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ABSTRACT 
Sunflower (Helianthus annuus L.) crop is grown world wide, under a range of agro-environments. This crop is 

primarily grown for its edible oil but also for its achenes (confectionery types), both commonly used in human food. 
With ongoing climate change, sunflower, as a spring crop, could be more exposed to the direct effect of heat 

stress and to different drought scenarios, resulting in severe yield losses, oil content decrease and alteration of 
fatty acids composition. 

 The oil concentration in sunflower (whether linoleic or oleic varieties) is valued above the contribution of 
genotype, of environment but also of the crop management. 

 In our study, with different sunflower hybrids, experimented in different conditions of the environment, we 
obtained results on oil content and fatty acids composition. 

The oil content in kernels is influenced by climate. This depends by air temperature in period of anthesis or 
during grain filing, also by rainfall. The unsaturated fatty acids of sunflower oil are much more affected by 
genotype and environment than the saturated ones. Cooler regions offer a more favorable climate for the oil 
and linoleic acid synthesis. There is an indirect relationship for oleic and linoleic content, in sunflower oil. 
 
Keywords: sunflower, environment, hybrids, oil content, fatty acids. 

 
INTRODUCTION 

 
unflower (Helianthus annuus L.) crop is 
grown world wide, in temperate, 

subtropical and tropical climates, under a 
wide range of agro-environments (Brumă et 
al., 2021). This crop is primarily grown for 
its edible oil but also for its achenes 
(confectionery types), both commonly used in 
human food (Pilorge, 2020). 

Many breeding efforts by public and 
private research give to sunflower an 
economic competitiveness, comparing with 
other oil crops (Duru, 2019; Conţescu and 
Anton, 2023). 

A multicriteria approach, combining 
different breeding targets should be proposed 
for evaluating the multi-performance of a 
variety. Referring to the end-use of sunflower 
achenes and oil there is a choice of a linoleic 
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(classic) versus high oleic type, in relation 
with a premium paid for quality, by the 
market (Nolasco et al., 2006; Ayerdi-Gotor et 
al., 2015; Debaeke et al., 2017). 

With ongoing climate change, sunflower, 
as a spring - sown rainfed crop, could be 
more exposed to the direct effect of heat 
stress at anthesis or during grain filing and to 
different drought scenarios, resulting in 
severe yield losses, oil content decrease and 
alteration of fatty acids composition 
(Rondanini et al., 2006; Donatelli et al., 
2015; Andrianasolo et al., 2016). 

Current sunflower varieties potential, in 
more constrained conditions should be 
explored, by combining field networks, with 
water deficit (Duca et al., 2022). Breeding 
will be necessary to develop hybrids more 
tolerant to drought and heat (Miladinovic et 
al., 2019; Attia et al., 2021). 

By anticipating the timing of critical 
growth stages, the exposure of sunflower to 
the most stressful factors (drought and     
heat) can be minimized by sowing in early 
spring, in order to escape the risk of high 
temperatures and water stress, during the 
flowering period (Petcu et al., 2010; Debaeke 
et al., 2012; Donatelli et al., 2015). In this 
case, breeding for cold tolerance should 
contribute to stabilizing sunflower cultivation 
exposed to early spring frosts (Vear, 2016). 

The oil concentration in sunflower 
(whether linoleic or oleic varieties) is valued 
above the contribution of genotype, also 
among the contribution of producers 
(Debaeke et al., 2021). The oil potential of a 
variety is given by environment but also by 
crop management (Champolivier et al., 
2019). It is important the choice of variety 
and crop management practices according 
with environmental factors (Andrianasolo et 
al., 2014). 

The development of oleic acid 
concentration and thermal regim after 

flowering it has been studied (Bachelier et 
al., 2018). 

This paper presents the results obtained  
on oil content and fatty acids composition 
study, with different sunflower hybrids, 
experimented in different conditions of the 
environment. 

 
MATERIAL AND METHODS 

 
There have been experimented 10 linoleic 

and 4 oleic sunflower hybrids, in six 
locations, situated in areas with different 
climatic conditions, in Romania, in two 
years, 2020 and 2021. 

The oil content analysis was performed by 
MQC Oxford Instruments equipment, using 
small quantity of sunflower kernels. 

Fatty acids composition was performed 
using SR EN ISO 12966-2-2017 method with 
modified procedure PS FC 28. Iodine index 
was performed according to European 
Standard ISO 3961:1996. 

The calculation of minimum and 
maximum values were released using Excel 
program. The ecostability of the linoleic acid 
content was estimated in terms of regression 
coefficient and deviation from regression. 
The simple linear coefficient of correlation 
was computed according to the usual method. 

 
RESULTS AND DISCUSSION 

 
The data regarding the climatic conditions, 

presented in Figures 1 and 2 emphasize that 
in 2020 year, in Cogealac and Tulcea 
locations there have been registered the 
highest air temperatures, specially in a critical 
period of sunflower vegetation. In the same 
locations the rainfall was lowest in this year. 
The lowest air temperatures values in this 
period, in 2020 year have been registered in 
Livada location, also the highest rainfall. 
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Figure 1. The air temperatures, in six locations, in 2020 

 

 
 

Figure 2. The rainfall, in six locations, in 2020 
 

In Figures 3 and 4 there are presented data 
regarding the climatic conditions in 2021, in 
six locations. The air temperature values are 
lower compared with 2020. The temperatures 

are more favorable to sunflower crop 
development. The rainfall values have been 
quite higher, in all locations compared with 
2020.
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Figure 1. The air temperatures, in six locations, in 2020 

 

 
 

Figure 2. The rainfall, in six locations, in 2020 
 

In Figures 3 and 4 there are presented data 
regarding the climatic conditions in 2021, in 
six locations. The air temperature values are 
lower compared with 2020. The temperatures 

are more favorable to sunflower crop 
development. The rainfall values have been 
quite higher, in all locations compared with 
2020.
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Figure 3. The air temperatures, in six locations, in 2021 

 

 
 

Figure 4. The rainfall, in six locations, in 2021 

 
Sunflower is cultivated specially for the 

high oil content in kernels, 80% of its value 
coming from this. 

The results regarding the oil content 
(Figure 5), for the ten studied hybrids 
emphasize that the higher average was 
registered in Şimnic location (51.0%) the 
lowest one, being in Cogealac location 
(46.1%), in 2020 year. The highest value of 
oil content was registered by HS 152 (52.4% 
in Şimnic) and HS 201 (50.8%, in Livada 
location). The lowest oil content was 

registered by HS 132 (46.3% in Cogealac) 
and HS 177 (46.8% in Tulcea location).  

The results referring to 2021 year (Figure 6) 
emphasize that the higher average for oil 
content was in Livada location (51.0%) the 
lowest one being in Tulcea (48.1%). There 
are not big differences between locations. 
The higher value of oil content was registered 
for the hybrid HS 256 (52.1% in Livada) and 
HS 201 (51.9% in Brăila location), the lowest 
one, for the hybrid HS 177 (44.6% in Tulcea) 
and HS 223 (44.7% in Cogealac). 
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Figure 5. The oil content of studied hybrids, in six locations, in 2020 

 

 
 

Figure 6. The oil content of studied hybrids, in six locations, in 2021 
 

In Table 1 are presented the results 
regarding the mean and extreme values of 
fatty acids and iodine index for each 
genotype in all locations. The saturated fatty 
acids varied much less than the unsaturated 
ones. The oleic and linoleic acid content 
varied in large limits, of 12.7% for oleic (in 
case of high oleic sunflower hybrids), 30.2% 
for linoleic (in case of linoleic hybrids). For 

iodine value the limits varied from 77 to 143, 
taking into consideration both types (linoleic 
and oleic hybrids). It is well known that the 
high oleic hybrids have a lower iodine value, 
comparing with linoleic ones. There is an 
indirect relationship for oleic and linoleic 
content, in sunflower oil (Popa et al., 2017). 
As a consequence, the linoleic/oleic ratio 
exhibits a large variation. 
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Figure 3. The air temperatures, in six locations, in 2021 

 

 
 

Figure 4. The rainfall, in six locations, in 2021 
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Figure 5. The oil content of studied hybrids, in six locations, in 2020 

 

 
 

Figure 6. The oil content of studied hybrids, in six locations, in 2021 
 

In Table 1 are presented the results 
regarding the mean and extreme values of 
fatty acids and iodine index for each 
genotype in all locations. The saturated fatty 
acids varied much less than the unsaturated 
ones. The oleic and linoleic acid content 
varied in large limits, of 12.7% for oleic (in 
case of high oleic sunflower hybrids), 30.2% 
for linoleic (in case of linoleic hybrids). For 

iodine value the limits varied from 77 to 143, 
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and oleic hybrids). It is well known that the 
high oleic hybrids have a lower iodine value, 
comparing with linoleic ones. There is an 
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As a consequence, the linoleic/oleic ratio 
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Table 1. The mean and extreme values of fatty acids and iodine index, for sunflower hybrids, 

in all locations, in two years 
 

No. Hybrid  
Fatty acids (%) 

Iodine 
value 

Linoleic/oleic 

Oleic 
acid 

Linoleic 
acid 

Palmitic 
acid 

Stearic 
acid ratio 

1 HS 123  
23 64.6 6 5.3 133 2.8 

14.3-30.9 59.2-73.9 5.6-8.0 3.9-6.5 128-140 1.9-5.2 

2 HS 132  
25.4 62.5 5.2 6.1 129 2.2 

15.7-43.8 45.6-72.0 5.0-7.4 4.8-7.8 116-140 1.0-4.6 

3 HS 144  
22.1 64.9 6.3 5.7 132 2.9 

13.4-32.2 56.6-74.7 5.6-7.3 4.6-8.1 126-141 1.7-5.6 

4 HS 152  
23.6 63.6 5.7 6.1 131 2.6 

15.0-36.6 51.2-72.4 5.0-6.8 4.7-7.8 121-138 1.4-4.8 

5 HS 177  
22.3 66 5.6 5.1 134 2.9 

13.4-37.5 58.6-76.4 5.2-7.1 4.5-6.3 123-143 1.4-5.7 

6 HS 198  
21.3 66.7 6 5.2 134 3.1 

13.7-34.9 59.4-74.7 5.3-7.0 4.7-6.8 122-142 1.6-5.9 

7 HS 201  
20.7 66.7 5.6 5.2 134 3.2 

12.0-41.0 60.3-75.6 5.1-7.6 4.5-6.6 120-142 1.2-6.3 

8 HS 223  
21.7 65.8 6.1 5 134 3 

12.6-39.4 49.9-75.3 5.4-7.4 4.2-6.5 120-141 1.2-6.1 

9 HS 237  
22.3 65.6 6 5.1 133 2.9 

14.0-37.3 53.5-73.5 5.3-8.1 3.6-7.5 123-140 1.4-5.3 

10 HS 256  
23 64.4 6 5.2 132 2.8 

15.3-39.6 49.7-72.0 5.5-7.8 4.0-7.6 120-140 1.3-4.7 

11 HS 1032  
82.8 11.7 2.5 2.2 89 0.14 

78.9-90.4 9.5-13.8 1.9-3.1 1.7-2.4 79-96 0.9-0.19 

12 HS 1067  
84.9 9.8 2.7 2 92 0.11 

80.4-91.6 8.7-11.9 1.4-3.7 1.9-3.8 88-95 0.8-0.16 

13 HS 1084  
85 9 2.9 2.3 86 0.1 

81.7-90.0 8.0-12.4 2.0-3.9 2.0-4.9 80-97 0.8-0.14 

14 HS 1097  
84.3 10.2 2.8 2.2 81 0.12 

81.2-90.5 8.0-14.1 1.7-3.2 1.9-3.3 77-89 0.7-0.18 
 

In Table 2 are presented the results 
regarding the mean and extreme values of 
fatty acid for all genotypes experimented in 
each location. 

All genotypes expressed the lowest oleic 
acid in Livada location and the highest in 

Tulcea. At Livada all genotypes posses more 
than 73.2% linoleic, with small differences 
between them. At Tulcea location, the 
linoleic synthesis is repressed up to 55% and 
the difference among genotypes is extended 
to around 3.1 percent.  
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Table 2. Location effects on fatty acid composition. Average values and variation range for 10 varieties 
 

No. Location 
Fatty acids (%) 

Iodine 
value 

Linoleic/oleic 

Oleic 
acid 

Linoleic 
acid 

Palmitic 
acid 

Stearic 
acid ratio 

1 Cogealac 
21 65.9 6.8 5.1 132 3.1 

18.2-25.9 63.9-68.2 5.0-7.3 4.9-6.8 128-134 2.6-3.6 

2 Livada 
13.9 74.4 6.3 5.5 123 5.3 

12.9-15.3 73.2-75.9 5.1-7.2 4.1-6.5 111-127 4.4-5.9 

3 Şimnic 
22 65.7 6.3 5 131 2.9 

20.5-24.1 63.6-67.9 5.0-6.0 4.4-6.9 130-133 2.6-3.2 

4 Tulcea 
33.6 53.6 6.2 4.7 139 1.5 

31.8-39.7 51.9-55.0 5.4-6.6 3.7-5.5 138-142 0.8-1.7 

5 Dăbuleni 
20.3 66.4 6.9 5.6 133 3.2 

18.9-22.6 62.1-68.2 4.9-7.8 4.1-6.8 128-135 2.4-3.9 

6 Brăila 
23.9 64.9 5.9 4.7 131 2.7 

21.5-25.7 61.3-65.8 5.2-6.8 3.6-6.3 129-134 2.4-3.5 
 

Taking into account the linoleic mean 
values, at 1% probability level (Table 3), all 
hybrids are statistically similar. Location 
effects are much greater that the genetic ones. 

Livada (mean of 74.4%) and Tulcea (mean of 
53.6%) are the two extremes which differ 
highly significantly from all other locations. 

 
Table 3. Linoleic acid content (%) in 6 different locations 

 
No. Hybrid Cogealac Livada Şimnic Tulcea Dăbuleni Brăila Mean Sx S% 

1 HS 123 66.4 73.9 63.1 59.2 63.8 61.6 64.6 1.37 7.9 
2 HS 132 64.4 72 64.7 45.6 65 63.3 62.5 1.75 10.5 
3 HS 144 66.7 74.7 63.8 56.6 65.7 62.4 64.9 1.53 8.9 
4 HS 152 65.6 72.4 64 51.2 64.8 63.9 63.6 1.64 9.2 
5 HS 177 64.9 76.4 65.9 58.6 65.4 64.7 66 1.80 10.2 
6 HS 198 66.9 74.7 66.7 59.4 66.8 65.9 66.7 1.74 9.8 
7 HS 201 65.5 75.6 67.3 60.3 66.9 64.8 66.7 1.73 9.8 
8 HS 223 65.8 75.3 66.9 49.9 68.4 65.7 65.8 1.75 9.9 
9 HS 237 66.7 73.5 65.3 53.5 69.2 66.3 65.6 1.44 8.2 

10 HS 256 64.8 72 66.4 49.7 67.9 65.8 64.4 1.53 8.9 
Mean 66 74.4 65.7 53.6 66.4 64.9 65.2 

 
 According with some authors, a stable 

genotype is one which has the highest mean 
over a broad range of environments, a 
regression coefficient near the unit and a 
deviation from regression closed to zero.  

The stability parameters are presented in 
Table 4. The results show that all hybrids 

have a regression coefficient of about 0.9 to 
1.0 and relatively small deviation, suggesting 
that their response was almost the same from 
location to location. Only the hybrids HS 152 
and HS 132 give particular poor response in 
such environments. 
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Table 2. Location effects on fatty acid composition. Average values and variation range for 10 varieties 
 

No. Location 
Fatty acids (%) 

Iodine 
value 

Linoleic/oleic 

Oleic 
acid 

Linoleic 
acid 

Palmitic 
acid 

Stearic 
acid ratio 

1 Cogealac 
21 65.9 6.8 5.1 132 3.1 

18.2-25.9 63.9-68.2 5.0-7.3 4.9-6.8 128-134 2.6-3.6 

2 Livada 
13.9 74.4 6.3 5.5 123 5.3 

12.9-15.3 73.2-75.9 5.1-7.2 4.1-6.5 111-127 4.4-5.9 

3 Şimnic 
22 65.7 6.3 5 131 2.9 

20.5-24.1 63.6-67.9 5.0-6.0 4.4-6.9 130-133 2.6-3.2 

4 Tulcea 
33.6 53.6 6.2 4.7 139 1.5 

31.8-39.7 51.9-55.0 5.4-6.6 3.7-5.5 138-142 0.8-1.7 

5 Dăbuleni 
20.3 66.4 6.9 5.6 133 3.2 

18.9-22.6 62.1-68.2 4.9-7.8 4.1-6.8 128-135 2.4-3.9 

6 Brăila 
23.9 64.9 5.9 4.7 131 2.7 

21.5-25.7 61.3-65.8 5.2-6.8 3.6-6.3 129-134 2.4-3.5 
 

Taking into account the linoleic mean 
values, at 1% probability level (Table 3), all 
hybrids are statistically similar. Location 
effects are much greater that the genetic ones. 

Livada (mean of 74.4%) and Tulcea (mean of 
53.6%) are the two extremes which differ 
highly significantly from all other locations. 

 
Table 3. Linoleic acid content (%) in 6 different locations 

 
No. Hybrid Cogealac Livada Şimnic Tulcea Dăbuleni Brăila Mean Sx S% 

1 HS 123 66.4 73.9 63.1 59.2 63.8 61.6 64.6 1.37 7.9 
2 HS 132 64.4 72 64.7 45.6 65 63.3 62.5 1.75 10.5 
3 HS 144 66.7 74.7 63.8 56.6 65.7 62.4 64.9 1.53 8.9 
4 HS 152 65.6 72.4 64 51.2 64.8 63.9 63.6 1.64 9.2 
5 HS 177 64.9 76.4 65.9 58.6 65.4 64.7 66 1.80 10.2 
6 HS 198 66.9 74.7 66.7 59.4 66.8 65.9 66.7 1.74 9.8 
7 HS 201 65.5 75.6 67.3 60.3 66.9 64.8 66.7 1.73 9.8 
8 HS 223 65.8 75.3 66.9 49.9 68.4 65.7 65.8 1.75 9.9 
9 HS 237 66.7 73.5 65.3 53.5 69.2 66.3 65.6 1.44 8.2 

10 HS 256 64.8 72 66.4 49.7 67.9 65.8 64.4 1.53 8.9 
Mean 66 74.4 65.7 53.6 66.4 64.9 65.2 

 
 According with some authors, a stable 

genotype is one which has the highest mean 
over a broad range of environments, a 
regression coefficient near the unit and a 
deviation from regression closed to zero.  

The stability parameters are presented in 
Table 4. The results show that all hybrids 

have a regression coefficient of about 0.9 to 
1.0 and relatively small deviation, suggesting 
that their response was almost the same from 
location to location. Only the hybrids HS 152 
and HS 132 give particular poor response in 
such environments. 

 
 
 
 



258                                                                                                                                                           Number 40/2023 
ROMANIAN AGRICULTURAL RESEARCH 

 
Table 4. Mean values of linoleic acid content and stability parameters for 10 sunflower hybrids 

in 6 locations and 2 years 
 

No. Hybrid 
Linoleic acid Regression 

coefficient 
Deviation mean 

square 

Mean (%) (bxy) s²b 

1 HS 123 64.6 1.00 3.7 
2 HS 132 62.5 0.85 2.0 
3 HS 144 64.9 0.97 3.4 
4 HS 152 63.6 0.77 2.4 
5 HS 177 66.0 1.00 1.6 
6 HS 198 66.7 1.06 0.7 
7 HS 201 65.3 1.06 0.7 
8 HS 223 66.8 0.91 1.1 
9 HS 237 65.6 0.96 1.3 

10 HS 256 64.4 1.00 0.9 
Mean 65.2 0.98 2.2 

 
All correlation coefficients between oil 

and linoleic content, established for each 
hybrid are positive and most of them are 
significant (Table 5). It is known that some 
contributing factors are the same for oil as well 
as for linoleic content in sunflower kernel.  

When correlation coefficients were 
computed for a location, with 10 hybrids 
(Table 5) positive and significant correlation 

between the two traits were recorded in zones 
known as favorable for sunflower. In extreme 
environmental conditions, as Livada location, 
where the climatic conditions were favorable 
for linoleic synthesis, all genotypes are 
almost identical for linoleic and oil content, 
lack of found correlation. In Tulcea and 
Brăila, the linoleic synthesis was the most 
depressed. 

 
Table 5. Linear correlation coefficients between oil and linoleic content 

 
Hybrid  n  r  Locations  n  r  
HS 123  6 0.63 *  Cogealac  10 0.69 **  
HS 132  6 0.72 **  Livada  10 0.87 ***  
HS 144  6 0.52 Şimnic  10 0.65 *  
HS 152  6 0.55 *  Tulcea  10 0.40 
HS 177  6 0.77 **  Dăbuleni  10 0.48 *  
HS 198  6 0.69 **  Brăila  10 0.43 
HS 201  6 0.70 **  

 
HS 223  6 0.65 *  
HS 237  6 0.63 * 
HS 256  6 0.75 **  

  
CONCLUSIONS 

 
The oil content in kernels of sunflower 

hybrids is influenced by climatic conditions. 
This depends by air temperatures after 
genotypes flowering, also by rainfall. 

The unsaturated fatty acids of sunflower 
oil are much more affected by genotype and 
environment, than the saturated ones.  

Cooler regions offer a more favorable 
climate for the oil and linoleic acid synthesis.  

There is an indirect relationship for oleic 
and linoleic fatty acids, in sunflower oil. 
Location effects are much greater than the 
genetic ones, on linoleic acid synthesis.  
There is a positive correlation between oil 
content and linoleic acid, in zones known as 
favorable for sunflower. 
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Table 4. Mean values of linoleic acid content and stability parameters for 10 sunflower hybrids 

in 6 locations and 2 years 
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(Table 5) positive and significant correlation 

between the two traits were recorded in zones 
known as favorable for sunflower. In extreme 
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almost identical for linoleic and oil content, 
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CONCLUSIONS 

 
The oil content in kernels of sunflower 

hybrids is influenced by climatic conditions. 
This depends by air temperatures after 
genotypes flowering, also by rainfall. 

The unsaturated fatty acids of sunflower 
oil are much more affected by genotype and 
environment, than the saturated ones.  

Cooler regions offer a more favorable 
climate for the oil and linoleic acid synthesis.  

There is an indirect relationship for oleic 
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