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Correlation and Path Coefficient Analysis: A Study of 260 Genotypes of Tomato for Yield and Quality Traits
Abstract

	To enhance tomato yield through breeding programs, it is crucial to understand the complex interrelationships among various yield-contributing traits. This study employed phenotypic correlation and path coefficient analysis to dissect these relationships and identify the key selection criteria. A total of 260 tomato accessions were compiled in collaboration with the Indian Institute of Vegetable Research (IIVR), Varanasi, and UHS Bagalkot and were evaluated at the experimental block of Department of Biotechnology, College of Horticulture, Bangalore during the year 2020 by means of augmented block design for morphological attributes, yield, and fruit quality traits. Phenotypic correlation studies were conducted using a diverse set of 260 tomato germplasm accessions. Several traits exhibited highly significant and positive phenotypic associations with total yield per plant, including average fruit weight (rp= 0.598), pericarp thickness (rp= 0.553), fruit length (rp = 0.498), fruit diameter (rp= 0.489), fruit firmness (rp= 0.287), number of seeds per fruit (rp= 0.236), and number of locules per fruit (rp= 0.145). Conversely, the number of fruits per cluster showed a significant negative association with the total yield per plant (rp= -0.179). While correlation indicates association, it does not reveal direct influence or causal pathways. Therefore, path coefficient analysis was used to partition the total correlation into direct and indirect effects. This more powerful statistical technique helps breeders understand the traits that exert a large direct impact on yield. Path analysis demonstrated that average fruit weight had the maximum direct effect on fruit yield. The number of fruit clusters per plant also exhibited a strong direct effect on yield. Traits such as the number of fruits per cluster (0.2148), fruit length (0.1990), and pericarp thickness (0.1474) had moderate to low positive direct effects on yield. The analysis also revealed significant indirect effects, often channeled through average fruit weight. Pericarp thickness (0.7323), fruit diameter (0.7170), fruit length (0.6812), and fruit firmness (0.3708) showed highly positive indirect effects on yield through average fruit weight, whereas the number of fruits per cluster (-0.5365) and number of fruit clusters per plant (-0.5000) had strong negative indirect effects through this same intermediary. Based on these findings, the correlation and path analysis results are invaluable for guiding selection strategies in tomato breeding, highlighting traits such as average fruit weight and the number of fruit clusters per plant for prioritized selection pressure because of their substantial direct contributions to increasing total fruit yield.

Keywords: Tomato, Solanum lycopersicum, yield, correlation, path analysis, breeding.

Introduction

“Tomato (Solanum lycopersicum L.) holds a recognized global presence and is thus regarded as a strategic crop worldwide. The genetic improvement of both quantitative and qualitative characteristics is a primary focus for plant breeders working with this important vegetable. Tomato plants exhibit phenotypic variation arising from genetic diversity inherited from wild ancestors and mutation selection” (Athinodorou et al., 2021). “Assessing this genetic variability in terms of growth, yield, and quality characteristics is important for both crop conservation and improvement. To effectively understand the complex relationships within this variability, correlation coefficient analysis is a widely used statistical tool for understanding the direction and degree of relationships between various traits. It is a statistical technique based on bivariate data, and investigating the correlation between yield and genotype characteristics in tomato can increase the potential for realizing its full genetic potential” (Rasheed et al., 2023). 
Moving beyond simple associations, path analysis is a statistical technique employed to organize and illustrate potential causal relationships between predictors and response variables using path charts derived from experimental data. This method, developed by Wright (1921), allows “the analysis of the relative influence of specific genetic interactions on phenotypic variation. Path analysis is valuable as it helps partition the correlation coefficient into its direct and indirect effects. Therefore, combining simple correlation coefficients with path analysis is essential to uncover the nature and direction of relationships between yield and other component traits in tomatoes”. This combined approach has the potential to enhance genetic gains through indirect selection of yield. This article explores the applications of correlation and path analysis in the context of tomato improvement, drawing upon the existing literature to highlight their significance in understanding trait relationships and guiding breeding strategies.

Materials and Methods

In this study, a collection of tomato mini-core accessions, which encompassed released varieties, was used to conduct correlation and path analysis. A total of 260 tomato accessions were compiled in collaboration with the Indian Institute of Vegetable Research (IIVR), Varanasi, and UHS Bagalkot and were evaluated in the field during the year 2020 by means of augmented block design for morphological attributes, yield, and fruit quality traits. “Phenotypic correlation coefficients were calculated according to the methodology proposed by Al-Jibourie et al. (1958) to elucidate the relationship between yield and its component traits. Subsequently, to ascertain the direct and indirect effects of yield components on yield, path coefficient analysis was conducted using these simple correlation coefficients”, as recommended by Wright (1921) and exemplified by Dewey and Lu (1959).

Results and Discussion

The results showed a highly significant and positive association between the yield per plant (p = 0.01), average fruit weight (rp = 0.598), pericarp thickness (rp = 0.553), fruit length (rp = 0.498), fruit diameter (rp = 0.489), fruit firmness (rp = 0.287), number of seeds per fruit (rp = 0.236), and number of locules per fruit (rp = 0.145). The selection process for tomatoes should largely focus on these traits, as they are significant factors that affect yield. These findings are consistent with other studies by Ashish et al. (2017), Kouam et al. (2018), Meena et al. (2018), Limbani et al. (2020), Khapte et al. (2014), Jogi et al. (2018), Sharmin et al. (2019), Basavaraj et al. (2021) and Donoso and Salazar (2023). The fruit yield per plant also increased with the weight of a typical fruit. A fruit with more seeds will be heavier because the seeds make up a significant portion of the fruit weight (Ariizumi et al., 2013). A negative and significant association (p = 0.01) was found between yield per plant and the number of fruits per cluster (rp = -0.179). “There exists competition for resources such as water and nutrients if there are more fruits in each cluster, which might lower the overall production potential in tomato plants, and this explains the cause of such negative association” (Mitchell et al., 2019).
	Analysis of the inter-association among yield components revealed a positive and significant association between the average fruit weight and pericarp thickness (rp = 0.844). “This was explained by the fact that the pericarp is composed of cells containing cellulose and other structural components, and the quantity and size of these cells determine pericarp thickness” (Gan et al., 2022). Consequently, a thicker pericarp contributes to an increased fruit weight, as also reported by Dashora et al. (2016), Bojarian et al. (2019), and El-Hanafy et al. (2019). A significant and positive association between average fruit weight and fruit length (rp = 0.786) and fruit diameter (rp = 0.827) was also found. Larger and wider fruits tend to have a higher average weight, which, in turn, leads to an increased overall yield. These findings align with previous research by Naeem et al. (2015), Ullah et al. (2015), Mangaraj et al. (2018), Diel et al. (2019), and Celik et al. (2023). A positive correlation (rp = 0.428) was also observed between the average fruit weight and fruit firmness. Increased fruit firmness is associated with increased average fruit weight, fruit length, and pericarp thickness. This conclusion was supported by Rajolli et al. (2017), Jogi et al. (2018), Gill et al. (2021), and Venkadeswaran et al. (2021). “A fruit with more seeds will be heavier because the seeds constitute a significant portion of the weight of the fruit” (Ariizumi et al., 2013).
The results of this investigation demonstrated a significant positive correlation between days to harvest and days to 50 percent flowering (rp = 0.665) in tomato. A statistically significant positive correlation between fruit firmness and fruit length (rp = 0.478), fruit diameter (rp = 0.427), pericarp thickness (rp = 0.410), number of locules per fruit (rp = 0.122), and number of seeds per fruit (rp = 0.163) was also found. This conclusion was supported by the findings of Jogi et al. (2018), Gill et al. (2021) and Venkadeswaran et al. (2021).

[bookmark: _Hlk136989644][bookmark: _Hlk136993100]The analysis conducted in this study confirmed a substantial positive correlation between the number of locules per fruit and the average fruit weight (rp = 0.230), fruit diameter (rp = 0.193), and pericarp thickness (rp = 0.216), validating the relationship among these three attributes. This result is consistent with the findings of Ashish et al. (2017), Khapte and Jansirani (2014), Ashish et al. (2017), Jogi et al. (2018), Maurya et al. (2020), and Nevani and Sridevi (2021). The results of this study also demonstrated a significant positive correlation between lycopene content and titratable acidity (rp = 0.154), highlighting the interplay between these factors. 
The number of fruit clusters per plant was found to have a significant negative correlation with several traits, including average fruit weight (rp = -0.577), fruit length (rp = -0.478), fruit diameter (rp = -0.500), pericarp thickness (rp = -0.491), number of locules per fruit (rp = -0.166) and fruit firmness (rp = -0.229), which is in agreement with those reported by Mishra and Nandi (2018) and Kousar et al. (2021). This negative correlation suggests that the average weight of individual fruits tended to decrease as the number of fruit clusters per plant increased. 
[bookmark: _Hlk136994802]There was a significant negative correlation between the number of fruits per cluster and several fruit characteristics, including average fruit weight (rp = -0.619), fruit length (rp = -0.630), fruit diameter (rp = -0.650), pericarp thickness (rp = -0.601), and fruit firmness (rp = -0.233) which is consistent with the findings of Sharma et al. (2021) and Mishra and Nandi (2018). A negative and significant correlation was observed between days to 50% flowering, the number of fruit clusters per plant (rp = -0.121) and the number of fruits per cluster (rp = -0.135). These negative correlations suggest that early flowering promotes higher fruit productivity in this system, likely due to better resource partitioning, stress avoidance, and genetic/physiological synergies. Similar trends have been reported by Meena et al. (2018), Nevani and Sridevi (2021), and Ramana et al. (2025). A significant negative correlation was observed between fruit diameter and titratable acidity (rp = -0.126), fruit pH and titratable acidity (rp = -0.207), and the number of seeds per fruit and lycopene content (rp = -0.134). Similar outcomes have been reported by Regassa et al. (2012), Mishra and Nandi (2018), and Al-Shihi et al. (2020).
“Path analysis is a statistical technique used to organize and illustrate the causal relationships between prediction or response variables. Path analysis is a method of dividing the total correlation coefficient between traits into their direct and indirect effects on a dependent variable, such as yield” (Samonte et al., 1998; Esmail, 2001). 
[bookmark: _Hlk137067054]The trait exhibiting the highest direct effect on total yield per plant was average fruit weight (0.8673). This value falls into the high category (0.30-0.90) according to the suggested rating scale for direct and indirect effects Dewey and Lu (1959). Breeders should prioritize genotypes that consistently produce heavier fruits without compromising other agronomic traits. This may be especially advantageous when the fruit number is relatively stable or constrained by factors, such as plant architecture or environmental conditions. The number of fruit clusters per plant also showed a high direct effect (0.6121) on yield per plant. Moderate direct effects on yield were found for the number of fruits per cluster (0.2148) and fruit length (0.1990). These results align with those of Manna and Paul (2012), Mahapatra et al. (2013), Bajpai et al. (2017), Isa et al. (2017), Walia et al. (2018), and Gill et al. (2021), regarding the direct effects of these traits.
[bookmark: _GoBack]Based on path coefficient analysis, several traits exhibited high indirect effects on total fruit yield per plant. The analysis revealed a highly positive indirect effect of pericarp thickness on the average fruit weight (0.7323) and overall yield. Similarly, fruit diameter had a strong indirect effect on yield per plant through the average fruit weight (0.7170). Fruit length also had a notable positive indirect association with average fruit weight (0.6812). Furthermore, fruit firmness demonstrated a positive indirect effect through average fruit weight (0.3708), and these observations were in line with those reported by Sharma et al. (2021) and Maurya et al. (2022). These findings emphasize that breeding strategies focusing on improving pericarp thickness, fruit size dimensions, and firmness can indirectly enhance yield, provided that these traits are optimized to increase the average fruit weight without negatively affecting other yield components. In contrast, the number of fruits per cluster exhibited a strong and negative indirect effect, specifically through average fruit weight (-0.5365), which negatively influenced yield via this route. The number of fruit clusters per plant also had a high negative indirect effect through the average fruit weight, described in one instance as remarkably strong and negative (-0.3529). “While increasing the number of fruit clusters on a plant generally boosts the total fruit count, it often leads to a reduction in the individual fruit weight” (Pan et al., 2019). This inverse relationship is primarily due to competition for assimilates, water, and nutrients among developing fruits. This was consistent with the results reported by Sharma et al. (2021). Other high indirect effects not exclusively through average fruit weight included a high negative indirect association for fruit diameter through the number of fruit clusters per plant (-0.3061) and a high negative indirect effect of the number of fruit clusters per plant through pericarp thickness (-0.3006) on the overall yield. These observations were consistent with the results published by Kumar et al. (2020), Quispe-Choque and Huanca-Alanoca (2023) and Kadyan et al. (2023). “This may be due to a resource allocation trade-off: plants forming more clusters may distribute assimilates among more developing fruits, resulting in smaller individual fruit sizes. Higher cluster numbers are often correlated with increased fruit load, which intensifies inter-fruit competition for nutrients and photosynthates. This competition limits the growth of individual fruits, resulting in smaller fruit diameters” (Prudent et al., 2009). 

Conclusion
Correlation analysis identified several traits with a highly significant and positive association with yield per plant, including average fruit weight, pericarp thickness, fruit length, fruit diameter, fruit firmness, number of seeds per fruit, and number of locules per fruit. Moving beyond simple relationships, path analysis was employed to divide total correlation into direct and indirect effects. The analysis revealed that the average fruit weight exerted the maximum direct effect on fruit yield, a finding corroborated by other researchers. Thus, correlation and path analysis provided a nuanced understanding of trait relationships in tomato, identifying key direct and indirect contributors to yield. This information can guide targeted and efficient breeding approaches to improve tomato productivity and quality. Future work should focus on validating these relationships across diverse germplasms and environments to develop robust selection criteria for tomato improvement programs.
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