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ABSTRACT 

The objective of this study was to determine the effects of plant density per unit area on micro nutrients (Iron, 
Copper, Zinc, Manganese and Boron) uptake of some sunflower genotypes. Three sunflower varieties (Sanay 
MR, Oliva CL and LG5543 CL) were used as genetic material and three different plant densities: 40800, 57100 
and 95200 plants/ha (sowing spacing; 0.35 x 0.70, 0.25 x 0.70 and 0.15 x 0.70 m, respectively). Field experiments 
were conducted in a split plot design with three replications. According to the results, the micronutrient 
concentrations as well as the seed and oil yields and partly also oil content increased significantly as the plant 
density increased. For all analyzed micronutrients (Fe, Cu, Zn, Mn and B), the highest concentration has been 
obtained with 95200 plant ha-1. Micronutrient elements as well as seed and oil yields differed according to plant 
density and cultivars. Among the varieties, LG 5543 CL more effected by plant density had the highest 
micronutrient concentration, seed yield and oil yield. As a result, a high plant density (95,200 plant ha) with the 
highest micronutrient content and also the highest seed and oil yield could be recommended for Mediterranean 
environments with a semi-humid climate. However, optimum plant density was found differently according to 
varieties and years.  
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INTRODUCTION 

Sunflower (Helianthus annuus L) has a wide range of 
adaptation, and is grown as an important oil crop in 
America, Europe, Asia, Africa and Australia. It was first 
used by natives in North America as a dyestuff and as an 
additive to breads. Spanish travelers first cultivated the 
seeds they collected from North America in the 1850s as 
ornamental plants. Then it spread by sea from Spain to 
Italy, Egypt, Afghanistan, China and India. Sunflower, 
which was brought to Russia in the 18th century, was used 
here for the first time as an oil plant. With the widespread 
use of hybrid seeds in sunflower plants, noticeable 
improvements have been made in high yield, quality and 
resistance to diseases and pests. In general, its cultivation 
has become widespread due to its adaptability to all kinds 
of soil and environmental conditions (Rauf et al., 2017). 
While the average area of sunflower cultivation in the 
world was 7.4 million hectares between 1955-59, today this 
area has tripled and reached 25 million hectares. In the 
same period, world sunflower production increased 
approximately 3.9 times and exceeded 20,57 million tons 
(Hellal et al. 2019; Mansour et al. 2020a, 2020b; FAO, 
2023). There has been an increase in cultivation and 
production areas both in our country and in the world in 
recent years, since all plant organs can be evaluated and the 

pulp, stem and table residues remaining after oil is 
extracted are used as fuel.  

Sunflower is an important oil plant after palm, soybean 
and canola due to its high oil (% 40-47), protein (% 20-27), 
calcium and vitamin (A, D and E) content. (Skoric et al. 
2008; Jabeen and Ahmad, 2011; Iqbal et al. 2014; Li et al. 
2017; Diovisalvi et al. 2018; Primo et al. 2018). 
Approximately 90% of the sunflower seeds produced in the 
world are processed for oil, and sunflower is the 3rd in the 
world oilseed production. (MAF, 2020). 12% of the 
consumable vegetable oil produced in the world is 
sunflower oil. Besides, linoleic type sunflower oil contains 
% 60-75 linoleic acid and % 10-30 oleic acid. The ratio of 
saturated fatty acids (palmitic, stearic, arachidic) is around 
% 11-12 (Colak et al. 2020). 

In order to obtain high yield and quality, optimum 
growing conditions must be provided in sunflower. If 
optimum conditions cannot be provided, at the beginning 
of the main factors limiting growth and development in 
sunflower, mineral nutrients with a rate of 60% items are 
coming. Dry matter production in sunflower is high during 
vegetative and especially generative development period. 
As a result, the need for nutrients increases from the 
vegetative development period. Especially in this period, 
feeding of sunflower plants with microelements enhances 
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the processes of assimilating macro-elements 
(Domaratskyi, 2021). Micronutrients have significant role 
on the growth, photosynthesis translocation, seed 
formation, pollen grain germination, protein and amino 
acid synthesis, stigma receptivity of oil seed crops. 
Consequently, micronutrients increase yield and quality in 
oilseeds (Sher et al. 2021). As a micro nutrient, zinc (Zn) is 
an essential element for hormone stimulation, chlorophyll 
formation, protein mechanism, lipid metabolism, 
carbohydrate synthesis an activity of enzymes. Besides, Zn 
has a significant role on biomass production by effecting 
RNA-DNA synthesis and decreasing lipid peroxidation and 
protein oxidation. (Balafrej et al. 2020; Ozyigit et al. 2021) 
Boron (B) is needed for growth of burgeons, root tips and 
leaves. According to previous studies, it has been dedicated 
that B effects fatty acid concentration and seed protein 
(Ayaz et al. 2021). Similarly, iron (Fe) plays a very 
important role in plant growth due to the basic components 
in physio-biochemical cells (Kim and Guerinot, 2007; 
Tripathi et al. 2018). It also plays an important role in the 
biosynthesis of chlorophyll and in the cells of different 
enzyme functioning (Khobra et al. 2014). In addition, Fe 
basically retains catalase and peroxidase activities, which 
are part of the antioxidant defense shield (Kumar et al. 
2010). In plants, copper is essential for the capacities of 
enzymes involved in carbonate assimilation, ATP 
components, photosynthesis, molybdenum cofactor 
(Moco) biogenesis, redox reactions (electron transfer 
chain), lignin biosynthesis, and others (Kumar et al. 2021).  

The relationship between plant density and 
micronutrient uptake is nuanced and can depend on various 
factors, including the specific nutrient, plant species, soil 
conditions, and overall management practices. While high 
plant density can influence micronutrient uptake positively 
in some situations. High plant density often leads to 
increased competition for resources such as water, sunlight, 
and nutrients. This competition can stimulate more efficient 
nutrient uptake mechanisms in some plants. Higher plant 
density generally means more roots in a given area. This 
increased root density can enhance the exploration of the 
soil for micronutrients, potentially improving nutrient 
uptake (Bejandi et al. 2012). Besides, the effect of plant 
density on soil pH can affect micronutrient availability. 
Changes in pH can increase the solubility and accessibility 
of some micronutrients in soil, which can affect their 
uptake by plants. Its well-known that different plant species 
have varying nutrient requirements and uptake 
mechanisms. Some plants may respond positively to higher 
plant density in terms of micronutrient uptake. It has also 
been observed that these different responses may vary in 
different varieties of the same plant (Heidari et al. 2008). 

The number of plants per unit area is one of the factors 
that have the greatest effect on unit area yield. The number 
of plants per unit area is provided by the distances intra-
rows and between rows applied in planting. Since the 
distance between rows is adjusted in accordance with the 
working width of the hoeing machines so that cultural 
operations can be carried out easily, this width is generally 
applied in the range of 60-70 cm. For this reason, different 

plant Density are obtained by keeping the spacing between 
rows constant and changing the distance intra-rows. 
Optimum plant density may vary according to the climate 
and soil conditions of the region, as well as according to the 
variety used. Undoubtedly, plant density per unit area also 
affects the nutrient and micronutrient uptake of plants. In 
many studies, researchers stated that planting frequency has 
important effects on yield and quality factors in sunflower 
(Emam and Awad, 2017; Fakirah at all. 2017; Ozkan, 2019; 
Gul and Ada, 2019; Alpman and Sinan, 2020). 

Based on the above information, this study aimed to 
determine the effect of different plant density on 
micronutrient uptake of oil sunflower varieties for 
Mediterranean environments with a semi-humid climate. 

MATERIALS AND METHODS 

Experiment design 

This field research was conducted at Bursa Uludag 
University Faculty of Agriculture Application and 
Research Centre during spring seasons in both 2017 and 
2018. Field experiments were conducted in a split-plot 
design with three replications in both years. Varieties were 
main plots and plant density subplot. Main plots were set 
as 25,2 m x 6 m and subplots as 2,8 m x 6 m and 4 rows 
were planted for each plot All statistics of the research were 
obtained from plants in the middle two rows. Plants in the 
outermost rows were considered as edge effects and were 
not taken into consideration. Three sunflower varieties 
(Sanay MR, Oliva CL and LG5543 CL) were used as 
genetically material and three different plant density: 
40800, 57100 and 95200 plants ha-1 (sowing spacing; 0.35 
x 0.70 m, 0.25 x 0.70 m and 0.15 x 0.70 m, respectively). 

Soil and climate characteristics of the trial sites 

Soil physical and chemical characteristics are shown in 
Table 1. As can be seen from the table, the farm soil in the 
BUU Faculty of Agriculture Agricultural Research and 
Application Center, where the experiments were carried 
out, contains some heavy-textured material rich in lime and 
clay (Katkat et al. 1985). There is no salinity problem. It 
contains Na+ 0.26 me/100g, K+ 0.92 me/100g, Mg++ 10.20 
me/100g, Ca++ 30.42 me/100g (Aksoy et al. 2001). Rich in 
potassium and phosphorus, poor in organic matter. 

In the first year (2017), a total precipitation of 255.4 mm 
was recorded during the sunflower vegetation period 
(March-August).  In 2018, a total of 282.4 mm precipitation 
occurred. More precipitation occurred in the second year of 
the experiment compared to the first year. When looking at 
the average temperature for many years, it is obvious that 
there is no serious temperature difference between the trial 
years. Climatic data for the growing season are given in 
Table 2. When the precipitation totals for many years are 
examined, it is seen that almost the same amount of 
precipitation was received as in 2018, the second trial year. 

Cultural practices 

Sowing was done in the first half of April in both years. 
Hand hoeing was done twice for weed control and soil 
ventilation. Experiments were carried out in dry conditions. 
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Harvest was done in September in both years. In order to 
prevent nutrient deficiencies in the plants and to ensure the 
optimum development of the plants 84 kg ha-1 N (15-15-

15), 50 kg ha-1  P and 50 kg ha-1 K was applied on the plant 
rows in the all experimental area. Then, when the plants 
were at the 6-8 leaf stage, 25 kg of nitrogen was used. 

 

Table 1. Soil properties of experimental area 

    Properties Quantities     Properties (mg kg -1) Quantities 
    Texture Clay     Sodium (Na) 134 
    pH 7,86     Potassium (K) 224 
    EC (mS cm-1) 0,32     Magnesium (Mg) 346,8 
    Lime (% CaCO3) 2,25     Calcium (Ca) 8367 
    Organic matter (%) 1,74     Iron (Fe) 8,67 
    Total nitrogen (N) (%) 0,12     Copper (Cu) 1,39 
    Available phosphorus (P) (mg kg-1) 17,65     Zinc (Zn) 1,69 
      Manganese (Mn) 21,37 
      Boron (B) 1,19 

 

Table 2. Climatic data for the growing season 

 Avg. Temperature (ᵒC) Avg. Humidity (%) Monthly Precipitation (mm) 

Months 2017 2018 Long Term 
Avg. 2017 2018 Long Term 

Avg. 2017 2018 Long Term 
Avg. 

March 10,8 13,7 8,6 71,7 71,4 67,7 24,2 66,0 66,1 
April 13,2 16,2 13,0 67,8 68,5 66,1 38,2 14,6 66,0 
May 18,3 20,4 17,4 75,0 75,3 62,0 80,2 92,6 43,4 
June 23,0 23,6 22,5 70,0 70,0 57,8 75,2 59,4 36,5 
July 25,7 25,9 24,8 55,3 62,1 56,2 15,0 15,8 17,7 
August 25,8 26,4 24,5 66,0 63,5 57,3 5,0 2,0 13,8 
September 23,2 22,3 20,2 61,0 68,7 63,8 17,6 32,0 40,8 
Total 140 148,5 131 466,8 479,5 430,9 255,4 282,4 284,3 
Average 20 21,2 18,7 66,6 68,5 61,6 36,4 40,3 40,6 
 

Plant analysis 

Representative grains were collected on day 130, 
washed by tap and distilled water than dried at 70 °C until 
they reach a constant weight. Grain samples were grounded 
and acid digested in 3 mL of %65 nitric acid (HNO3) and d 
3 mL of 35% hydrogen peroxide (H2O2) in microwave 
system (Berghof MWS 2, Germany) (Celik et al. 2017). Fe, 
Cu, Zn, Mn and B concentrations of grains were determined 
with ICP-OES (Inductively coupled plasma optical 
emission spectrometry) (PerkinElmer Optima 2100 DV) 
(Hansen et al. 2013). Dry weights and Fe, Cu, Zn, Mn and 
B concentrations were multiplied for calculation of grain 
micro element contents. 

Statistical analysis 

The data obtained from the experiments were 
statistically analyzed according to the split plot design in 
randomized blocks with 3 replications. The effects of the 
varieties, plant Density and variety x plant density 
interaction were evaluated at the 0.05 and 0.01 probability 
levels using the F-test. The F-protected least significant 
difference (LSD) was calculated at the 0.05 probability 
level according to Steel and Torrie (1960). Variance 
analyses (ANOVA) for all data were analyzed by JMP 
9.0.2. software to determine the significance of treatments 
and their interactions. In addition, Person’s correlation 

coefficient values were calculated using the MINITAB 
(version 19) software to determine the degree of pairwise 
relationships between seed yield, yield components, and 
macro and micro nutrients uptake in hybrid sunflower 
varieties. On the other hand, the relationship between seed 
yield (dependent variable) and independent variables such 
as some yield components and some macro and micro 
nutrients was evaluated by multiple stepwise regression 
analysis. 

RESULTS AND DISCUSSION 

The effect of different sunflower cultivars with different 
plant density rates on some micro-nutrients concentrations 
are shown in Table 3. According to table, micronutrient 
(Fe, Cu, Zn, Mn, B) uptake of cultivars were significantly 
increased by increasing plant density in the two 
experimental years. In addition, the highest values were 
obtained with 95200 plant ha-1 and the lowest values were 
obtained with 40800 plant ha-1 plant density in both years. 
Same results have been described in many previous studies. 
Jaswinder et al. (2019) dedicated that high plant density 
increases the nutrient uptake. The same researchers 
reported that, increasing nutrient uptake might be due to 
better established root system, translocation of nutrients 
from soil, transport of nutrients to seed which led to better 
yield. 
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Table 3. Effects of plant density and variety on micro elements of sunflower in 2017 and 2018 

Plant density (plant ha-1) 
 95200 57100 40800 
 2017 2018 2017 2018 2017 2018 

Cultivars                                                                    Fe (mg kg-1) 
Sanay MR 25,09 a 23,71 a 21,58 c 20,83 bc 20,16 d 18,78 de 
Oliva CL 21,71 c 19,92 cd 25,08 a 23,34 a 21,93 bc 20,46 bc 
LG 5543 CL 25,45 a 23,99 a 23,11 b 21,65 b 18,91 d 17,54 e 
Mean 24,09 A 22,54 A 23,26 B 21,94 A 20,33 C 18,93 B 

Cu (mg kg-1) 
Sanay MR 2559,28 a 2485,74 a 1914,31 bc 1858,77 bc 1692,92 de 1643,65 de 
Oliva CL 1911,28 bc 1855,68 bc 2566,35 a 2491,56 a 1813,74 cd 1761,19 cd 
LG 5543 CL 2597,46 a 2522,17 a 1979,99 b 1922,35 b 1556,92 e 1511,93 e 
Mean 2356,01 A 2287,86 A 2153,55 B 2090,89 B 1687,86 C 1638,92 C 

Zn (mg kg-1) 
Sanay MR 623,02 a 604,70 a 399,11 b 388,10 b 298,34 d 287,75 d 
Oliva CL 328,70 cd 319,38 cd 603,22 a 586,36 a 220,59 e 214,17 e 
LG 5543 CL 584,65 a 568,16 a 366,46 bc 355,79 bc 195,80 e 190,30 e 
Mean 512,13 A 497,41 A 456,26 B 443,42 B 238,24 C 230,74 C 

Mn (mg kg-1) 
Sanay MR 61,04 ab 59,08 ab 38,19 c 37,09 c 27,37 e 26,84 e 
Oliva CL 31,40 de 30,49 de 61,94 a 60,14 a 21,18 f 20,43 f 
LG 5543 CL 57,40 b 55,42 b 35,04 cd 33,97 cd 18,00 f 17,48 f 
Mean 49,95 A 48,33 A 45,05 B 43,73 B 22,08 C 21,58 C 

B (mg kg-1) 
Sanay MR 3,69 a 3,58 ab 2,11 b 2,04 c 1,39 d 1,34 e 
Oliva CL 1,77 c 1,72 d 3,79 a 3,71 a 1,16 de 1,13 ef 
LG 5543 CL 3,54 a 3,44 b 1,98 bc 1,93 cd 0,92 e 0,90 f 
Mean 3,00 A 2,91 A 2,63 B 2,56 B 1,15 C 1,12 C 

 

Fe and Cu concentrations of sunflower varieties were 
observed between 17,54 mg kg-1 - 25,45 mg kg-1 and 
1511,93 - 2597,46 mg kg-1 respectively depending on plant 
density. The highest Fe and Cu concentrations were found 
in LG 5543 CL which was cultivated as 95200 plant ha-1 for 
both experiment years. In addition, the lowest values were 
obtained with LG 5543 CL and 4800 plant ha-1 plant 
density. 

As can be seen from Table 2, the Zn concentration 
decreases as the plant density decreases, the highest Zn 
concentration was obtained at 95200 plant ha-1. Between 
the cultivars, while the highest Zn concentration was 
observed as 623,02 mg kg-1 in Sanay MR and as 584,7 mg 
kg-1 in LG 5543 CL which planted as 5200 plant ha-1, the 
lowest concentration was observed in as 190,30 mg kg- 1 

with LG 5543 CL which planted as 4800 plant ha-1 (Table 
3).  

Mn and B concentrations of sunflower varieties were 
observed between 17,48 mg kg-1 – 61,94 mg kg-1 and 0,90 
– 3,79 mg kg-1 respectively depending on plant density. 
Unlike the aforementioned elements; the highest Mn and B 
concentrations were obtained as 61,94 and 3,79 mg kg-1 

respectively in Oliva CL with 57100 plant ha-1 but, the 
lowest values were obtained as 17,48 and 0,90 mg kg-1 

respectively in LG 5543 CL with 40800 plant ha-1 plant 
density (Table 3). As a result, 95200 plant ha-1 was the 
optimal plant density for Fe, Cu, Zn uptake while, 57100 

plant ha-1 was the optimal for B and Mn uptake of 
sunflower. 

The effect of different sunflower cultivars with different 
plant density rates on some quality properties and yield of 
sunflower are shown in Table 4. As can be seen from the 
table, quality parameters as seed yield, oil content and oil 
rate are significantly increased by increasing plant density 
in the two experimental years. On the contrary, head 
diameter of sunflowers was significantly decreased with 
plant density. Maximum head diameter was observed 
between 15,59 and 23,86 cm according to plant density. For 
both experiment years the maximum head diameter was 
measured with 40800 plant ha-1 plant density in Sanay MR 
cultivar.  In addition, the minimum head diameter observed 
in Oliva CL cultivar with 95200 plant ha-1 plant density in 
both experiment years. Allam and Galal, (1996); Salehi and 
Bohrani, (2000); Al-Thabet, (2006) dedicated that 
decreasing in plant density was led to an increase in head 
diameter which results are similar with our study. Several 
studies have reported that with increasing plant density 
decreases head diameter but increasing plant density 
enhances the seed yield (Johnson et al. 2010; Jahangir et al. 
2006; Panhwar et al. 2017). Modanlo et al. (2021) reported 
that, with increasing plant density yield and oil yield have 
effected positively but, head diameter, plant height, 100-
grain yield and grain yield per plant were decreased with 
increasing plant density.  
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Table 4. Effects of plant density and variety on some quality properties and yield of sunflower in 2017 and 2018 

Plant density (plant ha-1) 
 95200 57100 40800 
 2017 2018 2017 2018 2017 2018 

Cultivars                                                               Head diameter (cm) 
Sanay MR 19,54 bcd 18,05 bcde 17,13 cd 16,28 de 23,86 a 23,10 a 
Oliva CL 16,53 d 15,59 e 19,86 bc 19,87 bc 21,10 ab 21,10 ab 
LG 5543 CL 18,13 bcd 17,23 cde 19,93 bc 18,95 bcd 20,76 ab 20,77 ab 
Mean 18,07 B 16,95 B 18,97 B 18,36 B 21,91 A 21,65 A 

Seed Yield (kg ha-1) 
Sanay MR 328,96 f 298,36 g 356,42 e 331,42 ef 343,63 e 313,25 fg 
Oliva CL 405,65 b 386,50 b 386,64 c 365,86 bc 370,33 d 357,48 cd 
LG 5543 CL 481,03 a 450,83 a 369,74 d 339,68 de 346,03 e 323,60 ef 
Mean 405,21 A 378,56 A 370,93 B 345,65 B 353,33 C 331,44 C 

Oil content (%) 
Sanay MR 43,76 c 44,40 d 45,45 b 46,50 b 42,49 d 43,26 e 
Oliva CL 44,21 c 45,24 c 45,55 b 46,28 b 43,40 cd 44,61 cd 
LG 5543 CL 45,59 b 46,42 b 47,40 a 48,55 a 43,86 c 44,66 cd 
Mean 44,52 B 45,35 B 46,13 A 47,11 A 43,25 C 44,18 C 

Oil Yield (kg ha-1) 
Sanay MR 143,92 e 132,43 g 161,96 c 154,13 de 146,02 e 135,53 fg 
Oliva CL 179,37 b 174,90 b 176,13 b 169,35 bc 160,72 c 159,43 cd 
LG 5543 CL 219,33 a 209,31 a 175,26 b 164,92 bcd 151,76 d 144,51 ef 
Mean 180,87 A 172,21 A 171,11 B 162,80 B 152,83 C 146,49 C 

 

Yield and oil yield of sunflower cultivars have effected 
positively with increasing plant density. Yield was 
observed between 313,25 and 481,03 kg ha-1 according to 
plant density and oil yield was observed between 135,53 - 
219,33 kg ha-1. 

Maximum seed yield and oil yield were obtained with 
95200 plant ha-1 plant density in LG 5543 CL cultivar but, 
minimum values were observed in Sanay MR cultivar with 
40800 plant ha-1 plant density for both experimental years. 
Unlike these parameters, maximum oil content of 
sunflower was obtained with 57100 plant ha-1 plant density. 
It was measured between % 42,49 and % 47,40.   LG 5543 
CL cultivar which provided the highest grain and oil yield 
in 95 200 plant ha-1 Density, also achieved the highest Fe, 
Cu, Zn and B uptake at the same plant density. These results 
revealed that high uptake of micronutrients in the plant 
provides high seed and oil yield. Therefore, many studies 
were found that fertilization with these micronutrients 
increases the yield and quality of sunflower (Khurana and 
Chatterjee, 2001; Gawande et al. 2022; Baraich et al. 2016; 
Pattanayak et al. 2017; El-Din Mekki, 2015). Similar to 
yield parameters, maximum and minimum oil content 
values were found in LG 5543 CL and Sanay MR cultivars 
respectively. Findings on oil content in previous studies 
have shown different results at varying plant densities 
(Modanlo et al. 2021; Partal, 2022). This is thought to be 
because seed from higher plant density may have a thinner 
pericarp with a slightly higher oil content. In addition, the 
percentage of oil of sunflower seeds depends on the ratio of 
the percentage of shell and oil content in the kernel (Rao 
and Reddy, 1985; Sabo and Pepo, 2007; Namvar et al. 
2012). As the distance between the rows increased, in other 
words, as the plant density decreased, low seed yields is 

obtained in these plots due to the low plant numbers per 
unit area. The best seed yields per hectare is measured in 
narrow row sowing distances (Alpman and Sinan 2020). 
Our results are supported by findings of some previous 
studies which indicating that increase plant density 
significantly increase seed yield (Beg et al. 2003, Robinson 
1976, Barros et al. 2004; Sabo and Pepo, 2007; Weiss, 
2000; Wade and Foreman, 1988). On the contrary some 
researchers dedicated that the seed yield was not affected 
by increasing plant densities explaining that the optimum 
plant density for seeds yield depends on the cultivar and 
environment (Majid and Schneiter, 1987; Pala, 1992; 
Barros et al., 2004). 

The results showed that as the plant density increased, 
the uptake of micronutrients such as Fe, Cu, Zn increased, 
as well as the seed and oil yield and oil content. Increasing 
plant density provided an increase in seed and oil yield and 
partially also oil content by increasing the micronutrient 
uptake in the plant.   Khurana and Chatterjee (2001) 
reported that zinc fertilization had a positive effect on 
sunflower and increased seed yield of sunflower and seed 
oil by application of zinc. Because of Zn having important 
role in carbohydrate and nitrogen metabolism, fruit and root 
development.  In addition, Zn is essential in amino acid and 
RNA - DNA synthesis, by involving in in bio-synthesis of 
plant hormones, Indole Acetic Acid (IAA) and variety of 
enzymes. Gawande et al. (2022) dedicated that when Zn 
and Fe concentrations increases in sunflower, number of 
filled seed is also increased thus the yield of sunflower is 
enhanced. The same researchers also indicated that this 
increase in dry matter and yield in sunflower is due to 
higher photosynthetic rate of plants, which depends upon 
number of functional leaves, plant height, and dry matter 
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accumulation in plants. In many studies, researchers have 
explained this increase in yield is because zinc and iron 
have a very important role especially in protein and auxin 
metabolism and that they are essential for many enzyme 
activations (Rao et al. 2020; Farzanian et al. 2010). 

The results of the research showed that micronutrient 
uptakes, seed and oil yield, and partly also oil contents in 
sunflower vary according to plant density and cultivars. 
Our findings revealed that the plant density to be applied in 
planting and the variety to be preferred are important in 
order for the plants to obtain higher micronutrient uptakes 
and to reach higher yield and quality.  

Since the uptake of micronutrients such as Fe, Cu and 
Zn increases as the plant density increases, these 
micronutrients must be sufficiently present in the soil in 
areas where high plant Density are applied. For high yield 
and quality in sunflower, these micronutrients, which are 
deficient in the soil, should be applied in the form of 
fertilizer. Thus, Milev (2015) proved that sunflower reacted 
to multicomponent mineral fertilizers with increased yield 
and its quality. Baraich et al. (2016) showed that foliar 
fertilization (8 Zn + 0.75 B + 0.30 Fe kg ha−1) significantly 
improved the sunflower yield and its components. 
Pattanayak et al. (2017) showed that sunflower positively 
responded to combined NPK, zinc and boron fertilization. 
Kandhro et al. (2021) proved the beneficial interaction of 
Zn fertilization and plant irrigation on sunflower yielding. 
In addition, they indicated the need to select an appropriate 
variety for the habitat conditions. Li et al. (2018) 
demonstrated that foliar zinc fertilization had a positive 
effect on the yielding of sunflower, even when the content 
of this element in the soil was sufficient. Mekki (2015) 
believed that boron was important in fertilizing sunflower 
seeds. In a greenhouse experiment, he showed that the 
deficiency of this micronutrient in the soil reduced both the 
size and quality of the crop. Al-Amery et al. (2011) proved 
that boron fertilization reduced the number of empty 
achenes, which resulted in a significant increase in yield. 

In the study, positive and significant relationships were 
found between seed and oil yields and the uptake of some 
micronutrients. Pearson correlation coefficients describing 
pairwise relationships between yield components and some 
micronutrients of the tested hybrid sunflower cultivars are 
shown in Table 5. Positive and significant correlation were 
observed between SY and Fe (r = 0.447, p ≤ 0.01), Cu (r = 
0.416, p ≤ 0.01), Zn (r = 0.292,p ≤ 0.05), Mn (r = 0.297, p 
≤ 0.05), B (r = 0.326, p ≤ 0.05), Mg (r = 0.326, p ≤ 0.05) 
and HD (r = - 0.347, p ≤ 0.01). Also, the pairwise 
relationships between oil yield and the same micronutrient 
elements gave similar results. Similarly, significant and 
positive correlations were observed between OC and Fe (r 
= 0.283, p ≤ 0.05), Cu (r = 0.267, p ≤ 0.05), Zn (r = 0.277, 
p ≤ 0.05), Mn (r = 0.284, p ≤ 0.05), B (r = 0.94, p ≤ 0.05), 
Mg (r = 0.288, p ≤ 0.05) and HD (r = - 0.423, p ≤ 0.01).   In 
contrast, the correlations between grain yield, oil yield and 
oil ratio and micronutrients were not statistically 
significant.  Micronutrients, both present in the plant and 
applied externally to the plant, have an increasing effect on 
yield and quality.  Anuprita et al., (2005) detected that 
application of micronutrients increase the uptake of all the 
plant nutrients and enhance the mechanism against disease 
and pest thus consequently improve yield and plant growth. 
Iron (Fe) is also one of the important nutrient involved in 
the formation of chlorophyll and light reaction of electron 
transport chain and thus can enhance the growth and yield 
of crop (Kakar et al., 2000; Tariq and Mott, 2006). The use 
of boron has increased the vegetative and reproductive 
growth of the sunflower (Asad et al.,2003). Boron is 
involved in cell wall synthesis, maintenance, sugar 
translocation and membrane integrity and its requirement is 
higher for seed production than vegetative production 
(Dordas and Brown, 2001). Alipatra et all (2018) reported 
that sunflower seed yield showed highest significant 
positive correlation with TNU (total N uptake, r = 0.670**), 
closely followed by TBU (Total B uptake, r = 0.669**), 
TSU (Total S uptake, r = 0.662**), TPU (Total P uptake, r 
= 0.618**) and TKU (Total K uptake, r = 0.561**).    

 

Table 5. Correlation coefficients between seed yield and macro and micronutrients uptake in hybrid sunflower genotypes (based on 
mean values of two years) 

Traits Fe Cu Zn Mn B HD SY OC OY 
Fe 1,0000 0,9240** 0,8516** 0,8531** 0,8596** -0,2584 0,4466** 0,2827* 0,447** 
Cu  1,0000 0,9609** 0,9645** 0,9733** -0,286* 0,4161** 0,2673* 0,416** 
Zn   1,0000 0,9979** 0,9942** -0,294* 0,2916* 0,2774* 0,292* 
Mn    1,0000 0,9976** -0,290* 0,2974* 0,2836* 0,297* 
B     1,0000 0,3265* 0,2881* 0,2941* 0,326* 
HD      1,0000 -0,347** -0,423** -0,35** 
SY       1,0000 0,2289 1,00** 
OC        1,0000 0,2289 
OY         1,0000 

Notes:Fe = Iron, Cu = Copper, Zn = Zinc, Mn = Manganese, B = Boron, HD = Head diameter, SY = Seed yield, OC = Oil content, 
OY = Oil yield. 
 

A multiple regression model was used to evaluate the 
relationships between seed yield (dependent variable) and 
macro and micro nutrients and some yield components 
(independent variables). According to multiple regression 

analysis, the appropriate regression model was determined 
as follows:  

Seed yield = 189.7 + 1.527 total Cu uptake** - 0.429 total 
Zn uptake** - 4.767 Head diameter* 
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The stepwise regression equation showed that an 
independent variable like total Cu uptake had positive 
significant relationships but negative significant total Zn 
uptake and head diameter with seed yield (dependent 
variable). In a similar study, Alipatra et al. (2018) found 
that independent variables like total N uptake, plant height, 
available N, weight of filled seeds/capitulum and seed 
index (100-seed weight) had positive significant 
relationship with seed yield (dependent variable). The 
results of this study and previous studies have revealed that 
there is a positive and significant relationship between 
grain and oil yields and some macronutrients, 
micronutrients and some yield components in sunflower, 
but there may be changes in macro and micronutrient 
elements that may affect grain yield depending on the 
conditions in which the research is conducted. 

CONCLUSION 

In sunflower, which is an important oil plant, the effects 
of plant density per unit area and cultivar differences on the 
micronutrient uptake, yield and quality of the plant were 
investigated. The results revealed that micronutrient 
uptakes, seed and oil yield, and partly also oil contents in 
sunflower vary according to plant density and cultivars. 
Increasing plant density provided an increase in seed and 
oil yield and partially also oil content by increasing uptake 
of micronutrient such as Fe, Cu, Zn in the plant. In study, 
maximum seed yield and oil yield were obtained with 
95200 plant ha-1 plant density in LG 5543 CL cultivar but, 
minimum values were observed in Sanay MR cultivar with 
40800 plant ha-1 plant density for both experimental years. 
The conclusion that can be obtained from this study is to 
suggest a high plant density (95200 plant ha) and a suitable 
cultivar in order to achieve high micronutrient uptake in 
sunflower and hence high seed and oil yield and partly high 
oil content in Mediterranean environments with a sub-
humid climate. The study has evaluated the most 
commonly used planting densities in the literature. In future 
research, higher and lower plant densities should be 
considered to further support and enrich the literature. The 
results of our study have demonstrated a positive impact on 
yield and micronutrient uptake at higher densities. 
However, how yield and nutrient element uptake will be 
affected when density is further increased should be 
determined in future studies. 
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