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relatively low water requirements, and can be successfully 
grown in areas with annual rainfall as low as 280–380 mm 
(Sayilir et al., 2019; Alizadeh-Yeloojeh et al., 2020). It has 
been the center of attention of farmers and researchers due 
to its ease of cultivation in arid and semi-arid areas of lim-
ited irrigation (La Bella et al., 2019).

In countries like Türkiye, which have both an oil deficit 
and limited water resources, safflower has not been able to 
fully utilize its potential. Despite its high production poten-
tial, research on the performance of safflower cultivars in 
the semi-arid regions of northern Türkiye remains limited.

Baydar and Turgut (1999) laid an important foundation 
in their study by stating that the specific fatty acid compo-
sition of each oil plant is not constant; it is in a constant 
state of change under the influence of variety, intrinsic and 
extrinsic factors, and that such studies should be carried out 
in different regions. However, it was mostly limited to one-
year trials, and no long-term analyses evaluating both yield 
and oil quality together were conducted.

Cavumirza and Demir (2024) investigated the yield per-
formance of safflower cultivars under Kırşehir conditions, 

Introduction

Limited production can occur in semi-arid areas due to 
insufficient rainfall during the growing season. The need for 
alternative oil crops that can be produced under these condi-
tions is increasing. The safflower is one of the significant 
oilseeds that can be cultivated in semiarid climate condi-
tions. Safflower is a highly drought- and salinity-resistant 
plant (Bortolheiro & Silva, 2017; Aydin & Sarptas, 2018). 
Safflower contains high levels of unsaturated fatty acids 
(78–90%), especially oleic and linoleic acids, and has 
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but focused only on morphological characteristics and con-
sidered it a one-year study. In another study, Beyyavas et 
al. (2023) tried to determine the fatty acid composition of 
safflower cultivars under dry and irrigated conditions in 
Şanlıurfa, but did not integrate yield parameters. Zemour et 
al. (2021) studied the effects of environmental factors on oil 
quality, while Kina and Ozgokce (2023) studied phenologi-
cal variations but did not evaluate oil components. Again, 
some researchers tried to determine drought-resistant variet-
ies by taking phenological characteristics into consideration 
in determining safflower varieties suitable for the region 
(Yilmaz & Kinay, 2015; Bouhouhou & Mohamed, 2016; 
Aygun & Mert, 2020; Sefaoglu & Ozer, 2022).

Studies evaluating yield, yield components, and oil qual-
ity together, as well as over multiple years, in safflower 
grown under semi-arid conditions in north-eastern Türkiye 
are quite limited. The vast majority of existing studies are 
designed to be annual and one-sided, and semi-arid agricul-
tural areas have not been sufficiently evaluated, with wet 
regions often being overlooked. The aim of this study is to 
make significant contributions to the existing literature by 
simultaneously evaluating both the agronomic performance 
and oil composition of eight different aspir varieties over 
two years under semi-arid conditions in Bayburt, and to 
provide scientific contributions to the identification of high-
performance genotypes suitable for the region.

Materials and methods

The experiment was conducted in 2020 and 2021 at Bayburt 
University Organic Agriculture Research Area in the Eastern 
Black Sea Region of Türkiye. Total rainfall, monthly aver-
age relative humidity, and air temperatures for the experi-
mental years and long years were obtained from the Bayburt 
Meteorological Department and presented in Fig. 1.

To determine the nutrient content of the experimental 
area, composite soil samples were taken from 0 to 30 cm 
soil depth at random. The soil samples were then sent to 
the Black Sea Agricultural Research Institute soil laboratory 
for analysis. It was found that the soil texture was clayey-
loamy, moderately alkaline, low in phosphorus, moderate in 
organic matter, and sufficient in potassium (Table 1).

In the experiment, eight safflower cultivars (Hasank-
endi, Zirkon, Balcı, Dincer, Koc, Göktürk, Linas, and Olas) 
were used, all of which were obtained from research insti-
tutes affiliated with the Turkish Ministry of Agriculture and 
Forestry.

The trials were arranged using a “Randomized Block 
Experiment Design” with three repeats. The plots were 5 m 
long, 1.2 m wide, and consisted of four rows. The experi-
ment was generally designed with a one-meter distance 
between the plots and a three-meter distance between the 
blocks.

In both years, 30 tons of farm manure per hectare were 
applied to the trial area in autumn. Afterwards, the experi-
mental area, which had been plowed deeply and left as clods 
for the winter, was plowed superficially in the spring. The 
seedbed was then prepared by passing the disc harrow and 

Table 1  Some characteristics of the soil of the experimental area for the year 2020–2021
Years Depth

(cm)
Sturation
(%)

Texture
Type

pH Salt
(%)

Lime
(% CaCO3)

Organic Matter (%) Available
P2O5
(kg ha− 1)

K2O
(kg ha− 1)

2020 0–30 57 Clay-Loamy 8.0 0.02 19.55 1,00 0.175 4.57
2021 0–30 55 Clay-Loamy 7.9 0.01 17.31 0,99 0.133 4.38

Fig. 1  Average air temperature, 
precipitation, and relative humid-
ity during the growing seasons in 
Bayburt, Northern Türkiye
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tapan. The sowing process was carried out using a hand 
drill, with 30  cm between rows and 10  cm within rows, 
when soil conditions were suitable. This was done on May 
5, 2020, in the first year of the study, and on May 8, 2021, 
during the second year. Three weeks after emergence, thin-
ning was carried out with the first hoe for weed control. The 
second hoeing was repeated 20–25 days later, depending on 
weed status. Irrigation was applied twice in total, during the 
bud formation and flowering periods, when the plant needed 
water the most. In harvesting, one row from the edges of 
each plot, 50 cm from the head of each plot, was considered 
the edge effect, and the remaining two rows in the center 
were harvested. Under this arrangement, an average of 80 
plants from each plot were assessed. The plants harvested 
on 12 September 2020 in the first year and on 11 September 
2021 in the second year were then dried, and the seeds were 
removed by hand.

Plant height, head diameter, head number, branch num-
ber, and seed number were determined by taking the aver-
age of ten plants selected by chance from the middle two 
rows of each plot. Thousand-seed weight was obtained by 
averaging 100 seeds, counted three times, in grams and then 
multiplying by 1,000. Seed yield was calculated as the yield 
per hectare of the amount of seed obtained from each plot.

The total oil content of the samples obtained from the 
experimental area was determined by the Nuclear Magnetic 
Resonance Spectrometric Method (NMR) at the Central 
Research Laboratory of Kastamonu University (Rodrigues 
et al., 2005).

The fatty acid compositions of safflower oils, obtained by 
the Soxhlet method, were determined using gas chromatog-
raphy-mass spectrometry in accordance with ISO (2015). 
Analysis of fatty acid methyl esters prepared according to 
ISO 12966-2 (2017) was performed on an Agilent Tech-
nologies (Palo Alto, CA, USA) gas chromatograph model 
7890B coupled with a 5977 A mass selective detector using 
a DB-23 Agilent Technologies capillary column (60  m × 
0.25 mm inner diameter, film thickness 0.25 μm). The ini-
tial GC oven temperature was set at 50 ◦C for 1 min, then 
increased to 200 ◦C at a rate of 25 ◦C/min, and subsequently 
raised to 230 ◦C at a rate of 3 ◦C/min, before being held at 
230 ◦C for 7 min. The injector was maintained at 250 °C; 
the injection volume was 1.0 µL, and the split ratio was 
1:50. Helium was used as the carrier gas at a constant flow 
rate of 1.0 mL/min. The mass spectrometer was operated 
in electron ionization mode (70 eV). Data acquisition was 
performed in scan mode (mass range: 50–400), with a sol-
vent delay time of 5 min. Fatty acid peaks were identified by 
comparing their retention times with those of known stan-
dards and mass spectrum databases (Wiley 10th & NIST 
2011 MS Library). A Supelco (Bellefonte, PA, USA) stan-
dard solution containing 37 FAME mixtures was used for 

peak determination. The resulting palmitic (C16:0), stearic 
(C18:0), oleic (C18:1), and linoleic (C18:2) fatty acids were 
expressed as percentages.

The results were analyzed using analysis of variance with 
JMP statistical software version 5.0.1 (SAS Institute, 2002). 
Significant treatment traits were grouped according to the 
Duncan Multiple Range Test at a 5% probability level. GT 
data were analyzed using Excel and GGEbiplot software 
(Yan &Kang, 2002). Additionally, the Pearson correlation 
was used to identify differences between variables (Cohen 
et al., 2009).

Results

All characteristics examined in the study, except for stearic 
and palmitic acid, were significantly affected by differences 
between years, clearly demonstrating the effect of climatic 
factors on sunflower varieties. Furthermore, the difference 
between varieties is of practical importance for all traits 
except head diameter, head number, and seed number. The 
interaction between year and variety is significant for all 
parameters evaluated, except for head diameter, thousand-
seed weight, seed yield, and oil yield (Tables 2 and 3).

When evaluating sunflower varieties by year, the high-
est values for plant height (82.6 cm), head number (15.90 
per plant), branch number (9.40 per plant), thousand seed 
weight (44.21 g), seed yield (1500.31 kg ha⁻¹), oil content 
(31.20%), oil yield (467.60 kg ha⁻¹) and oleic acid (%24.73) 
were determined to be the highest in 2020 (Tables 2 and 3). 
This situation can be attributed to the fact that 2020 offered 
more favourable conditions in terms of rainfall amount and 
distribution compared to 2021. In contrast, the linoleic acid 
ratio (68.09%) was higher in 2021 than in the other param-
eters (Table 3). The increase in linoleic acid in 2021 may be 
due to the warmer and drier conditions that year.

Among the varieties, the highest plant height (79.4 cm) 
was observed in the Dincer variety, the highest number of 
branches (11.5 no plant− 1) from the Hasankendi variety, the 
highest thousand seed weight (46.0, 45.2, 44.9 and 44.6 g) 
from the Linas, Göktürk, Dincer and Olas varieties, and 
the highest seed yield (1730.9  kg ha⁻¹) from the Göktürk 
variety. The lowest plant height (62.8 cm) was observed in 
the Koc variety, while the Balcı, Göktürk, Linas, and Olas 
varieties were grouped statistically. The lowest branch num-
ber was obtained from the Göktürk variety, while the low-
est thousand-seed weight and seed yield were obtained from 
the Hasankendi variety (Table 2). In contrast, no significant 
differences were found between varieties in terms of head 
diameter, head number, and seed number. These results indi-
cate that the differences in yield parameters stem from the 
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(77.71 ± 0.4%). When saturated fatty acids were examined, 
it was determined that the ratios of stearic and palmitic acids 
were relatively higher in the Hasankendi, Dincer, Göktürk, 
and Linas varieties, while the lowest values were observed 
in Koc and Olas (Table 3). In general, this study, conducted 
under semi-arid conditions, clearly demonstrates the effect 
of variety on fatty acids and fat quality parameters. This sit-
uation demonstrates that the fatty acid composition is sen-
sitive to both genetic structure and environmental factors, 
such as temperature and rainfall, which change over time. 
Therefore, in determining suitable varieties for sunflower 

combined effect of both genetic make up and climatic and 
environmental variability between years.

When varieties were evaluated in terms of oil quality 
parameters, the highest oil content was obtained from the 
Balcı variety (30.70%), and the highest oil yield was from 
the Olas variety (470.10 kg ha⁻¹). In contrast, the Göktürk, 
Dincer, and Hasankendi varieties stood out with lower fat 
content (24.80–25.30%) and fat yield (329.20 kg ha⁻¹). Sig-
nificant variation was observed among varieties in terms of 
fatty acid composition; the highest oleic acid content was 
found in the Koc variety (50.14 ± 3.9%), while the highest 
linoleic acid content was determined in the Dincer variety 

Table 2  Means and analysis of variance results of plant height, head diameter, head number, branch number, seed number, thousand seed weight, 
and seed yield traits of different safflower cultivars grown in 2020 and 2021 under semi-arid climate conditions
Treatments P.H. H.D H.N B.N S.N T.S.W S.Y
Year 2020 82.6a 2.50 15.90a 9.40a 40.92 44.21a 1500.31a

2021 55.8b 2.38 11.35b 7.90b 35.58 40.52b 1300.7b
Cultivars HASANKENDI 74.0b 2.44 15.00 11.50a 32.41 35.8d 1120.8e

ZIRKON 72.0b 2.44 18.00 9.83b 38.16 42.9ab 1350.0ce
BALCI 66.4c 2.32 13.10 10.17ab 36.29 41.0bc 1320.3ce
DINCER 79.4a 2.60 11.50 8.11c 41.53 44.9a 1380.0bd
KOC 62.8c 2.31 12.20 8.28c 35.93 38.6 cd 1201.3de
GOKTURK 66.8c 2.54 13.20 6.67d 40.12 45.2a 1730.9a
LINAS 66.9c 2.42 12.10 7.11 cd 38.82 46.0a 1490.8bc
OLAS 65.1c 2.46 14.00 7.22 cd 41.72 44.6a 1600.7ab
Mean 69.6 2.44 13.64 8.61 38.12 42.38 1404.9

Variation Sorces SD P > F
Year (Y) 1 57.51** 4.86ns 33.0** 12.37** 7.14ns 13.64** 8.19*
Cultivar (C) 7 12.47** 2.06ns 2.70ns 12.65** 2.06ns 14.95** 6.41**
Y X C 7 26.31** 1.92ns 5.2** 12.87** 4.11** 1.86ns 0.10ns

*. ** significant at the 0.05 and 0.01 levels, respectively. For each main effect, values within columns followed by the same letter are insignifi-
cant, ns: nonsignificant. P.H: Plant height (cm); H.D: Head Diameter (cm); H.N: Head Number (no plant− 1), B.N: Branch Number (no plant− 1), 
S.N: Seed Number (no plant− 1), T.S.W: Thousand Seed Weight (g), S.Y: Seed Yield (kg ha− 1)

Table 3  Means and analysis of variance results of oil content, oil yield, oleic acid, linoleic acid, stearic acid, and palmitic acid traits of different 
safflower cultivars grown in 2020 and 2021 under semi-arid climate conditions
Treatments O.C

(%)
O.Y
(kg ha− 1)

O.A (%)
(C18:1)

L.A (%)
(C18:2)

S.A (%)
(C18:0)

P.A (%)
(C16:0)

Years 2020 31.20a 467.60a 24.73 ± 2.9a 67.48 ± 2.8b 2.23 ± 0.1 5.51 ± 0.5
2021 25.00b 325.60b 24.00 ± 3.4b 68.09 ± 3.3a 2.18 ± 0.1 5.71 ± 0.4

Cultivars HASANKENDI 29.40b 329.20d 15.20 ± 1.2f 76.67 ± 1.2b 2.68 ± 0.1a 5.45 ± 0.1b
ZIRKON 29.00b 391,00bd 16.99 ± 0.8d 75.07 ± 0.6d 2.44 ± 0.1b 5.50 ± 0.3b
BALCI 30.70a 405.50ac 16.41 ± 0.2de 75.55 ± 0.2 cd 2.34 ± 0.2bc 5.72 ± 0.2ab
DINCER 25.30d 348.70 cd 14.13 ± 0.4 g 77.71 ± 0.4a 2.23 ± 0.1 cd 5.92 ± 0.1a
KOC 29.10b 349.60 cd 50.14 ± 3.9a 43.04 ± 4.0 g 1.83 ± 0.1f 5.00 ± 0.0c
GOKTURK 24.80d 428.60ab 16.08 ± 0.7e 75.78 ± 0.7c 2.12 ± 0.0de 5.87 ± 0.1a
LINAS 27.30c 406.80ac 22.20 ± 2.8c 69.84 ± 2.6e 2.07 ± 0.1e 5.89 ± 0.1a
OLAS 29.40b 470.10a 43.81 ± 7.2b 48.64 ± 7.1f 1.92 ± 0.0f 5.56 ± 0.1b

Mean 28.10 396.0 24.40 67.80 2.20 5.60
Variation Sources SD P > F
Year (Y) 1 111.80** 43.37** 8.979* 10.71* 1.113ns 3.788ns

Cultivars (C) 7 31.30** 3.21** 3743.09** 3738.62** 46.925** 9.618**
YX C 7 24.22** 1.05ns 1026.37** 1048.66** 24.637** 5.522**
*. ** significant at the 0.05 and 0.01 levels, respectively. Each main effective value within columns followed by the same letter is insignificant. 
ns: nonsignificant; O.C: Oil Content, O.Y: Oil Yield; O.A: Oleic Acid; L.A: Linoleic Acid; S.A: Stearic Acid; P.A: Palmitic Acid
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from the first and second components, the G6, G3, and G2 
varieties were grouped together due to their high similarity 
and were observed to have high positive values on the PC1 
axis for plant height, table diameter, number of branches, 
thousand-seed weight, seed yield, number of seeds, oil con-
tent, and oil yield. It is considered that the varieties within 
this group, in particular, possess superior characteristics in 
terms of yield and oil production. In biplot analysis, close 
positioning indicates that the varieties are similar and stable 
under semi-arid conditions. Similarly, the G1, G2, and G8 
varieties showed convergence on the PC2 axis, and it was 
observed that these varieties had a stronger relationship 
with saturated and unsaturated fatty acids such as V10, V11, 
V12, and V13. Although the varieties in this group exhibit 
superior performance in terms of fatty acids, it is evident 
that they do not outperform the varieties in the PC1 group 
in terms of yield components (Fig. 3). According to these 
results, it is necessary to evaluate both yield components 
and oil quality characteristics together when selecting vari-
eties under semi-arid conditions.

Discussion

The study, conducted under semi-arid climatic conditions, 
clearly demonstrated the effects of genetic, climatic, and 
environmental factors on the yield and oil quality charac-
teristics of sunflower varieties. Significant climate changes, 
such as temperature fluctuations over the years and differ-
ences in rainfall amount and distribution, have seriously 
affected parameters such as plant height, head number, 
branch number, thousand seed weight, seed yield, oil con-
tent, oil yield, oleic acid, and linoleic acid (Tables 2 and 3). 
Compared to previous years, 2020 was particularly cooler, 
wetter, and had more evenly distributed rainfall, resulting in 
higher yields and better oil quality parameters compared to 
2021. These results are consistent with similar studies (Killi 
et al., 2016; Gursoy et al., 2017; Bortolheiro & Silva, 2017; 
Demir & Kara, 2018; Khan et al., 2018; Gok & Ekin, 2019; 
Zamani et al., 2020; Sefaoglu et al., 2021; Abou Chehade et 
al., 2022; Pasban Eslam et al., 2024).

The genotypic characteristics of sunflower varieties, such 
as their sensitivity to environmental stress and climatic factors, 
have significantly affected parameters including plant height, 
branch number, thousand seed weight, seed yield, oil content, 
oil yield, oleic acid, linoleic acid, stearic acid, and palmitic acid 
(Gul & Coban, 2020; Vicianová et al., 2020), (Tables 2 and 3). 
The Göktürk and Balcı varieties were found to be the highest-
yielding varieties in terms of the important parameters exam-
ined. The fact that the Göktürk variety yields the highest seed 
production is directly related to its high thousand-seed weight 
and oil yield compared to other varieties, sufficient seed number, 

cultivation in semi-arid environments, both genetic varia-
tion and climatic variability must be considered together.

In the study conducted under semi-arid climate condi-
tions, correlation analysis revealed relationships at various 
levels between the examined yield and oil quality compo-
nents. It has been observed that it exhibits positive correla-
tions with PH, HD, BN, and SN, but conversely, it has a 
strong negative correlation with HN. This result suggests 
that the increase in head diameter, branch number, and 
seed number promotes plant height elongation, whereas 
the rise in head number inhibits plant height elongation. 
A moderate positive correlation was obtained between SY 
and TSW with ‘r = 0.461; p < 0.01’ and between SN with 
‘r = 0.448; p < 0.01’, while a high positive correlation was 
obtained between OY with ‘r = 0.817; p < 0.01’. The strong 
relationship between SY and OY suggests that changes in 
seed yield largely determine oil yield. Furthermore, these 
results clearly demonstrate that seed number and seed size 
are the most important factors determining yield under 
semi-arid climatic conditions. OC, PH (‘r = 0.643; p < 0.01’) 
and OY (“r = 0.636; p < 0.01‘) showed a high positive cor-
relation, while BN (’r = 0.484; p < 0.01‘) and SN (’r = 0.323; 
p < 0.05”) showed a moderate positive correlation. Addition-
ally, a mild negative correlation was found between OC, HN 
(‘r=-0.341; p < 0.05’) and PA (‘r=-0.364; p < 0.05’). A very 
strong and direct negative relationship (r = − 0.999; p < 0.01) 
between the fatty acid components OA and LA, indicating 
a metabolic transformation, was observed (Table 4; Fig. 2). 
This relationship confirms the biochemical mechanism 
involved in the conversion of oleic acid to linoleic acid in 
fatty acid biosynthesis. Saturated fatty acids, such as PA and 
SA, have shown directional relationships with some unsatu-
rated fatty acids, specifically PA–LA positive and SA–OA 
negative, reflecting the sensitivity of fatty acid composition 
to climatic factors under semi-arid conditions. The correla-
tions obtained generally indicate a biological link between 
moderate and strong relationships in yield and oil quality 
components, clearly demonstrating that both genetic factors 
and climatic variability must be considered together when 
evaluating aspir yield and oil composition under semi-arid 
conditions.

Based on the PCA biplot values calculated from the mean 
values of the examined characteristics, it was observed that 
the first and second components possessed eigenvalues 
greater than one. The first and second components have 
the highest variance at 19.55% and 17.96% respectively, 
explaining 37.5% of the total variance. PC1 particularly 
represents agronomic and yield components such as V1, 
V2, V4, V5, V6, V7, V8 and V9 to a high degree. The PC2 
component, on the other hand, more effectively shows the 
variation in saturated and unsaturated fatty acids (V10, V11, 
V12, and V13). According to the biplot values obtained 
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aspir varieties and enable effective selection of varieties (Pattar 
& Patil, 2020). Under semi-arid climatic conditions, increased 
plant height due to suitable air temperature and rainfall enhances 
photosynthetic production, seed formation, and seed yield, 

and balanced plant architecture. Indeed, these yield components 
are important parameters that directly affect seed yield (Emon-
gor et al., 2017). Certain morphological traits directly related to 
seed yield indicate that they can increase the seed yield gains of 

Fig. 2  Matrix of binary scatter plots between variables for safflower cultivars
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to other varieties (Table 3) stems from the interaction between 
their genetic structure and climatic conditions. There is a very 
strong negative correlation between oleic acid and linoleic acid. 
Therefore, the flowering and ripening periods are critical, as 
low temperatures during these periods increase the linoleic acid 
content, while high temperatures increase the oleic acid con-
tent (Ferfuia & Vannozzi, 2015; Popa et al., 2017; Sahin et al., 
2022). This situation clearly demonstrates why the interaction 
of year x is significant.

PCA-biplot analysis has divided sunflower varieties into 
two groups based on their yield and oil quality characteris-
tics. The Göktürk (G6), Balcı (G3) and Zircon (G2) varieties 
showed a strong relationship with the yield components plant 
height, branch number, thousand seed weight, seed yield, oil 
content and oil yield on the PC1 axis, while the Hasankendi 
(G1), Dincer (G4) and Olas (G8) varieties showed a strong 
relationship with the oleic acid, linoleic acid, stearic acid, and 
palmitic acid components on the PC2 axis. This difference 
supports studies indicating that yield and oil quality param-
eters of varieties can be observed in different combinations in 
line with genetic diversity (Elfadl et al., 2010).

Conclusion

This study aimed to compare the yield and oil quality traits 
of eight different safflower cultivars under semi-arid climatic 
conditions in northern Turkey to evaluate their responses to 
genetic variation and environmental variability. The results 
showed that year effect was the most important source of 

resulting in significant positive correlations with morphological 
traits such as branch number, oil content, oil yield, seed number, 
and head diameter (Sirel & Aytac, 2016; Naziha & Kurt, 2023). 
The high yield of the Balcı variety is due to its high oil content. 
Under semi-arid climatic conditions, the oil content is sensitive 
to environmental stress factors, and it is clear that the Balcı vari-
ety is genetically predisposed to high oil accumulation under 
these conditions (Golkar, 2014; Emongor et al., 2017; Abou 
Chehade et al., 2022). Indeed, the results clearly indicate that 
the Göktürk variety exhibits superior genetic traits in terms of 
yield parameters, whereas the Balcı variety demonstrates supe-
rior genetic traits in terms of oil content. Some researchers have 
reported significant differences in seed yield and oil content 
among sunflower varieties depending on genotype and environ-
mental factors (Bouhouhou & Mohamed, 2016; Demir & Kara, 
2018; Khan et al., 2018; Zemour et al., 2021; Abou Chehade et 
al., 2022; Kina & Ozgokce, 2023; Cavumirza & Demir, 2024). 
The Olas variety stood out with the highest oil yield in the study 
(Table 3). The superiority of the Olas variety in terms of oil yield 
is attributed to its strong positive correlation with seed yield and 
oil content. The Olas variety stands out as a strong candidate for 
oilseed production under semi-arid climatic conditions. Aspara-
gus varieties grown under semi-arid climatic conditions exhibit 
reduced seed yield and oil content when subjected to low rain-
fall and high air temperatures. In short, changes in seed yield 
and oil content due to climate change directly affect oil yield 
(Gul & Coban, 2020; Sefaoglu et al., 2021). The primary reason 
for the high linoleic acid content in the fatty acid composition of 
the Dincer and Hasankendi varieties and the high oleic acid con-
tent in the Koc and, to a lesser extent, Olas varieties compared 

Fig. 3  Relationship between vari-
ety and trait based on principal 
component analysis using biplot 
according to years average, V1: 
Plant height (cm); V2: Head 
diameter (cm); V3: Head number 
(no plant− 1); V4: Branch number 
(no plant− 1), V5: Thousand seed 
weight (g); V6: Seed yield (kg 
ha− 1); V7: Seed number (no 
plant− 1); V8: Oil concentrate (%) 
V9: Oil yield (%); V10: Palmitic 
acid (%); V11: Stearic acid 
(%); V12: Oleic acid (%); V13: 
Linoleic acid (%); G1: Hasank-
endi; G2: Zircon; G3: Balci; G4: 
Dincer; G5: Koc; G6: Göktürk; 
G7: Linas; G8: Olas
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