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Abstract: Sunflower cultivation became more difficult as climate change influenced
temperature and precipitation distribution. Romania is one of the most important countries in Europe for
the cultivation of this crop. Therefore, it became one of the most important centers for testing sunflower
hybrids. In this study, we evaluated 12 newly developed sunflower hybrids along with 3 commercial
hybrids as references to identify material adapted to current Romanian growing conditions. The
experiment was conducted at the Agricultural Research and Development Station Lovrin during two
consecutive growing seasons (2024-2025). During the study we analyzed yield, flowering time,
physiological maturity, seed oil content, oleic acid content, linoleic acid content, and plant height.
Correlation analysis demonstrates strong positive associations between yield and oil content (r = 0.75).
Additionally, oil yield and maturity exhibit a positive correlation (r = 0.69). According to the results,
cluster analysis had identified Hib13, Hib14, Hib15, Hibl11l, and Hib10 as superior high-oleic hybrids
with favorable adaptation and performance under Romanian conditions. Other research reports confirm
these findings. However, further multi-environment testing is required to confirm the stability and
adaptability in Romania of the selected hybrids, as the environment was determining factor of traits
evaluated (p < 0.05).
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INTRODUCTION

Sunflower (Helianthus annuus L.) is an increasingly important source of edible
vegetable oil worldwide due to its high content of polyunsaturated fatty acids and the absence
of cholesterol (Francois, 1996). Cultivated on more than 28 million hectares, with an annual
seed production exceeding 55 million tons worldwide, sunflower demonstrates remarkable
adaptability to diverse climatic conditions, although environmental factors can significantly
influence hybrid performance. Romania is among the leading sunflower producers within the
European Union, frequently cultivating more than one million hectares annually (ABpiLova et
al., 2023; Ton et al., 2015).

In sunflower breeding programs, seed yield and oil content remain the primary
objectives (RabpanoviC et al., 2018). The development of hybrids with superior performance
and adaptability begins with the creation and selection of inbred lines. However, several factors
limit the rapid development of new hybrids and parental lines. One of the major constraints in
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sunflower breeding is the large number of generations required to achieve genetic stabilization.
Nevertheless, biotechnological approaches can substantially reduce the time required for
cultivar development.

Specifically, the application of in vitro culture techniques for cycle enhancement
through immature embryo rescue represents one of the most effective technologies for
accelerating breeding programs (Breccia et al.; CHowpHURY, 2015; Onisan et al., 2025).
However, the implementation of biotechnological methods requires additional financial
resources, specialized equipment, and trained personnel.

Therefore, reducing breeding costs and optimizing the use of biological material
remain important objectives for breeding programs. Early selection of biological material using
conventional methods may provide an efficient alternative for breeders. Identifying
correlations among yield components, oil content, flowering traits, and plant architecture may
facilitate the early classification and selection of promising breeding material (BiLGen et al.,
2018; Onisan et al., 2023). Previous studies have shown that seed yield is positively associated
with the number of seeds per capitulum, seed mass per capitulum, capitulum diameter, and leaf
area, whereas oil content is favored by a high kernel percentage and a reduced hull content
(Hrapnt et al., 2006; MuiC et al., 2009). Moreover, photosynthetic efficiency and biomass
accumulation contribute substantially to yield improvement. In contrast, oil content is strongly
influenced by kernel proportion and environmental conditions during the seed-filling period
(SADRAS & VILLALOBOS, 2021).

The objectives of the present study were: (i) to evaluate newly developed sunflower
hybrids under the pedoclimatic conditions of Romania and (ii) to identify relationships among
seed yield, oil content, maturity, flowering traits, and plant height in order to determine factors
that may influence breeding efficiency and support sunflower improvement programs.

MATERIAL AND METHODS

For the experiment, three commercial sunflower hybrids (Hibl, Hib2, and Hib3) were
used as reference hybrids for the evaluation of newly developed genotypes. In addition, 12
newly developed sunflower hybrids were included in the study.

The experiment was conducted at the Lovrin Agricultural Research and Development
Station during the 2024 and 2025 growing seasons. The experimental hybrids were evaluated
for oil yield (kg ha™'), days to physiological maturity, seed oil content (%), oleic acid content
(%), linoleic acid content (%), days from sowing to flowering, plant height (cm), and head
curvature (°) (Kava et al., 2012; Onisan et al., 2023).

The experiment was carried out over two growing seasons, with three replications
each year. Each microplot covered an area of 22.5 m? and consisted of four rows, 10 m in
length, with 0.75 m spacing between rows. Plant spacing was 0.30 m within rows and 0.75 m
between rows. To minimize border effects, only the two central rows of each plot were
considered for the evaluation of the studied parameters. A basal NPK fertilizer (15:15:15) was
applied before sowing at a rate of 200 kg ha™'. Sowing was performed on 15 April.

Conventional cultivation practices were applied throughout the experiment. For weed
control, Pantera 40 EC herbicide (quizalofop-P-tefuryl 40 g L', 1.0 L ha™') was used
(AutHoriTy (EFSA) et al.,, 2017). Harvesting was carried out after physiological maturity,
when seed moisture content reached approximately 9%. Maturity references were established
using Hibl as a semi-early commercial hybrid and Hib2 and Hib3 as semi-late commercial
hybrids.
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Hybrids were harvested simultaneously, as the determination of maturity groups can
be challenging under field conditions. Therefore, maturity classification was expressed relative
to the moisture content of the reference hybrids. Oil content and fatty acid composition were
determined using spectrometric procedures (MaTTHaUS & BRriiHL, 2001).

All obtained data were subjected to statistical analysis. Analysis of variance
(ANOVA) was performed to assess significant differences among the analyzed hybrids
(ABpIiLova et al., 2023). Descriptive statistical analyses were performed using Tukey’s multiple
comparison test. Significant differences among hybrids were identified using Compact Letter
Display (CLD) at a significance level of p < 0.05.

Furthermore, Pearson correlation analysis was performed to examine relationships
among agronomic, morphological, and quality traits. Principal component analysis (PCA) was
conducted to investigate multivariate relationships among the evaluated parameters. All
statistical analyses, graphical representations, dendrogram construction, and correlation
coefficient calculations were performed using RStudio software (DEGE & BriiGGEMANN, 2024).

RESULTS AND DISCUSSIONS

The study was conducted over two consecutive years (2024 and 2025). Analysis of
variance (Table 1) revealed that genotype had a highly significant effect on the evaluated
agronomic, morphological, and quality traits.

According to the results, genotypic impact with the highest variations was registered
for oleic acid content linoleic acid content (p < 0.001) and overall oil yield (p < 0.001).
However, different environments did not influence the yield and oil content homogeneity of the
hybrids. The results suggest that the oil composition, particularly oleic and linoleic acid
contents, is influenced by environmental factors.

Results suggest also that maturity was significantly affected by both genotype (p <
0.001) and year (p < 0.05), a clear indicator that environmental conditions slightly altered the
the growing cycle and the of genetic factor on the control of maturity. Similarly, flowering
period was significantly affected by both genotype and year (p < 0.001).

Table 1.
Analysis of variance for oil yield, phenological, morphological, and quality traits.
Trait Genotype (F) Genotype (p) Year (F) Year (p)
Yield (kg ha™) 365.26 <0.001 *** 0.64 0.436
Maturity (days) 181.39 <0.001 *** 4.65 <0.05*
Oil Content (%) 18.95 < 0.001 *** 3.19 0.096
Oleic Acid (%) 1183.96 < 0.001 *** 9.89 <0.01**
Linoleic Acid (%) 1183.96 <0.001 *** 9.89 <0.01 **
Flowering (days) 3.25 x 102 < 0.001 **=* 7.99 x 107 < 0.001 ***
Plant Height (cm) 5.72 <0.01 ** 11.57 <0.01 **

Note: ns = non-significant (p > 0.05); * = significant at p < 0.05; ** = significant at p < 0.01; *** = significant at p
< 0.001.

On the morphological aspect, plant height was significantly influenced by genotype (p
< 0.01) and year (p < 0.01). Proportionally, year had a greater impact on most traits. This
reflects the importance of developing hybrids adapted to climatic conditions, as it is the most
sensitive factor influencing the general parameters (Table 1). Substantial genetic variability
among the hybrids analyzed where registered (Figure 1)
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Figure 1. Comparison of sunflower hybrids for agronomic, morphological, and quality traits.

For yield, values ranged from 3868.22 to 5317.08 kg ha™'. The best results were
recorded for the commercial Hib2 (5317.08 kg ha™) followed by the commercial HIb3
(4824.94 kg ha').From the developed hybrids, HIb13 (4701.38 kg ha™), and HIb15 (4506.46
kg ha™) registered the most promising results as they differ significantly from the maturity
group of the commercial hybrids Hib2 and Hib3 (semi-late maturity group) (Figure 1). Qil
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content ranged from 41.73% in HIb7 to 48.65% in Hib2. The highest oil content was observed
in Hib2 (48.65%), HIb1l5 (47.56%), HIb13 (47.30%) and HIb3 (47.27%). However, most
hybrids exhibited oil contents above 44%. Considering acid composition, Oleic acid
concentration ranged from 49.53% in HIb5 to 86.68% in HIb14. Four hybrids, namely Hib14
(86.68%), HIb1 (85.43%), HIb15 (84.72%), and H1b13 (84.53%), formed the high-oleic group.
Plant height ranged from 197.90 cm in HIb9 to 291.65 cm in Hib2 and Hib11.

Correlation analyses revealed strong positive correlations with oil content (r = 0.75)
and maturity (r = 0.69). The results indicate hybrids with a longer growth cycle and higher
seed oil concentration tended to produce greater yields. Positive correlation was also observed
between oil yield and flowering time (r = 0.50). In contrast, oil yield showed weak positive
correlation with plant height (r = 0.23).
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Figure 2. Corelations of sunflower hybrids for agronomic, morphological, and quality traits.

Maturity was positively correlated with oil content (r = 0.64) and plant height (r =
0.50). Oil content showed a strong positive correlation with yield (r = 0.75) and a moderate
positive correlation with flowering traits (r = 0.47). Regarding oil compositions, oil content
was also week positively corelated with oleic acid concentration (r = 0.32) and negatively
associated with acid concentration (r = —0.32).
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Oleic acid concentration reflected no association with oil yield (r = -0.05) or
flowering time (r = —0.04). Plant height displayed moderate positive correlations with maturity
(r = 0.50) but weak associations with oil yield (r = 0.23) and oil content (r = 0.27).

Results reflect that correlations between yield and oil content (r = 0.75) and between
oil yield and maturity (r = 0.69) appear to be the most relevant for sunflower breeding
programs aimed at increasing oil production.

The principal component analysis (PCA) revealed that the first two principal
components explained 62.8% of the total variation. PC1 is responsible for 36.5% and PC2
accounting for 26.3%. Analysis indicated that oil content, oil yield, and maturity were the
major contributors to PC1. In contrast, oleic acid and linoleic acid has contributions to PC2,
accounting for more than 40% of the variation Figure 3. PCA results revealed that the
evaluated sunflower hybrids are different mainly by two variables: productivity-related traits
(yield, oil content or maturity) and fatty acid composition (oleic and linoleic acid content).
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Figure 3. Principal component analysis (PCA) of sunflower hybrids for agronomic,
morphological, and quality traits.
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Figure 4. Clustergin analyses of the sunflwoer hybrids based on oil content and yield.

Cluster analyses revealed distinct group depending on the adaptability and efficiency
on the Romanian conditions. References, or prefers group of hybrids developed where the ones
that where integrated with the commercial hybrids Hibl, Hib2 and Hib3. Therefore, figure 4
reveals 3 distinct groups.

-Group 1 - superior high-oleic hybrids adapted to the Romanian conditions, this
included hybrids :Hib13 (the most equilibrated of yield and oil content) , Hib14, Hib15, Hib11l
and Hib10;

-Group 2 - modarate hybrids with modarate yield and oil content: Hib6, Hib7, Hib4
and Hib12;

-Group 3 - low performance hybrids: Hib8, Hib5 and Hib9.

The results obtained in this study permitted the selection of the best-performing
hybrids. Oil content showed a strong positive correlation with yield (r = 0.75) and a moderate
positive correlation with flowering traits (r = 0.47). This relationship represents a strong
indicator for the selection of new hybrids (Figure 3). Also, from a breeding point of view, this
finding is of major importance in predicting the potential performance of hybrids. Previous
studies are in agreement with the results obtained in the present research. A strong correlation
between oil content and yield was also reported by Hrapnr et al. (2006). Similarly, significant
positive correlations between oil content, yield, and days to maturity were reported by Supriva
et al. (2017). However, the positive relationship between oil content and yield may also depend
on the genotypes evaluated, as reported by Fick et al. (1974).
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CONCLUSIONS

Different environments influence the yield and oil content homogeneity of the
hybrids. Particularly oleic and linoleic acid contents, is influenced by environmental factors.
From the morphological point of view plant height was significantly influenced by genotype
and climate factor. Correlation analyses revealed strong positive correlations with oil content (r
= 0.75) and maturity (r = 0.69). Positive correlation was also observed between oil yield and
flowering time (r = 0.50). Maturity registered positively correlated with oil content (r = 0.64)
and plant height (r = 0.50). Furthermore, the analyses permitted in identifying hybrids close to
the commercial demands in Romania PCA revealed that the first two principal components
explained 62.8% of the total variation, out of which PC1 is responsible for 36.5% and PC2
accounting for 26.3%. In perspective, further development and testing are needed to confirm
these conclusions using more hybrids and additional seasons under different environmental
conditions, as this is the most impactful factor.
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