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Abstract. Sunflower (Helianthus annuus L.) is known as one of the most important and preferred vegetable oil producing plants. In recent years, new cultivars 
with high oleic acid contents have been developed because of their health effects, extended frying and shelf life. On the other hand, nutrition of the plants is 
important for healthy growth, high yield, and oil quality and their nutrient needs may differ between the plant species and varieties. We aimed to determine the 

-1effects of increasing application doses of nitrogen (N) (0, 16, 32, 48, and 64 mg.kg  N) on growth and on some nutrient element uptake of four sunflower hybrids 
and compare the nutritional differences of linoleic (ESNovamis CL, and LG 5542 CL) and high-oleic (Oliva CL and ESGrafic CL) type sunflower hybrids in a 
greenhouse. The experiment was conducted in randomized factorial design with three replicates. Increasing doses of N effected the dry matter and nutrient 
uptake of sunflower hybrids significantly (p<0.01). Increasing doses of N elevated the dry weight, N, phosphorus (P), potassium (K), calcium (Ca), magnesium 
(Mg), sodium (Na), iron (Fe), zinc (Zn), copper (Cu), manganese (Mn) and boron (B) uptake of all tested sunflower hybrids. The increases were found maximum 

-1at 32 mg.kg  N dose. Significant differences were also established between the hybrids. Among the tested hybrids, ESGrafic CL a high oleic type sunflower has 
higher nutrient uptake capacity so much more nutrients might be supplied to this new generation sunflower hybrids according to the soil and plant analysis 
results.
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Introduction

The production and consumption of high oleic acid-containing 
vegetable oils has become a preferred option in recent years due to 
the understanding of their benefits in terms of health, nutrition and 
quality of life (Zheljazkov et al., 2011). Among the vegetable oils, 
sunflower (Helianthus annuus L.) is known as one of the most 
important oil plants (Yağmur and Okur, 2017). It is rich in linoleic acid 
but low in oleic acid (Morlok, 2010; Zheljazkov et al., 2011). In recent 
years, cultivation of sunflower seeds rich in oleic acid has started. 
The role of environment such as temperature, location, sowing time, 
watered or dry conditions, and soil properties on the performance of 
genotypes is of great importance (Karaca and Aytaç, 2007). It was 
reported that different cultivars grown on different cultures may have 
different agronomic performances (Zheljazkov et al., 2011; Tan, 
2014). Lots of research results which were conducted at different 
ecologies with different varieties, indicated different values of grain 
yield and agronomic characters (Tan et al., 2000, 2013; Kaya et al., 
2003; Tozlu et al., 2008; Tan, 2014). Karaca and Aytaç (2007) also 
reported the effects of soil properties on the growth and composition 
of the nutrients. Fertilization of the soil has also a great importance to 
gain high and quality yield. A major driver for yield is fertilizer and 
inappropriate use of fertilizers excessive or unbalanced, may lead to 
poor uptake, wasted valuable resources, and potential 
environmental damage (Banerjee et al., 2014). Fertilizer needs of 
sunflower vary due to ecological conditions, annual precipitation, 
irrigation regime, and plant varieties (Gül and Kara, 2015). In order 
for the good yield and quality of seed and oil, the amount of nutrients 
in the soil must be sufficient and the plants must be able to uptake 
these elements as much as they can. Nitrogen is an important 
component of chlorophyll and other bio-catalytic substances and is 
known as the most yield limiting nutrient because of its efficiency on 
photosynthesis (Škarpa and Lošák, 2008; Ciobanu et al., 2008; 

Massignam et al., 2009; Ullah et al., 2010; Banerjee et al., 2014, 
Biswas and Poddar, 2015). When applied at optimum 
concentrations it is taken by various parts of the plants for growth, 
development and other processes that affect the vegetative and 
generative stages of the plants and increase the yield and quality of 
the plants (Bozkurt and Karaçal, 2000; Khaliq and Cheema, 2005; 
Škarpa and Lošák, 2008; Banerjee et al., 2014). It was reported that 
a shortage of nitrogen restricts the growth of all plant organs, roots, 
stems, leaves, flowers, fruits, and seeds (Barker and Bryson, 2007). 
Thus, appropriate new cultivars and appropriate rational mineral 
nutrition is needed for the optimum growth and high yields (Abdel-
Motagally and Osman 2010; García Lópezet al., 2016). 

Understanding the response of the newly developed varieties to 
the nitrogen applications and uptake of nutrients is important for 
balanced fertilization and gaining high and quality products. 
Therefore, this study was conducted to determine the dry matter and 
nutrients uptake, and compare the nutritional differences of linoleic 
and high-oleic type sunflower hybrids under increasing nitrogen 
applications. 

Material and methods

Experimental material 
A greenhouse experiment was conducted in randomized 

factorial design with three replicates. The soil sample used in the 
experiment was collected 0–20cm deep in a field located at the 
Agricultural Research and Application Centre of Uludag University 
(40°15 ̍ 21.6 ̎ N; 28° 50 ̍ 55.7̎ E), Turkey. Some properties of the soil 
are shown in Table 1. 

Özsoy and Aksoy (2013) classified the soil as vertisol (Typic 
Haploxerert) according to the soil taxonomy and as eutric vertisol 
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according to the FAO classification system. The soil used in the 
experiment had a clay texture and slightly alkaline pH. Additionally, it 
had low lime content and EC. The soil also had low concentrations of 
organic matter, adequate nitrogen, phosphorus, potassium (K), zinc 
(Zn), manganese (Mn) and boron (B). The concentrations of the 
other nutrient elements, such as calcium (Ca), magnesium (Mg), 
iron (Fe) and copper (Cu) were found to be high (Table 1). Air-dried 
soil was passed through a 4mm sieve and 3.5kg of the soil placed 
into each of the polyethylene covered plastic pots. 

Treatments 
-1Increasing nitrogen doses (Control, 16, 32, 48 and 64 mg.kg  N) 

were applied to the soil as ammonium nitrate (NH NO ) (Extra pure, 4 3

Merck, Germany). Phosphorus (P) and potassium (K) 
concentrations of the pots were maintained at a constant value of 19 

- 1 - 1  mg.kg  P and 24 mg.kg K. They were supplied from 
monopotassium phosphate (KH PO ) (Emprove, Merck, Germany) 2 4

before planting. Four hybrids of sunflower (Helianthus annuus L.) 
seeds “ESNovamis CL, LG 5542 CL, Oliva CL, ESGrafic CL” which 
are resistant to imazamox, intended for reliance on Clearfield 
technology, as evidenced by their names were used in the 
experiment. Five seeds of all hybrids were planted in each pot, which 
were 20cm in diameter and 18cm deep. A total of two plants were left 
in each pot after germination. The water content of the pots was 
adjusted to 70% of the field capacity during the experiment. 

Plant harvesting
After 35 days, the sunflower shoots were cut over the soil level 

and then immediately transferred to the laboratory. In order to avoid 
possible contamination from dust, the samples were washed in tap 
water and twice with deionized water. The samples were dried in a 
hot air oven (Nuve KD 400, Turkey) at 70°C for 72h, weighed and 
then ground using a laboratory mill (Foss CT 193 cyclotec, 
Denmark) passing through 0.5mm sieve. 

Determination of the nutrients
For the evaluation of the nutrient uptake in shoots, 0.2g of the 

ground samples were digested using a mixture of 3mL of nitric acid 
(HNO ) (65%, Emplura, Merck) and 3mL of hydrogen peroxide 3

(H O ) (35%, Emprove exp, Merck) in a microwave oven (Berghof 2 2

MWS 2, Germany) (Hansen et al., 2013). The iron (Fe), copper (Cu), 
zinc (Zn), manganese (Mn), magnesium (Mg), phosphorus (P), and 
boron (B) amounts were determined by inductively coupled plasma-
optical emission spectrometry (ICP-OES) (Perkin Elmer Optima 
2100DV, USA) (Hansen et al., 2013). Na, K and Ca were determined 

by the flame emission (Eppendorf Elex 6361) (Eppendorf-
Hamburg/Germany) (Horneck and Hanson, 1998). Total nitrogen 
was determined by the Kjeldahl method (Buchi K-437, K-350) 
(Buchi-Flawil/Switzerland). Uptaken amounts of the nutrients were 
calculated by using the dry weight amounts and concentrations of 
the nutrients. 

Statistical analysis
Data from all of the experiments were subjected to statistical 

analysis and the mean values were compared using the least 
significant difference (LSD) multiple range test with the computer 
program MINITAB 17.1.0.0 (Minitab Inc., State College, 
Pennsylvania, USA).

Results 

Effects of increasing application doses of nitrogen on dry 
weight, macro and micro element uptake of sunflower hybrids were 
shown in Tables 2 and 3.

Effects of nitrogen applications on dry weight
According to the statistical analysis results, nitrogen 

applications effected the dry weight amounts of sunflower hybrids 
significantly (p<0.01) (Table 2). Increasing doses of nitrogen 

-1elevated the dry weight amounts up to 32 mg.kg  nitrogen 
-1application dose and determined as 10.91 g pot . Increasing the 

nitrogen amounts over this indicated dose decreased the dry weight. 
However, the least dry weight was determined from the control (9.51 

-1g pot ). Sunflower hybrids were also affected by the nitrogen 
applications. There is a statistically significant difference between 
the hybrids (p<0.01). The highest dry weight was determined from 

-1ESGrafic CL (11.67 g pot ) and placed in the same group with Oliva 
-1CL (11.20 g pot ). Dry matter amounts of linoleic type hybrids 

ESNovamis CL and LG5542 CL were not found as high as the other 
indicated high oleic type sunflower hybrids.

Effects of nitrogen applications on nitrogen uptake
Nitrogen uptake of the sunflower hybrids were affected 

statistically from the increasing nitrogen doses (p<0.01) (Table 2). 
Increasing doses of nitrogen elevated the uptake of nitrogen and the 

-1highest amount (219.50 mg pot ) was determined at the highest 

Table 1. Some properties of the soil used in the research

Properties Quantities Properties Quantities

Texture Clay
-1Extractable cations, (mg kg )

Sand (%)

Silt (%)

Clay (%)

pH
-1EC (mS.cm )

Lime (% CaCO )3

Organic matter (%)

Total nitrogen (N) (%)
-1Available sulphur (S) (mg.kg )

-1Available phosphorus (P) (mg.kg )

35.84

17.64

46.52

7.89

0.27

1.16

1.63

0.09

11.19

15.66

Sodium (Na)

Potassium (K)

Calcium (Ca)

Magnesium (Mg)
-1Extractable microelements, (mg.kg )

121.0

203.0

8437.0

495.6

Iron (Fe)

Copper (Cu)

Zinc (Zn)

Manganese (Mn)

Boron (B)

9.59

1.52

1.75

18.71

1.44
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-1application dose (64 mg.kg  N). A significant difference between the 
hybrids was determined according to the applications (p<0.01). The 
highest nitrogen uptake was determined from ESGrafic CL hybrid 

-1(206.04 mg pot ).

Effects of nitrogen applications on macro nutrients uptake
Statistically significant effects of increasing application doses of 

nitrogen were determined on the phosphorus (P), potassium (K), 
calcium (Ca), and magnesium (Mg) uptake (p<0.01) of sunflower. 

-1The highest amounts of P, K, Ca and Mg uptake (33.86 mg pot , 
-1 -1 -1318.40 mg pot , 196.35 mg pot , and 42.32 mg pot ) were observed 

-1from the second application dose of nitrogen (32 mg.kg ), 
respectively. Among the hybrids a statistically significant difference 
(p<0.01) was also determined. The highest uptake amounts of the 
elements were observed at ESGrafic CL, and the others were lined 
after in the following order Olive CL, ESNovamis CL and LG 5542 CL 
(Table 2).  

Table 2. Effects of nitrogen doses on dry matter and macro nutrients uptake of sunflower hybrids

N Doses
-1 mg.kg

0

16

32

48

64

Dry Matter
-1g pot

N
-1g pot

P K Ca Mg
-1g pot -1g pot -1g pot -1g pot

c9.51
ab10.45
a10.91

abc10.08
bc9.59

c168.43
bc179.99
b197.07

ab198.98
a219.50

c26.87
ab30.95
a33.86

ab30.89
bc29.89

c269.52
ab297.67
a318.40

bc282.90
bc277.66

b153.73
a185.10
a196.35
a185.89

ab172.56

c32.73
b37.66
a42.32

ab40.35
b38.94

Sunflower Hybrids

ESNovamis CL

0

16

32

48

64

8.53

9.49

9.72

9.25

8.65

172.62

191.52

195.74

212.05

217.07

20.06

24.55

29.33

28.20

25.90

a302.83
a305.09
a303.92

ab290.29
b252.55

a190.47
a194.60
a190.15
a177.77
a160.02

a35.18
a35.58
a37.91
a37.57
a34.63

Mean b9.13 ab197.80 b25.61 b290.94 ab182.60 b36.17

LG 5542 CL

8.14

9.31

8.90

7.81

8.02

157.95

194.66

193.42

185.45

186.88

24.66

30.18

28.81

24.30

25.00

b241.63
a283.99

53a285.
b230.13
b243.70

a154.82
a168.92
a159.26
a190.35
a169.72

a28.84
a34.65
a33.31
a32.54
a31.80

Mean

0

16

32

48

64

b8.44 b183.67 b26.59 c257.00 b168.62 c32.23

Oliva CL

0

16

32

48

64

10.29

11.57

12.80

11.33

10.00

160.37

155.85

198.49

182.25

221.33

30.68

33.84

41.19

35.79

32.74

c241.15
ab271.78
a347.12
b294.39
b292.45

b125.76
ab143.97
a196.59
a181.09

ab162.63

c30.33
bc33.32
a43.89
a40.13

ab38.73

Mean a11.20 b183.66 a34.85 b289.38 b162.01 b37.28

ESGrafic CL

11.06

11.42

12.21

11.95

11.69

182.77

177.91

200.63

216.16

252.70

32.07

35.22

36.12

35.27

35.91

b292.45
ab329.80
a337.04

ab316.77
ab321.96

b143.86
a232.91
a239.39

ab194.33
a197.86

c36.55
b47.07
a54.17

ab51.16
ab50.59

Mean a11.67 a206.04 a34.92 a319.60 a201.67 a47.91

N applications LSD

Hybrids LSD

H x N LSD

0.875p<0.01 

0.782 p<0.01 

ns

21.184p<0.01 

18.947p<0.01 

ns

3.162p<0.01 

2.828p<0.01 

ns

25.955p<0.01 

23.215p<0.01 

38.827p<0.05 

26.315p<0.01 

23.537p<0.01 

52.630p<0.01 

2.968p<0.01 

2.655p<0.01 

5.937p<0.01 

0

16

32

48

64

*The differences between values indicated with different small letters are significant
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Effects of nitrogen applications on micro nutrients uptake
Effects of increasing application doses of nitrogen on some 

micro element uptake of sunflower hybrids were shown on Table 3. 
According to the increasing nitrogen doses a statistically significant 
effect (p<0.01) was determined on sodium (Na), zinc (Zn), 
manganese (Mn), and boron (B) uptake, however, the effects of 
nitrogen on iron (Fe) and copper (Cu) were not significant. The 
highest uptake amounts of the micro nutrients (Na, Zn, Mn and B) 

-1were found at the second application dose of nitrogen (32 mg.kg ) as 

-1 -1 -116.34 mg pot Na, 0.34 mg pot  Zn, 0.78 mg pot  Mn, and 0.55 mg 
-1pot  B, respectively. A statistically significant difference (p<0.01) was 

also determined between the hybrids on uptake of the micro 
elements except iron. ESGrafic CL had the highest sodium, copper, 
and boron uptake. Oliva CL was found at the first order according to 
the zinc and manganese uptake. Among the hybrids, high-oleic type 
sunflower hybrids had higher nutrient uptake amounts than linoleic 
type sunflower hybrids.  

Table 3. Effects of nitrogen doses on micro nutrients uptake of sunflower hybrids

N Doses
-1 mg.kg

0

16

32

48

64

Sunflower Hybrids

ESNovamis CL

0

16

32

48

64

Mean

LG 5542 CL

Mean

0

16

32

48

64

Oliva CL

0

16

32

48

64

Mean

ESGrafic CL

Mean

N applications LSD

Hybrids LSD

H x N LSD

Fe

0.40

0.51

0.52

0.52

0.48

0.38

0.68

0.53

0.53

0.48

0.52

0.43

0.46

0.48

0.51

0.53

0.48

0.38

0.41

0.58

0.60

0.46

0.49

0.41

0.48

0.51

0.43

0.45

0.46

ns

ns

ns

-1g pot

Cu

0.043

0.050

0.056

0.051

0.055

0.045

0.054

0.056

0.055

0.049
b0.052

0.038

0.042

0.041

0.037

0.046

c0.041

0.040

0.043

0.057

0.053

0.048

bc0.048

0.051

0.060

0.069

0.059

0.076

a0.063

ns

0.011p<0.01 

ns

-1g pot

Zn

b0.26
ab0.30
a0.34
a0.32

a0.32

0.19

0.26

0.34

0.33

0.28
b0.28

0.25

0.31

0.31

0.25

0.33

b0.29

0.32

0.33

0.40

0.36

0.34

a0.35

0.30

0.30

0.33

0.33

0.34

ab0.32

0.049p<0.01 

0.044p<0.01 

ns

-1g pot

Mn

c0.61
ab0.70
a0.78

ab0.72
bc0.67

0.63

0.68

0.69

0.66

0.62
bc0.66

0.60

0.65

0.62

0.69

0.61

c0.63

0.64

0.70

0.96

0.82

0.76

a0.77

0.57

0.75

0.84

0.71

0.71

ab0.72

0.088p<0.01 

0.078p<0.01 

ns

-1g pot

B

c0.42
bc0.46
a0.55

ab0.50
bc0.47

0.44

0.46

0.50

0.48

0.46
bc0.47

0.48

0.51

0.53

0.51

0.46

ab0.50

0.37

0.38

0.54

0.47

0.40

c0.43

0.41

0.51

0.63

0.55

0.56

a0.53

0.059p<0.01 

0.052p<0.01 

ns

-1g pot-1g pot

c13.82
ab15.36
a16.34

bc14.60
bc14.31

a15.58
a16.06
a16.08

ab14.70
b12.96
b15.08

ab12.65
a14.26

ab13.86
b12.02

ab13.04

c13.17

c12.54
ab13.88
a17.82
b15.25

b14.87

b14.87

b14.51
a17.24
a17.61

ab16.43
ab16.39

a16.44

1.364p<0.01 

1.220 p<0.01 

2.040p<0.05 

Na

0

16

32

48

64



342

Discussion

Sunflower is a deep rooted fast growing crop and responds to 
fertilizer applications under low nutrient soil conditions and it was 

-1 -1 -1reported that 8.8 kg.da  N, 1 kg.da  P and 5.4 kg.da  K removals 
-1occur for 180 kg.da  seed production (Shyamkiran, 2000; Banerjee 

et al., 2014). Hegde and Sudhakarababu (2009) declined the 
-1 -1 -1amounts to 6.3 kg.da  N, 1.9 kg.da  P O  and 12.6 kg.da  K O for 2 5 2

-1100 kg.da  seed production. Inappropriate, unbalanced, excessive 
or low use of fertilizers in sunflower may lead to poor uptake, wasting 
the resources and potential environmental damage (Hawkesford, 
2012; Banerjee et al., 2014). In the previous field studies, 4 to 24 

-1kg.da  N were reported as generally applied nitrogen doses to 
sunflower (Gül and Kara, 2015; Sheoran et al., 2016; Nasim et al., 
2016, 2017; Yağmur and Okur, 2017). In our study, nitrogen doses 
applied to pots were found in the range of these previous field 
researches. Applications of nitrogen increased the dry matter 

-1production, and 32 mg.kg  N dose which was equivalent of the 8 
-1kg.da  N at field conditions had the highest dry matter amount. 

Various doses were presented in the previous research results 
depending on the differences in ecological conditions, management 
and plant species and also inspected parameters. Gül and Kara 

-1(2015) found out the efficient nitrogen dose as 3 kg.da  for plant 
-1height, oil content and oil yield, 9 kg.da  for harvest index and 12 

-1kg.da  for protein content. Oyinlola et al. (2010), Biswas and Poddar 
(2015), and Sheoran et al. (2016) reported nitrogen doses up to 10 

-1 kg.da required for satisfactory level yield in hybrid sunflower. 
Ravishankar and Malligawad (2017) established this amount as 

-112.6 kg da . In our research results application of the increasing 
doses of nitrogen also affected the dry matter production, as well as 
N accumulation in the sunflower. Supporting our findings, Yadav et 
al. (2009) also reported the increases on the biomass of the plant as 
a result of elevated nitrogen uptake and a greater absorption of all 
the nutrients from soil. However, high doses of applied nitrogen 
decreased the dry matter and also the other nutrient uptake (Škarpa 
and Lošák, 2008; Biswas and Poddar, 2015). According to the 
research results, higher dry matter amounts were recorded in 
relation to increased photosynthesis rate in sunflower plants grown 
in sufficient N conditions. However, it was also reported that higher 
application doses than sufficiency level decrease the dry matter 
yield (Škarpa and Lošák, 2008; Dordas and Sioulas, 2009; Nasim et 
al., 2011; Krishnamurthy et al., 2011; Banerjee et al., 2014; Biswas 
and Poddar, 2015; Ravishankar and Malligaward, 2017). 

Nitrogen uptake elevated due to the increased doses of 
nitrogen and previous researches drew similar conclusions (Škarpa 
and Lošák, 2008; Biswas and Poddar, 2015). Bozkurt and Karaçal 
(2000) reported increases on nitrogen contents of sunflower 

-1varieties due to the 0-12 kg.da  nitrogen application doses. 
Nutrient contents of sunflower were also affected by cultivars. 

Increased nitrogen applications had also influenced the nutrient 
uptake of sunflower hybrids. Different cultivars grown on different 
cultures may have different agronomic performances (Zheljazkov et 
al., 2011; Tan, 2014). In order to determine the performances of the 
varieties, lots of research results which were conducted at different 
ecological locations with different varieties, indicated different 
values of grain yield, nutrient uptake and agronomic characters (Tan 
et al., 2000, 2013; Kaya et al., 2003; Tozlu et al., 2008; Tan, 2014). 
Abdel-Motagally and Osman (2010) reported that sunflower 
varieties react differently to nitrogen and potassium applications as a 
result of the study. Similar results were also obtained by Basha 
(2000).

Conclusion

Significant effects of nitrogen application doses were found on 
dry matter and nutrient uptake of sunflower hybrids. Increasing 
doses of nitrogen elevated the dry weight, nitrogen and other 
nutrients uptake of all tested sunflower hybrids. The increases were 

-1found maximum at 32 mg.kg  N dose. A significant difference was 
also found between the hybrids according to the amounts of the dry 
matter and nutrients uptake. The uptaken amounts of the nutrients 
were found higher at high-oleic type than the linoleic type sunflower 
hybrids. Among the hybrids, especially ESGrafic CL, one of the high-
oleic type hybrid sunflower, was selected as the hybrid which has a 
higher nutrient uptake capacity than the others. We conclude that 
because of their high fertilizer needs, much more attention must be 
paid while fertilizing the new generation high-oleic type hybrid 
sunflower due to the soil and plant analysis results.

Acknowledgements

This manuscript was prepared from the MSc. Thesis. The 
authors thank to Mr. Sita Sanele Kunene for his critical check on the 
English grammar of the manuscript. 

References

Abdel-Motagally FMF and Osman EA, 2010. Effect of nitrogen and 
potassium fertilization combinations on productivity of two sunflower 
cultivars under East of El-ewinate conditions. American-Eurasian 
Journal of Agricultural & Environmental Sciences, 8, 397-401
Ahmad A and Abdin MZ, 2000. Effect of sulphur application on lipid, 
RNA and fatty acid content in developing seeds of rapeseed 
(Brassica campestris L.). Plant Science, 150, 71-76.
Banerjee H, Dutta SK, Pramanik SJ, Ray K, Phonglosa A and 
Bhattacharyya K, 2014. Productivity and profitability of spring 
planted sunflower hybrid with nitrogen, phosphorus and potassium 
fertilizer. An. Plant Soil Research, 16, 250-256.
Basha HA, 2000. Response of two sunflower cultivars to hill 
spacings and nitrogen fertilizer levels under sandy soil conditions. 
Zagazig Journal of Agricultural Research, 27, 617-633.
Biswas B and Poddar R, 2015. Yield and nutrients uptake of 
sunflower (Helianthus annuus L.) as influenced by different level of 
nitrogen and sulphur. The Bioscan, 10, 1, 439-444.
Bozkurt MA and Karaçal İ, 2000. Farklı azotlu gübre doz ve 
formlarının ayçiçeğinde besin elementi içeriğine etkileri. Tarım 
Bilimleri Dergisi, 6, 99-105 (Tr).
Ciobanu G, Vuscan A and Cosma C, 2008. The influence of 
potassium fertilizers applied on different NP background on 
sunflower yield in preluvosoil conditions from North-West of 
Romania. Protectia Mediului, 13, 44-49.
Codex Alimentarius Committee, 2005. Codex Standard for 
Named Vegetable Oils. Codex-Stan 210, p. 2 
http://www.codexalimentarius.net/download/ standards/336/CXS 
210e.pdf-(accessed 11 May 2010).
Gül V and Kara K, 2015. Effects of different nitrogen doses on yield 
and quality traits of common sunflower (Helianthus annuus L.) 
species. Turk. J. Field Crops, 20, 159-165.
Hansen TH, de Bang TC, Laursen KH, Pedas P, Husted S and 
Schjørring JK, 2013. Multi element plant tissue analysis using ICP 
spectrometry. In: Plant Mineral Nutrients. Methods in Molecular 



343

Molecular Biology (Methods and Protocols), (ed. F.J. Maathuis), 
Humana Press, Totowa, NJ, 953, 121-141. 
Hawkesford MJ, 2012. The diversity of nitrogen use efficiency for 
wheat varieties and the potential for crop improvement. Better 
Crops, 96, 10-12.
Hegde DM and Sudhakarababu SN, 2009. Declining factor 
productivity and improving nutrient use efficiency in oilseeds. Indian 
Journal of Agronomy, 54, 1-8.
Horneck DA and Hanson D, 1998. Determination of potassium and 
sodium by flame emission spectrophotometry. In: Handbook of 
reference methods for plant analysis (ed. Y.P. Karla), CRC Pres, 
Washington, D.C., pp. 157-164.
Kaya MD, 2003. Orta Anadolu'da ayçiçeği yetiştirme tekniği. Türk-
Koop. Ekin Dergi, 24, 20-25 (Tr).
Khaliq A and Cheema ZA, 2005. Influence of irrigation and nitrogen 
management on some agronomic traits and yield of hybrid 
sunflower. International Journal of Agriculture and Biology, 7, 915-
919.
Krishnamurthy RN, Jayadeva HM, Venkatesha MM and Ravi 
Kumar HS, 2011. Seed yield and nutrients uptake of sunflower 
(Helianthus annuus L.) as influenced by different levels of nutrients 
under irrigated condition of eastern dry zone of Karnataka, India.
Massignam AM, Chapman SC, Hammer GL and Fukai S, 2009. 
Physiological determinants of maize and sunflower achene yield as 
affected by nitrogen supply. Field Crops Research, 113, 256-267.
Morlok KM, 2010. Food Scientist's Guide to Fats and Oils for 
Margarine and Spreads Development. Thesis for PhD, Kansas 
State University, USA.
Nasim W, Ahmad A, Wajid A, Akhtar J and Muhammad D, 2011. 
Nitrogen effects on growth and development of sunflower hybrids 
under agro-climatic conditions of Multan. Pakistan Journal of 
Botany, 43, 2083-2092.
Nasim W, Belhouchette H, Tariq M, Fahad S, Hammad HM, 
Mubeen M, Munis MFH, Chaudhary HJ, Khan I, Mahmood F and 
Abbas T, 2016. Correlation studies on nitrogen for sunflower crop 
across the agroclimatic variability. Environmental Science and 
Pollution Research, 23, 3658-3670.
Nasim W, Ahmad A, Ahmad S, Nadeem M, Masood N, Shahid M, 
Mubeen M, Hoogenboom G and Fahad S, 2017. Response of 
sunflower hybrids to nitrogen application grown under different agro-
environments. Journal of Plant Nutrition, 40, 82-92.
Oyinlola EY, Ogunwole JO, Amapu IY, 2010. Response of 
sunflower (Helianthus annus L.) to nitrogen application in a savanna 
alfisol. Helia, 33, 115-126.
Özsoy G and Aksoy E, 2013. Properties and classification of 
irrigated and non-irrigated Vertisols formed under Mediterranean 
climate. Journal of Food, Agriculture and Environment, 11, 2478-
2480.

Ravishankar G and Malligawad LH, 2017. Response of sunflower 
to different N/P fertilizer ratios and levels of nitrogen and 
phosphorus. Int. J. Curr. Microbiol. App. Sci., 6, 980-986.
Shyamkiran Y, 2000. Response of sunflower hybrids to fertilizer 
levels and liming in Alfisols. Thesis for MSc (Ag.), UAS, Bangalore.
Sheoran P, Sardana V, Singh S, Kumar A, Mann A and Sharma P, 
2016. Agronomic and physiological assessment of nitrogen use, 
uptake and acquisition in sunflower. International Journal of Plant 
Production, 10, 109-122.
Škarpa P, and Lošák T, 2008. Changes in selected production 
parameters and fatty acid composition of sunflower (Helianthus 
annuus, L.) in response to nitrogen and phosphorus applications. 
Acta Universitatis Agriculturae et Silviculturae Mendelianae 
Brunensis, 56, 203-210.
Tan AŞ, Beyazgül M, Avcıeri Z, Kayam Y and Kaya HG, 2000. Ana 
ürün ayçiçeğinde farklı gelişme devrelerinde uygulanan sulamanın 
verim ve kaliteye etkileri. Anadolu, 10, 1-34 (Tr).
Tan AŞ, 2014. Bazı yağlık hibrit ayçiçeği çeşitlerinin menemen 
ekolojik koşullarında performansları. Anadolu Ege Tarımsal 
Araştırma Enstitüsü Dergisi, 23, 1-24 (Tr).
Tan A Ş, Aldemir M and Altunok A, 2013. Ege Bölgesi Ayçiçeği 
Araştırmaları Projesi. 2013 Yılı Gelişme Raporu, Ege Tar. Ara. Ens. 
Menemen, İzmir (Tr).
Tozlu E, Dizikısa T, Kumlay AM, Okçu M, Pehluvan M and Kaya 
C, 2008. Pasinler ekolojik koşullarında yetiştirilen bazı yağlık 
ayçiçeği (Helianthus annuus L.) hibridlerinin agronomik 
performanslarının belirlenmesi. Tarım Bilimleri Dergisi, 14, 359-364 
(Tr).
Ullah S, Muhammad A and Wazir SM, 2010. Effect of Hydropriming 
duration on growth and yield of maize landrace in Bannu, KPK, 
Pakistan. Pak. J. Pl. Sci., 16, 99-105.
Yadav RP, Tripathi ML and Trivedi SK, 2009. Effect of irrigation and 
nutrient levels on productivity and profitability of sunflower 
(Helianthus annuus). Indian Journal of Agronomy, 54, 332-335.
Yağmur B and Okur B, 2017. Potasyum ve Humik Asit 
Uygulamalarının Yağlık Ayçiçeği (Helianthus annuus L.) Bitkisinin 
Gelişimine Etkisi. Türkiye Tarımsal Araştırmalar Dergisi, 4, 210-217 
(Tr).
Zheljazkov VD, Vick BA, Baldwin BS, Buehring N, Coker C, 
Astatkie T and Johnson B, 2011. Oil productivity and composition 
of sunflower as a function of hybrid and planting date. Industrial 
crops and products, 33, 537-543.



Genetics and Breeding

Knezha 461 - A new maize hybrid from the middle early group	 	
N. Petrovska, V. Valkova

Evaluation of powdery mildew resistance in various melon (Cucumis melo L.) genotypes
Zh. Ivanova, K. Vasileva, N. Velkov, S. Grozeva

Study on the continuity of farmer`s breeding activity with Patch Faced Maritza sheep breed
P. Zhelyazkova, V. Petrova, D. Dimov 

Genetic diversity at four Nigerian sheep breeds assessed by variation of albumin and carbonic 
anhydrase in cellulose acetate electrophoretic systems
O.H. Osaiyuwu, M.O. Akinyemi, A.E. Salako, O.K. Awobajo 

Nutrition and Physiology

Laying performance and cost-benefits of feeding brown laying hens with raw or processed tropical 
sickle pod (Senna obtusifolia) seed meal based-diets 
C. Augustine, I.D. Kwari, J.U. Igwebuikwe, S.B. Adamu, C.I. Medugu, D.I. Mojaba

Effect of diets with raw garlic flour on growth performance and blood parameters in rabbits 
M.U. Onyekwere, P.C. Jiwuba, U.N. Egu

Production Systems

Grain yield response of some agronomy practices on contemporary common winter wheat cultivars 
(Triticum aestivum L.)
M. Nankova, A. Atanasov

Productivity and yield stability at late treatment of durum wheat (Triticum durum Desf.) with 
antibroadleaved herbicides 

-nd
II. Influence at treatment during 2  stem node stage
Gr. Delchev, M. Delcheva

Effect of conservation agriculture on grain yield and income of maize under maize based cropping 
system in far western Nepal 
H.K. Prasai, Sh.K. Sah, A.K. Gautam, A.P.Regmi

Influence of foliar feeding of common wheat varieties on the nutritional value of the grain
A. Stoyanova, G. Ganchev, V. Kuneva

CONTENTS 1 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 4, 2018

275

279

308

297

285

290

302

315

320

333



Effects of nitrogen doses on growth and some nutrient element uptake of sunflower (Helianthus 
Annuus L.) hybrids

 
G. Ören, H. Çelik 

Effectiveness of Oxalis bee and Ecostop for prophylaxis and control of varroosis in honey bees 
(Apis mellifera L.)
I. Zhelyazkova, S. Lazarov

Agriculture and Environment

Effect of wheat straw and cellulose degrading fungi of genus Trichoderma on soil respiration and 
cellulase, betaglucosidase and soil carbon content
D. Draganova, I. Valcheva, Y. Kuzmanova, M. Naydenov

Antioxidant properties and phytochemicals of three brown macro algae from the Dardanelles
(Çanakkale) Strait 
A.K. Ilknur, G. Turker

Product Quality and Safety

Proximate composition, lipid quality and heavy metals content in the muscle of two carp species
A. Merdzhanova, V. Panayotova, D.A. Dobreva, K. Peycheva

Quantity and quality of wool yolk in Caucasian Merino rams
D. Pamukova, G. Staykova, N. Stancheva

CONTENTS 2 / 2

AGRICULTURAL SCIENCE AND TECHNOLOGY, VOL. 10, No 4, 2018

338

344

349

354

358

370



Instruction for authors

Preparation of papers
Papers shall be submitted at the editorial 
office typed on standard typing pages (A4, 
30 lines per page, 62 characters per line). 
The editors recommend up to 15 pages for 
full research paper ( including abstract 
references, tables, figures and other 
appendices)
The manuscript should be structured as 
follows:  Title, Names of authors and 
affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of  
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
f o r  A n i m a l  S c i e n c e  a n d  H e a l t h , 
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.



Volume 10, Number 4
Decembre 2018

www.agriscitech.eu


	WEB-TMPL_NEW_PART_1
	11
	TABLE OF CONTENT
	WEB-TMPL_NEW_PART_2

