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ABSTRACT 
 

Two field experiments were carried out at the Experimental Farm of the Faculty of Agriculture (Saba 
Basha), Alexandria University at Abees region. Alexandria, Egypt, during the two growing seasons (2012 and 
2013) to study the effect of both plant density and biofertilization on yield, yield components and seed quality of 
sunflower “Helianthus annuus, L” cv. Sakha 53. The applied experimental design was split-plot with three 
replications. The main plots were assigned for the three plant densities (48000, 60000 and 72000 plants/ha.), 
while the four biofertilization treatments were (uninoculation+74.4 kg P2O5/ ha. as control treatment), 
(Phosphorein + 37.2 kg P2O5/ ha.), (Mycorrhizae + 37.2 kg P2O5/ha.), and mixture of “Phosphorein with 
Mycorrhizae” + 37.2 kg P2O5/ha., which were arranged in the sub-plot. The obtained results could be 
summarized as follows: (1)- the results showed significant differences between plant density reflected on plant 
height, stem diameter, head diameter, head weight, 100-seed weight, seed yield ha., and seed, straw biological 
yields/ha. The highest seed yield/ha., viz; (3.60 and 4.13 tons/ha.) were obtained by planting 48000 plants/ha., 
during both seasons, (2) - planting 480000 plants/ha., with mixture of biofertilizers “Phosphorein + 
Mycorrhizae” + 37.2 kg P2O5/ha., was the best combination to obtain the highest values of seed, straw, 
biological yields/ha. However, all traits stud were increased significantly because of inoculation treatments as 
compared with control treatment (uninoculation+74.4 kg P2O5/ha.) and the mixture of biofertilizers 
“Phosphorein with Mycorrhizae” + 37.2 kg P2O5/ha., was the best treatment. The present investigation suggests 
the need for more studies concerning the effect of plant densities and biofertilization and their interaction, as 
well as, applying NPK on sunflower plant under different environmental conditions using different types of soil, 
especially newly reclaimed soils, to reach the optimum combination to achieve the best yield and quality of seed 
oil content. 
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Interduction  

 
Sunflower “Helianthus annuus, L” is one of the most important annual crops in the world grown for edible 

oil. It receives considerable attention in Egypt due to its short growing season and it can be grown well under 
the low fertility soils in the newly reclaimed areas. So, sunflower could be one of the main suggested oil crops 
to solve edible vegetable oil shortage in the country. Seeds contain 24-49% of oil and the cake contains 25-35% 
of protein (Henen, 2011).  

Seed yield of sunflower is more affected by variations in plant density than other member of the compositae 
family because of low till rang ability monoecious floral organization and the presence of a relatively flowering 
period. For each production system, there is an optimum plant density that maximizes seed yield. The optimum 
plant density plays a great role in increasing sunflower productivity (Emam, 1999). However, the use of lower 
plant density delays canopy closure and increases light interception leading to high seed production per plant, 
but low seed production per unit area (Basha, 2000). 

On the other side, higher plant densities enhance interplant competition for light, water and nutrients (Nel et 
al., 2000). High plant density, also, stimulates head and increase flowers (Saleh et al., 2000). Population density 
increased from the lowest (37500 plants/ha) to the highest (111000 plants/ha), seed production efficiency 
significantly increased, whilst average head diameter, head weight, achene weight/head, number of achene/head 
and 100 seed weight significantly, reduced. The highest plant population density produced significantly higher 
seed yield than the intermediate (55000 plants/ha) and the lowest by about 37 and 64%, and 75 and 98% during 
the two growing seasons. The overall yield response was highest at 111,000 plants/ha irrespective of variety 
under the study (Olowe, 2005).  

The yield attributes, achene yield and oil contents were maximized with 60 x 20 cm. The minimum achene 
yield and oil contents were recorded with planting pattern of 45 x 10cm (Asghar et al., 2007). In all three 



288 
Res. J. Agric. & Biol. Sci., 9(6): 287-295, 2013 
 
hybrids, increasing plant densities decreased 1000-seed weight, hull percentage, and head diameter but 
increased test weight in natural rainfed conditions. The highest seed yield in both dwarf hybrids was obtained 
with the spacing of 15 × 70 cm (95230 plants/ha) (Süzer, 2010). Plant spacing of 22.5cm was observed as a 
suitable planting density for obtaining the maximum achenes yield (1920 kg ha-1), where as lower plant spacing 
(17.5cm and 20cm) resulted less yield (Ali et al., 2011). 

In addition, biofertilization is one of the most important factors used to produce product free from mineral 
fertilizer that cause environmental pollution problems and high rates of it lead to decrease in the potential 
activity of micro flora and the mobility of organic matters. Hence, the attention has been focused on the 
researches of bio-fertilization to safe attemative for the chemical fertilizers (Namvar et al., 2012). Also, bio-
fertilizers play vital role for increasing the number of microorganisms and accelerate certain microbial process 
in the rhizosphere of inoculated soil plants which can change the available form of nutrients into plants 
(Radwan, 1996; Abou-Khadrah et al., 2002; Bassal, 2003, Mohamed, 2003; El-Temssah, 2008). 

Head diameter, number of seed/head, seed yield and oil yield were significantly higher in inoculated plants 
than in non-inoculated plants. Head diameter, number of seed/head,1000 seed weight, biological yield, seed 
yield and oil yield increased with increasing P level above 75% P recommended in non-inoculated plants, 
whereas no significant difference was observed between 75% and 100% P recommended. The positive effect of 
mycorrhizal inoculation decreased with increasing P levels due to decreased percent root colonization at higher 
P levels. According to the results of this experiment, application of mycorrhiza in the presence of 50% P 
recommended had an appropriate performance and could increase seed yield and oil production to an acceptable 
level, so it could be considered as a suitable substitute for chemical phosphorus fertilizer in organic agricultural 
systems (Soleimanzadeh, 2010).  

Phosphorus, Mycorrhiza and Pseudomonas, significantly, affected all the measured traits, except for the 
effect of Pseudomonas which was not significant on the weight of filled grains, oil yield and grain yield. The 
three-fold interaction had only a significant effect on plant dry weight. 100 kg P/ha × Mycorrhiza × 
Pseudomonas increased plant dry weight by 91.32% compared with the control (Babaei et al., 2012).  

Inoculation of biofertilizers significantly affected plant height and total chlorophyll content. Biofertilizers 
also significantly increased yield attributes, viz. thalamus diameter, weight of thalamus, filled seed/capitulum, 
and 100 seed weight (g), as well as seed and biological yields and oil content. The combined inoculation of 
PSB+VAM+Azotobacter recorded higher values of these parameters, as compared to PSB+Azotobacter and 
VAM+Azotobacter inoculation (Patra et al., 2013).  

Therefore, the objectives of this study evaluating the effect of plant density and P-bio-fertilization on the 
sunflower yield, yield components, its seed quality, and the effect of interaction between plant density and P-
bio-fertilization treatments on yield and seed quality. 
 
Materials and Methods  

 
Two field Experiments were  carried out in the Experimental Farm of the Faculty of Agriculture (Saba 

Basha), Alexandria University, Alexandria, Egypt during the two consecutive summer seasons (2012 and 
2013).The applied Experimental design was a split plot with three replication. 

The main plots were assigned to for the three plant density (48000, 60000 and 72000 plants/ha.), while the 
four inoculation treatments were (Uninoculation +74.4 kg P2O5/ ha. as control treatment), (Phosphorein + 37.2 
kg P2O5/ha.), (Mycorrhizae+37.2 kg P2O5/ha.), and mixture (Phosphorein + Mycorrhizae +37.2 kg P2O5/ ha.) 
which were arranged in the sub plot.  

Analyses of chemical and physical properties of the experimental soil (0 to 30 cm depth) as shown in Table 
(1) were carried out according to the methods reported by Page et al. (1982). 
 
Table 1: Physical and chemical properties of the experimental soil (average of two seasons) 

Sand 
(%) Silt (%) Clay (%) Soil 

texture pH EC (ds/m) Total 
CaCO3 (%) 

Total N 
(%) 

Available P 
(mg/kg) OM (%) 

14.5 42.0 43.5 Clay 
loam 7.9 4.00 6.25 0.91 3.70 1.40 

Soluble cations (mg/L) Soluble anions (mg/L) 
C++ Mg+ Na++ K+ HCO--

3 Cl- SO--
4 

17.19 11.20 13.80 7.50 2.51 20.18 12.50 
   
Prior to sowing, seed inoculation was carried out using the biofertilizer with phosphorein was performed by 

coating sunflower seeds with each product individually using a sticking substance (Arabic gum at 5%) just 
before planting.  

Inoculation of seeds with both fungi of A-mycorrhizal fungi for sunflower with (Glomus macrarpium) 
which were obtained from Plant Production Department, the Faculty of Agriculture, Saba Basha, Alexandria 
University, at a rate of 250 ml of infected roots and was mixed with seeds.  
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The biofertilizer “phosphorein” was purchased from by the General Organization for Agriculture 
Equalizatiom Ministry of Agriculture. Nitrogen fertilizer was applied in the form of Urea (46%N) at the rate of 
108 kg N/ha., after the thinning and before the firs irrigation after planting. Phosphorus fertilizer was applied in 
the form of Calcium super phosphate (15.5% P2O5) as treatments with land preparation. 

Each sub-plot consisted of 5 ridges with 3 m long and 60 cm apart with 30 cm (48000 plants/ha.), 25 cm 
(60000 plants/ha.) and 20 cm (72000 plants/ha.), between hills. The size of each sub-plot was 12m2. Two rows 
were used for determing seed yield and its components.  

The seed were sown during the second week of May of both growing seasons (2012 and 2013). In the first 
seasons sunflower was preceded by wheat “Triticum aestivum, L.” and the second season by Egyptian clover 
“Trifolium alexandrinum, L.”.  

Hoeing was practiced before the first and second irrigation. The plants were thinned to secure one plant per 
hill after 10 days from sowing. Other cultural practices for growing sunflower were conducted as recommended. 
Were recorded from the two middle ridges for yield, yield components, quality and oil yield/ ha. 

 
A. Yield and yield components: 

 
At harvest ten guarded plants were taken from the 2nd and 3th ridge in each sub-plot to determine plant 

height (cm), stem diameter (cm), head diameter (cm), head weight (g), 100 seed weight (g), seed yields (g) 
/plant, seed yield (ton)/ ha., and biological yield (ton)/ ha.  

 
B. Seed quality and oil yield /ha.: 

 
Seed husk percentage: the weight of husk from seed sample of about 5 g as a percentage of the seed weight. 

Oil percentage: was a determined using duplicate seed sample each of about two grams. Seed samples were 
dried in oven at 85° C to 90° C from 24 hours. After weighting the seed samples were subjected to a constant 
pressure of 20000 pounds/square inch using a carve laboratory press which was described and used by 
A.O.A.C.(1980).  

Approximately 70% of the oil in the seed was extracted. The crushed seeds were hen placed in avail with 
solvent, petroleum ether, stoppered and allowed to stand a day at 33°c. Two changes of solvent were applied at 
24 hours intervals. Then the seed residue was air-dried for one hour. Then oven dried for 24 hour at 85°c to 90°c 
and weighted. The loss in weight of seeds removed by pressing and solvent extraction and oil % was then 
calculated as follows: In sample was calculated, and then oil content was determined as follows:    

Oil % =
100Χ

seedofweight
oilofweight

 
 
Oil yield ton/ha.: was determined by multiplying seed yield (ton/ha.) by seed percentage. The obtained data 

was, statistically, analyzed for ANOVA and LSD values were calculated to test the differences between the 
studied treatments according to Gomez and Gomez (1984).  

 
Results and Dissussion 
 
A. Yield and yield components: 

 
Agronomic characters were, significantly, influenced by plant density, in both seasons of study (Table 2 and 

3). However, increasing plant density gradually increased plant height at harvest, stem diameter and 100-seed 
weight, but medium plant density gave the highest mean values for head diameter and seed yield/plant during in 
the two seasons. Also, increasing plant density was concomitant with decreasing seed yield (ton) / ha., straw 
yield (ton)/ ha., and biological yield (ton)/ha.  

The highest seed yields/ha. (viz. 3.6 and 4.13 tons/ha.) were obtained due to plant density of 48.000 plants 
/ha., during both seasons of 2012 and 2013 seasons. These results might be attributes to the fact that plants 
grown at lower population, reduce the overall competition between sunflower plants and thus afforded them 
more efficient utilization of available resources to grow well and two increase yield attributes of sunflower 
plants. These results are in agreement with results obtained by Basha (2000), Nel et al. (2000), Saleh et al. 
(2004), Olowe, (2005), Süzer, (2010) and Ali et al., (2011). 

Inoculation of mixture of biofertilizers “Phosphorein with Mycorrhizae” + 37.2 kg P2O5/ha.), significantly, 
increased yield and its components i.e. plant height, stem diameter, head diameter, head weight, 100-seed 
weight, seed yield/plant, seed, straw yields/ ha. and biological yield /ha., during both seasons in comparison to 
the “74.4 kg P2O5/ha. + uninoculation” treatment . It could be concluded that mixture treatment (phosphorein + 
mycorrhizae + 37.2 kg P2O5/ha.) inoculation treatment promoted the production of sunflower plants. Moreover, 
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these findings might be the attributed to more adsorption of nutrients which reflect more growth substances, 
more cell division and enlargement more of tissues and organs and plant elongation. Also, the phosphate 
solublilzing bacteria and nitrogen fixing may increase the synthesis of endogenous photohormones i.e. IAA and 
CKs which play an important role in formation of a big active root system allow more nutrients uptake. The 
previous results agree, more or less, with the finding of Radwan (1996), Abou-Khadrah et al. (2002), Bassal 
(2003), Mohamed (2003), El-Temssah (2008) Soleimanzadeh, (2010), Babaei et al. (2012) and Patra et al. 
(2013). 
 
Table 2: Yield and yield components of sunflower “Helianthus annuus, L” cv. Sakha 53 as affected by plant density and P-biofertilization in 2012 and 2013 seasons. 

Treatments Plant height 
(cm) 

Stem 
diameter  
(cm) 

Head diameter  
(cm) 

Head weight 
(g) 

100-seed 
weight (g) 

Seed yield 
(g/plant) 
. 

Seed yield 
(tons/ha.) 

. 
Straw yield 
(tons/ha.) 

 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 2012 2013 
A. Plant density (plants/ ha.): 
48000 147.4 146.71 1.65 1.54 14.54 14.49 87.63 89.72 6.05 6.00 58.16 66.49 3.60 4.13 8.59 8.62 
60000 150.24 150.28 1.62 1.59 16.91 16.60 101.91 102..38 6.22 6.21 60.00 67.22 3.22 3.60 8.33 8.16 
72000 152.38 150.75 1.90 1.78 15.83 15.55 90.14 90.50 6.23 6.41 53.23 55.90 2.18 2.30 7.15 7.42 
L.S.D. 0.05 0.90 0.85 0.15 0.13 0.45 0.58 3.50 2.90 0.13 0.17 1.10 1.25 0.31 0.48 0.22 0.19 
B. P- biofertilization:       
Uninoculation + 
74.4 kg P2O5/ 
ha. (control) 

142.57 141.91 1.47 1.44 14.02 13.66 79.27 80.64 5.54 5.30 43.25 50.32 2.26 2.47 7.78 7.90 

Phosphorein + 
37.2 kg P2O5/ 
ha. 

149.80 148.91 1.64 1.57 15.61 15.26 87.89 88.52 5.93 5.83 52.06 60.66 2.76 3.19 7.94 7.99 

Mycorrhizae + 
37.2 kg P2O5/ 
ha. 

150.10 149.59 1.78 1.68 16.35 16.28 98.91 99.79 6.46 6.63  
62.48 67.16 3.29 3.60 8.02 8.11 

Mixture 
“Phosphorein 
with 
Mycorrhizae” + 
37.2 kg P2O5/ 
ha. 

175.50 156.38 2.00 1.83 17.05 16.99 106.73 109.18 6.79 7.06 70.73 
 

73.31 
 3.72 3.89 8.26 8.26 

L.S.D. 0.05 1.15 1.20 0.18 0.17 0.50 0.48 7.80 7.90 0.26 0.30 4.20 4.70 0.36 0.38 0.12 0.14 
Interaction(AxB) * * * * * * * * * * * * * * * * 

- Means followed by the same letter (s) within each column are not significantly different at 0.05 level of   probability. 
*       : Significant at 0.05 level of probability. 
 

The interaction of the first order was significant effect on all traits in both seasons (Table 2). Whereas, the 
different plant density (72000 plants/ha.) with the mixture of P-biofertilizers treatment (“Phosphorein with 
Mycorrhizae” +37.2 kg P2O5/ha.) gave the highest values for 100- seed weight (g) in comparing to the other 
treatments, while, 48000 plants/ha., with Uninoculation + 74.4 kg P2O5/ha., on this character during both 
growing season presented in (Figures 1 and 2).     

Figures (3, 4, 5, and 6) declared that there were interaction effect between plant density and P- biofertilizers 
were significant for seed and straw yield ton/ha., during the two growing seasons. The highest mean values were 
recorded by 48000 plants/ha., with mixture P- biofertilizers (Mycorrhizae + 37.2 kg P2O5/ ha.), while the lowest 
values observed with 72000 plants/ha., with mixture “Phosphorein with Mycorrhizae” and 37.2 kg P2O5 /ha., in 
both seasons.  

 

 
 

Fig. 1: Effect of interaction between plant density and P- biofertilizers on 100 seed weight (g) of “Helianthus  
            annuus, L” cv. Sakha 53 during season 2012. 
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Fig. 2: Effect of interaction between plant density and P- biofertilizers on 100 seed weight (g) of “Helianthus 

annuus, L” cv. Sakha 53 during season 2013. 

 
Fig. 3: Effect of interaction between plant density and P- biofertilizers on seed yield ton/ha., of “Helianthus 

annuus, L” cv. Sakha 53 during season 2012. 

 
 
Fig. 4: Effect of interaction between plant density and P- biofertilizers on seed yield ton/ha., of “Helianthus 

annuus, L” cv. Sakha 53 during season 2013. 
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Fig. 5: Effect of interaction between plant density and P- biofertilizers on straw yield ton/ha., of “Helianthus 

annuus, L” cv. Sakha 53 during season 2012. 
 

 
 
Fig. 6: Effect of interaction between plant density and P- biofertilizers on straw yield ton/ha., of “Helianthus 

annuus, L” cv. Sakha 53 during season 2013. 
 

B. Seed quality and oil yield /ha.: 
 

Data presented in Table (3) showed that there were significant differences among planting density in seed 
husk (%) in the second season (2013). Plant density 48000 plants /ha, gave the highest mean values for seed oil 
content and oil yield/ha.; in the two growing seasons (2012 and 2013). This could be attributed to good 
utilization of light, nutrition and water in case of lower density. Similar results were obtained by Eman (1999), 
Basha (2000), El-Sarag (2007) and Asghar et al., (2007). The highest seed husk (%), seed oil content yield/ha., 
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Abou- Khadrah et al. (2002), El-Sarag (2007), Soleimanzadeh, (2010) and Patra et al. (2013). 

0
1
2
3

4

5

6

7

8

9

48000 plants/ha
60000 plants/ha

72000 plants/ha

St
ra

w
 y

ie
ld

 to
n/

ha
.

Season 2012

Uninoculation +74.4 kg P2O5/ ha. Phosphorein + 37.2 kg P2O5/ ha.

Mycorrhizae +37.2 kg P2O5/ ha. Mixture +37.2 kg P2O5/ ha.

0

1

2

3

4

5

6

7

8

9

48000 
plants/ha 60000 

plants/ha 72000 
plants/ha

St
ra

w
 y

ie
ld

 to
n/

ha
.

Season 2013

Uninoculation +74.4 kg P2O5/ ha. Phosphorein + 37.2 kg P2O5/ ha.

Mycorrhizae +37.2 kg P2O5/ ha. Mixture +37.2 kg P2O5/ ha.



293 
Res. J. Agric. & Biol. Sci., 9(6): 287-295, 2013 
 

The interaction between plant density and P- biofertilizers were significant for seed husk %, seed oil % 
showed in Figures (7 and 8) in both seasons, as the highest mean values were recorded by 48000 plants/ ha., 
with mixture P- biofertilizers (Mycorrhizae +37.2 kg P2O5/ ha.), while, the lowest mean values were obtained 
with 72000 plants/ha., with mixture “Phosphorein with Mycorrhizae” and 37.2 kg P2O5 /ha., in both growing 
seasons. 

 
Table 3: Biological yield (ton)/ha., Seed husk (%), seed oil content (%) and oil yield (kg)/ha. “Helianthus annuus, L” cv. Sakha 53 as 

affected by plant density and P- biofertilization in 2012 and 2013 seasons. 
Treatments Biological yield (ton)/ha Seed  husk % Seed oil % Oil yield (kg)/ ha. 
 2012 2013 2012 2013 2012 2013 2012 2013 
A- Plant density (plants/ ha.): 
48000 12.17 12.72 28.09 28.36 39.28 39.34 1415.50 1636.61 
60000  11.54 11.76 27.53 28.76 37.96 39.18 1225.20 1392.43 
72000 9.36 9.67 8.69 29.67 37.76 38.29 832.56 888.07 
L.S.D. 0.05 1.01 0.84 ns 0.35 0.60 0.55 108.00 157.20 
B- P- biofertilization: 
Uninoculation + 74.4 kg P2O5/ ha. 
(control) 

10.01 10.56 27.63 28.59 37.32 37.01 838.01 981.84 

Phosphorein + 37.2 kg P2O5/ ha. 10.70 11.18  
27.96 28.86 38.32 38.18 1053.98 1246.39 

Mycorrhizae + 37.2 kg P2O5/ ha. 11.42 11.71 28.26 29.04 37.54 38.73 1237.66 1347.98 
Mixture “Phosphorein with 
Mycorrhizae” + 37.2 kg P2O5/ ha. 11.98 12.14 28.54 29.23 40.31 41.80 1498.75 1622.90 

L.S.D.0.05 0.55 0.48 0.25 0.20 0.95 1.05 163.20 121.68 
Interaction (AxB) * * * * * * * * 

- Means followed by the same letter (s) within each column are not significantly different at 0.05 level of   probability. 
- *: Significant at 0.05 level of probability. 

 

 
 
 

Fig. 7: Effect of interaction between plant density and P- biofertilizers on seed oil % of “Helianthus annuus, L” 
cv. Sakha 53 during season 2012. 
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Fig. 8: Effect of interaction between plant density and P- biofertilizers on seed oil % of “Helianthus annuus, L” 
cv. Sakha 53 during season 2013. 

 
Conclusion:  

 
High quantity and quality production of sunflower “Helianthus annuus, L” cv. Sakha 53, were obtained at 

the density of 48000 plants/hectare when inoculated with (mycorrhizae + 37.2 kg P2O5/ha). Sunflower 
“Helianthus annuus, L” cv. Sakha 53, can be grown under these treatments for their high seed and oil content 
under climate conditions in Alexandria or in other similar areas. 
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