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ABSTRACT 

 

The purpose of this study was to investigate the effects of sowing date and nitrogen fertilizer forms on the yield 

and agronomic characteristics of two cultivars of oil sunflower (early, Sirena and late, Teknosol) in Erzurum, 

Eastern Anatolia of Turkey, in 2013 and 2015. Three sowing dates were established at about 10-day intervals 

from late-April to early and mid-May (22 April, 2 May and 12 May 2013; and 28 April, 8 May and 18 May 

2015). Three nitrogen fertilizer forms ammonium sulfate, ammonium nitrate, and urea were used. The results 

of this study showed that sunflower seeding from 28 April to 8 May gives more assurance for higher yields. 

The present results highlighted the practical importance of fertilization with appropriate nitrogen fertilizer 

forms in seed and oil yield formation in sunflower, and the urea form can be suggested to meet its N 

requirements. The yield differences measured for three sowing dates and nitrogen fertilizer forms were 

primarily related to the changes in head diameter and 1000 seed weights. According to the results of this 

study, early sunflower cultivars, having the highest yield and agronomic characteristics can be recommended 

for the similar ecological condition of our study region a short growing season and high altitude.   

 

Keywords: Agronomic characteristic, Helianthus annuus L., nitrogenous fertilizer form, sowing date, 

sunflower, yield, 

 
INTRODUCTION 

Sunflower is one of the most important oilseed plants 

that has originated from tropical and subtropical regions 

with wide adaptability and high drought tolerance. High 

water-holding soils are more suitable for this crop, but it 

can easily adapted to different soil conditions.  

The productivity of sunflower, in terms of growth, 

yield and yield components, varies widely depending on 

various environmental factors such as temperature 

(Kaleem et al., 2011), rainfall distribution (Lawal et al., 

2011; Olowe et al., 2013), some agronomic practices, like 

sowing date (Lawal et al., 2011; Anjum et al., 2012), 

nitrogen nutrition and sowing of improved varieties and 

hybrids (Ali et al., 2012). As sunflower is frequently 

planted after the optimal planting period at different 

conditions and regions, a new breeding formulation is 

needed to improve yield under these conditions. Since 

early spring frost and late summer cool conditions are 

common, sowing date can play a major role in 

determining the seed yield and quality in regions with 

short growing season. Additionally, sowing dates have 

greatly influenced vegetative and generative growth 

periods of crops (Ahmed et al., 2015). Sowing date has a 

significant influence on vegetative traits, together with 

seed yield and its component (Allam et al., 2003). The late 

planting is effective in delaying of emergence, flowering, 

and maturity in cultivars of sunflower. However, in some 

studies that were conducted at in different ecology and 

climatic conditions, the sowing date is delayed, growth, 

seed yield, and quality (oil content) generally tended to 

decrease (Baghdadi et al., 2014; Ahmed at al., 2015). Oil 

content for sunflower is determined during the seed filling 

period which is from the end of flowering to the 

physiological maturity (Aguirrezabal et al., 2003). It is 

expressed that the yield and agronomical characteristics of 

the sunflower were notably higher in the early sown crops 

whereas the late sown crops showed lower yield and 

growth (Ali et al., 2004). In addition, the seed yield, head 

diameter, the ratio of dehulled/hulled seed weight, 1000 

seed weight, oil content of seed is positively affected by 

early sowing of sunflower (Abdou et al., 2011; Ahmed et 

al., 2015). Results from previous studies also indicated 

that the seed yield can be reduced by delaying the sowing 

date (Baghdadi et al., 2014). 

In sunflower yield potential is often limited. Nutrients 

play important role in crop growth and development. 

Nutrient management is one of the most critical factors 

affecting seed yield in sunflower. Among the different 

nutrients, nitrogen is one of the major nutrients that 

enhances the metabolic processes that based on protein, 

leads to increases in vegetative, reproductive growth and 
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yield of the crop (Koutroubas et al., 2008). Since nitrogen 

is the most limiting nutrient, it should be received from 

the soil in significant quantities by plants (Nasim et al., 

2012). Nitrogen is readily absorbed by the plants in the 

forms of nitrate (NO3), urea (CO(NH2)2) and ammonium 

(NH4
+). Many studies have confirmed that nitrogen 

sources and rates on the yield and agronomic 

characteristics of sunflower were significantly affected 

(Malik et al., 1999; Yassen et al., 2011). Sunflower was 

more responses to a higher rate of N in the form of urea 

(Hasan and Mukhtar, 2000). However, an increase in plant 

height, head diameter, 1000 seed weight and seed yield 

while using ammonium nitrate has been reported by Malik 

et al. (1999), Osama et al. (2010), Yassen et al. (2011), 

Soleymani et al. (2013). 

Sowing date can show differences even if the cultivars 

are grown in the same ecological region. Since sunflower 

cultivars have their own distinctive characteristics and 

yield potential (Nasim et al., 2012) and therefore have 

significant differences in terms of yield and quality 

characteristics. Sunflower production is widely affected 

by choice of cultivar. Bakht et al. (2006) studied the 

performance of sunflower cultivars and found a significant 

difference in yield and its components. It is important to 

determine appropriate nitrogen fertilizer form to be used 

and to test its environmental performance in order to 

increase the productivity of sunflower. The objective of 

this study was to determine appropriate management 

practices in production of sunflower during a short 

growing season and at high altitude conditions by 

evaluating the effects that sowing date and different 

sources of nitrogen fertilizer had on seed yield and yield 

components of two oil type sunflower cultivars.  

MATERIALS AND METHODS 

Two separate field experiments were carried out at the 

Agricultural Experiment and Research Centre, Faculty of 

Agriculture, Ataturk University in Erzurum (29o55’ N and 

41o16’ E; 1850 m above sea level) in 2013 and in 2015. 

The soil of two experimental sites was a silty loam (fine, 

mixed, mesic ustorthents) with pH 7.6, 0.93% organic 

matter, 61 kg ha-1 available P and 2255 kg ha-1 available K 

in 2013 and pH 7.23, 1.05% organic matter, 49 kg ha-1 

available P and 1949 kg ha-1 available K in 2015. 

Temperature, rainfall, and relative humidity data during 

the crop-growing period was collected from a weather 

station that was 1.5 km from the experimental site, and is 

presented in Table 1. In both experiments, the previous 

crop on the plots planted in 2013 and 2015 was wheat 

(Triticum vulgare L.) and barley (Hordeum vulgare L.). 

The plot areas were moldboard plowed in the fall and 

cultivated twice in the spring. In this study, two oil 

sunflower cultivars, medium early Sirena and late 

Teknosol, were used.  

 

Table 1. Monthly and growing season precipitation, temperature, and relative humidity in Erzurum in 2013 and 2015. 

Months 
Precipitation (mm) Temperature (oC) Relative humidity (%) 

2013 2015 Normala 2013 2015 Normal 2013 2015 Normal 

April 36.3 45.0 61.4 7.2 8.1 5.2 64.4 68.7 68.0 

May 32.3 81.5 66.7 11.6 10.6 10.4 63.5 63.8 63.9 

June 25.1 28.5 41.9 15.0 17.0 14.8 57.2 50.3 59.1 

July  7.8  5.8 24.5 19.4 21.2 19.1 57.2 40.3 53.7 

August  5.2 38.8 14.8 19.5 21.2 19.3 45.7 42.8 50.4 

September 11.5 3.9 20.2 13.6 18.3 13.9 49.8 39.2 52.7 

Total or mean 118.2 203.5 229.5 14.4 16.1 13.8 55.2 50.9 58.0 
a Normal refers to the long-term average, a 22-year average. 

 

Two cultivars of sunflowers, “Sirena and Teknosol”, 

and three nitrogen fertilizer forms, “ammonium sulfate, 

ammonium nitrate and urea”, as sub plot were subjected to 

three sowing dates as main plot between 22 April and 12 

May in 2013 and three between 28 April and 18 May in 

2015 arranged in split plot layout in randomized complete 

block design with three replications. Cultivars were sown 

on three dates each year: 22 April, 2 May, and 12 May 

2013; and 28 April, 8 May, and 18 May 2015. First 

sowing and following sowings were delayed by about 10 

days in 2015 when compared with 2013 because of 

rainfall and excessive wet soil conditions. Hereafter, 

sowing dates in each year will be referred to as first, 

second and third. The nitrogen fertilizer being applied 

were ammonium sulfate ((NH4)2SO4), ammonium nitrate 

(NH4NO) and urea (CO(NH2)2). The nitrogen and 

phosphorus was incorporated into the seedbed before 

sowing occurred in both years.  All the experimental plots 

received nitrogen at the rate of kg 100 kg ha-1, phosphorus 

at the rate of 80 kg P2O5/ha was triple superphosphate in 

individual years. Potassium was not included in 

fertilization program because the soil had a very high level 

of K.  The plots were 2.8 m wide and 6 m long and 

consisted of four rows. The sunflower cultivars were sown 

in rows that were 70 cm apart, and 35 cm within the rows. 

Three seeds were sown in each hill, and then the plots 

were hand-thinned to one plant per hill when the plants 

were at the four to six-leaf stage. Weeds were controlled 

both mechanically and by hand using hoe. All plots were 

furrow irrigated regularly to avoid drought stress. Each 

irrigation brought the soil moisture back to near field 

capacity. Water was applied uniformly to all plots. The 

sunflower plants were hand-harvested at the physiological 

maturation stage when the back of the sunflower head has 

turned from green to yellow and the bracts are turning 

brown. The dates were as follows 7-23 September in 2013 
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and 12-30 September in 2015.  At the harvest, ten plants 

(total plot area (2.8 x 6) 16 m2 and harvest area (0.70 x 

0.35 x 10) 2.45 m2) were selected from each plot in order 

to determine plant height, head diameter, the ratio of 

dehulled/hulled seed weight and 1000-seed weight. At 

maturity, head samples were harvested to check for yield 

from the two center rows of each plot, which had to be 

dried and threshed mechanically. Seed yield was adjusted 

to a 10.0% moisture basis. Seed oil concentration was 

determined by the Soxhlet apparatus. 

All the data was analyzed using the SPSS package 

((SPSS, Version 20.0, SPSS Inc, Chicago, IL, USA). 

Results for each year were analyzed separately because 

sowing dates differed between the two seasons and were 

presented by individual year. For statistical analyses, 

sowing date, cultivar, and nitrogen fertilizer form effects 

were considered fixed. When the F-test indicated 

statistical significance at the P=0.05 level, the protected 

least significant difference (Protected DUNCAN) was 

used to separate the means (Steel and Torrie, 1980). 

RESULTS AND DISCUSSION 

The monthly rainfall, average temperatures, and 

relative humidity data for 2013 and 2015 is presented in 

Table 1. Air temperatures during the two growing seasons 

were close to the long-term mean. April to September 

temperature, which averages 13.8 0C were slightly above 

normal in 2013 and 2015. There was considerable 

variability in rainfall amounts and distribution from year 

to year. The 2013 and 2015 rainfall was below the long-

term average. The average rainfall for 2015 (203.5 mm) 

was higher than that observed (118.2 mm) in 2013. The 

mean for the 2013 relative humidity was similar to long-

term mean, whereas relative humidity in 2015 was below 

normal (Table 1). 

According to the results obtained from this study, the 

applied sowing dates affected head diameter and ratio of 

dehulled/hulled seed weight (p<0.01), oil content, seed 

and oil yield (p<0.05) except plant height and thousand 

seed weight in 2013. In addition, the sowing dates showed 

significant (p<0.05) effects on plant height, head diameter, 

thousand seed weight, oil content, seed and oil yield 

except for ratio of dehulled/hulled seed weight in the 

second year of study. Nitrogen fertilizer forms have a 

significant (p<0.05) effects on 1000 seed weight and the 

ratio of dehulled/hulled seed weight in the 2013 year, 

whereas nitrogen fertilizer forms on all trait were 

significant (P< 0.01) in the second year of study. On the 

other hand, cultivars effects on yield and agronomic traits 

were significant (p<0.01) in 2013 and 2015 growing 

seasons, except head diameter at two years (Table 2 and 

3). 

 

Table 2. Influence of sowing date, cultivar, and nitrogen forms on yield and some agronomic characters of oilseed sunflower grown 

in 2013. 

Treatments 
Plant 
height 
(cm) 

Head 
diameter 

(cm) 

1000 Seed 
Weight 

(g) 

The ratio of 
dehulled/ 

hulled seed 
weight 

(%) 

Seed 
yield 

(kg ha-1) 

Oil 
content 

(%) 

Oil 
 yield 

(kg ha-1) 
 

Sowing date (D)    
April 22 146.0  20.0 a 64.5  71.8 b 2731 a  47.4 a  1310 a 
May 2 144.6  18.8 b 64.4  72.8 a 2468 b  43.1 b  1108 b 
May 12 144.9  19.0 b 63.9  72.2 a 2459 b  42.6 b  1057 b 

Nitrogen form (NF)    
Ammonium sulfate 142.5  19.4  64.2 ab  73.1 a  2527 44.9  1153 
Ammonium nitrate 146.5  19.3  65.6 a 71.7 b  2614 43.1  1126 
Urea 146.3  19.1  62.9 b 72.0 b  2518 45.1  1197 

Cultivar (C)        
Sirena 141.6 b  19.2 68.1 a 75.1 a 2873 a 48.1 a 1414 a 
Teknosol 148.6 a 19.3 60.5 b 69.4 b 2233 b 40.6 b  903 b 

Mean 145.2 19.3 64.3 72.3 2553 44.4 1159 

Analysis of Variance df        

D 2 ns ** ns ns * * * 
Error1 4        
NF 2 ns ns * * ns ns ns 
C 1 ** ns ** ** ** ** ** 
D x C 2 ns ns ns ns ns ns ns 
D x NF 4 ns ns ns ns ns ns ns 
NF x C 2 ns ns * * ns ns ns 
D x NF x C 4 ns ns ns ns ns ns ns 
Error2 30        
*, ** significant at the 0.05 and 0.01 level, respectively. For each main effect, values within columns followed by the same letter are not significant.,  
NS, nonsignificant. 
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Table 3. Influence of sowing date, nitrogen forms and cultivar on yield and some agronomic characters of oilseed sunflower grown 

in 2015. 

Treatments 
Plant 
height 
(cm) 

Head 
diameter 

(cm) 

1000 Seed 
Weight 

(g) 

The ratio of 
dehulled/ 

hulled seed 
weight 

(%) 

Seed 
yield 

(kg ha-1) 

Oil 
content 

(%) 

Oil 
 yield 

(kg ha-1) 
 

Sowing date (D)    
April 28 184.8 a 21.1 a  68.4 a 68.5 3033 a 38.3 a   1179 a  
May 8 181.2 ab 21.0 a   66.2 ab 69.3 3004 a 37.1 b  1112 ab  
May 18 177.9 b 20.1 b  64.3 b 69.1 2887 b 36.9 b  1085 b 

Nitrogen form (NF)    
Ammonium sulfate 183.6 a 21.2 a  64.9 b 70.2 a 2886 b 37.3 b 1084 b 
Ammonium nitrate 184.6 a  20.2 b  68.1 a 67.0 b 2803 b 38.2 a 1094 b 
Urea 175.7 b 20.1 b 65.9 b 69.7 a  3234 a 36.8 a  1214 a 

Cultivar (C)        
Sirena 172.7 b  20.4 69.9 a    71.3 a 3330 a 42.8 a 1424 a 
Teknosol 191.9 a 21.0  62.6 b    66.6 b 2618 b  32.1 b   838 b 

Mean 181.3 20.7 66.3 65.5 2974 37.4 1131 

Analysis of Variance df        

D 2 * * * ns * * * 
Error1 4        
NF 2 ** ** ** ** ** ** ** 
C 1 ** ns ** ** ** ** ** 
D x C 2 ns ns ns ns ns ** ** 
D x NF 4 ns ns ns ns ** ns ** 
NF x C 2 ** ** * ns ** ns ** 
D x NF x C 4 ns ns ns ns ** ns ** 
Error2 30        
*, ** significant at the 0.05 and 0.01 level, respectively. For each main effect, values within columns followed by the same letter are not significant.,  
NS, nonsignificant. 
 
 

No sowing date x cultivar x nitrogen fertilizer form 

interaction was observed for yield and agronomic traits 

(Tables 2 and 3), except seed and oil yield in 2015 

growing season. Sowing date x cultivar (except oil content 

and oil yield (p<0.01) in 2015), sowing date x nitrogen 

fertilizer form (except seed and oil yield (p<0.01) in 2015) 

and cultivar x nitrogen fertilizer form (except 1000 seed 

weight and the ratio of dehulled/hulled seed weight in 

2013 (p<0.05) and 1000 seed weight (p<0.05), plant 

height, head diameter, seed and oil yield (p<0.01) in 2015) 

interaction was usually insignificant and consistent 

between years for yield and other agronomic traits.   

Plant Height 

Averaged over all treatments the plants grown in 2013 

had 36.1 cm shorter plant height than that in 2015, 

probably due to varying weather (rainfall amounts) 

conditions.  The tallest plant height was observed in the 

second year when the highest amount of rainfall was 

recorded during the growing season (Table 1). This was 

apparently associated with the cooler weather conditions 

prevailing during the early growth stage and flowering, 

particularly at the first two sowing dates. In contrast, to 

the second year of study delayed sowing caused consistent 

reduction in plant height. Differences between cultivars 

were observed for plant height in both years (Tables 2 and 

3). Teknosol (148.6 and 191.9 cm) produced significantly 

taller plants than Sirena (141.6 and 172.7 cm). This 

difference between cultivars in plant height seems to be 

under genetic control. Similarly, Ali et al. (2004) 

concluded that sunflower cultivars significantly affect in 

plant height and this difference may be due to varietal 

behavior. The observations were also supported by 

Baghdadi et al. (2014) and Ahmed et al. (2015), who 

reported that the plant heights of sunflower increased with 

the first sowings. Average plant heights of cultivars 

significantly decreased when there was a delay in the 

sowing date for the first and second year of the study. The 

highest plant height was determined at the first sowing 

dates in 2013 and 2015 years, 146.0 and 184.8 cm, 

respectively. The results suggest that the plant height 

varied according to nitrogen forms. Plant height was 

longer in the plot treated with ammonium nitrate in 2013 

and 2015 years (146.5 and 184.6 cm) (Table 2 and 3), as it 

has been previously reported (Abdelgadir et al., 2010; 

Yassen et al., 2011). 

Head Diameter 

The head diameter is one of the components that 

effects yield. Head diameter of a sunflower was 

significantly affected by ecological factors such as 

temperature, soil moisture and productivity and 

agricultural applications such as sowing time.  The head 

diameter of the sunflower cultivars in 2013 and 2015 

growing seasons were 19.3 and 20.7 cm on average 

respectively. The mean of the 2013 head diameter was 

similar to the one in the second growing season. In 

addition to the inadequate precipitation in the first year of 
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study, the efficiency of precipitation in the second year 

was reflected in at the size of the head diameter There was 

significantly decrease in head diameter from April 22nd to 

May 12th in 2013 and from April 28th to May 18th in 

2015. The maximum head diameter was determined at the 

first sowing dates in both years (20.0 and 21.2 cm). The 

significant difference in the aforementioned vegetative 

parameters could be explained by the availability of 

adequate moisture, which enables roots to absorb enough 

nutrients for plant growth (Lawal et al., 2011). The head 

diameter was less in ammonium nitrate (19.3 and 20.2 cm) 

and urea (19.1 and 20.2 cm) than in ammonium sulphate 

(19.4 and 21.2 cm) in 2013 and 2015 years, respectively, 

but the effect of nitrogen fertilizer forms on the head 

diameter was insignificant in 2013. As it can be seen in 

Table 2 and 3, the head diameter obtained from the two 

cultivars were alike in both years. The values recorded 

were 19.2 cm and 20.4 cm for Sirena and 19.3 cm and 

21.0 cm for Teknosol, in first and second years of study, 

respectively. Cultivar Teknosol had a higher head 

diameter than Sirena in 2013 and 2015 years (Table 2 and 

3).  

1000 Seed Weight 

Thousand seed weight is another yield component in 

sunflower. Thousand seed weight differs based on various 

growing seasons and conditions. In 2015 when rainfall 

was high, the 1000 seed weight (66.3 g and 64.3 g) was 

higher than in 2013, (Table 2 and 3). Tables 2 and 3 

revealed that delaying sowing resulted in a decrease in 

1000 seed weight in two years. The highest 1000 seed 

weight was obtained from first (64.5 and 64.4 g) and 

second sowing dates (68.4 and 66.2 g) at both the first 

year and second year. The reduction in the 1000-seed 

weights for the late sown sunflower can be attributed to an 

increase in temperature (Hocking and Stapper, 2001) and 

a decrease in the magnitude of the leaf area, which is 

considered a factor of high importance in terms of seed 

growth. Allam et al. (2003) reported that sowing date 

influenced oil content of sunflower. Applications of 

nitrogen fertilizer had a significant effect on seed weight. 

The highest 1000 seed weight (65.6 g and 68.1 g) was 

determined for ammonium nitrate form of nitrogen used in 

2013 and in 2015. Similarly, Soleymani et al. (2013) 

reported that 1000 seed weight of sunflower was 

consistently influenced by nitrogen and that it increased 

even higher with the use of ammonium nitrate form (Table 

2 and 3), as reported by Yassen et al. (2011). On the other 

hand, the highest thousand seed weight was reported for 

ammonium sulphate by Malik et al. (1999), Toosi and 

Azizi (2014). Apparently, a similar trend was seen where 

an increase of thousand seed weight occurred during the 

first and second year for two cultivars. Sirena had 1000 

seed weight mean such as 68.1 in the first year and then it 

increased to 69 g in the second year. Similarly, Teknosol 

had 60.5 g in the first year and 62.6 g in the second year. 

However, thousand seed weight of Sirena cultivar was 

higher than that of Teknosol in both years.  

 

The Ratio of Dehulled/Hulled Seed Weight 

 Table 2 shows the ratio of dehulled/hulled seed 

weights for sunflower cultivars grown in the 2013 and 

2015 growing seasons. In general, sunflower genotypes 

tended to produce higher ratio of dehulled/hulled seed 

weight in 2013 (72.3%) than that of 2015 (65.5%).  In 

2013 and 2015 the lowest ratio of dehulled/hulled seed 

weight was found at the first sowing (22 and 28 April). As 

mentioned earlier, this might be a result of cooler 

conditions prevailed during the first sowing season. The 

highest ratio of dehulled/hulled seed weight (72.8 and 

69.3%) was obtained from the second sowing dates, and at 

the later sowing dates a reduction occurred in both years.  

The ammonium sulfate form and Sirena cultivar dates 

were shown to give better ratio of dehulled/hulled than 

other fertilizer forms and sunflower cultivar in 2013 and 

in 2015 (73.1 and 70.2%; 71.3 and 75.1% respectively). 

Shorter growing season in the field for specific cultivar 

resulted in higher yield components such as ratio of 

dehulled/hulled seed weight. 

Seed Yield 

Seed yield is considerably affected by the ecological 

factors and agricultural techniques as well as the 

genotype. The productivity of sunflower is largely 

determined by the prevailing weather conditions 

throughout its life cycle and the imposed cultural practices 

(Kaleem et al., 2011). Agricultural applications such as 

sowing date and fertilizer application and some 

environmental factors (temperature and rainfall) are major 

factors which affect plant growth and development. 

Averaged over the cultivars, sowing dates and nitrogen 

fertilizer forms, yields (2974 kg ha-1) from the second year 

were superior to those (2553 kg ha-1) obtained in the first 

year (Table 2 and 3). The high sunflower yields in 2015 

may have resulted in higher N mineralization due to 

increased rainfall. In general, the low yields in this study 

were probably due to the short growing season and high 

altitude. A delay in sowing, generally tended to decrease 

seed yield in the two years. The highest seed yield 

obtained at April 22 and 28th (2731 and 3033 kg ha-1), 

and the lowest yield was obtained on May 12 and 18th 

(2459 and 2887 kg ha-1) in two years. This also accounts 

for the positive response in agronomic characteristics that 

are associated with yields such as head diameter and 1000 

seed weight. The yield reductions in later sowings could 

be explained by lower head diameter and 1000 seed 

weight. On the other hand, the highest yield of first 

sowing could be explained by using of early spring rains 

(Killi and Altunbay, 2005). Similarly, Baghdadi et al. 

(2014) concluded that seed yield generally decreased with 

delayed sowing which might be attributed to the decrease 

in some yield components. According to, Martre (2009) 

and Bajehbaj (2009), longer growing times in the field for 

some cultivars resulted in higher yield and yield 

components such as head diameter, 1000 seed weight, and 

seed yield. That is, those planted early had their seed 

filling stage with adequate moisture compared with those  
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planted late; as a result, they had good seed settings. This 

increase in seed yield with first sowing has been verified 

in early field studies (Soriano et al., 2004; Ali et al., 2004; 

Lawal, 2011; Soleymani at al., 2013; Baghdadi et al., 

2014; Ahmed et al., 2015). Our results agreed with the 

findings of previous researches. Although the seed yield 

of this study showed differences from other studies due to 

usage of the different cultivars at the different ecological 

condition.  

The results showed that effect of nitrogen fertilizer 

forms on seed yield was significant in 2015, but there was 

no significant effect in the 2013 growing season, probably 

due to differing environmental conditions (Table 2 and 3). 

In 2013, seed yield was higher in plots treated with 

ammonium nitrate (2614 kg ha-1) than that of ammonium 

sulphate (2527 kg ha-1) and urea (2518 kg ha-1) plots. 

However, a similar trend was nor observed in the 2015 

growing season. The urea (3234 kg ha-1) showed higher 

yield, followed by ammonium sulphate (2886 kg ha-1) and 

ammonium nitrate (2803 kg ha-1), but the differences 

between ammonium sulphate and ammonium nitrate 

fertilizer types were not statistical significant (Table 2). In 

the first year, ammonium nitrate form of nitrogen caused 

an increase in seed yield of sunflower (Table 2), as it has 

been previously reported (Abdelgadir et al., 2010; Yassen 

et al., 2011). The same results in the 2015 growing season 

were reported for different environments (Osama et al., 

2010). Hasan, Mukhtar (2000) found that seed yield 

increased with the use of urea and ammonium sulphate. 

Contrary to these reports Toosi and Azizi (2014) reported 

that Ammonium sulphate produced the highest seed yield. 

It is known that the most important factors affecting in 

yield traits of sunflower is the genotype. As can be seen 

from Tables 2 and 3, there were statistical significant 

differences between two sunflower cultivars for seed yield 

in both years. Sirena tended to be higher in seed yield 

(2873 and 3330 kg ha-1) than Teknosol (2233 and 2618 kg 

ha-1) which is a genotype dependent characteristics. 

Various studies (Ozer et al., 2003; Karaaslan et al., 2007; 

Ali et al., 2012; Nasim et al., 2012; Hussain et al., 2015) 

suggested that the cultivars showed wide differences in 

their agronomic characteristics and seed yield. 

A differential response occurred between cultivars 

while changing the form of N fertilizer in 2015. A cultivar 

x nitrogen fertilizer form interaction (Tables 2) in the 

variance analysis was caused by changes in the magnitude 

of response between cultivars since nitrogen fertilizer 

form rankings for seed and oil yield (Fig 1 and 2) were not 

identical. In addition, in the 2015 season, the two 

sunflower cultivars differed in their response to sowing 

dates. Consequently, the significant cultivar x sowing date 

interaction was observed for oil content and yield (Table 

2; Fig 2). Similarly, in the same year, nitrogen fertilizer 

forms differed in their response to sowing dates for seed 

and oil yield of sunflower. Therefore, the significant 

nitrogen fertilizer form x sowing date interaction was 

observed for seed and oil yield (Fig. 1 and 2). 

 

 

Figure 1. Influence of sowing date and nitrogen fertilizer form (a), cultivar and nitrogen fertilizer form (b) on seed yield of 

sunflower in 2015 
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Figure 2. Influence of sowing date and nitrogen fertilizer form (a) oil content of sunflower and sowing date and cultivar (b), nitrogen 

fertilizer form and cultivar (c) sowing date and nitrogen fertilizer form (d) oil yield of sunflower in 2015. 

 

Oil Content 

The oil content of sunflower seed is a quantitative 

characteristic which is affected by environmental 

conditions significantly as well as genotype. Seed oil 

content varied during the study years. The average oil 

content for 2013 (44.4%) was higher than that observed 

(37.4%) in 2015 (Tables 2 and 3). Decrease in oil content 

of the second year might be related to wetter weather 

conditions. High temperature during the development of 

the seed (in 2015) may be associated with a reduction in 

oil content (Table 1). In addition the decrease in seed oil 

contents might have been due to more water uptake, 

resulting in dilution of oil. At both years, oil content 

generally was reduced as sowing was delayed. The highest 

oil content was obtained from the first sowing dates (47.4 

and 38.3%) in 2013 and in 2015, respectively. It is likely 

that increased temperature and water stress during the 

seed filling could be a major cause for reduction in oil 

content due to late sowing (Hocking and Stapper, 2001). 

These results are in agreement with those reported by 

Pritchard et al. (2000), who reported that high oil contents 

were correlated with cooler spring temperatures. 

Comparing ammonium sulphate, ammonium nitrate and 

urea fertilizers the means indicated that oil content 

increased with ammonium nitrate in 2015 compared with 

2013. The oil content values in the 2013 year of the study 

were very close to each other and there were no 

significant differences among the nitrogen fertilizer forms 

for oil content (Tables 2 and 3). In 2013 the increased oil 

concentration of seed caused by the urea form of nitrogen 

was not surprising since similar effects have been reported 

by the Osama et al. (2010). On the other hand, Yassen et 

al. (2011) also showed that the oil content increased with 

ammonium nitrate form of nitrogen Krisztina et al. (2002) 

showed that NH4 applied plants (wheat, maize, and 

sunflower) were more sensitive to salinity than NO3 

applied plants. The biomass production of ammonium 

applied was lower than that of nitrate applied plants. 

Sunflower cultivars were significantly varied form oil 

content. In 2013, cultivars produced higher oil contents 

(39.78 %) as compared to in 2015. Sirena cultivar had the 

highest oil (48.1 and 42.8%) as compared to Teknosol 

(40.6 and 32.1%) in first and second year of the study. 

The sunflower seed quality is a joint function of the 

genetic, environmental conditions and agronomical 

applications (Petcu et al., 2010; Olowe et al., 2013). 

Allam et al. (2003) and Ada and Tamkoc (2015) reported 

that planting date has also influenced oil content of 

sunflower cultivars.  

Oil Yield 

The oil yield is a result of the seed yield and oil 

content. The oil yield obtained in this study was 

substantially altered by sowing date, nitrogen fertilizer 

form, and cultivar except for nitrogen fertilizer form in 

2013. Both years (1159 and 1131 kg/ha-1) were similar in 

respect to seed oil yield (Tables 2 and 3). However, in 

2013 in the oil yield was higher than that of in 2015. The 

difference between means for oil yield in two years of the 

study might be associated with a reduction in oil content 

and an increase in total seed yield (Table 2 and 3). 

According to sowing date, oil yield varied in the study 

years. In both years, oil yield generally reduced as sowing 
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was delayed. The highest oil yield (1310 and 1179 kg/ha) 

obtained when sunflower was sawn at the end of April (in 

first sowing) rather than toward the early (second sowing) 

or at middle (third sowing) of May in two years. Various 

studies showed that reduced oil yield in late sowings was 

primarily related to a significantly lower oil content and 

reduced seed yield (De la Vega et al., 2007; Lawal et al., 

2011). These findings supported our findings. Irrespective 

of cultivars and sowing dates, in urea form of the nitrogen 

fertilizers, increased total oil yields in except 2013 (1197 

kg/ha) and in 2015 (1214 kg/ha) years due to the increase 

in seed yield. The oil yield obtained by the applying 

nitrogen fertilizers was similar in the first year of study 

(Table 2). Oil yields of two cultivars were completely 

different (Tables 2 and 3). Similar to seed yield and oil 

content, the oil yield of Sirena cultivar (1414 and 14244 

kg/ha) was more than Teknosol (903 and 838 kg/ha) in 

2013 and in 2015. It could be generalized that at all 

applications with higher oil yield from the unit area with 

lower oil content had a higher seed yield. 

CONCLUSIONS 

Sunflower is sensitive to sowing date and nitrogen 

fertilization, so sowing date and nitrogen fertilizer forms 

were studied to maximize yield and quality of sunflower. 

The results of the study were in agreement with other 

research, indicating the effects of sowing date and 

nitrogen fertilizer forms on yield and agronomic 

characteristics. Yield and yield components of two 

sunflowers generally tended to decrease with delayed 

sowing in two years. Therefore it is important to make 

right decision for sowing date. The effect of N fertilizer 

forms on seed yield and yield components of sunflower 

was found to be significant in 2015. While, the effect of 

fertilizer forms was not effective in 2013, except thousand 

seed weight. The two sunflower cultivars had significant 

differences for nearly all characteristics measured.  

Sunflower’s yield performance in regard to sowing 

date was distinctive for each year of this study and might 

be largely attributed to seasonal weather differences. 

Yield and yield components of sunflower declined when 

sowing time was delayed by 10 or 20 days. In general, 

sowing sunflower from 28 April to 8 May was optimal for 

Erzurum. Sowings after this time usually resulted in 

substantial seed yield reductions. When different forms of 

fertilizer were applied, fertilizer characteristics, ecological 

and climatical differences should be consider of the results 

of this study highlighted the practical importance of 

appropriate nitrogen fertilizer forms of fertilization in seed 

and oil yield formation of sunflower and suggested that 

the form of urea will be the best for the crop to meet its N 

requirements. In general, early sunflower cultivars having 

the highest yield and agronomic characteristics should be 

recommend for the region with the short growing season 

and high altitude. As a result, a significant relationship 

between sowing times, nitrogen fertilizer forms and each 

of sunflower yield components and seed yield indicated 

that yield characteristics depend upon sowing times and 

nitrogen fertilizer forms.  
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