x bio-fertilizer significantly affected stem diameter, 
number of seed per head, seed weight per head and seed yield ton/fad. in two 
growing seasons and plant height, head diameter and oil yield ton/fad. in the first 
season and seed oil percentage in the second season only.  
        In general it could be concluded that highest seed and oil yield/ fad was obtained 
from Sakha-53 cultivar when received 35 kg N /fad. and  inoculation with cerealin 

under Assiut conditions.  
   

INTRODUCTION 
 

Sunflower (Helianthus annus, L.) is becoming an important source of 
edible vegetable oil through the world due to its no cholesterol and high 
unsaturated fatty acids content (Leland, 1996 and Khalifa and Awad 1997). 
In addition, due to its short growing season and need to fill the gap between 
the vegetable oils production and consumption it receives considerable 
attention in Egypt especially, in the reclaimed areas. 

Seed yield of sunflower is affected by many factors, of which variety, 
nitrogen and bio-fertilizer play an important role in determining productivity of 
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sunflower. Abou-Khadra et al. (2002), reported that sunflower hybrids (Vidoc, 
Alamo, Eruflower and Malabar) significantly differed in their growth, yield and 
its attributing characteristics. Saleh et al. (2004) revealed that sunflower 
cultivars (Maik, Vidoc and Eruflower) significantly differed in all characters 
yield and yield components under study. El- Mohandes et al. (2005) showed 
that sunflower hybrids exerted a highly significant influence on all traits 
(Vegetative growth traits, seed yield and yield component) in the tow growing 
seasons. Where, Hybrid-102 surpassed Hybrid-20 in all traits except oil %. 
Awad and Ghrib (2009) indicated that sunflower genotypes exhibited 
significant differences in all studied traits. Sakha-53 cultivar and Pop.770 
were among those having great head diameter, seed yield / fed., and seed oil 
yield /fed. The commercial cultivar Sakha-53 surpassed all other genotypes 
in 100-seed weight. On the other hand, Pop.770 exceeded all other 
genotypes in seed oil content. Sakha-53 cultivar and Pop.770 out yielded all 
other genotypes in oil yield / fed. 

Nitrogen fertilization is one of the most important factors to increase 
seed and oil yields of sunflower. Sunflower crop requires a suitable amount 
of nitrogen for each type of soil to produce the maximum seed and oil yields. 
Sarmach et al. (1994) concluded that size and dry weight of head, 100- seed 
weight, seed yield /plant and seed yield/ha were highest with 80 kg N + 40 kg 
P2O5 /ha. Kumara et al. (2003) reported that application of N at 60 kg N /ha 
greatly improved plant height, head diameter, number of seeds per head, 
seed and oil yields. Gandahi and Oad (2005) found that plant height, head 
diameter, 100- seed weight and seed yield were increased with increasing 
nitrogen fertilizer rate up to 100 kg N /ha. Sayed et al. (2006) concluded that 
increasing nitrogen fertilizer rate up to 80 kg N /ha. increased seed and oil 
yields of sunflower. Increasing nitrogen fertilization significantly increased 
plant height, leaf area /plant, dry weight /plant, days to flowering, head 
diameter, 100- seed weight, seed and oil yields, but decreased seed oil %  
( Azouz and  Selim, 2007, Awad and Gharib, 2009 and  Ibrahim and El- 
Genbehy, 2009). 

Using the biological fertilizer such as phosphate dissolving bacteria 
and bio-nitrogen fixation bacteria aimes mainly to reduce using of mineral 
fertilizers in order to reduce the environmental pollution (Nawar, 1994). 
Radwan (1996) observed that inoculation of sunflower seed with phosphate 
dissolving bacteria significantly increased number and weight of seeds /head, 
head diameter and seed index in addition to sunflower growth attributes. The 
results obtained by Keshta and El- Kholy (1999) indicated that the application 
of inorganic nitrogen and bio-nitrogen fertilizers for sunflower increased plant 
height, head diameter, 100- seed weight, seed yield/fed.  and seed oil 
content. Sharief et al. (2000) reported that applying either the fertilization 
regimes (Ceralin-Phosphorine) along with 50 kg N /fed. or 70 kg N /fed. (as 
control) for wheat produced the heaviest grain weight, number of 
grains/spike, number of spikes/m

2
 and grin yield/fad. Abou Khadrah et al. 

(2002) found that inoculation of sunflower seed with phosphorine as bio-
fertilizer significantly increased head diameter, number of seeds /head, seed 
oil content, seed yield /plant as well as seed and oil yields/fed. but did not 
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show any significant effect on plant height, 100- seed weight, and seed husk 
percent.   

The objectives of this study is aimed to evaluate the response of 
sunflower cultivars to phosphorine (phosphate dissolving bacteria) and 
Cerealin (bio-nitrogen fixation bacteria) under low N-fertilizer levels.      
 

MATERIALS AND METHODS 
 

Two field experiments were conducted at the Experimental farm, 
faculty of Agriculture, AL –Azhar University at Assiut Governorate. Egypt 
during 2012 and 2013 seasons. This research was aimed to study the 
response of two sunflower cultivars (Sakha-53 and Giza-102) to inoculation 
with biological nitrogen fixation bacteria Cerealin (Cer.) and phosphate 
dissolving bacteria  phosphorine (phos.) under low nitrogen fertilizer levels 
i.e. 15, 25 and 35 kg N /fed. in the form of ammonium nitrate 33.5% N. 
Planting was done on the 3 and 6 June in 2012 and 2013 seasons, 
respectively using seeds obtained from the Agriculture Research Center, 
Giza. The plants were later thinned to soil secure one plant per hill before the 
first irrigation (21 days after sowing). The preceding crop was Egyptian clover 
(Trifolium alexandrinum L.) in the 1

st
 and 2

nd
 sowing seasons. The 

experimental unit consisted of 5 ridges, 3.5 m long and 60 cm apart, 
occupying an area of 10.5 m

2
 (1/400 fad.).  

Randomized complete block design using split-split plot arranged was 
applied in three replicates where sunflower cultivars were assigned to the 
main plot, while nitrogen and bio-fertilizers were distributed randomly in the 
sub and sub-sub plot, respectively. The Mechanical and chemical analyses 
of experimental site are presented in Table (1). 
       

Table 1: The Mechanical and chemical analysis of soil field experiments  

 
Different nitrogen rates were added in two equal spilt doses, where the 

first one was added after thinning time and before irrigation, while, the 
second dose was added before the second irrigation. 

Phosphorin is a commercial bio-fertilizer containing active and Cerealin 
is also a commercial bio-fertilizer containing active bio-nitrogen fixation 
bacteria, produced by the general organization for Agricultural Equalization 
Fund, Ministry of Agriculture and Land Reclamation. The wetted sunflower 
seed was thoroughly inoculated with different inoculation treatments just 
before planting.  

Mechanical 
analysis 

2012 2013 
Chemical 
analysis 

2012 2013 

Sand (%) 24.50 25.30 Organic matter (%) 0.97 1.02 

Silt (%) 39.00 39.40 Available N (ppm) 74.50 76.30 

Clay (%) 36.50 35.30 Available P(ppm) 9.60 10.56 

Soil texture Clay loam 

Available K (ppm) 355.15 363.25 

Ph 7.76 7.98 

E.C. (ds. m
-1

 ) 1.17 1.18 

Total CaCo3 (%) 2.85 2.60 
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Arabic gum was used as an adhesive agent. Soil was directly 
irrigated after sowing to provide suitable moisture for the inocula. All other 
cultural practices for recommended growing sunflower were conducted as 
recommended. 
At harvest, samples of five guarded plants were taken at random for each 
sub-sub plot and the following characters were measured: 
1 - Plant height (cm). 
2- Stem diameter (cm). 
3- Head diameter (cm). 
4- Number of seeds /head. It was calculated using the following formula: 
                                          Seed weight /plant  
Number of seeds/head   =    ---------------------- x 100 
                                             Seed index 
5- Weight of seed / head (g). 
6-1000- seed weight (g). 
7- Seed yield / fad (ton) was determined from the plants in the inner ridges 
of each sub-sub plots. 
8- Seed oil percentage, was determined using Soxalet apparatus according 
to A.O.A.C. (1995). 
9- Oil yield /fed (kg), was determined by multiplying seed yield (kg/fad.) by 
seed oil percentage. 
                                  Oil % x seed yields / fad. 
Oil yield kg /fad =    ----------------------------------------  
                                                  100 
 Obtained data were subjected to the statistical analysis as usual 
technique of analysis of variance (ANOVA) of the split-split plot design. The 
treatment means were compared using the least significant differences (L. S. 
D.) procedure as mentioned by Gomez and Gomez (1984).  
 

RESULTS AND DISCUSSION 
 
Effect of cultivars performance: 
        Results presented in Tables 2, 3, 4, 5 and 6 indicate that sunflower 
cultivars Sakha-53 and Giza-102 differed significantly in yield and its 
attributes i.e. plant height, stem diameter, head diameter, 1000-seed weight, 
seed weight per head, seed yield ton/ fad., seed oil percentage and oil yield 
per fad. in both seasons. Sakha-53 had higher all characters under study 
than Giza-102 cultivar in both seasons. This mean that the difference 
between cultivars is mainly due to the difference in their genetic make up and 
their reaction to the environments condition prevailing during it growth. These 
results agree meant with those obtained by Awad and Gharib (2009), Abdel- 
Motageally and Osman (2010), Abdel- Monem (2011) and Hassanen et al 
(2013).   
Effect of nitrogen levels: 
       As shown in Tables 2, 3, 4, 5 and 6 results indicated that increasing 
nitrogen level from 15 to 35 kg N /fad. significantly increased studied traits 
components in both growing seasons except oil % which deceased with 
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increasing nitrogen level. Maximum values of plant height, stem diameter, 
head diameter, No. of seeds per head, 1000-seed weight, seed weight per 
head, seed yield ton/ fad. seed oil yields per fad. were observed with adding 
35 kg N /fad. The increase in these characters with the increase of nitrogen 
level might due to the role of nitrogen in activating the growth and yield 
components. This reflects the important of nitrogen in building up the 
photosynthetic area of sunflower plants and consequently accumulation of 
more dry matter, which is reflected in seed yield and its components. 
Increasing nitrogen level up to 35 kg N /fad. gradually increased oil yield/fad. 
Similar results were obtained by Abou Khadrah et al (2002), Mojiri and Arzani 
(2003), Killi (2004), Ozer et al (2004), Osman and Awed (2010) and 
Hassanen et al (2013).    
Effect of seed inoculation: 
        Results presented in Tables 2, 3, 4, 5 and 6 clearly reveal that the 
inoculation of sunflower seed with phosphate dissolving bacteria 
(phosphorine) or with N2- fixation bacteria (Cerealin) or with bio-fertilizers 
significantly enhanced all the studied traits over the control (un inoculated) in 
both seasons except oil% which decreased. It is clear from the present data 
that the seed inoculation with cerealin gave the highest mean values of all 
studied characters. Generally, results pointed out to a beneficial effect of 
seed inoculation with N2- fixation or/and phosphate dissolving bacteria on 
yield and yield components might be attributed to the fixation of nitrogen, the 
soluble mono-calcium phosphate and /or to the production of certain plant 
growth promotion substances by these bacteria as well as supplying 
sunflower plants with its requirements during different growth stages. The 
increase in sunflower seed yield resulted by the inoculation with phosphorine 
and cerealain might be due to the favorable effect of bio-fertilizers on plant 
height, head diameter and seed yield per plant. Also, the increase in oil yield 
might be attributed to greate seed yield per fad. These results are similar to 
those reported by Sharief et al (2000), Abou Khadrah et al (2002), Mohamed 
(2003), Abdalla et al (2007), El-Aref et al (2012) and Hassanen et al (2013). 
Interactions effect: 
             Results in Tables 2, 3, 4, 5 and 6 indicated that the interaction between 
cultivars and nitrogen levels had a significant effect on plant height and seed 
yield ton/fad. in both seasons as well as on stem diameter and oil yield per fad. in 
the first season and seed oil percentage in the second seasons. Where the 
highest mean values of mentioned traits were obtained from Sakha-53 cultivar 
and 35 kg N /fad. except seed oil percentage in both seasons. The interaction 
between cultivars and bio-fertilizer on stem diameter, seed yield per fad. and oil 
yield per fad. was significant in both season and plant height and head diameter 
in the first season only, Where the highest values were obtained from Sakha-53 
and inoculation with cerealin. The interaction between nitrogen levels and bio-
fertilizer was significant on stem diameter, no. of seed per head, seed weight per 
head and seed yield per fad. in both seasons and plant height, head diameter 
and oil yield per fad. in the first season and seed oil percentage in the second 
season only. The interaction among cultivars, nitrogen levels and bio-fertilizer 
was significant influence on stem diameter and seed yield per fad. in both 
seasons, and plant height and  oil yield per fad. in the first season only. 
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        In general, it could be concluded the heights seeds and oil per fad. was 
obtained from Sakha-53  when received 35 kg N /fad. and inoculation with 
Cerealin under Assiut conditions.  
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تأثير التسميي  الييم و  التيتر نيتمل  امل الييوم و  يه تصتمي لومتزير يمر   مر  

 الشيس
 يوطزى ييي  إبرا يم

 يور –فرع أسي ط  –نصيعة الأ  ر  –هاية ال را ة  –قسم الييصويو 
 

فتترأ أوتيخلا  تت    -جحةعتتث ةه  تر -أجريت   ججرتجتتحق يتايجتحق تحعة رلتتث ةعتيكيتث  تزايتتث ةع رةلتث
م  تهتت د  رةوتتث جتتلكير ةعجاتتتيف تحع خوتت خريق خةعوتتيريحعيق جيتت  ةوتتجخيح  ة جا تتث ةتتق 2101، 2102ةخوتتة  

زيتتم ق/ دو خأكتتر ععتتا لاتت  ةعةينتتخ  خةزختحجتتز عنتتت يق ةتتق   تتر   11خ  21، 01ةعجوتتةي  ةعتيجرخجيتتت   
ق و خق  إوج  م جنتةيم ةعتلاحلتح  زحةاتث ةععشتخةبيث تجرجيتط ةعتلاتش ةعةتشتتث ةترجي012خجي    11-ةعشةس  و ح

ف  ك ث ةزررة ، ييث خ ل  ةهنتحد ف  ةعتلاش ةعربيويث تيتةح خ ل  ةع لا  ةعجوةي  ةه خج  خةعييتخ  
 لشخةبيح لا  ةعتلاش ةعشتيث ةلاخع  خةعشتيث ةعكحتيث لا  ةعجرجيط. 

أظهر  ةعتجحبج أتز يخج   إ ج فح ةعتخيح تيق أنتحد   ر  ةعشةس ف  ز  ةعن ح  جي  ةع رةوتث لت ة لت    -
فتت  زتت  ةعنتت ح  ةعة رخوتتث ةكتت  إرج تتحأ  012-لاتت  جيتت    11تتتحعترح ييتتث ج تتخف ةعنتتتد وتت ح  ةعتتتعخر

تعر  خةينخ  ةعتعخر عاتتح  خةع  ةق خةعتوتث ةعةبخيتث عا يت   0111ةعتتح  خقلار ةعوحف خةعترح خخ ق ة 
 خةينخ  ةع ي  عا  ةق ف  ز  ةعةخوةيق.

زجتم ق/فت ةق ة   إعت   يتح    11ةخ 21إعت   01  ةتق أشحر  ةعتجحبج ةع  أق   يح   ةع لا  ةعجوةي  ةلا خجت -
ةعتخيث ف  ز  ةعن ح  ةعة رخوث، تيتةح تتنت  ةعتوتتث ةعةبخيتث عا يت  تحعتتعخر ت يتح   ةعجوتةي  ةه خجت  فت  

 ةعةخوةيق.
أظهر  ةعتجحبج أق إوجعةح  ةعجوةي  ةعييخ  خ حنث ةعوتريحعيق إعت   يتح   ةعتخيتث فت  إرج تحأ ةعتتتح  خقلاتر  -

تعر  خةينخ  ةعتتح  ةق ةعتعخر خةينتخ  ةع ت ةق  0111رح خل   ةعتعخر تحعترح خخ ق ة ةعوحف خةعت
ةق ةعتعخر خةع ي ، تيتةح تتن  ةعتوتث ةعةبخيث عا ي  تحعتعخر ةتحرتث تةعحةاث ةعزتجترخ    تت خق جاتتيف و فت  

 ز  ةعةخوةيق.
ير ةعتتتخ  فتت  إرج تتحأ ةعتتحجتتح  أخضتتي  ةعتجتتحبج أق ةعج حلتت  تتتيق ةهنتتتحد خةعجوتتةي  ةه خجتت  أ   إعتت  جتتلك -

خةينخ  ةع  ةق تحعلاق ف  ز  ةعةخوةيق خقلار ةعوحف خةينتخ  ةع يت  عا ت ةق فت  ةعةخوتم ةهخ  خةعتوتتث 
ةعةبخيث عا ي  ف  ةعةخوم ةعكحت  فتلا. زةح أ   ةعج حل  تيق ةهنتحد خةعجوةي  ةعييخ  إع  جلكير ةعتتخ  فت  

فت  ةعةخوتم ةهخ  خةعكتحت  خفت  إرج تحأ ةعتتتح  خقلاتر ةعتترح قلار ةعوحف خةينخ  ةعتعخر خةع يت  عا ت ةق 
ف  ةعةخوتم ةهخ  خةعتوتتث ةعةبخيتث عا يت  فت  ةعةخوتم ةعكتحت  فتتلا. تيتةتح أظهرةعج حلت  تتيق ةعجوتةي  ةه خجت  
خةعييخ  جلكير ةعتخ  ف  قلار ةعوحف خل   ةعتعخر تتحعترح خةينتخ  ةعتتتح  خةع ت ةق ةتق ةعتتعخر فت  زت  

 حأ ةعتتح  خقلار ةعترح خةينخ  ةع ت ةق ةتق ةع يت  فت  ةعةخوتم ةهخ  ختوتتث ةع يت  فت  ةعةخوةيق، خإرج
ةعةخوم ةعكحت  فتلا ، أظهرةعج حل  تتيق ةهنتتحد خةعجوتةي  ةه خجت  خةعييتخ  إعت  يت خث جتلكير ةعتتخ  فت  

خوتم ن ث قلار ةعوحف خةينخ  ةع  ةق تحعلاق ف  ةعةخوةيق خإرج حأ ةعتتح  خةينخ  ةع ي  عا ت ةق فت  ةعة
 ةهخ  فتلا.

 11خجخن  ةعتجحبج أق  ألا  إتجحجيث ةق ةينخ  ةعتعخر خةع ي  عا  ةق خععا ت رةلتث ةعنتتد وت ح 
 زجم ق/د خجاتيف ةعتعخر تحعويريحعيق.  11خةعجوةي  تةع   
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Table 2: Effect of nitrogen levels, bio-fertilizer and their interactions on plant height (cm) and stem diameter of 
two sunflower cultivars during 2012 and 2013 seasons.                     

L.S.D. at (0.05)  
      Cultivars (A) *  * * * 
Nitrogen (B) 0.422  0.978 1410.0 1411.0 
Bio-fertilizers (C) 0.506  1.035 14101. 1411.. 
A X B 0.597  1.383 0.0211 N.S 
A X C 0.716  N.S 0.0178 0.0109 
B X C 0.876  N.S 14100. 141000 
A X B X C 1.239  N.S 0.0308 0.0188 

 
 

Stem diameter (cm) Plant height (cm) 
Nitrogen 

levels   
(kg/fad.) 

(B) 

Sunflower 
cultivars 

(A) 

Bio-fertilizer (C) 

2013 2012 2013 2012 

Mean Cer. Phos. 
Uninoc

. 
Mean Cer. Phos. Cont. Mean Cer. Phos. Uninoc. Mean Cer. Phos. Cont. 

25252 
253.2 
25322 

253.3 
25423 
25563 

252.. 
25322 
25363 

2522. 
252.2 
2522. 

252.. 
25326 
25463 

25322 
256.3 
2565. 

2534. 
2542. 
25523 

252.3 
25223 
25222 

265526 
2225.4 
22.566 

2225.5 
22252. 
2.35.6 

26.5.. 
22455. 
2..553 

158.22 
163.33 
171.58 

265553 
222524 
222522 

222556 
22.522 
2.3522 

265544 
22452. 
222522 

252552 
263534 
26253. 

15 
25 
35 

 
Sakha (53) 

25322 25422 25323 252.2 253.. 2555. 25422 2526. 2225.2 222554 224534 26453. 222563 222562 223522 26452. Mean 

252.2 
25253 
25326 

2526. 
253.3 
25462 

2522. 
25223 
2534. 

25233 
25253 
2522. 

25226 
25324 
2536. 

25366 
25453 
2542. 

25233 
25323 
25433 

25... 
25222 
252.. 

264522 
26.543 
226522 

22252. 
223562 
2.25.. 

2655.2 
22.52. 
22.5.2 

256556 
262532 
26.532 

263522 
262532 
224552 

262553 
22455. 
2.2526 

2665.2 
222543 
226562 

25555. 
262522 
265562 

15 
25 
35 

 
Giza(102) 

 

2526. 2532. 2525. 25252 253.3 25436 25342 25226 2625.2 225566 222562 262522 262522 2255.2 2225.. 26.5.. Mean 

25226 
252.. 
25352 

 

252.2 
2532. 
25525 

25245 
25225 
25352 

25252 
25262 
2522. 

25253 
25355 
25426 

253.2 
2552. 
2552. 

252.2 
25322 
25423 

25.22 
25245 
252.3 

265533 
22.524 
222532 

222565 
225566 
2.2542 

266525 
222532 
222522 

252532 
262536 
26252. 

264525 
22.526 
2255.6 

22.555 
226533 
2.2524 

266522 
223562 
222522 

252555 
26252. 
262553 

15 
25 
35 

Means    
for all 

nitrogen 
levels 

 2532. 25222 2522.  25423 253.4 25242  22656. 2235.2 263525  226534 22255. 262545 
Means of bio-

fertilizer(C) 
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Table 3: Effect of nitrogen levels, bio-fertilizer and their interactions on head diameter and Number of seed per 

plant of two sunflower cultivars during 2012 and 2013 seasons.                 

L.S.D. at (0.05)  
Cultivars (A) *  * N.S N.S 
Nitrogen (B) 0.336  0.258 04110 .4001 
Bio-fertilizers (C) 0.152  0.2006 040.0 00401 
A X B N.S  N.S N.S N.S 
A X C 0.215  N.S N.S N.S 
B X C 0.264  N.S 0041. 00400 
A X B X C N.S  N.S N.S N.S 

 

Number of seed per head Head diameter (cm) 
Nitrogen 

levels   
(kg/fad.) 

(B) 

Sunflower 
cultivars 
(A) 

Bio-fertilizer (C) 

2013 2012 2013 2012 

Mean Cer. Phos. Uninoc. Mean Cer. Phos. Cont. Mean Cer. Phos. 
Uninoc

. 
Mean Cer. Phos. Cont. 

2245562 
2224523 
2233532 

22.5522 
232254. 
232.524 

222.54. 
22.25.3 
23.2525 

2.6.525 
2.66535 
2.62542 

22235.2 
22525.4 
22.255. 

2224522 
2223553 
226.5.3 

2223522 
2222542 
222.564 

2.2.5.2 
2..456. 
2.22522 

225222 
2.5.56 
225326 

2.562. 
2.5.22 
2.5552 

225222 
225..3 
225623 

26565. 
2254.2 
225222 

2.5422 
225222 
22522. 

22552. 
2.5422 
22522. 

2.55.. 
225552 
225.2. 

225262 
225552 
2.5623 

15 
25 
35 

 
Sakha (53) 

22.2533 22.4522 2253525 2.65553 22565.2 2222525 226.544 2..2524 2.564. 22526. 2.5.2. 22522. 225224 2.5422 225326 225222 Mean 

223.54. 
222.522 
2223524 

22225.2 
2326562 
23225.. 

2264552 
2222546 
2222533 

2.3352. 
2.54565 
2.2.532 

2.225.2 
2244565 
226.523 

2242522 
2222522 
2223522 

22225.4 
2254524 
2224522 

2.3553. 
2.62553 
2.2.524 

225222 
2.5262 
2.5243 

2.55.2 
225323 
22522. 

22522. 
2.5553 
225.22 

2552.. 
265553 
225423 

22525. 
2.5.26 
225323 

2.5222 
225.63 
2.53.3 

225.2. 
2253.3 
225523 

2655.3 
22525. 
2.53.3 

15 
25 
35 

 
Giza(102) 

2222554 2222526 2244546 2.535.. 223252. 2222525 22555.. 2.56522 2.5.34 22523. 2.52.2 2655.6 2.5623 22564. 2.52.2 225462 Mean 

223.5.. 
2222522 
222.532 

2222532 
232.5.2 
2325542 

2262554 
222.524 
22.2554 

2.42532 
2.6.55. 
2.62524 

22225.4 
2252525 
22225.5 

225.5.4 
222.54. 
225.5.3 

2222526 
226252. 
22.2543 

2.53523 
2.23556 
2..2522 

2254.2 
2.5522 
225.22 

2.55.. 
225235 
2.5223 

225643 
2.5.2. 
225325 

265225 
2652.. 
2256.. 

2.5..4 
225.36 
225652 

2252.3 
2.524. 
2.5222 

2.5225 
22543. 
2252.2 

265.25 
22553. 
2.545. 

15 
25 
35 

Means for all 
nitrogen 
levels 

 22..523 2242522 2.52522  22.2525 2262522 2.62522  225422 2.5522 265232  2.5.3. 2252.6 225624 Means of bio- fertilizer(C) 
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Table 4: Effect of nitrogen levels, bio-fertilizer and their interactions on 1000- seed weight (g) and seed weight per 
plant (g) of two sunflower cultivars during 2012 and 2013 seasons.               

L.S.D. at (0.05)  
      Cultivars (A) *  * * * 
Nitrogen (B) 1.26  1.096 14000 14100. 
Bio-fertilizers (C) 1.087  1.041 14..0 140010 
A X B N.S  N.S N.S N.S 
A X C N.S  N.S N.S N.S 
B X C N.S  N.S 14..0 0411. 
A X B X C N.S  N.S N.S N.S 

 
 

Seed weight per plant (g) 1000- seed weight (g) Nitrogen 
levels   

(kg/fad.) 
(B) 

Sunflower 

cultivars 
(A) 

Bio-fertilizer (C) 

2013 2012 2013 2012 

Mean Cer. Phos. Uninoc. Mean Cer. Phos. Cont.. Mean Cer. Phos. Uninoc. Mean Cer. Phos. Cont. 
6652.6 
22522. 
255632 

22555. 
.252.3 
.3522. 

6.52.2 
22563. 
.252.2 

525.2. 
52545. 
625233 

665..2 
2.52.2 
245..2 

2252.. 
225.23 
.25233 

6.5522 
2353.3 
2.524. 

5.5243 
625.2. 
63542. 

525624 
5253.2 
6252.4 

6.522. 
625222 
635223 

5.524. 
6.5223 
6253.2 

535233 
555252 
525233 

52534. 
6.5.2. 
625.5. 

625.5. 
635662 
6552.3 

625.5. 
62542. 
64563. 

545243 
565322 
5.526. 

15 
25 
35 

 
Sakha (53) 

2255.3 2254.. 255242 5254.2 2.5.26 2252.2 2354.. 62526. 52534. 625263 6.5522 555242 625.22 635.33 625223 565422 Mean 

645..2 
225622 
2352.2 

2.52.. 
..542. 
.25.53 

6652.. 
26526. 
2.5223 

545662 
5252.3 
6.522. 

63522. 
6.5.44 
225526 

62552. 
25542. 
..564. 

665432 
2.5432 
265252 

5552.2 
5.52.2 
6.56.. 

56553. 
5.5433 
525.24 

5252.. 
625.53 
52534. 

525453 
525442 
62565. 

525... 
545... 
565233 

5.5.22 
5252.3 
6.524. 

6.5.33 
625.23 
625242 

525322 
625.4. 
635.32 

545... 
5452.2 
56566. 

15 
25 
35 

 
Giza(102) 
 

625224 2.5... 245224 52554. 6.52.3 255223 225.43 5.5222 5.5.25 525.22 525522 54563. 525326 625534 62542. 555226 Mean 

655232 
225222 
245..2 

225625 
.25..2 
.35422 

625243 
225225 
..5.65 

555.43 
5.5622 
6.5252 

655322 
625422 
2352.3 

2252.5 
265622 
.252.2 

6255.2 
22522. 
22524. 

525465 
52564. 
625.25 

525.26 
5.5.6. 
6.5..2 

525225 
62542. 
625262 

5.5222 
525.35 
625.2. 

5353.2 
55522. 
5652.3 

5.5222 
6.5.56 
625..3 

625442 
625.45 
635265 

6.5223 
625265 
645233 

545522 
555552 
52542. 

15 
25 
35 

Means    for 
all nitrogen 
levels 

 2.52.. 255.6. 5.5422  265562 225222 525222  6.5.22 6.5.22 5552.2  6256.4 625.22 555.26 Means of bio-fertilizer  (C) 
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Table 5: Effect of nitrogen levels, bio-fertilizer and their interactions on seed yield ton per fad. and seed oil 

percentage of two sunflower cultivars during 2012 and 2013 seasons.    

L.S.D. at (0.05)  
      Cultivars (A) *  * * * 
Nitrogen (B) 0.0149  0.0086 14000 140000 
Bio-fertilizers (C) 0.0133  0.0077 1400. 14010 
A X B 0.0211  0.0122 N.S 1400. 
A X C 0.0188  0.1088 N.S 140.. 
B X C 0.0231  0.0133 N.S 14.0. 
A X B X C 0.0326  0.0188 N.S N.S 

 
 

Seed oil percentage Seed yield (t/ fad) Nitrogen 
levels   

(kg/fad.) 
(B) 

Sunflower 
cultivars 
(A) 

Bio-fertilizer (C) 

2013 2012 2013 2012 

Mean Cer. Phos. Uninoc. Mean Cer. Phos. Cont. Mean Cer. Phos. Uninoc. Mean Cer. Phos. Cont.. 
455..3 
44522. 
435522 

445.42 
43525. 
425..3 

455.2. 
4452.2 
43532. 

455243 
455322 
445443 

445324 
435.4. 
425642 

435323 
425.3. 
4256.3 

445343 
435.53 
425623 

455442 
445.6. 
43562. 

25262 
252.5 
2522. 

2523. 
2525. 
2522. 

25.4. 
25224 
252.2 

255.5 
2523 
2562. 

2564. 
25.52 
25254 

25222 
25222 
25222 

25225 
25.22 
25.26 

1.405 
1550 
1.653 

15 
25 
35 

 
Sakha (53) 

44525. 435333 445222 45523. 43562. 425636 4356.2 445642 25..5 25.2. 252.2 255.5 25.25 25.34 25.24 25536 Mean 

325444 
3.552. 
32553. 

3.5222 
325253 
365.33 

325423 
3.5263 
325352 

4.5243 
325222 
3.54.. 

32522. 
325226 
3.5262 

325222 
3.5222 
325223 

325.22 
32522. 
3.5252 

4.5... 
4.523. 
325422 

256.4 
252.2 
25.26 

25.2. 
252.4 
25223 

25246 
25..4 
25225 

25436 
25422 
256.2 

25623 
25242 
25.23 

25255 
25..5 
25..2 

2562. 
25.23 
25225 

254.5 
25526 
25665 

15 
25 
35 

 
Giza(102) 
 

3.5524 3252.. 3.5344 32544. 325234 3.5222 325.43 4.5262 252.2 252.2 25.6. 2552. 25242 252.2 25..5 25532 Mean 

425224 
425423 
4.5524 

425422 
4.5452 
325.2. 

425222 
425235 
4.5333 

435.43 
425552 
425422 

425256 
425532 
4.5456 

42526. 
4.5563 
32542. 

425..5 
4254.2 
4.532. 

435223 
425545 
42554. 

25222 
25.46 
25243 

252.. 
25.62 
25252 

25222 
25232 
25.3. 

25422 
25532 
2564. 

25626 
25226 
25223 

25222 
2522. 
25232 

25626 
25.52 
25222 

254.5 
2553. 
25652 

15 
25 
35 

Means    for 
all nitrogen 
levels 

 4.5562 425262 425332  4.5422 425322 4254.6  25.32 25225 2554.  25222 25.4. 25534 Means of bio-fertilizer (C) 
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Table 6:Effect of nitrogen levels, bio-fertilizer and their interactions on oil yield kg/fad. of two sunflower cultivars 

during 2012 and 2013 seasons.  

L.S.D. at (0.05)  
      Cultivars (A) *  * 
Nitrogen (B) 6.624  22.75 
Bio-fertilizers (C) 6.199  20.09 
A X B 9.368  N.S 
A X C 8.767  28.42 
B X C 10.74  N.S 
A X B X C 15.19  N.S 

                         
 

Sunflower 
cultivars 
(A) 

Nitrogen 
levels   

(kg/fad.) 
)B  (  

Oil yield (kg/fad) 

Bio-fertilizer (C) 

2012 2013 

Cont. Cer. Phos. Mean Cont. Cer. Phos. Mean 

 
Sakha (53) 

15 
25 
35 

63.56. 
625536 
222524 

26.534 
.22522 
.53526 

2..5.2 
2.4523 
223532 

226562 
..2554 
.22522 

62256. 
2225.4 
2465.6 

.325.2 

..2534 
22.5.2 

.5.522 
22255. 
232532 

22252. 
.4.55. 
.64552 

Mean 6.55.6 .24522 .6652. 2..546 2265.3 .24542 2.55.3 .325.2 

 
Giza(102) 

 

15 
25 
35 

52352. 
626542 
652532 

66.522 
2.2524 
234563 

6.2554 
222526 
2255.2 

64252. 
6.255. 
22255. 

526546 
66.524 
625522 

6..525 
22.523 
232566 

2255.. 
24.52. 
22.522 

66352. 
2.2522 
22.533 

Mean 625563 2.45.5 22.532 6.2562 622526 22555. 25.562 624552 

Mean for 
N-levels 
 

15 
25 
35 

6.55.2 
655522 
6.2522 

224532 
26252. 
2235.2 

234522 
.22525 
.44552 

6.4522 
2465.2 
22552. 

6345.3 
6.6542 
6..562 

252522 
..2524 
.235.. 

2.2556 
.3.524 
.5252. 

222522 
225522 
2.2542 

Means of bio-fertilizer (c) 65.535 252523 222524  6625.4 2255.. .225.6  


