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ABSTRACT

To investigate the complex relationships between seed yield and oil content, with their related
agronomic traits in sunflower, this correlation analysis study was done at Punjab Agricultural
University (30.9010° N and 75.85.73° E) using 113 genotypes, which were grown in spring 2022 in
a randomised block design with three replications. Eighteen quantitative traits were analysed,
revealing key correlations, like seed yield per plant (economic yield) positively associated with
structural traits like plant height, head diameter, stem girth, number of leaves per plant, days to
maturity, biological yield per plant, number of seeds per head, hundred seed weight and seed
volume weight, while oil content was positively correlated with seed volume weight and inversely
correlated with hundred seed weight, indicating a trade-off between yield and oil content.
Additionally, oleic acid content demonstrated strong positive correlations with palmitic and linoleic
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acid content. These insights provide direction for breeding programs aiming to optimise sunflower

yield and quality.

Furthermore, this research applied principal component analysis (PCA) to elucidate the genetic and
phenotypic interrelations influencing oil content and fatty acid composition, the results of which
identified five principal components, with the first three accounting for 93% of the total variation, out
of which the first two components captured about 77% of the variation. The scatter plot and biplot
analysis revealed that oleic acid and linoleic acids dominate the first component with a strong
inverse correlation, while the second component is significantly influenced by the positive
correlations of palmitic and stearic acids, thereby explaining 77% of variations in oil parameters,
and offering actionable insights for enhancing sunflower breeding programs targeting oil quality

optimisation.

Keywords: Sunflower; correlation analysis; principal component analysis; yield; oil parameters;

scatter-plot; biplot.
1. INTRODUCTION

Sunflower (Helianthus annuus L.) is an oilseed
crop belonging to the family Asteraceae, with a
significant contribution to edible oil production
and biofuel industries. Therefore, enhancing
seed yield and oil content is a critical goal for
breeders, particularly in the face of rising, here,
correlation analysis serves as a pivotal tool for
breeders, facilitating the comprehension of
relationships between diverse traits inherent in
sunflower and guiding breeders to gain
invaluable insights into the associations among
traits such as yield, disease resistance, flowering
patterns, and seed quality through meticulous
correlation scrutiny as also favoured by several
previous authors like Manivannan et al., (2005),
Hladni et al., (2016), Nasim et al., (2016) and
Baraiya et al., (2018). This understanding guides
the selection of optimal parental lines by
emphasising combinations that exhibit favourable
correlations, thereby enhancing the probability of
yielding progeny with desired traits. Moreover,
correlation analysis expedites the breeding
process by focusing on traits strongly correlated
with improved sunflower performance, leading to
the development of superior varieties.

The oil accounts for 80% value of this crop and is
considered to be of superior quality because it
contains about 90% fatty acid, 9% phytosterols
and 1% vitamin E (alpha-tocopherol), and oleic
and linoleic (typically 90% unsaturated fatty
acids) are the primary fatty acids present in
sunflower oil along with 10% saturated fatty acids
like palmitic and stearic acid (Skori¢ et al., 2015).
This is primarily used in the form of salad
dressings, cooking oil or in the preparation of
margarine and non-dairy creamers, bakery
applications, and spray coating oils for cereal,
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crackers and dried fruit, thereby it has huge
market demand (Hu et al., 2010 and Hassan et
al., 2013). However, the complexity of sunflower
traits, influenced by genetic and environmental
factors, poses challenges in breeding programs
aimed at improving the oil content and oil quality
of this crop. Therefore, principal component
analysis (PCA), a multivariate technique used
previously by authors like Hilli and Immadi (2025)
in sunflower, to simplify the complexity by
reducing the dimensionality of the data and
highlights the most influential traits, has been
used in this experiment to understand which fatty
acids significantly contribute to overall oil content
and how different acids interrelate.

2. MATERIALS AND METHODS
2.1 Plant Material Used

In this experiment, a diverse set of 113 sunflower
genotypes was used, comprising seven inbred
lines, thirteen tester lines, ninety-one hybrids
crossed in Line x Tester fashion, and two
commercial checks. These materials were
selected to represent a wide range of genetic
variability for key agronomic and oil quality traits,
enabling robust analysis of trait correlation and
principal component. The details of the genotype
used are in Table 1.

2.2 Experimental Site

The field evaluation was conducted during Spring
2022 at the sunflower breeding area of the
Department of Plant Breeding and Genetics,
Punjab Agricultural University, Ludhiana. The site
is located at 30.9010° N latitude and 75.85.73° E
longitude. The experiment followed a randomised
complete block (RCB) design with three
replications to ensure the reliability of data and
reduce environmental error.
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Table 1. Genotypes used in multivariate study

Type Lines/ Entries
. CMS 67A, CMS 73A, CMS 82A, CMS 84A, CMS 86A, CMS 88A and CMS
Inbreed lines 103A
HOHAL-17-1, HOAL-2-P3, HOHAL-11-4, HOAL-30-2, HOAL-21-2,
Tester lines HOHAL-75-4, HOHAL-85-1, HOHAL-28-1, HOHAL-21-1, HOHAL-70-2,
HOAL-41-2, HOHAL-85-3 and HOAL-17-2
Hybrids 91 hybrids derived from Line x Tester crosses

Commercial checks

PSH 1962 and PSH 2080

Table 2. Traits recorded in this study

Trait category Lines/ Entries

Phenological trait

days to flowering initiation, days to 50% flowering, days to maturity

Morphological traits

plant height, plant diameter, stem girth, number of leaves per plant,

biological yield per plant, seed yield per plant (economic yield), number of

Yield-related traits
index

seeds per head, hundred seed weight, seed volume weight and harvest

Biochemical traits

Oil content, stearic acid (C18:0), palmitic acid (C16:0), linoleic acid

(C18:2) and oleic acid (C18:1)

2.3 Data Recorded

The eighteen traits assessed in this study were
broadly categorised into phenological,
morphological, vyield-related and biochemical
characteristics, and are presented in Table 2.
Observations were made on five randomly
selected plants from each genotype in each
replication and averaged for phenological and
morphological characters, while observations for
yield-related characters were made as a
population and biochemical traits were analysed
using Nuclear Magnetic Resonance
Spectrometry (NMR) for oil content and Gas
Liquid Chromatography (GLC) for fatty acid
composition.

2.4 Statistical Analysis

The correlation coefficient analysis was
conducted to evaluate the degree and direction
of linear relationship among eighteen agronomic
and biochemical characters. This analysis was
carried out using R software and guided by the
standard statistical procedure as applied in plant
breeding Pearson (1901), Al-Jibouri et al., (1958)
and Singh and Chaudhary (1977), and its
significance was tested using a t-test (Panse and
Sukhatme, 1985).

The principal component analysis (PCA) was
used for oil quality parameters for germplasm
characterisation and categorising them according
to their traits, by calculating the eigenvectors and
eigenvalues of the covariance matrix. It was
performed using R software, and results were
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visualised using biplot via 'FactoMineR' (Factor
analysis and data mining with R) package with
the command 'biplot (Husson et al., 2014 and R
Core Team, 2013). This analysis enabled
dimension reduction while retaining maximum
variation and facilitated the identification of trait
combinations contributing to genetic variation.

3. RESULTS AND DISCUSSION

3.1 Correlation Analysis of Agronomic
and Biochemical Traits

The correlation analysis of thirteen agronomical
traits and oil content is depicted in Table 3.
Understanding trait correlation is vital in crop
improvement as positively correlated traits may
be simultaneously enhanced through selection,
while negative associations require balanced
breeding strategies.

The days to flowering initiation (DFI) exhibited a
highly significant and positive correlation with
days to fifty per cent flowering (DTF) (0.709%**),
suggesting synchronous phenological
development, aligning with the previous findings
of Rao (1987) and Tariq et al., (1992). However,
DFI showed significant negatively association
with plant height (-0.237***), head diameter (-
0.184***), number of leaves per plant (-0.196***)
and hundred seed weight (-0.15**), suggesting
that earlier flowering genotypes tend to have
smaller plant and seed structures, which is in
opposition to the findings of Reddy and Kumar
(1996).
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Table 3. Correlation coefficient for various agronomic traits and oil content

Traits of DFI DTF HGT HDIA STG NLPP DTM BYLD SYP NSH HSW VWT Hi oC
variation

DFI 1 0.709***  -0.237** -0.184** -0.025 -0.196**  0.041 0.014 0.001 0.052 -0.15** -0.021 -0.012 -0.009
DTF 0.709*** 1 -0.144**  -0.144** -0.154**  -0.161** 0.227** -0.039 -0.018 0.054 -0.164* 0.134* -0.076 -0.022
HGT -0.237**  -0.144** 1 0.788*** 0.476***  (0.51*** 0.39%** 0.473** 0.505** 0.448** (0.248** (0.273*** -0.209*** 0.094
HDIA -0.184***  -0.144** 0.788** 1 0.543**  0.467*** 0.416***  Q.57*** 0.607** 0.507*+* 0.366*** 0.162** -0.225*** -0.078
STG -0.025 -0.154**  0.476**  0.543*** 1 0.185*** 0.165**  0.526*** 0.435** (.385*** 0.145* 0.031 -0.215**  -0.026
NLPP -0.196***  -0.161** 0.51*** 0.467** 0.185* 1 0.2%** 0.326*** 0.297** (0.233*** 0.306*** 0.145** -0.175** -0.042
DTM 0.041 0.227*+*  (,39*** 0.416*** 0.165** 0.2%** 1 0.313** 0.239*** (0.183*** (0.257*** (.29*** -0.29%** -0.077
BYLD 0.014 -0.039 0.473***  0.57*** 0.526***  0.326*** 0.313*** 1 0.661*** 0.584*** (0.237** (0.158**  -0.49*** -0.057
SYP 0.001 -0.018 0.505***  0.607*** 0.435**  (0.297*** 0.239***  0.661** 1 0.922*  (0.301*** 0.156** 0.094 0.012
NSH 0.052 0.054 0.448**  0.507*** 0.385**  (0.233*** 0.183***  (0.584*** (0.922** 1 -0.026 0.163*  0.137* 0.042
HSW -0.15** -0.164**  0.248***  0.366*** 0.145* 0.306*** 0.257** 0.237** 0.301*** -0.026 1 0.022 -0.074 -0.149**
VWT -0.021 0.134* 0.273**  (0.162** 0.031 0.145* 0.29*** 0.158*  0.156** 0.163** 0.022 1 -0.082 0.112*
HI -0.012 -0.076 -0.209***  -0.225***  -0.215** -0.175*F -0.29**  -0.49***  (0.094 0.137* -0.074 -0.082 1 0.074
oC -0.009 -0.022 0.094 -0.078 -0.026 -0.042 -0.077 -0.057 0.012 0.042 -0.149*  0.112* 0.074 1

*, ** and *** means significant at 1%, 5% and 10% level of significance respectively.
where, DFI = days to flowering initiation (in days), DTF = days to fifty percent flowering (in days), HGT = plant height (in cm), HDIA = head diameter (in cm), STG = stem girth (in cm), NLPP =
number of leaves per plant, DTM = days to maturity (in days), BYLD = biological yield per plant (in grams), SYP = seed yield per plant or economic yield per plant (in grams), NSH = number of
seeds per head, HSW = hundred seed weight (in grams), VWT = seed volume weight (in grams /100ml), HI = harvest index (in %), OC = oil content (in %)

Table 4. Correlation coefficient among oil content and various fatty acid parameters

Traits of Variation

Oil Content (%)

Palmitic Acid (%)

Stearic Acid (%)

Oleic Acid (%)

Linoleic Acid (%)

Qil content (%)
Palmitic acid (%)
Stearic acid (%)
Oleic acid (%)
Linoleic acid (%)

0.03
0.01
0.06
0.05

0.03
1
0.12*
0.4***

0.34***

0.01

0.12*

1

0.14**

0.03

0.06
0.4%+
0.14%

1

0.99***

0.05
0.34%+*
0.03
0.99***
1

*, ** and *** means significant at 1%, 5% and 10% level of significance respectively.
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Similarly, days to fifty per cent flowering (DFI)
showed a strong positive correlation with days to
maturity  (0.227***), again stabilizing the
synchronization of phenological development of
this crop, and also shows positive association
with the seed volume weight (0.134*), which
shows that delayed flowering might enhance
the vyield potential, in accordance with the
findings of Chikkadevaiah et al., (2002) and Kaya
et al., (2007). But still, this character shows a
negative association with key structural traits like
plant height (-0.144**), head diameter (-
0.144**) stem girth (-0.154**) number of leaves
per plant (-0.161**), hundred seed weight (-
0.164**), reinforcing that early flowering
genotypes have smaller plant structure and seed
size, similar to the findings of Habib et al.,
(2007).

Plant height (HGT) was further a key determinant
of vyield-related traits, showing a positive
correlation with the head diameter (0.788***),
stem girth (0.476***), number of leaves per plant
(0.51*+%), days to maturity (0.39***), biological
yield per plant (0.473***), seed yield per plant
(0.505***), number of seeds per head (0.448***),
hundred seed weight (0.248***) and seed volume
weight (0.243***). These results align with the
reports of Mogali and Virupakshappa (1994),
Khan et al., (2007), llahi et al., (2009), Patil
(2011), Rao (2013), Kumari et al., (2012), Igbal
et al., (2013) and Sincik and Goksoy (2014) who
also identified that positive relationships of plant
height with these traits indicate that taller plants
with robust structural features contribute directly
to higher vyield, however, it did show a strong
negative correlation with harvest index (-
0.012**), due to increasing in biological yield
with increase in plant height. However, this
character had no significant correlation with oil
content (0.094) as opposed to the study of
Arshad et al., (2019).

Similarly, head diameter (HDIA) had a positive
influence on plant height (0.788**), stem girth
(0.543***), number of leaves per plant (0.467**),
days to maturity (0.416***), biological yield per
plant (0.57***), seed yield per plant (0.607***),
number of seeds per head (0.507***), hundred
seed weight (0.366***) and seed volume weight
(0.162***), but negative influence on days to
flowering initiation (-0.184***), days to fifty per
cent flowering (-0.144*) and harvest index (-
0.225***), reinforcing its role as a critical yield
parameter, similar to the reports of Doddamani et
al,, (1997), Lal et al.,, (1997) Amorim et al.,
(2008), Machikowa and Saetang (2008),
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Darvishzadeh et al., (2011) and Sujatha and
Nadaf (2013).

Further, stem girth (STG) was another vital
structural trait showing a significant positive
association with yield parameters like biological
yield per plant (0.526***), seed vyield per plant
(0.435***), number of seeds per head (0.385***)
and hundred seed weight (0.145*%), in
accordance to the findings of Behradfar et al.,
(2009) and Jockovic et al.,, (2015), reflecting
influence on overall plant vigor and productivity,
but it has negative correlation with harvest index
(0.215%***),

Number of leaves on the main stem (NLPP)
correlated highly significantly and positively with
traits such as plant height (0.51**), head
diameter (0.467***), stem girth (0.185***), days to
maturity (0.2***), biological vyield per plant
(0.326***), seed vyield per plant (0.297***),
number of seeds per head (0.233***), hundred
seed weight (0.306***) and seed volume weight
(0.145*%), and negatively correlated with harvest
index (-0.175**), reinforcing the conclusions of
Teklewold et al., (2000) and Vidhyavathi et al.,
(2005), and highlighting it’s role in photosynthetic
efficiency and assimilate supply, thereby it's role
in influencing phenological, morphological and
yield-related characters.

On the other hand, days to maturity (DTM)
exhibited strong positive correlations with
biological yield per plant (0.313***), seed vyield
per plant (0.661***), number of seeds per head
(0.584***), hundred seed weight (0.237***) and
seed volume weight (0.29***), suggesting that
genotypes with extended growth periods can
achieve better yields, as supported by Arshad et
al., (2007), who linked extended maturity to
enhanced seed yield.

Biological Yield per plant (BYLD), a significant
yield determinant, showed robust association
with seed yield per plant (0.661***), number of
seeds per head (0.584***), hundred seed weight
(0.237***) and seed volume weight (0.158%**),
reinforcing the direct impact of biomass
accumulation on reproductive output. While,
Seed yield per plant (economic yield) (SYP) was
positively correlated with plant height (0.505***),
head diameter (0.607***), stem girth (0.435***),
biological yield per plant (0.661***), number of
seeds per head (0.922***), hundred seed weight
(0.301***) and seed volume weight (0.156**),
indicating that these traits contribute significantly
to economic yield and so improvement in
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these traits will lead direct improvement in the
complex character like seed yield. A similar trend
was also followed by the trait number of seeds
per head (NSH). These associations align with
studies by Yasin and Singh (2010), and Dan et

al., (2012), emphasising the contribution of
morphological and yield components to
productivity.

However, traits like hundred seed weight (HSW),
although positively correlated with the most
structural and yield parameters, had a significant
negative association with oil content (-0.149**),
as also reported by Gjorgjieva et al.,, (2015),
suggesting a potential trade-off between
seed mass and oil concentration. While seed
volume weight (VWT), an indicator of seed
density, was positively associated with all the
yield parameters and oil content (0.112%),
indicating that denser seeds may contribute to
better oil content.

Oil content (OC) showed generally weak
correlation with the phenological and structural
traits, but exhibited a moderate positive
correlation with seed volume weight (0.112*) and
significant negatively associated with head seed
weight (-0.149**), highlighting the inherent trade-
offs between seed size and oil yield, as
presented in a similar study by Arshad et al.,
(2010) and Singh et al., (2018), but opposed to
the findings of Rani et al., (2016).

The correlation among oil content and fatty acid
composition traits is presented in Table 4.
Notably, Oil content exhibited negligible
correlations with individual fatty acids, including
palmitic acid (0.03), stearic acid (0.01), oleic acid
(0.06) and linoleic acid (0.05), suggesting that
total oil concentration is relatively independent of
its constituent fatty acid proportions.

Palmitic acid showed a significant positive
correlation with stearic acid (0.12*), oleic acid
(0.4***), and linoleic acid (0.34***), indicating a
biosynthetic association among saturated and
unsaturated fatty acids. Similarly, stearic acid
was also significantly positively correlated with
palmitic acid (0.12*), oleic acid (0.14**) and
weakly with linoleic acid (0.03). These
relationships reflect similar trends reported by
Rather et al., (1998) and Tilak et al., (2016).

The most profound and biologically significant
correlation was observed between oleic acid and
linoleic acid (0.99***), indicating a tight
relationship between these two key unsaturated
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fatty acids. This finding aligns with studies by
Hladni et al., (2011) and Kholghi et al., (2011),
who emphasised that the balance between oleic
acid and linoleic acid is a critical factor in
determining sunflower oil quality, as high oleic
acid content typically corresponds to low linoleic
acid levels and vice versa. These findings
provide valuable insights into breeding strategies
aimed at optimising both oil content and fatty
acid profiles in sunflower genotypes.

3.2 Principal Component Analysis of Oil
Content and Other Fatty Acids

The principal component analysis (PCA) was
performed on five key oil quality traits — oil
content, palmitic acid, stearic acid, oleic acid and
linoleic acid, to identify variation among 113
sunflower genotypes. As shown in Table 5, the
first two principal components (PCs) had eigen
value greater then 1 and collectively explained
76.69% of the total variability, while first three
PCs capture about 93.23% of the variability, but
has an eigen value of less than one, therefore,
only first two of these components were retained

for meaningful interpretation. The high
cumulative variance indicated in the first two PCs
indicates that PCA effectively reduced

dimensionality while preserving essential trait
variability, in agreement with the findings of
Pérez-Vich et al.,, (1998) and Manin et al.,
(2021).

The first principal component (Dim.1) captures
the highest variance (45.802%) and was heavily
influenced by a strong positive loading from
oleic acid (0.975), and a strong negative
association from linoleic acid (-0.979), along with
a moderate positive contribution from stearic acid
(0.534). This indicates that Dim.1 primarily
represents the trade-off axis between oleic and

linoleic acids, which are biochemically
antagonistic and critical determinants of
sunflower oil quality. These findings are

consistent with the work of the Acufia and Natera
(2007) and Ullah (2018), who also identified that
oleic acid and linoleic acid are key determinants
of first principal component, however, it
contradicts the results of Ahmadian et al., (2019),
who found that palmitic and stearic acid were
primary contributors to the first principal
component, while oleic and linoleic acid
dominated the second component. Moreover, a
strong negative correlation of linoleic acid with
saturated acids like palmitic, stearic and
arachidic acid was also explained by Hosni et al.,
(2022) through PCA.
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The second principal component (Dim.2)
explained 30.89% of the variation, and was
characterised by the high positive association for
palmitic acid (0.615) and stearic acid (0.734),
and a strong negative correlation for oil content (-
0.782). When compared with Dim.1, the Dim.2
represents an entirely different set of
combinations of variables of being positively or
negatively correlated with the trait, therefore,

57

51

0-

115 61 88

118 49
43

PC2 (30.9% explained var.)
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-
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capturing another significant dimension of the
data variation, and suggesting that ol
content is inversely related to saturated fatty
acids, thereby representing an additional layer of
biochemical differentiation among genotypes.
These findings align with the work of Chernova et
al., (2021), who identified the role of specific
saturated fatty acids in shaping genetic variation
in oil content.

31

13

% 495 20 0 B

118 45

44

N -
IS

PC1 (45.8% explained var.)

Fig. 1. Scatter-Plot between first principal component (Dim.1) and second principal component
(Dim.2)
where genotypes 1 to 7 are female inbred lines, in order stated in Table 1; genotypes 8 to 20 are male tester
lines, in order stated in Table 1, genotypes 21 to 111 are the hybrids crossed in Line x Tester fashion, starting

from 67A x HOHAL-17-1, 67A x HOHAL-2-P3

......... to......

103A x HOHAL-17-2; and genotype 112 = PSH

1962, genotype 113 = PSH 2080. PC1 = first principal component, PC 2 = second principal component, OC = oil
content, PA = palmitic acid, SA = stearic acid, OA = oleic acid and LA = linoleic acid.

Table 5. EIGEN values and variance of 5 principal components

Principal components Dim.1 Dim.2 Dim.3 Dim.4 Dim.5
Oil content 0.236 -0.782 0.490 0.305 -0.003
Palmitic acid -0.199 0.615 0.753 -0.119 0.011
Stearic acid 0.534 0.734 -0.111 0.405 0.007
Oleic acid 0.975 -0.122 0.013 -0.163 0.091
Linoleic acid -0.979 -0.034 -0.083 0.156 0.091
EIGEN value 2.290 1.545 0.827 0.322 0.017
variance (%) 45.802 30.890 16.541 6.431 0.335
cumulative variance (%) 45.802 76.693 93.234 99.665 100.000
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Fig. 2. Biplot between first principal component (dim.1) and second principal component
(dim.2)
where Dim1 = first principal component, Dim2 = second principal component, OC = oil content, PA = palmitic
acid, SA = stearic acid, OA = oleic acid and LA = linoleic acid

Together, the first two PCs capture about 77% of
the variance, while the third, fourth and fifth PCs
seem to have very little variability, confirming
their suitability for dimension reduction and trait
interpretation in sunflower genotypes. Therefore,
the result of this PCA highlighted the importance
of balancing unsaturated fatty acids for oil quality
improvement.

To further interpret the trait variation among
sunflower genotypes, the scatter plot analysis
and bi-plot analysis were done for the first two
principal components (Dim.1 and Dim.2), which
together accounted for 76.69% of the variance.
In the scatter plot (Fig. 1), each point represents
a genotype positioned according to its score on
Dim.1 and Dim.2. Genotypes located closer to
the origin have a low score for these
components., thereby they exhibit average closer
to the original variables, while those which are
positioned farther from the origin, demonstrate
the extreme values of trait expression.
Genotypes on the right side (positive Dim.1) area
are associated with higher oleic content and
lower linoleic acid levels, whereas those in the
left side of the plot (negative Dim.1) display
elevated linoleic acid levels but reduced oleic
acid content. Similarly, genotypes on the upper
end of the plot (positive Dim.2), tend to
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accumulate higher levels of palmitic and stearic
acids, while those in the lower half (negative
Dim.2) are characterized by lower oil content and
varied levels of other fatty acids. Similarly,
Zimmerman and Fick (1973) also explained that
a decrease in oleic acid content occurs with
increasing linoleic and palmitic acid content,
through this method.

The biplot analysis (Fig.2) provides a visual
contribution of the traits to the first two principal
components, through direction (arrow) and its
strength (color). The vector for oleic acid (OA) is
oriented strongly toward the right side, indicating
a high positive impact on the Dim.1, while linoleic
acid (LA) points leftward, reflecting a strong
negative association with this component.
Thereby, the antagonistic orientation reinforces
the well-established biochemically inverse
relationship of OA and LA in sunflower oil
biosynthesis. On the other hand, Oil content
displays a moderate negative vector along
Dim.2, and suggests an inverse association with
the saturated fatty acids (PA and SA). Both
palmitic acid (PA) and stearic acid (SA) have a
positive correlation with the second principal
component (Dim.2), and their proximity and
parallel orientation imply a shared pattern of
accumulation.
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Overall, the spatial distribution of the genotypes
and trait vectors in the biplot indicates the
multivariate structure of oil composition traits. It
helps to identify the genotypes with a favorable
high oleic acid and low linoleic acid profile, along
with desirable saturated acid combinations, thus
offering critical insights for strategic selection in
sunflower breeding programs aimed at quality
improvement.

4. CONCLUSION

This study elucidates the interrelationship among
phenological, morphological, yield, and quality
traits (oil content and fatty acid composition) in
sunflower by employing multivariate analysis in
113 genotypes. The correlation analysis
identified the importance of structural traits like
plant height, head diameter and biological yield
to be reliable indicators of advanced seed vyield
while addressing the trade-off with the oil quality.
Moreover, the correlation analysis of fatty acid
composition further underscored the importance
of the critical balance between oleic acid and
linoleic acid.

The principal component analysis (PCA)
identified the first two components to be highly
informative, capturing the eigenvalues of more
than one and covering the total variance of about
76.7%. It clearly highlighted the inverse
relationship between oleic acid and linoleic acid.
This integration of PCA and correlation analysis
provides a robust framework for characterising
genetic diversity and guiding targeted sunflower
breeding for yield and quality traits.
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