Character Association and Path Coefficient Analysis for Yield, Yield Attributing and Oil Content Traits in Sesame (Sesamum indicum L.) Germplasm




Abstract
The present study was conducted to assess character association and direct and indirect effects of yield-attributing traits on seed yield in sesame (Sesamum indicum L.) germplasm. Fifty-one sesame genotypes, including three standard checks, were evaluated during the kharif season of 2024 using a randomized block design with three replications. Observations were recorded on twelve quantitative traits: days to 50% flowering, days to maturity, plant height, number of primary branches per plant, number of clusters per plant, cluster length, number of seeds per cluster, test seed weight, biological yield per plant, harvest index, seed yield per plant, and oil content. Correlation analysis indicated that seed yield per plant had positive associations with harvest index, biological yield per plant, number of clusters per plant, plant height, test seed weight, and number of seeds per cluster. Days to 50% flowering and days to maturity showed negative associations with several yield-related traits, suggesting the possible usefulness of early flowering and early maturing genotypes under the studied conditions. Path coefficient analysis showed that harvest index had the highest positive direct effect on seed yield, followed by biological yield per plant, days to maturity, number of clusters per plant, test seed weight, and plant height. The indirect effects observed through biological yield and harvest index indicated the importance of biomass production and assimilate partitioning in yield determination. The results suggest that harvest index, biological yield per plant, number of clusters per plant, plant height, and test seed weight may be useful selection criteria for improving seed yield in sesame breeding programmes.	Comment by user: Write in italics….
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INTRODUCTION
Sesame (Sesamum indicum L.) is a diploid oilseed crop (2n = 2x = 26) belonging to the family Pedaliaceae and is considered one of the earliest oilseed species domesticated by humans. The crop is extensively cultivated across tropical and subtropical regions worldwide owing to its high-quality edible oil and broad adaptability. Although Africa is widely regarded as the primary centre of origin of sesame, India is recognized as a major centre of genetic diversity for the crop.	Comment by user: This sentence may be placed here…….
Sesame oil is characterized by a high proportion of unsaturated fatty acids and the presence of potent natural antioxidants, particularly sesamin and sesamolin, which contribute to its remarkable oxidative stability and prolonged shelf life. Consequently, sesame is often referred to as the “Queen of Oilseeds.” The seeds possess substantial nutritional value, comprising approximately 44-57% oil, 18-25% protein, 13.5% carbohydrates, and around 5% ash (Myint et al., 2020).
Beyond its nutritional importance, sesame is recognized for its diverse health-promoting properties. Its bioactive compounds exhibit anti-inflammatory activity (Hsu and Parthasarathy, 2017) and have been reported to play a role in glycemic regulation and the management of type 2 diabetes mellitus. Sesame oil also contains a range of valuable phytochemicals, including phenolic compounds, phytates, phytosterols, and bioactive peptides, which enhance its significance in the nutraceutical, pharmaceutical, and cosmetic industries. In addition, sesame demonstrates excellent adaptability to varied agro-climatic conditions, thriving under diverse soil environments, exhibiting considerable drought tolerance, and fitting effectively into multiple cropping systems. The residual cake obtained after oil extraction is nutrient-rich and serves as an important organic manure as well as a protein-rich feed supplement for livestock, particularly dairy animals. Although Africa is widely regarded as the primary centre of origin of sesame, India is recognized as a major centre of genetic diversity for the crop.	Comment by user: Delete from here…………
In India, sesame is cultivated under a wide range of agro-ecological conditions and forms an integral component of rainfed and dryland farming systems. The crop is predominantly grown during the summer and late kharif seasons in Telangana. According to agricultural statistics for 2023-24, sesame occupied approximately 1.531 million hectares in India, with a production of about 847,000 tonnes and an average productivity of 553 kg ha-1. In Telangana, the crop was cultivated on nearly 0.014 million hectares, producing around 10,000 tonnes with a productivity of 740 kg ha-1, which is notably higher than the national average (Indiastat, 2024).	Comment by user: Need to mention major producer states….	Comment by user: Why Telangana ?.  Detailed data may be given for Rajasthan as study was conducted in Rajasthan…… 
Seed yield in sesame is a complex quantitative trait that is governed by several interrelated morphological and agronomic characters and is greatly influenced by environmental factors. Therefore, understanding the nature and magnitude of relationships among yield and its component traits is essential for the formulation of effective breeding strategies. Correlation analysis provides information on the degree and direction of association among characters, thereby facilitating the identification of traits that contribute significantly to seed yield. However, correlation coefficients alone may not adequately explain the direct and indirect influences of individual traits on yield. In this context, path coefficient analysis serves as a valuable statistical tool by partitioning correlation coefficients into direct and indirect effects, enabling a clearer understanding of the causal relationships among traits. Several studies in sesame have demonstrated the usefulness of correlation and path analysis in identifying key yield-contributing characters such as number of capsules per plant, number of branches per plant, capsule length, seeds per capsule, and 1000-seed weight for effective selection and genetic improvement (Singh and Chaudhary, 1985 & Falconer and Mackay, 1996) and (Wright, 1921 & Dewey and Lu, 1959). Therefore, the present investigation was undertaken to assess the association among yield and yield-related traits and to determine their direct and indirect contributions to seed yield in sesame genotypes.
MATERIAL AND METHOD
The present investigation was conducted during the kharif season of 2024 at two locations in Rajasthan, namely Jodhpur (26.2389° N, 73.0243° E) and Udaipur (24.5854° N, 73.7125° E). A total of 51 sesames (Sesamum indicum L.) genotypes, including three standard check varieties, viz., RMT-372 (C-1), RT-54 (C-1), and TKG-22 (C-3), were evaluated to assess their genetic variability and association among yield-related traits. The experimental material was grown in a Randomized Block Design (RBD) with three replications at the Agricultural University, Jodhpur, Rajasthan. Standard agronomic and crop management practices recommended for sesame cultivation were adopted uniformly throughout the experimental period to ensure optimal crop growth and development.	Comment by user: List of genotypes with source/origin may be mentioned for better insight………..
Observations were recorded on twelve quantitative traits, comprising eleven yield and yield-attributing characters along with one quality parameter. Data were collected from five randomly selected and representative plants from each genotype in every replication. The characters studied included days to 50% flowering (DTF), days to maturity (DTM), plant height (PH, cm), number of primary branches per plant (NPBPP), number of clusters per plant (NCPP), cluster length (CL, cm), number of seeds per cluster (NSPC), test seed weight (TSW, g), biological yield per plant (BYPP, g), harvest index (HI, %), seed yield per plant (SYPP, g), and oil content (OC, %). The recorded data were subjected to statistical analysis following standard biometric procedures. Correlation analysis is useful for understanding the association among traits and facilitates indirect selection for yield through its component characters. Genotypic correlations reflect true genetic relationships, whereas phenotypic correlations are influenced by both genetic and environmental factors (Singh and Chaudhary, 1985 & Falconer and Mackay, 1996). Path coefficient analysis further partitions these associations into direct and indirect effects, enabling the identification of traits with the greatest contribution to yield improvement (Wright, 1921 & Dewey and Lu, 1959). 
RESULT AND DISCUSSION
Correlation analysis revealed the nature and magnitude of associations among the studied traits and their relationship with seed yield per plant. The results indicated considerable variation in the degree of association among different characters, suggesting the existence of complex interrelationships governing seed yield in sesame (Table 1).
Days to 50% flowering exhibited significant negative correlations with number of clusters per plant (r = −0.4609), cluster length (r = −0.3771), and oil content (r = −0.3679), suggesting that early flowering genotypes are likely to produce more clusters and higher oil content. Likewise, days to maturity was negatively associated with cluster length (r = −0.1613), oil content (r = −0.1990), and biological yield per plant (r = −0.1669), indicating that prolonged crop duration may not necessarily contribute to increased productivity under the studied environments. Plant height exhibited significant positive correlations with number of primary branches per plant (r = 0.4726), number of clusters per plant (r = 0.5734), cluster length (r = 0.3631), test seed weight (r = 0.2929), biological yield per plant (r = 0.2701), and harvest index (r = 0.3215). These findings suggest that taller plants tend to possess a greater capacity for biomass production and reproductive development. Similar positive associations between plant height and yield-related traits have been reported by Gedifew et al. (2024) and Bekele et al. (2025). The number of clusters per plant showed strong positive correlations with plant height (r = 0.5734), number of primary branches per plant (r = 0.5105), cluster length (r = 0.3519), biological yield per plant (r = 0.3092), and harvest index (r = 0.3135). Since the number of clusters directly contributes to the formation of capsules and seed production, this trait appears to be an important selection criterion for yield improvement. Similar observations were reported by Goudappagoudra et al. (2011) and Kumari and Shah (2023).	Comment by user: Check in references and edit…….
Test seed weight displayed significant positive associations with plant height (r = 0.2929), number of clusters per plant (r = 0.2963), number of seeds per cluster (r = 0.2988), biological yield (r = 0.2177), and harvest index (r = 0.2496). These results suggest that genotypes with heavier seeds generally possess superior yield potential. Similar results were documented by Subramanian and Subramanian (1994) and Takele (2021). Seed yield per plant exhibited significant positive associations with harvest index (r = 0.7909), biological yield per plant (r = 0.5714), number of clusters per plant (r = 0.4766), plant height (r = 0.4513), test seed weight (r = 0.3513), and number of seeds per cluster (r = 0.3157). These results indicate that improvement in these traits is likely to contribute positively towards enhanced seed yield. The strongest positive association of seed yield with harvest index suggests that efficient partitioning of assimilates towards economic yield is a major determinant of productivity in sesame. Similar findings have been reported by Kumari and Shah (2023), Patel et al. (2024), and Takele (2021), who observed significant positive correlations of seed yield with harvest index, biological yield, and yield-contributing traits. Oil content showed a significant positive correlation with cluster length (r = 0.5415), biological yield per plant (r = 0.2629), plant height (r = 0.1959), and number of clusters per plant (r = 0.1674), whereas it was negatively associated with days to 50% flowering (r = −0.3679) and days to maturity (r = −0.1990). This indicates that early flowering and early maturing genotypes tend to possess higher oil content, a trend also reported in several sesame improvement studies. Overall, the results suggest that harvest index, biological yield per plant, number of clusters per plant, plant height, test seed weight, and number of seeds per cluster are the most important traits associated with seed yield. Therefore, these characters may be considered as effective selection criteria in sesame breeding programmes aimed at improving yield potential.	Comment by user: Check in references and edit…….
Path coefficient analysis was carried out to partition the genotypic correlation coefficients into direct and indirect effects in order to identify traits contributing most effectively towards seed yield per plant. The results revealed considerable variation in the magnitude and direction of direct and indirect effects among the studied characters, indicating the complex nature of yield determination in sesame (Table 2 & Fig. 1.)
Days to 50% flowering showed a negative direct effect (-0.0592) and a negative overall correlation with seed yield (r = -0.1000), indicating that early flowering genotypes tend to be more productive under the studied environments. Similar relationships between earliness and yield have been reported in several sesame improvement studies conducted under moisture-limited conditions. A noteworthy observation was the substantial indirect effect of biological yield through harvest index (0.5686) and the very high indirect effect of harvest index through biological yield (1.7474), highlighting the strong interdependence of these two traits in determining seed yield. This finding further emphasizes that simultaneous improvement of biomass production and partitioning efficiency could substantially enhance sesame productivity. Plant height showed a positive direct effect (0.0121) on seed yield and exerted substantial positive indirect effects through biological yield per plant (0.2349) and harvest index (0.2640). Consequently, its overall association with seed yield was positive (r = 0.4513). This suggests that taller plants may enhance yield indirectly through improved biomass accumulation and efficient assimilate partitioning. Similar results were reported by Gedifew et al. (2024) and Bekele et al. (2025).
The number of clusters per plant recorded a moderate positive direct effect (0.1051) and also contributed positively through indirect effects via plant height (0.0739), number of primary branches per plant (0.0551), biological yield per plant (0.1199), and harvest index (0.0479). Its significant positive correlation with seed yield (r = 0.4766) further confirms its importance as a key yield-contributing character. Similar findings were reported by Hika et al. (2014) and Takele (2021), who emphasized the importance of capsule- and cluster-related traits in sesame yield improvement. The cluster length (-0.0266), oil content (-0.0223), number of seeds per cluster (NSPC) (-0.0076), and number of primary branches per plant (NPBPP) (-0.0872) exhibited negative direct effects on seed yield. However, some of these traits maintained positive correlations with yield due to favorable indirect effects through harvest index and biological yield. This indicates that their apparent contribution to yield is largely mediated through other associated characters rather than through direct influence.
Test seed weight exhibited a positive direct effect (0.0335) and contributed indirectly through biological yield (0.1548) and harvest index (0.2495), resulting in a favourable correlation with seed yield (r = 0.3513). The importance of seed weight as a yield component has also been documented by Subramanian and Subramanian (1994) and Kumari et al. (2023). Among all the characters studied, harvest index (HI) exhibited the highest positive direct effect on seed yield per plant (0.5248), followed by biological yield per plant (BYPP) (0.1708), days to maturity (DTM) (0.1175), number of clusters per plant (NCPP) (0.1051), test seed weight (TSW) (0.0335), and plant height (PH) (0.0121). The strong positive direct effect of harvest index coupled with its high positive correlation with seed yield (r = 0.7909) indicates that this trait is one of the most reliable selection criteria for improving seed yield in sesame. Similarly, the substantial direct effect of biological yield per plant, together with its significant positive correlation with seed yield (r = 0.5714), suggests that increased biomass production contributes directly to higher seed productivity. The present findings are in close agreement with those reported by Takele (2021), Kumari et al. (2023) and Patel et al. (2024), who observed that harvest index and biological yield exerted the greatest positive direct effects on seed yield and should therefore be emphasized in selection programmes. Similar observations were also reported by Subramanian and Subramanian (1994) and Goudappagoudra et al. (2011), who identified biological yield, harvest index, and yield component traits as major determinants of seed yield in sesame.
Overall, the path coefficient analysis demonstrated that harvest index, biological yield per plant, number of clusters per plant, test seed weight, and plant height are the most important traits contributing directly or indirectly to seed yield. Therefore, these characters should be given priority in breeding programmes aimed at improving seed yield in sesame.
Conclusion
The present investigation showed that seed yield in sesame is influenced by several interrelated yield-attributing traits. Correlation analysis indicated positive associations of seed yield per plant with harvest index, biological yield per plant, number of clusters per plant, plant height, test seed weight, and number of seeds per cluster. These traits may therefore contribute to yield improvement when considered in selection programmes. Days to 50% flowering and days to maturity showed negative associations with some yield-related traits, indicating that early flowering and early maturing genotypes may have potential advantages under the studied growing conditions. Path coefficient analysis further clarified the contribution of individual traits by separating direct and indirect effects. Harvest index showed the highest positive direct effect on seed yield, followed by biological yield per plant, days to maturity, number of clusters per plant, test seed weight, and plant height. The results also indicated that biological yield and harvest index influenced seed yield through important indirect effects. Overall, the findings suggest that selection based on harvest index, biological yield per plant, number of clusters per plant, plant height, and test seed weight may support the development of improved sesame genotypes with higher seed yield potential.
Limitations
The present study was limited to 51 sesame genotypes evaluated during a single kharif season. Therefore, the observed associations among traits may be influenced by the environmental conditions prevailing during the experimental period. Although the study included important yield, yield-attributing, and oil content traits, molecular, physiological, and multi-season data were not included. The results are based on correlation and path coefficient analyses, which help to identify associations and direct or indirect effects, but do not alone establish definitive causal relationships. The performance of the identified traits should be further validated across additional seasons, locations, and larger germplasm sets before being used as stable selection criteria in breeding programmes. Further studies combining field evaluation with genetic and molecular approaches may provide a more comprehensive understanding of yield improvement in sesame.
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Table 1:	Correlation matrix showing correlation among different agro-morphological traits
	Trait
	DTF
	DTM
	PH
	NPBPP
	NCPP
	CL
	NSPC
	TSW
	OC
	BYPP
	HI

	DTF
	1
	0.3774***
	-0.0597
	-0.0011
	-0.4609***
	-0.3771***
	-0.0505
	-0.1099
	-0.3679***
	-0.0813
	-0.0698

	DTM
	0.3774***
	1
	0.139
	0.3866***
	-0.1491
	-0.1613*
	-0.0441
	-0.0835
	-0.1990*
	-0.1669*
	0.0254

	PH
	-0.0597
	0.139
	1
	0.4726***
	0.5734***
	0.3631***
	0.1935*
	0.2929***
	0.1959*
	0.2701***
	0.3215***

	NPBPP
	-0.0011
	0.3866***
	0.4726***
	1
	0.5105***
	0.1352
	0.1689*
	0.1966*
	-0.0017
	0.1059
	0.0791

	NCPP
	-0.4609***
	-0.1491
	0.5734***
	0.5105***
	1
	0.3519***
	0.2522**
	0.2963***
	0.1674*
	0.3092***
	0.3135***

	CL
	-0.3771***
	-0.1613*
	0.3631***
	0.1352
	0.3519***
	1
	0.1422
	0.2663***
	0.5415***
	0.2200**
	0.048

	NSPC
	-0.0505
	-0.0441
	0.1935*
	0.1689*
	0.2522**
	0.1422
	1
	0.2988***
	-0.0595
	0.2447**
	0.2378**

	TSW
	-0.1099
	-0.0835
	0.2929***
	0.1966*
	0.2963***
	0.2663***
	0.2988***
	1
	0.071
	0.2177**
	0.2496**

	OC
	-0.3679***
	-0.1990*
	0.1959*
	-0.0017
	0.1674*
	0.5415***
	-0.0595
	0.071
	1
	0.2629**
	-0.0758

	BYPP
	-0.0813
	-0.1669*
	0.2701***
	0.1059
	0.3092***
	0.2200**
	0.2447**
	0.2177**
	0.2629**
	1
	0.001

	HI
	-0.0698
	0.0254
	0.3215***
	0.0791
	0.3135***
	0.048
	0.2378**
	0.2496**
	-0.0758
	0.001
	1

	SYPP
	-0.1
	-0.0407
	0.4513
	0.1582
	0.4766
	0.1652
	0.3157
	0.3513
	0.1022
	0.5714
	0.7909


Table 2:	Path analysis showing direct (diagonal values in bold) and indirect effects of various agro-morphological traits on seed yield
	Traits 
	DTF
	DTM
	PH
	NPBPP
	NCPP
	CL
	NSPC
	TSW
	OC
	BYPP
	HI

	DTF
	-0.0592
	-0.0373
	0.0058
	0.0007
	0.03
	0.0331
	0.0044
	0.0067
	0.0386
	0.0445
	0.0002

	DTM
	0.0741
	0.1175
	0.0096
	0.0615
	-0.0248
	-0.0303
	-0.0063
	-0.0158
	-0.0379
	-0.0157
	-0.0136

	PH
	-0.0012
	0.001
	0.0121
	0.007
	0.0085
	0.0057
	0.0038
	0.0044
	0.0034
	0.0166
	0.0061

	NPBPP
	0.001
	-0.0456
	-0.0504
	-0.0872
	-0.0457
	-0.0146
	-0.016
	-0.0214
	0.0018
	-0.0312
	-0.01

	NCPP
	-0.0533
	-0.0222
	0.0739
	0.0551
	0.1051
	0.0453
	0.031
	0.0399
	0.0235
	0.1199
	0.0479

	CL
	0.0149
	0.0069
	-0.0124
	-0.0045
	-0.0115
	-0.0266
	-0.004
	-0.0108
	-0.0181
	-0.0208
	-0.0028

	NSPC
	0.0006
	0.0004
	-0.0024
	-0.0014
	-0.0022
	-0.0011
	-0.0076
	-0.0031
	0.0008
	-0.0047
	-0.0037

	TSW
	-0.0038
	-0.0045
	0.0121
	0.0082
	0.0127
	0.0135
	0.0136
	0.0335
	0.003
	0.0303
	0.0159

	OC
	0.0146
	0.0072
	-0.0063
	0.0005
	-0.005
	-0.0152
	0.0023
	-0.002
	-0.0223
	-0.0138
	-0.0005

	BYPP
	-0.1285
	-0.0228
	0.2349
	0.0611
	0.1949
	0.1336
	0.1051
	0.1548
	0.1056
	0.1708
	0.5686

	HI
	-0.0014
	-0.0608
	0.264
	0.0601
	0.2394
	0.0547
	0.2545
	0.2495
	0.0113
	1.7474
	0.5248

	SYPP
	-0.1421
	-0.0602
	0.5409
	0.1611
	0.5013
	0.198
	0.3809
	0.4355
	0.1095
	2.0434
	1.133

	Partial R²
	0.0084
	-0.0071
	0.0065
	-0.014
	0.0527
	-0.0053
	-0.0029
	0.0146
	-0.0024
	0.3489
	0.5946


Note: - DTF: days to 50% flowering; DTM: days to maturity; PH: plant height (%); NPBPP: number of primary branches per plant; NCPP: number of clusters per plant; CL: cluster length (cm); NSPC: number of seeds per cluster; TSW: test seed weight (g); BYPP: biological yield per plant; HI: harvest index (%); SYPP: seed yield per plant (g) and OC: oil content (%)
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Fig. 1	Genotypic path diagram showing the direct and indirect effect of different yield contributing characters on yield kg/ha along with residual effect
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