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Abstract 
 
In the experimental field of the Department of Crop Science at the Agricultural University - Plovdiv for three years, a 
field experiment has been conducted. The experiment has been carried out by the method of split-plots in four 
replications after the predecessor triticale. Five tribenuron-methyl resistant sunflower hybrids (main plots) have been 
studied: P64LE25 (standard); LG 59.580 SX; Subaro HTS; ЕS Arcadia SU and Magma SU. The effect of two soil 
nutrition regimes - lower and higher has been investigated (split-plots). The oil content of the seeds has been studied. 
The fatty acid composition of the oil has been investigated. It has been found that the hybrids can be arranged in the 
following descending order regarding the average oil content of the seeds: P64LE25> Subaru> LG 59.580> Magma> 
Arcadia. The hybrids contain an average of 15% saturated and 85% unsaturated fatty acids. The lowest content of 
saturated and the highest content of unsaturated fatty acids have been found in hybrid Magma, and the highest content 
of saturated and lowest content of unsaturated - in hybrid Subaru. 
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INTRODUCTION 
 
One of the directions of use of oilseed crops in 
recent years is for the production of biodiesel, 
as sunflower is one of the main crops for the 
countries of the southern part of Europe 
(Kalligeros et al., 2003; Stoev and Tahsin, 
2012). 
The seeds of modern sunflower varieties and 
hybrids contain mainly 40-50% oil (50-60% oil 
in the nut) and 15-22% protein (Schuster et al., 
1980; Yankov, 2009; Lobão et al., 2017; 
Romanic et al., 2018; Drumeva & Yankov, 
2018; Ahmadian et al., 2019; Kanwal et al., 
2019; Naila et al., 2019).  
Numerous experiments under different soil and 
climatic conditions prove the primary 
importance of air temperature in the synthesis 
of reserve substances (oil, protein, fatty acid 
composition of the oil). When tested under 
controlled conditions, it was reliably found that 
as the temperature increases, the oil content of 
the seeds decreases and the percentage of 
protein in the nut increases (Champolivier & 
Merrien, 1996; Caliskan et al., 2002; Thomaz 
et al., 2012).   
The oil yield is the result of the yield of seeds 
and seed oil content. That is why many 

researchers analyze the factors that influence 
the formation of yield seeds and their 
components as a starting point for the 
formation of the final productivity of the crop-
oil yield (Palijo et al., 2020; Laskhman et al., 
2020; Siahbidi et al., 2020).  
Merrien & Champolivier (1995) consider that 
the fatty acid composition of the oil largely 
depends on the region of sunflower cultivation, 
the conditions of the year, nitrogen fertilization 
and the moisture supply of the crop 
 
MATERIALS AND METHODS 
 
In the experimental field of the Department of 
Crop Science at the Agricultural University- 
Plovdiv during the three harvest years - 2018, 
2019 and 2020 a field experiment has been 
conducted. The experiment has been carried 
out by the method of split-plots in four 
replications after the predecessor triticale. The 
effect of two soil nutrition regimes (NR) - 
lower (NRL) and higher (NRH) has been 
investigated (main plots). The differences in 
the content of macronutrients in the soil are a 
consequence of previous fertilizer experiments 
conducted on the triticale predecessor 
(Georgieva, 2019). Five sunflower hybrids, all 
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of the Tribenuron-methyl resistant hybrids 
group have been studied: P64LE25 - Pioneer® 
(standard); LG 59.580 SX - Limagrain®; 
Subaro HTS - Syngenta®; ЕS Arcadia SU - 
Euralis®; Magma SU - Caussade semences®. 
Fat content and fatty acid composition were 
calculated by gas chromatography (ISO 12966-
2:2017).  
 
RESULTS AND DISCUSSIONS 
 
In addition to the oil content in the seeds, the 
main quality indicator of sunflowers is the 
composition of the oil. One of the main 
valuable qualities of sunflower oil is a higher 
amount of unsaturated fatty acids in the 
direction of the saturated (Figure 1).  
In the first year of the study, the saturated fatty 
acid content decreased with the higher soil 
nutritional regimes compared to the lower ones. 
In the P64LE25 (standard), the content of 
saturated fatty acids decreased under the 
influence of a better soil nutrition regime from 
11.1% to 10.2%; at LG 59.580 SX - from 10% 
to 8.4%; at Subaru from 12% to 10.4%; at 
Magma - from 8.4 to 7.7%. An exception is the 
Arcadia hybrid, in which the content of 
saturated fatty acids is lower (8.5%) than in the 
higher soil fertility (10.5%). The content of 
unsaturated fatty acids in the current year 
represents between 88-92.3% of the total 
composition of the oil in the tested sunflower 
hybrids.  
In the P64LE25 standard, the content of 
unsaturated fatty acids in the lower soil 
nutritional regime is 88.9% (48.3% 
monounsaturated + 40.6% polyunsaturated). 
The higher soil regime leads to an increase in 
the content of unsaturated fatty acids up to 
89.8% (55.2% monounsaturated + 34.6% 
polyunsaturated). 
In the LG 59.580 SX hybrid, the content of 
unsaturated fatty acids at the lower nutritional 
regime is 90% (37.1% monounsaturated + 
52.9% polyunsaturated). The higher soil regime 
leads to an increase in the content of 
unsaturated fatty acids up to 91.6% (48.2% 
monounsaturated + 43.4% polyunsaturated). 
In the Subaru hybrid, the content of unsaturated 
fatty acids at the lower nutritional regime is 
88% (61.2% monounsaturated + 26.8% 
polyunsaturated). The higher soil regime leads 

to an increase in the content of unsaturated 
fatty acids up to 89.6% (60.6% 
monounsaturated + 29% polyunsaturated). 
               

            NRL            NRH 

 
Figure 1. Ratio between saturated and unsaturated 

(polyunsaturated + monounsaturated) fatty acids, 2018 
year 

 
In Magma hybrid, the content of unsaturated 
fatty acids in the lower nutritional regime is 
91.6% (78.3% monounsaturated + 13.3% 
polyunsaturated). The higher soil regime leads 
to an increase in the content of unsaturated 
fatty acids up to 92.3% (78% monounsaturated 
+ 14.3% polyunsaturated). 
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In Arcadia hybrid, the content of unsaturated 
fatty acids in the lower nutritional regime is 
91.5% (62.5% monounsaturated + 29% 
polyunsaturated). Only in this hybrid, in the 
higher soil regime, the content of unsaturated 
fatty acids decreases to 89.5% (61.6% 
monounsaturated + 27.9% polyunsaturated). 
In the 2019 year of study (Figure 2), the 
content of saturated fatty acids, similar to the 
first year, decreased in the higher soil 
nutritional regime compared to the lower.  
 

       NRL                  NRH 

 
Figure 2. Ratio between saturated and unsaturated 

(polyunsaturated + monounsaturated) fatty acids, 2019 
year 

 

The content of saturated fatty acids decreases 
in the better soil nutritional regime of the soil 
as follows: in hybrid P64LE25 (standard) - 
from 21.5% to 14.3%, in LG 59.580 SX - from 
16.5% to 14% and in Subaru from 25.8% to 
20.6%. 
Exceptions are Magma and Arcadia hybrids, in 
which, with the higher soil stock with 
macronutrients, the content of fatty acids 
increases, respectively from 13.7% to 15.5% 
for hybrid Magma and from 9.9% to 14.4 % for 
hybrid Arcadia. 
In the second year of the study, the content of 
unsaturated fatty acids varied between 75.1% 
and 90.1% of the total oil composition in all 
tested hybrids. 
In the P64LE25 hybrid (standard), the content 
of unsaturated fatty acids at the lower soil 
regime is 78.5% (40.6% monounsaturated + 
37.9% polyunsaturated). The higher soil 
nutritional regime leads to an increase in the 
content of unsaturated fatty acids up to 85.7% 
(38.2% monounsaturated + 47.5% 
polyunsaturated). 
In the LG 59.580 SX hybrid, the content of 
unsaturated fatty acids at the lower soil 
nutritional regime is 83.5% (43.5% 
monounsaturated + 40% polyunsaturated). In 
the higher soil regime, the content of 
unsaturated fatty acids increases to 86% 
(35.8% monounsaturated + 50.2% 
polyunsaturated). 
In the Subaru hybrid, the content of unsaturated 
fatty acids in the lower nutrient supply of the 
soil is 75.1% (46.4% monounsaturated + 28.7% 
polyunsaturated). The increase in soil regime 
again leads to an increase in the content of 
unsaturated fatty acids to 79.4% (49.7% 
monounsaturated + 29.7% polyunsaturated).  
The Arcadia and Magma hybrids are an 
exception in the second harvest year, as in 
them, the content of unsaturated fatty acids is 
reduced due to the better soil regime. 
In the Arcadia hybrid, the content of 
unsaturated fatty acids at the lower soil 
nutritional regime is 86.3% (48.5% 
monounsaturated + 37.8% polyunsaturated). In 
the higher soil regime, the content of 
unsaturated fatty acids decreases to 84.5% 
(44.7% monounsaturated + 39.8% 
polyunsaturated). 
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In the Magma hybrid, the content of 
unsaturated fatty acids at the lower soil 
nutritional regime is 90.1% (74.8% 
monounsaturated + 15.3% polyunsaturated). 
The higher soil regime leads to a decrease in 
the content of unsaturated fatty acids to 85.6% 
(71.5% monounsaturated + 14.1% 
polyunsaturated). 
In the third year of the study, the content of 
saturated fatty acids increased in two of the 
studied hybrids (P64LE25 and Subaru), with a 
higher soil nutritional regime compared to the 
lower one. In the LG 59.580 SX, Arcadia and 
Magma hybrids, the increase in the nutrient 
supply of the soil leads to a decrease in the 
content of saturated acids (Figure 3). 
In P64LE25 (standard), the content of saturated 
fatty acids increased in the higher soil 
nutritional regime compared to the lower one 
by 0.1%, and in the hybrid Subaru by 2.6%.  
In the LG 59.580 SX hybrid, the content of 
saturated fatty acids decreased under the 
influence of better soil nutritional regime from 
29.3% to 24.9%, in Arcadia - from 16.5% to 
14.8% and in Magma - from 11.8% to 11%.  
The content of unsaturated fatty acids in this 
third year of the study was between 70.7 and 
89% of the total oil composition for the five 
studied sunflower hybrids. Increasing the 
nutrient in the soil affects differently the 
content of unsaturated fatty acids (Figure 3).  
In the P64LE25 hybrid (standard), the content 
of unsaturated fatty acids at the lower soil 
nutritional regime is 80.8% (14.8% 
polyunsaturated + 66% monounsaturated).  
The reason for this is probably the climatic 
conditions in the third year (Garapova, 2021) 
related to the moisture deficit during seed 
formation and ripening. This is also confirmed 
by the studies of Petcu et al., (2001) and EL 
Sabagh et al., (2019), according to which, 
under drought conditions, the content of oleic 
and palmitic acid increases.  
The better soil regime leads to a decrease in the 
content of unsaturated fatty acids to 80.7% 
(5.6% polyunsaturated + 75.1% 
monounsaturated).  
In the Subaru hybrid, unsaturated fatty acids 
represented 76.2% of the total oil composition 
at the lower soil nutritional regime, of which 
5.1% were polyunsaturated and 71.1% were 
monounsaturated. The higher soil regime leads 

to a decrease in the content of unsaturated fatty 
acids to 73.6% (7.8% polyunsaturated + 65.8% 
monounsaturated).           
 
                        NRL                           NRH 

 
Figure 3. Ratio between saturated and unsaturated 

(polyunsaturated + monounsaturated) fatty acids, 2020 
year 

 
In these two hybrids, the increase in soil 
fertility harms the content of unsaturated fatty 
acids, leading to a decrease in their content. In 
the other three hybrids (LG 59.580 SX, Arcadia 
and Magma), the better supply of the soil with 
nutrients leads to an increase in the content of 
unsaturated fatty acids.  

P6
4L

E2
5 

LG
 5

9.
58

0 
Su

ba
ru

 
A

rc
ad

ia
 

M
ag

m
a 



218

In the LG 59.580 SX hybrid, the content of 
unsaturated fatty acids at storage 1 is 70.7% 
(14.6% polyunsaturated + 56.1% 
monounsaturated). The increase in soil fertility 
leads to an increase in the content of 
unsaturated fatty acids to 75.1% (6.8% 
polyunsaturated + 68.3% monounsaturated).   
In the Arcadia hybrid, the content of 
unsaturated fatty acids at first storage is 83.5% 
(2% polyunsaturated + 81.5% 
monounsaturated), and higher soil fertility 
leads to an increase in the content of 
unsaturated fatty acids to 85.2% (6.7% 
polyunsaturated + 78.5% monounsaturated). 
In the Magma hybrid, the content of 
unsaturated fatty acids in the lower soil 
nutritional regime is 88.2% (1.1% 
polyunsaturated + 87.1% monounsaturated). In 
higher soil regimes, the content of unsaturated 
fatty acids also increases up to 89% (0.3% 
polyunsaturated + 88.7% monounsaturated).  
The average for the three years of the present 
study, the proportion of essential fatty acids 
changed differently, depending on the soil 
nutritional regime (Figure 4). 
The content of saturated fatty acid decreased in 
the higher soil nutritional regime compared to 
the lower in the three of the studied hybrids 
(P64LE25, LG 59.580 SX and Subaru). The 
difference between the two soil regimes in 
these three hybrids varies between 1.2 and 
2.8% in favour of stock 1. In the Arcadia and 
Magma hybrids, the increase in soil fertility 
leads to an increase in the amount of saturated 
fatty acids, respectively by 0.7% in the Arcadia 
hybrid and by 1% in the Magma hybrid.  
The content of unsaturated fatty acids, an 
average over the three years of the study, 
represents between 79.8-90% of the total 
composition of the oil in the studied hybrids. In 
P64LE25 hybrid (standard), the content of 
unsaturated fatty acids at the lower soil regime 
is 82.7% (51.6% monounsaturated + 31.1% 
polyunsaturated). The higher soil nutritional 
regime leads to an increase in the content of 
unsaturated fatty acids to 85.4% (56.2% 
monounsaturated + 29.2% polyunsaturated). 
In the LG 59.580 SX hybrid, the content of 
unsaturated fatty acids at the first stock is 
81.4% (45.6% monounsaturated + 35.8% 
polyunsaturated). The higher soil regime leads 
to an increase in the content of unsaturated 

fatty acids up to 84.3% (50.8% 
monounsaturated + 33.5% polyunsaturated).  

          
         NRL                                     NRH 

 
Figure 4. Ratio of saturated to unsaturated 

(polyunsaturated + monounsaturated) fatty acids, 
averaged over three years 

 
In the Subaru hybrid, the content of unsaturated 
fatty acids at the first stock is 79.8% (59.6% 
monounsaturated + 20.2% polyunsaturated). 
The higher soil regime leads to an increase in 
the content of unsaturated fatty acids up to 
80.9% (58.7% monounsaturated + 22.2% 
polyunsaturated). 
In the Arcadia hybrid, the content of 
unsaturated fatty acids in the first soil 
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nutritional regime is 87.1% (64.2% 
monounsaturated + 22.9% polyunsaturated). In 
the Arcadia and Magma hybrid, in the higher 
soil regime, the content of unsaturated fatty 
acids decreases to 86.4% (61.6% 
monounsaturated + 24.8% polyunsaturated).  
In the Magma hybrid, the content of 
unsaturated fatty acids in the first stock is 90% 
(80.1% monounsaturated + 9.9% 
polyunsaturated). The higher soil regime leads 
to a decrease in the content of unsaturated fatty 
acids to 89% (79.4% monounsaturated + 9.6% 
polyunsaturated).  
 
CONCLUSIONS 
 
The studied hybrids contain an average of 15% 
saturated and 85% unsaturated fatty acids. The 
lowest content of saturated and the highest 
content of unsaturated fatty acids is found in 
the Magma hybrid, and the highest content of 
saturated and lowest content of unsaturated – is 
in the Subaru hybrid. Soil nutrient content has 
an ambiguous effect on the ratio of fatty acids 
in seeds.  
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