Understanding the Contribution of Yield Components in Sunflower (Helianthus annuus L.) through Correlation and Path Coefficient Analysis


ABSTRACT
Sunflower (Helianthus annuus L.) is a vital oilseed crop valued for its high content of polyunsaturated fatty acids, particularly linoleic and oleic acids, which contribute to cardiovascular health by lowering cholesterol levels. The present investigation aimed to evaluate 22 hybrids (20 experimental hybrids and 2 standard checks), along with their parental lines, to assess trait interrelationship and identify key attributes for enhancing seed yield. The study was conducted during the Kharif-2022 at the Oilseeds Research Station, Latur, VNMKV. Correlation analysis revealed that seed yield exhibited significant and positive associations with plant height, test weight, head diameter, volume weight, and oil content, while hull content showed a negative correlation with seed yield. Path coefficient analysis indicated that plant height, head diameter, and volume weight showed the highest positive direct impact on seed yield. Additionally, test weight and head diameter exhibited strong and significant positive indirect effects on seed yield via plant height. These findings suggest that the selection of traits like plant height, head diameter, test weight, and volume weight can improve the sunflower yield.
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1. INTRODUCTION
Sunflower (Helianthus annuus L.) is a day-neutral plant capable of growing in all three cropping seasons, and its chromosome number: 2n = 34 (Balogh, 2008). It belongs to the family “Asteraceae’ and has emerged as the fourth most important oilseed crop globally (Radanović et al., 2018), contributing significantly to the global supply of edible oil. The oil content in sunflower seeds ranges from 40-52% ( Divya et al., 2019). The crop is known by various local names viz., “Surajmukhi” in Hindi, “Suryafool” in Marathi, and “Poddutiruguḍu Puvvu” in Telugu. Sunflower is mainly cultivated for two primary purposes: oilseed production and confectionery use. India remains one of the largest importers of edible oils globally. In the year 2020-21, the country imported approximately 133.52 lakh tonnes of edible oils, amounting to a cost of around ₹80,000 crores. Among these imports, palm oil constituted about 56%, followed by soybean oil at 27%, and sunflower oil at 16% (USDA, 2022). Sunflower oil is particularly valued for its high content of polyunsaturated fatty acids, such as linoleic (64 %) and oleic acids (25-30%), which are beneficial for cardiovascular health due to their cholesterol-lowering properties (Gholizadeh et al., 2018, 2019). Seed yield remains the primary objective in sunflower breeding programs and is strongly influenced by environmental factors. Yield improvement can be achieved by selecting for key yield-contributing traits such as plant height (Hladni et al., 2004), head diameter, seed weight and seed number per capitulum (Göksoy and Turan, 2007). In this context, correlation studies aid in the selection of traits that are positively associated with yield, while also identifying and managing the negative influences of certain traits. Path analysis further supports this by partitioning the correlation coefficients into direct and indirect effects. The current study aims to help in the selection of positively associated traits with yield via correlation and path analysis.

2. MATERIALS AND METHODS
The present investigation was undertaken to identify key traits contributing to yield improvement by selecting desirable characters that exhibit positive associations with seed yield. A total of 31 genotypes were evaluated, comprising 22 hybrids (including 20 test hybrids and 2 standard checks) along with their parental lines- four female lines and five male testers. The 20 hybrids were developed through a Line × Tester mating design during the Rabi season of 2021–22 at the Oilseeds Research Station, Latur, VNMKV. All entries were evaluated in a randomized block design (RBD) with two replications during the Kharif season of 2022, maintaining a spacing of 60 cm between rows and 30 cm between plants. Standard agronomic practices were followed throughout the crop growth period to ensure a healthy crop stand. The traits recorded included plant height, head diameter, days to 50% flowering, hull content (%), days to maturity, oil content (%), volume weight (g/100 ml), test weight (g), and seed yield per plant (g). Volume weight was taken by filling of seeds from each line up to 100ml of 500ml measuring cylinder, and these seeds were measured on a weighing balance. Oil content was estimated using the Nuclear Magnetic Resonance (NMR) technique. Test weight was determined by weighing 100 randomly selected seeds. Hull content (%) was calculated as the ratio of hull weight to the total weight of seeds used, with hull weight obtained by manually separating hulls from the seeds. Both the genotypic and phenotypic correlation coefficients were calculated as per the formula suggested by Al Jibouri et al. (1958). The path coefficient analysis was performed by a method described by Dewey and Lu (1959). 
3. RESULTS AND DISCUSSION
3.1. Correlation analysis
The correlation analysis is used to determine the association between two variables, the results were presented in Table1. At genotypic level, the traits like, test weight (G = 0.962), plant height (G = 0.9325), head diameter (G = 0.9023) (Naik and Ghodke, 2021), volume weight (G = 0.6182) and oil content (G = 0.5817) were exhibited the significant and positive association with seed yield pe plant (Anandhan et al., 2010; Reavanth et al., 2022; Sreedhar et al., 2011). And it also negative and significant correlated with hull content (G =  ̵ 0.6266) and days to 50 percent flowering (G = -0.3165) at phenotypic level. Seed yield had positive and significant association with head diameter (P = 0.8424) (Kholghi et al., 2011, Sincik and Goksoy, 2014), plant height (P = 0.8034) (Yasin and Singh, 2010), test weight (P = 0.7660), oil content (P = 0.5491) and volume weight (P = 0.5056) at phenotypic levels. Days to 50 percent flowering showed negative phenotypic correlation with seed yield (P =  ̵ 0.2018). Similar type of results obtained by Lakshman et al., 2021. When it comes to oil content (%), it showed significant and positively correlated with volume weight (G = 0.7415), test weight (G = 0.7139), head diameter (G = 0.6093) (Hassan et al., 2013) and plant height (G = 0.4601) (Shankar et al., 2024) at genotypic level, and it also significant at phenotypic levels with test weight (P = 0.6123), volume weight (P = 0.5823), head diameter (P = 0.5535) and plant height (P = 0.3840). Days to 50 percent flowering (G =  ̵ 0.7496, P =  ̵ 0.5075) and hull content (G =  ̵ 0.7146, P =  ̵ 0.6506) were demonstrates highly significant and negatively association with oil content at both the genotypic and phenotypic levels (Latif et al., 2024). Days to maturity (G =  ̵ 0.2303, P =  ̵ 0.1837) was also showed negative relationship with oil content at both genotypic and phenotypic levels but non-significant.
The interrelationship among the yield component traits revealed that the plant height was showed highly significant and positive with head diameter (G = 0.8285, P = 0.6986), test weight (G = 0.8012, P = 0.5419) and volume weight (G = 0.4797, P = 0.3318) at both genotypic and phenotypic levels (Radić et al., 2021; Delen et al., 2024), and it was negative and significant with hull content (G =  ̵ 0.4935, P =  ̵ 0.3952) (Neelima et al., 2021). At the both genotypic and phenotypic levels, the test weight (G = 8093, P = 6718) and volume weight (G = 0.6826, P = 0.5031) were positive and highly significant relationship with head diameter (Neelima et al., 2021). Hull content (G =  ̵ 0.5041, P =  ̵ 4293) was negative and highly significant relationship with volume weight at both the levels of correlation i.e., genotypic and phenotypic. Test weight was negative and significant correlation at genotypic level with hull content (G =  ̵  0.8079, P =  ̵  0.6193) (Neelima et al., 2021) and days to 50 percent flowering (G =  ̵ 0.5078, P =  ̵ 0.4039), and it exhibits significant and positive relationship with volume weight (G = 0.6178, P = 0.4766). Days to 50 percent flowering showed positive and significant association with hull content (G = 0.7460, P = 0.4261) and days to maturity (G = 0.5156, P = 0.5592), and it also exhibits significant and highly negative relationship with volume weight (G =  ̵ 0.6603, P =  ̵ 05245) and negatively non-significant with head diameter (G =  ̵ 0.3454, P =  ̵ 0.1667) at the both genotypic and phenotypic levels, and it had negative relationship with plant height (G =  ̵ 0.2015) but at genotypic only. Days to maturity had significant and positive correlation with hull content (G = 4402, P = 0.2840) and it was positive and non-significantly correlated with plant height (G = 0.0607, P = 0.1608).











Table 1: Estimates of genotypic (G) and phenotypic (P) correlation for yield and yield contributing traits in sunflower
	Sr No.
	Characters
	
	DFF
	DM
	Plant height
	Head diameter
	Test weight
	Volume weight
	Hull content
	Oil content
	SYPP

	1.
	DFF
	rg
	1.000
	0.5152**
	-0.2015
	-0.3454
	-0.5078
	-0.6603
	0.7460
	-0.7496
	-0.3165*

	
	
	rp
	1.000
	0.5592**
	0.0527
	-0.1667
	-0.4039 **
	-0.5245 **
	0.4261 **
	-0.5075 **
	-0.2018

	2.
	DM
	rg
	
	1.000
	0.0607
	-0.0008
	-0.0876
	-0.1178
	0.4402
	-0.2303
	-0.0136

	
	
	rp
	
	1.000
	0.1608
	0.0568
	-0.0705
	-0.1021
	0.2840 *
	-0.1837
	-0.0017

	3.
	Plant height
	rg
	
	
	1.000
	0.8285**
	0.8012**
	0.4797**
	-0.4935**
	0.4601**
	0.9325**

	
	
	rp
	
	
	1.000
	0.6986 **
	0.5419 **
	0.3318 **
	-0.3952 **
	0.3840 **
	0.8034**

	4.
	Head diameter
	rg
	
	
	
	1.000
	0.8093**
	0.6826**
	-0.6743**
	0.6093**
	0.9023**

	
	
	rp
	
	
	
	1.000
	0.6718 **
	0.5031 **
	-0.5335 **
	0.5535 **
	0.8424**

	5.
	Test weight
	rg
	
	
	
	
	1.000
	0.6178**
	-0.8079**
	0.7139
	0.9620**

	
	
	rp
	
	
	
	
	1.000
	0.4766 **
	-0.6193 **
	0.6123 **
	0.7660**

	6.
	Volume weight
	rg
	
	
	
	
	
	1.000
	-0.5041
	0.7415
	0.6182**

	
	
	rp
	
	
	
	
	
	1.000
	-0.4293 **
	0.5823 **
	0.5056**

	7.
	Hull content
	rg
	
	
	
	
	
	
	1.000
	-0.7146**
	-0.6266**

	
	
	rp
	
	
	
	
	
	
	1.000
	-0.6506 **
	-0.5436**

	8.
	Oil content
	rg
	
	
	
	
	
	
	
	1.000
	0.5817**

	
	
	rp
	
	
	
	
	
	
	
	1.000
	0.5491**

	9.
	SYPP
	rg
	
	
	
	
	
	
	
	
	1.000

	
	
	rp
	
	
	
	
	
	
	
	
	1.000


*Indicates significant at 5% level, ** indicates significance at 1% level 
DFF: days to 50 percent flowering; DM: days to maturity; SYPP: seed yield per plant
Table 2. Genotypic path for yield and yield components in sunflower
	Characters
	DFF
	DM
	Plant height
	Head diameter
	Test weight
	Volume weight
	Hull content
	Oil content
	Seed yield per plant

	DFF
	-0.7379
	-0.3801
	0.1487
	0.2548
	0.3747
	0.4872
	-0.5505
	0.5531
	-0.3165

	DM
	-0.1581
	-0.3069
	-0.0186
	0.0003
	0.0269
	0.0362
	-0.1351
	0.0707
	-0.0136

	PH
	0.0945
	-0.0285
	-0.4691
	-0.3887
	-0.3758
	-0.2250
	0.2315
	-0.2158
	0.9325

	HD
	-0.4444
	-0.0011
	1.0662
	1.2868
	1.0414
	0.8783
	-0.8677
	0.7841
	0.9023

	TW
	-0.9194
	-0.1585
	1.4506
	1.4653
	1.8106
	1.1186
	-1.4628
	1.2927
	0.9620

	VW
	0.4531
	0.0809
	-0.3292
	-0.4684
	-0.4240
	-0.6863
	0.3460
	-0.5089
	0.6182

	HC (%)
	1.2437
	0.7339
	-0.8227
	-1.1242
	-1.3469
	-0.8404
	1.6672
	-1.1914
	-0.6266

	OC (%)
	0.1520
	0.0467
	-0.0933
	-0.1236
	-0.1448
	-0.1504
	0.1449
	-0.2028
	0.5817


Residual effect: 0.3413
Table 3. Phenotypic path for yield and yield components in sunflower
	Characters
	DFF
	DM
	Plant height
	Head diameter
	Test weight
	Volume weight
	Hull content
	Oil content
	Seed yield per plant

	DFF
	0.0303
	0.0170
	0.0016
	-0.0051
	-0.0123
	-0.0159
	0.0129
	-0.0154
	-0.2018

	DM
	-0.0456	-
	0.0816
	-0.0131
	-0.0046
	0.0058
	0.0083
	-0.0232
	0.0150
	-0.0017

	PH
	0.0205
	0.0625
	0.3886
	0.2715
	0.2106
	0.1289
	-0.1536
	0.1492
	0.8034

	HD
	-0.0590
	0.0201
	0.2473
	0.3540
	0.2378
	0.1781
	-0.1889
	0.1960
	0.8424

	TW
	-0.1263
	-0.0221
	0.1695
	0.2101
	0.3127
	0.1491
	-0.1937
	0.1915
	0.7660

	VW
	-0.0405
	-0.0079
	0.0256
	0.0388
	0.0368
	0.0772
	-0.0331
	0.0449
	0.5056

	HC (%)
	0.0111
	0.0074
	-0.0103
	-0.0139
	-0.0161
	-0.0111
	0.0260
	-0.0169
	-0.5436

	OC (%)
	0.0077
	0.0028
	-0.0059
	-0.0084
	-0.0093
	-0.0089
	0.0099
	-0.0153
	0.5491


Residual effect: 0.3734
3.2. Path coefficient analysis
In correlation analysis, two variables are correlated either negatively or positively.  Dewey and Lu (1959) used path analysis for portioning of correlation coefficient into direct and indirect effects. Thus, it is used to estimate the direct and indirect associations among different attributes. The direct effect of the genotypic path coefficient value is higher for most of the characters compared to the phenotypic path coefficient value, it indicates that there is less influence of the environment on traits to be expressed. The genotypic and phenotypic path coefficient analysis were presented in Table 3 and Table 4, respectively. The test weight (G = 1.8106) followed by hull content (G =1.6672) and head diameter (G = 1.2868) were showed highest positive direct effect on seed yield per plant (G = 0.5817) in genotypic path coefficient analysis (Gorgieva et al., 2015; Hassan et al., 2013; Jocković et al.,2015). These traits also showed positive and high direct effects on oil content along with seed yield per plant (G = 0.5817). These results were corroborated with Hamdalla and Alik, 2011; Patil, 2011; Sreedhar et al., 2011; Lagiso et al., 2021.There is also some traits like days to 50 percent flowering (G =  ̵ 0.7379) (Lagiso et al., 2021; Neelima et al., 2021) followed by volume weight (G =  ̵ 0.6863), plant height (G =  ̵ 0.4691), days to maturity (G =  ̵ 0.3069) and oil content (G =  ̵ 0.2028). These results were matched with some other findings of Sanju et al., (2018), Prabhakaran et al., (2013). In phenotypic path coefficient analysis plant height (P = 0.3886) followed by head diameter (P = 0.3540) and test weight (P = 0.3127) showed the highest positive direct effect on seed yield (P = 0.5491). There were some traits showed negligible direct effect.
[image: ]Even the hull content was exhibited high and negatively significant correlation with seed yield, it showed the highest positive indirect effect via days to 50 percent flowering (G = 1.2437) and days to maturity (G = 0.7339). The oil content showed the low positive indirect effect via hull content (G = 0.1449), days to 50 percent flowering (G = 0.1520). Test weight demonstrated the highest positive indirect effect on seed yield via plant height (G = 1.4506, P = 0.1695), head diameter (G = 1.4653, P = 0.2101), oil content (G = 1.2927, P = 0.1915) and volume weight (G = 1.1181, P = 0.1491). The traits like days to 50 percent flowering exhibited high positive indirect effects via oil content (G = 0.5531), volume weight (G = 0.4872), test weight (G = 0.3747) and low positive indirect effect via head diameter (G = 0.2548) and plant height (G = 0.1487). Plant height exhibited the positive indirect effect via volume weight (P = 0.1289), oil content (P = 0.1492), test weight (P = 0.2106) and head diameter (P = 2715) at phenotypic path coefficient analysis (Sreedhar et al., 2011; Pandya et al., 2016). Days to maturity (P = -0.1351), Plant height (P = -0.1536), test weight (P = -0.1937) were showed negative indirect effect on seed yield via hull content in phenotypic path coefficient analysis. And other traits showed the negligible positive direct or indirect effects.(Fig:1). 
Figure 1.  Phenotypic path coefficient analysis shows how the yield component traits impact seed yield, either directly or indirectly.


4.CONCLUSION
In this investigation, it is revealed that the plant height, test weight, head diameter, volume weight and oil content were exhibited high and positively significant association with seed yield per plant. Hull content was showed high and negatively correlated with seed yield. Path coefficient analysis indicated that plant height, head diameter and volume weight showed the highest positive direct impact on seed yield per plant. Test weight and head diameter also showed high and significant positive indirect effect on seed yield through plant height. Selection of the traits like plant height, head diameter, test weight and volume weight can improve the seed yield.
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