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ABSTRACT

A total of seventy-three sunflower genotypes were used for studying 
the variability parameters. The analysis of variance revealed significant 
differences among genotypes for all eight quantitative characters. Among 
the germplasm entries, high PCV and GCV were observed for head diameter 
and hundred seed weight. Present experiment revealed the phenotypic 
coefficient of variance was noticeably greater than the genotypic coefficient 
of variance, demonstrating the importance of environmental influences on 
the traits studied. Similarly, strong heritability and high genetic advance as a 
percentage of the mean were found for plant height, head diameter, hundred 
seed weight and seed yield per plant. Path coefficient analysis showed days 
to maturity, head diameter, hundred seed weight and oil content had a direct 
positive effect on seed yield per plant. Divergence analysis using principal 
component analysis (PCA) has been performed to effective determination of 
genetically distant parents, which could be used for hybridization programme. 
The PCA analysis generated 8 PCs and out of which, 3 PCs had more than 
one eigen value, cumulatively showing about 73.85 % of the total variation. 
The Biplot of the first two PCs shows the variation among individuals and the 
relation between traits studied.
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INTRODUCTION

Sunflower  (Helianthus annuus L)  is ranked fourth 
and the most crucial oilseed crop in the world after 
soybean, oil palm, rapeseed, and mustard. Sunflowers 
have become an essential and crucial oilseed crop in 
India due to their 30% contribution to the domestic 
edible oil yield, better adaptability, greater yield 
potential, high seed multiplication ratio, shorter 
crop duration, easier and cheaper cultivation. The 
sunflower seed is a rich source of protein, Vitamin E, 

and vital fatty acids (Neelima et.al., 2016). Further, 
unique characteristics such as light-coloured oil with 
mild flavour, low levels of saturated fatty acids, and the 
ability to withstand high cooking temperatures make 
sunflower oil a premier-quality oil for cooking and 
culinary purposes (Deshmuk et al., 2016). 

Sunflower crop improvement emphasizes the 
generation of new, high-yielding heterotic hybrids, 
which can be achieved by utilizing heterotic vigour 
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available in genetically dissimilar parental lines 
(Shamshad et al., 2014). Utilizing the variation present 
in the population is the chief criterion for any crop 
improvement programme. To obtain elite germplasm 
for use in successive breeding programmes, 
phenotypic selection for desirable traits with high 
genotypic coefficient of variation (GCV) and phenotypic 
coefficient of variation (PCV), high heritability, and high 
genetic advance is required. Selection based on yield is 
highly uncertain because it is complex, polygenic, and 
strongly influenced by environmental factors. For any 
crop to be improved, understanding the relationship 
between yield and other attributes is essential. 

Divergence analysis with principal component 
analysis has been shown to be advantageous for 
determining which genetically distant parents should 
be used for hybridization. The goal of sunflower 
breeding is to produce hybrids or cultivars with 
superior yields, high oil content, and better oil quality. 
To achieve this, the breeder must select parents 
with the highest genetic diversity and combining 
ability. Sunflower germplasm diversity is often 
investigated to determine crop variability, assess 
germplasm for breeding programmes, or identify 
variability in morphological and agronomic features  
(Vivek et al., 2023).

MATERIALS AND METHODS

The current study was conducted at the Department 
of Oilseeds, Tamil Nadu Agricultural University, 
Coimbatore, to characterize 66 sunflower genotypes 
and 7 checks. The evaluation and characterization of 
the genotypes were carried out in an augmented block 
design. Each entry was sown in two rows (3m length) 

with a spacing of 60cm x 30cm. All the recommended 
practices for better crop production were followed. 
Five plants were tagged from all entries to record 
biometric observations. The mean of five plants from 
every entry was used for statistical analysis. Eight yield 
contributing traits viz., days to fifty percent flowering, 
days to maturity, plant height, head diameter, hundred 
seed weight, volume weight/100 ml of seed, oil 
content and seed yield per plant were recorded for 
the estimation of mean, range, ANOVA, variability 
parameters, and path analysis which was done by the 
TNAU STAT software program (Manivannan, 2014). 
The classification for PCV and GCV was adopted from 
Sivasubramanian and Menon (1973), while that for 
heritability and genetic advance was adopted from 
Johnson et al. (1955). To assess genetic diversity 
among lines, principal component analysis (PCA) 
(Hotelling, 1936) was performed; statistical analyses 
were conducted in RStudio. 

RESULTS AND DISCUSSION

Analysis of variance was used to determine 
whether the collected data from all 66 genotypes 
were significant for all the attributes examined in 
this study. Therefore, it was also taken into account 
for the estimate of genetic advance, heritability, and 
genotypic and phenotypic variance. Table 1 provides 
estimates for the mean, range, standard deviation, 
standard error, and coefficient of variation. 

Variability studies: Among the germplasm entries, 
high PCV and GCV were observed for head diameter 
(29.33 and 28.93) and hundred-seed weight 
(30.19 and 28.67), respectively (Table 2). Similar 
findings were reported by Rani  et al. (2017) and  

Table 1: Minimum maximum range for quantitative traits associated with seed yield

TRAITS Mean
Range

SD SE CV (%)
Min Max

Days to 50% flowering (days) 57 49 69 3.54 0.44 6.24
Days to Maturity (days) 88 81 101 3.54 0.44 3.99
Plant height (cm) 134.09 61.5 186.2 27.90 3.43 20.81
Head diameter (cm) 10.38 5.6 18.1 3.04 0.37 29.33
Hundred Seed weight (g) 3.90 1.6 6.9 1.18 0.15 30.19
Volume weight /100ml (g) 32.90 24.7 43.6 4.01 0.49 12.18
Oil content (%) 32.83 26.6 41.7 2.92 0.36 8.91
Seed Yield /plant (g) 18.58 12.3 26.5 3.64 0.45 19.60

SD – Standard Deviation, SE – Standard Error, CV (%) - Coefficient of Variation
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Riaz  et al. (2019) for head diameter and  
Dudhe  et al. (2020) for hundred-seed weight. 
Moderate PCV and GCV were observed for volume 
weight (12.18 and 10.49) and seed yield per plant 
(19.60 and 17.16). These results are confirmatory 
with the findings of Neelima  et al.  (2016),  
Singh  et al.  (2019), and Varalakshmi  et al.  (2020). 
Low PCV and GCV were observed for days to 50% 
flowering (6.24 and 6.15), days to maturity (3.99 
and 3.89), and oil content (8.91 and 8.67). High PCV 
and moderate GCV were observed for plant height  
(20.81 and 19.77). In this study, the phenotypic 
coefficient of variance was noticeably greater than 
the genotypic coefficient of variance, demonstrating 
the importance of environmental influences on these 
characteristics.

In the germplasm, substantial heritability and 
high genetic advance as a percentage of mean were 
found for plant height (90.29 and 38.71), head 
diameter (97.28 and 58.78), hundred seed weight 
(90.16 and 56.08), and seed yield per plant (76.62 
and 30.94), Table 2. Results of Reddy and Nadaf 
(2014), Supriya et al. (2016), Rani et al. (2017), and 
Divya et al. (2019) are in line with the ones above for 
seed yield per plant and hundred seed weight. These 
findings clearly demonstrate that additive gene activity 
was responsible for the variance observed among the 
sunflower genotypes. High breeding value is directly 
connected with a high level of an additive gene effect. 
For the development of desired traits to be utilized in 
a breeding programme, selecting superior genotypes 
in an early generation is very useful. With a moderate 
genetic advance as a percentage of the mean, days to 
fifty percent flowering (97.21 and 12.50), volume weight 

(74.16 and 18.61), and oil content (94.68 and 17.37) 
demonstrated substantial heritability, indicating both 
additive and non-additive gene action governing these 
traits. Hence, this attribute has a negligible impact on 
the genotypes that can be chosen. High heritability and 
low genetic advance (94.93% and 7.80%, respectively) 
were observed for days to maturity. These outcomes 
are analogous to the findings of Neelima et al.  (2016), 
Singh et al. (2019), and Varalakshmi et al. (2020).

Path analysis: To select plants, Dewey and Lu 
(1959) used path coefficients to determine the type of 
correlation between the two variables. The contribution 
of various independent traits to dependent traits, both 
directly and indirectly, is measured by this coefficient. 
In this study, path coefficient analysis (Table 3) showed 
that days to maturity (0.588), head diameter (0.897), 
hundred seed weight (0.031), and oil content (0.008) 
had a direct positive effect on seed yield per plant. These 
outcomes are consistent with the findings of Pandya et 
al.   (2015). There was a direct negative impact on 
seed yield for days to 50% flowering (-0.540), plant 
height (-0.088), and volume weight (-0.015). Days to 
50% flowering, plant height, head diameter, hundred-
seed weight, volume weight, and oil content had an 
indirect positive effect on seed yield through days to 
maturity. Reavanth et al, (2022), Kamalnathu et al., 
(2022) and Rani et al.,  (2016) had similar moderate 
adverse effects  via  days to fifty percent flowering. 
An indirect significant effect of head diameter on 
seed yield per plant through days to fifty percent 
flowering, days to maturity, plant height, hundred seed 
weight, and oil content was observed. The same was 
reported by Pandya et al., (2015), Rani et al., (2016),  
Baraiya et al., (2018) and Sasikala et al., (2020),

Table 2: Variance estimates of yield and its contributing traits in Sunflower

TRAITS σ2p σ2g PCV (%) GCV (%) h2 (%) GAM (%)
Days to 50% flowering (days) 12.52 12.17 6.24 6.15 97.21 12.50
Days to Maturity (days) 12.52 11.89 3.99 3.89 94.93 7.80
Plant height (cm) 778.68 703.10 20.81 19.77 90.29 38.71
Head diameter (cm) 9.27 9.01 29.33 28.93 97.28 58.78
Hundred Seed weight (g) 1.39 1.25 30.19 28.67 90.16 56.08
Volume weight /100ml (g) 16.05 11.91 12.18 10.49 74.16 18.61
Oil content (%) 8.55 8.09 8.91 8.67 94.68 17.37
Seed Yield /plant (g) 13.26 10.16 19.60 17.16 76.62 30.94

σ2p – Phenotypic variance, σ2g – genotypic variance, PCV (%) - Phenotypic coefficient of variation;GCV (%) - 
Genotypic Coefficient of variation; h2 (%) – heritability; GAM (%) – Genetic Advance as percent of mean
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Principal Component Analysis: PCA analysis is 
a multivariate technique used for the identification 
of genetic diversity; through the reduction of a large 
number of variables present in the data set, as well 
as the resulting data set, which includes almost all 
the information from a large set. Eight PCs, equal 
to the number of traits, were obtained from PCA  
(Table 4). Three out of eight PCs exhibited more than 
one eigen value and accounted for about 73.85% of 
the total variation. A similar wider divergence was 
observed by Shamshad et al. (2014), Deshmukh et al. 
(2016), and Naik et al. (2018). PC1 had the highest 
variability (35.21%), followed by PC2 (23.01%) and PC3 
(15.63%) for the traits under study. In PC2 and PC3, 
hundred seed weight, volume weight, and oil content 

Table 3. Path coefficient analysis indicating direct and indirect effects of characters on seed yield 
in Sunflower

Traits DFF DM PH HD HSW VW OC Correlation for 
SYPP

DFF -0.540 0.583 -0.025 0.066 0.011 -0.001 0.001 0.095
DM -0.535 0.588 -0.023 0.062 0.011 -0.001 0.001 0.103
PH -0.155 0.153 -0.088 0.445 0.011 -0.002 -0.001    0.363**
HD -0.040 0.041 -0.044 0.897 0.010 0.002 0.002    0.867**

HSW -0.200 0.212 -0.030 0.278 0.031 -0.003 0.001  0.288*
VW -0.037 0.034 -0.011 -0.115 0.007 -0.015 0.002 -0.135
OC -0.084 0.096 0.008 0.171 0.004 -0.004 0.008 0.198

** - Significance at 1% level; * - Significance at 5% level.

DFF- Days to fifty percent flowering; DM- Days to maturity; PH-Plant height (cm); HD- Head Diameter (cm); HSW-
Hundred seed weight (gm); VW- Volume weight per 100 ml; OC- Oil Content (%); SYPP- Seed yield per plant (gm)

Table 4. Principle component analysis of sunflower genotypes

PC1 PC2 PC 3 PC 4 PC 5 PC 6 PC 7 PC 8
Eigen values 2.82 1.84 1.25 0.99 0.78 0.60 0.34 0.09
Variance percentage 35.21 23.01 15.63 12.39 7.70 4.56 1.41 0.09
Cumulative percentage 35.21 58.22 73.85 86.23 93.93 98.49 99.91 100
Traits
Days to 50% flowering -0.420 0.465 -0.226 0.158 0.11 0.113 -0.06 -0.709
Days to maturity -0.417 0.463 -0.224 0.189 0.098 0.141 -0.023 0.704
Plant height -0.383 -0.144 -0.122 -0.548 0.46 -0.516 0.198 0.022
Head diameter -0.401 -0.504 0.014 0.091 0.073 0.118 -0.746 0.016
Hundred seed weight -0.393 0.068 0.151 -0.295 -0.835 -0.184 0.021 0.003
Volume weight -0.075 0.238 0.674 -0.445 0.226 0.48 -0.064 0.004
Oil content -0.179 0.055 0.638 0.551 0.118 -0.485 0.073 -0.003
Seed yield /plant -0.387 -0.480 0.015 0.205 -0.007 0.433 0.624 -0.03

showed positive values, indicating they contribute to 
the high variation in those components. The present 
findings align with several studies (Chandirakala and 
Manivannan, 2014; Naik  et al., 2018; Neelima  et 
al., 2016). The biplot showed that variables and 
genotypes are superimposed on the plot as vectors  
(Fig. 1 & 2).   The biplot shows that the days to 50% 
flowering, days to maturity, hundred-seed weight, and 
seed yield per plant vectors overlap, indicating they 
are highly correlated.

CONCLUSION

To conclude, the present variability studies among 
sunflower genotypes showed that the characters head 
diameter and hundred-seed weight have high PCV and 
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CCoonncclluussiioonn  

To conclude, the present variability studies among sunflower genotypes showed that the characters 
head diameter and hundred-seed weight have high PCV and GCV, along with high heritability and genetic 
advance as a percent of the mean. Therefore, selection based on the above traits can be effective for choosing 
parental lines for a hybridization programme to generate superior heterotic hybrids. Based on the path 
coefficient analysis results, days to maturity, head diameter, hundred seed weight, and oil content had high or 
moderate direct effects on seed yield. Similarly, principle component analysis showed that 3 out of 8 PCs 
accounted for 73.85% of the total variation, and the days to 50% flowering, days to maturity, hundred seed 
weight, and seed yield per plant vectors are overlapping, indicating they are highly correlated. Hence, selecting 
superior genotypes based on these traits would be useful for improving seed yield in sunflower. 
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Fig. 2. PCA variables of Sunflower genotypes for the eight principal components

Fig 1. PCA biplot of sunflower genotypes

GCV, along with high heritability and genetic advance 
as a percent of the mean. Therefore, selection based 
on the above traits can be effective for choosing 
parental lines for a hybridization programme to 
generate superior heterotic hybrids. Based on the path 
coefficient analysis results, days to maturity, head 
diameter, hundred seed weight, and oil content had 
high or moderate direct effects on seed yield. Similarly, 
principle component analysis showed that 3 out of 8 

PCs accounted for 73.85% of the total variation, and 
the days to 50% flowering, days to maturity, hundred 
seed weight, and seed yield per plant vectors are 
overlapping, indicating they are highly correlated. 
Hence, selecting superior genotypes based on these 
traits would be useful for improving seed yield in 
sunflower.



Madras Agric.J.,2025; https://doi.org/10.29321/MAJ.10.901267                           

112| 10-12 |170

ACKNOWLEDGMENT:

The authors would like to thank the Director, IIOR, 
Hyderabad, for providing sunflower plant genetic 
resources through the AICRP-Sunflower programme.

Ethics Statement: 

The author declares that the study is actual and 
novel in its interpretations.

Competing Interests 

The authors declare that they do not have any 
conflict of interest

Author’s Contribution

Conceptualization and designing of the research 
work: R.Sasikala

Execution of field /lab experiments and data 
collection: R.Sasikala

Analysis of data and interpretation: V.Santhiya and 
D.Susmitha

Preparation of manuscript and finalization: 
V.Santhiya, R.Sasikala, and T.Kalaimagal

Abbreviations

PCV: Phenotypic coefficient of variation

GCV: Genotypic Coefficient of variation

GCA: Genetic Advance as a percent of the mean

PCA: Principal Component Analysis

REFERENCES

Baraiya, V.K., Jagtap, P. K., Sangani, J.L and Malviya, A. V. 
2018. Correlation and path analysis in sunflower 
(Helianthus annuus L.). J. pharmacogn. 
Phytochem. 7(5): 2730-2732. https//:doi.
org/10.22271/phyto.2018.v7.i5d.100646.  

Chandirakala, R.  and Manivannan,  N.  2014.  Genetic 
diversity among sunflower genotypes. Electron. 
J. Plant Breed., 5(3): 577-580. https://doi.
org/10.56739/jor.v33i4.137874

Deshmukh, G.A., Vaidya, E.R., Thakare, I.S and Mohod, 
S.B. 2016. Genetic diversity study in interspecific 
inbreds of Sunflower. Electron. J. Plant Breed. 
7(2): 401-407. https//:doi.org/10.5958/0975-
928X.2016.00049.1.  

Dewey, D.R. and Lu, K. (1959). “A Correlation and Path‐
Coefficient Analysis of Components of Crested 
Wheatgrass Seed Production 1.”Agronomy 
journal. 51 (9): 515-518. https://doi.org/10.2134/
agronj1959.00021962005100090002x

Divya, S., Kalaimagal, T., Manonmani, S and Rajendran, 
L. 2019. Genetic analysis of variability, heritability  
and  genetic  advance  in  F3  populations  of  
sunflower  (Helianthus  annuus  L.). Electron. 
J. Plant Breed., 10(2): 761-765. https://doi.
org/ 10.5958/0975-928X.2019.00100.5

Dudhe, M.Y., Mulpuri, S., Meena, H.P, Ajjanavara, 
R.R., Kodeboyina,V.S and Adala, V.R. 2020. 
Genetic variability, diversity and identification 
of trait- specific accessions from the conserved 
sunflower germplasm for exploitation in the 
breeding programme. Agric. Res.  9(1): 9-22. 
https://doi.org/10.1007/S40003-019-00406-W. 

Hotelling, H. 1936. Simplified calculation of principal 
components. Psychometrika, 1(1):27-35. https://
doi.org/10.1007/BF02287921

Johnson, H.W., Robinson, H.F. and Comstock, R.E. 
1955. Estimates of genetic and environmental 
variability in soybeans. Agron J., 47(7): 314-318. 
https://doi.org/10.2134/agronj1955.0002196200
4700070009x

Kamalnathu, T., Manivannan, N., Sasikala, R and 
Marimuthu, S. 2022. Selection indices for 
oil content and oil yield improvement in low 
and high oleic acid content populations in 
sunflower (Helianthus annuus L.).  Electron. 
J. Plant Breed., 13(2): 584-589. https://doi.
org/10.37992/2022.1302.076

Manivannan, N. 2014. TNAUSTAT-Statistical package. 
Retrived from (https://sites. google. com/site/
tnaustat)

Naik, G.H., Ghodke, M.K and Chavan, T.A. 2018. Genetic 
diversity analysis in multihead inbred lines of 
sunflower (Helianthus annuusL.). Int. J. Curr. 
Microbiol. App. Sci., 7(10): 324-329. https://doi.
org/10.20546/ijcmas.2018.710.034

Neelima, S., Kumar, K.A., Venkataramanamma, K 
and Padmalatha, Y. 2016. Genetic variability 
and genetic diversity in sunflower. Electron. 
J. Plant Breed. 7(3): 703-707. https://doi.
org/10.5958/0975-928X.2016.00090.9

Pandya, M.M, Patel,.P.B and Narwade,V. 2015. A study 
on correlation and path analysis for seed yield 
and yield components in sunflower [Helianthus 
annuus (L.)].  Electron. J. Plant Breed., 6(2): 
540-545. https://doi.org/10.5555/20153279366. 

Rani, R., Sheoran, R.K and Sharma, B. 2017. Studies 
on variability, heritability 
and genetic advance 

https://doi.org/10.56739/jor.v33i4.137874
https://doi.org/10.56739/jor.v33i4.137874
https://doi.org/10.2134/agronj1959.00021962005100090002x
https://doi.org/10.2134/agronj1959.00021962005100090002x
https://doi.org/10.5958/0975-928X.2019.00100.5
https://doi.org/10.1007/BF02287921
https://doi.org/10.1007/BF02287921
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.37992/2022.1302.076
https://doi.org/10.37992/2022.1302.076


Madras Agric.J.,2025; https://doi.org/10.29321/MAJ.10.901267                           

112| 10-12 |171

for quantitative traits in sunflower (Helianthus 
annuus L.) genotypes.  Res. Environ. Life Sci, 
10(6): 491-493. https://doi.org/10.5958/0974-
4107.2017.00166.3,

Reavanth, T., Manivannan, N., Sasikala, R and Rajendran, 
L. 2022. Genetic Variability and Association 
Analysis for Yield and Its Component Traits 
in Sunflower (Helianthus annuus L.).  J.Curr.
CropSci.Technol.109 (10-12):1-10. https://doi.
org/10.29321/MAJ.10.000707

Reddy, V.R.P and  Nadaf,  H.L.  2014.  Genetic Variability 
and Diversity Studies in Sunflower (Helianthus 
annuus L.). Ann. Biol., 30(2): 299-302.file:///C:/
Users/new/ Downloads/ Genetic _variability_
and_diversity_studies_in_sunfl%20(1).pdf

Riaz, A., Tahir, M.H.N, Rizwan, M., Fiaz, S., Chachar, 
S., Razzaq, K., Riaz, B and Sadia, H. 2019. 
Developing a selection criterion using correlation 
and path coefficient analysis in sunflower 
(Helianthus annuus L.). Helia, 42(70): 85-99. 
https://doi.org /10.1515/helia-2017-0031

Shamshad,  M.,  Dhillon,  S .K.,  Tyagi,  V  and Akhatar, 
J. 2014. Assessment of genetic diversity in 
sunflower (Helianthus annuus L.) germplasm. Int. 
J. Agric. Food Sci. Tech, 5(4): 824-827. https://
www.researchgate.net/publication/305264816_ 
Assessment_o f_Genet ic_Divers i t y_ in_
Sunflower_Helianthus_annuus_L_Germplasm

Singh, V.K., Sheoran, R.K., Chander, S and Sharma, 
B. 2019. Genetic variability, evaluation and 
characterization of sunflower (Helianthus annuus  
L.) germplasm.  Bangladesh J. Bot, 48(2): 253-
263. https://doi.org /10.3329/bjb.v48i2.47547

Sivasubramanyam, M.S. and Menon, M.P. 1973. Path 
analysis of yield components in rice. Madras Agric. 
Jl. 60(9/12): 1217-1221. https://masujournal.org/
view_archive_journal.php?id=5313&source=tbl_
archive website or a university library system. 

Sasikala,R., Raiza Christina, G. Sahithi Reddy, P., 
Viswanathan, PL. and Manonmani, S.2020. 
Multivariate analysis in sunflower genotypes 
for yield associated traits. Electron. J. Plant 
Breed.,   11 (4): 1116-1119. https://doi.
org/10.37992/2020.1104.180.

Supriya,  S .M.,  Kulkarni,  V.V., Lokesha,  R  and  
Govindappa,  M.R. 2016.  Genetic variability 
studies for yield and yield components in 
sunflower (Helianthus annuus L.). Electron. 
J. Plant Breed, 7(3): 737-741. https://doi.
org/10.5958/0975-928X.2016.00096.X

Varalakshmi,  K.,  Neelima,  S.,  Reddy,  R.N and 
Sreenivasulu, K.N. 2020.  Genetic variability 
studies for yield and its component traits in newly 
developed sunflower (Helianthus annuus L.) 
hybrids. Electron. J. Plant Breed., 11(01): 301-
305. https://doi.org/10.33545/26174693.2020.
v11.i01.301, 

Vivek, M., Sasikala, R., Thangaraj, K., Harish, S and 
Sudha, M. 2023. Exploring the genetic variability 
and association for yield and its integrant traits 
in sunflower (Helianthus annuus L.). Electron. 
J. Plant Breed.14(3): 1090 – 1096. https://doi.
org/10.37992/2023.1403.123

https://doi.org/10.29321/MAJ.10.000707
https://doi.org/10.29321/MAJ.10.000707
file:///C:/Users/DPT/Downloads/New%20folder%20_M/Dec-25/Indesign/../../../../../../new/
file:///C:/Users/DPT/Downloads/New%20folder%20_M/Dec-25/Indesign/../../../../../../new/
https://doi.org/10.1515/helia-2017-0031?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://www.researchgate.net/publication/305264816_
https://www.researchgate.net/publication/305264816_
https://doi.org/10.37992/2023.1403.123
https://doi.org/10.37992/2023.1403.123

