Correlation and path coefficient analysis in sprouting broccoli (Brassica oleracea var.italica Plenck)


ABSTRACT
	The current investigation was carried out on 28 genotypes of broccoli (Brassica oleracea var.italica Plenck) at Experimental Vegetable Farm of ETC Malangpora, Pulwama during the Rabi 2023 under Randomised Complete Block Design. Character association analysis revealed that curd weight in broccoli was significant positively correlated with curd yield ,curd depth, number of leaves, number of lateral heads, harvest index, curd diameter and plant spread, thus indicating the importance of these characters in selection criteria for improvement of curd yield in broccoli. Curd yield shows significant negative correlation with both days to curd initiation and harvest indicating the role of these traits in selecting early genotypes that is important for breeding  programme. The results of path analysis showed that the character curd diameter shows maximum positive direct effect on curd yield followed by harvest index, plant height and number of leaves. This indicates that selection based on curd diameter, harvest index, plant height and number of leaves can be effective for yield improvement in the crop. This research article is valuable to help breeders for efficient selection in broccoli breeding. Various morphological traits influence the economic part like curd yield which is been determined by correlation and path coefficient analysis. It also signifies understanding relation between the traits which can be used for the development of high yielding broccoli cultivars.
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INTRODUCTION
Broccoli (Brassica oleracea var. italica Plenck) is one of the most important cole crops belonging to the family Brassicaceae (Cruciferae) and possesses a diploid chromosome number of 2n = 18. The term “Broccoli” is derived from the Italian word Brachium, meaning “arm” or “branch”, which aptly describes its characteristic branching curd structure (Thakur et al., 2016). Like other members of the cole crop group, it is believed to have evolved from Brassica oleracea var. sylvestris (wild cabbage), also known as cliff cabbage or colewort. Over time, the crop underwent domestication through selection and continuous genetic improvement to achieve the desirable curd forms and agronomic traits observed today (Chaves Junior et al., 2021).
In recent years, broccoli has gained significant popularity in India due to its nutritional and health-promoting properties, particularly its richness in vitamins, minerals, fiber, and bioactive compounds such as glucosinolates and antioxidants. The crop has seen increasing demand in urban markets, hotels, and tourist destinations, especially in regions like Kashmir, where awareness of high-value vegetables is steadily growing. In India, major broccoli-growing regions include Himachal Pradesh, Uttarakhand, Jammu and Kashmir, the Nilgiri Hills, and parts of the Northern Plains (Habib et al., 2013). Globally, broccoli and cauliflower together occupy approximately 1,357.18 thousand hectares, with an estimated annual production of 25,531.27 thousand metric tonnes (Anonymous, 2020a). In India, these crops cover around 459 thousand hectares, contributing about 8,844 thousand metric tonnes annually (Anonymous, 2020b). Within the country, Himachal Pradesh alone accounts for nearly 490.20 hectares, producing around 11,232.23 metric tonnes of broccoli (Anonymous, 2020c).
The choice of cultivar and crop management practices has a marked impact on the phytochemical composition and nutritional value of broccoli. According to Reilly et al. (2014), genotype and environmental conditions significantly influence the accumulation of phytochemicals, which determine the crop’s nutritional quality and market acceptability. Moreover, recent studies have shown wide variation in metabolic and antioxidant profiles among different broccoli cultivars, reflecting the genetic diversity present in the species (Li et al., 2023). Such variation provides opportunities for breeders to select superior genotypes that combine both high yield potential and enhanced nutritional attributes.
Since yield in broccoli is a quantitative trait, it is influenced by multiple morphological and physiological components that act either directly or indirectly. Understanding the interrelationships among these traits is essential for efficient selection in breeding programs. Correlation analysis serves as a valuable tool to determine the strength and direction of associations between yield and its related traits, thereby identifying characters that contribute most effectively to yield improvement. However, correlation alone does not reveal the true cause-and-effect relationships among traits. To address this limitation, path coefficient analysis is employed, which partitions the correlation coefficients into direct and indirect effects, providing a clearer understanding of the relative importance of each trait.
[bookmark: _GoBack]A comprehensive study of these associations helps breeders identify the most influential yield-determining traits and design effective selection indices. Such analyses not only enhance the efficiency of selection but also accelerate genetic improvement and crop productivity. Considering these aspects, the present investigation was undertaken to study the correlation and path coefficient relationships among different morphological and yield-contributing traits in broccoli. The objective was to identify key characters that directly or indirectly influence yield, thereby providing useful information for the development of high-yielding and nutritionally superior broccoli genotypes suited to the temperate conditions of Kashmir.
MATERIALS AND METHODS
The present study was carried out at the Experimental Vegetable Farm of the Experimental Training Centre (ETC), Malangpora, Pulwama, during the Rabi season of 2023. The experiment aimed to study the association among yield and its related traits in sprouting broccoli (Brassica oleracea var. italica). A total of 28 genotypes were evaluated under field conditions. The seedlings were transplanted at a spacing of 60 × 45 cm in a Randomized Complete Block Design (RCBD) with three replications to ensure uniform environmental conditions and to obtain reliable data.All recommended cultural and management practices were followed to raise a healthy crop. Observations were recorded on several morphological and yield-related characters, namely plant height, number of leaves per plant, plant spread, curd diameter, curd depth, curd weight, days to curd initiation, days to curd harvest, number of lateral heads, leaf area, whole plant weight, harvest index, and curd yield per plan.The recorded data were averaged over replications and analyzed statistically using analysis of variance (ANOVA) as outlined by Panse and Sukhatme (1985) to determine the significance of differences among genotypes. The correlation coefficients among different traits were estimated following the method of Al-Jibouri et al. (1958) to assess the degree and direction of association between yield and its components.
To further understand the nature of these associations, path coefficient analysis was carried out as described by Dewey and Lu (1959) to separate direct and indirect effects of individual traits on curd yield. The analytical approach of Parmar et al. (2025) for correlation, path coefficient, and heterosis studies in Brassica species was also considered for comparison and validation of results.

RESULTS AND DISCUSSION
Yield in broccoli is governed by the combined action of several traits, each contributing differently to its final expression. Since both yield and quality remain the primary goals in any crop improvement program, it is important to understand how various traits interact and influence these factors, either directly or indirectly. Correlation analysis serves as an effective tool for assessing the strength and direction of these relationships, helping to identify the traits most closely associated with yield. Such understanding assists breeders in designing efficient selection strategies aimed at enhancing both productivity and quality by improving the most influential yield components.
Genotypic correlation coefficients were observed to be higher than their corresponding phenotypic values, indicating that the associations among different traits are mainly governed by genetic factors rather than environmental influences. This pattern suggests that the observed relationships among yield-contributing characters are largely heritable and can therefore be effectively utilized in selection and breeding programs. Similar results were also reported by Shakuntla et al. (1999), who emphasized that stronger genotypic correlations reflect stable genetic linkages with minimal interference from environmental variation.
As shown in Table 1, curd yield—being an economically vital trait—displayed a strong and significant positive association with several yield-related traits such as curd weight, curd depth, curd diameter, number of leaves, harvest index, leaf area, whole plant weight, plant spread, and number of lateral heads. These associations clearly indicate that improvement in these components would directly contribute to an increase in curd yield. Hence, these traits may be considered reliable indicators of yield potential during selection. On the other hand, days to curd initiation and days to curd harvest exhibited significant negative correlations with curd yield, implying that early-maturing genotypes tend to produce higher yields compared to late-maturing ones. This relationship highlights the significance of selecting for earliness as a desirable trait in breeding programs aimed at improving yield efficiency. Comparable findings were also noted by Habib et al. (2013), who observed similar negative correlations of maturity-related traits with yield in broccoli. Correlation studies play a crucial role in crop improvement as they provide a deeper understanding of how various characters interact and influence one another. In broccoli, such analyses enable breeders to identify key traits that not only affect yield directly but also enhance overall plant performance. Understanding whether these associations are positive or negative helps in determining whether improvement in one character will favorably or adversely affect another. This knowledge supports both direct and indirect selection strategies, allowing breeders to target multiple desirable traits simultaneously. Overall, the correlation results obtained in this study underline the interdependence of important yield components in broccoli. The information generated provides a scientific basis for designing more effective breeding strategies that emphasize traits showing consistent positive associations with yield. Such an approach ensures greater genetic progress, improved selection efficiency, and the development of superior genotypes suited to specific environmental conditions.
While correlation analysis provides insights into the positive and negative associations among traits, it does not reveal the precise nature and extent of their contribution to yield. Hence path coefficient analysis is used to know the direct and indirect effects of plant characters on the yield thus helps in effective selection for yield improvement. Path analysis is particularly useful in understanding the causal relationship 
[bookmark: _Hlk177207157]Table-1 Genotypic (above diagonal) and Phenotypic (below diagonal) correlation coefficients between total yield per plant and its component characters in broccoli(  Brassica oleraceaL.var. italicaPlenck.)
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	Curd
Yield
(q/h)
	Plant
Height
(cm)
	No. of
leaves
	Plant
Spread
(cm2 )
	Curd
Diameter
(cm)
	Curd
Depth
(cm)
	Curd
weight(g)
	Days to
 Curd
 initiation
	Days to 
first curd
 harvest
	Number of 
Lateral
 heads
	Leaf area
(cm2)
	Whole 
plant 
weight(g)
	Harvest 
Index
(%)

	Curd
Yield
(q/h)
	-------
	0.473**
	0.978**
	0.894**
	0.942**
	0.984**
	0.994**
	-0.959**
	-0.973**
	0.975**
	0.735**
	0.819**
	0.963**

	Plant
Height
(cm)
	0.469**
	------
	0.600**
	0.503**
	0.296**
	0.567**
	0.474**
	-0.596**
	-0.543**
	0.560**
	0.581**
	0.471**
	0.422**

	No .of
leaves
	0.843**
	0.490**
	------
	0.977**
	0.893**
	0.984**
	0.998**
	-0.983**
	-0.965**
	0.986
	0.890**
	0.886**
	0.964**

	Plant
Spread(cm2
	0.892**
	0.499**
	0.865**
	------
	0.813**
	0.876**
	0.899**
	-0.859**
	-0.866**
	0.865**
	0.883**
	0.734**
	0.873**

	Curd
Diameter
(cm)
	0.798**
	0.250*
	0.623**
	0.690**
	------
	0.916**
	0.943**
	-0.831**
	-0.834**
	0.812**
	0.640**
	0.719**
	0.869**

	Curd
Depth(cm)
	0.923**
	0.507**
	0.829**
	0.802**
	0.730**
	------
	0.987**
	-0.975**
	-0.98**
	0.973**
	0.729**
	0.878**
	0.970**

	Curd
weight(g)
	0.990**
	0.461**
	0.848**
	0.887**
	0.786**
	0.931**
	------
	-0.965**
	-0.979**
	0.977**
	0.737**
	0.824**
	0.967**

	Days to
Curd
initiation
	-0.903**
	-0.566**
	-0.833**
	-0.809**
	-0.664**
	-0.909**
	-0.894**
	  ------
	0.0967**
	-0.987**
	-0.745**
	-0.851**
	-0.919**

	Days to
 first 
curd
 harvest
	-0.876**
	-0.486**
	-0.784**
	-0.782**
	-0.671**
	-0.858**
	-0.867**
	0.866**
	------
	-0.985**
	-0.725**
	-0.856**
	-0.932**

	Number 
of 
lateral
 heads
	0.810**
	0.470**
	0.746**
	0.723**
	0.592**
	0.768**
	0.811**
	-0.788**
	-0.829**
	------
	0.742**
	0.869**
	0.966**

	Leaf 
Area
(cm2
	0.734**
	0.576**
	0.759**
	0.883**
	0.546**
	0.669**
	0.729**
	-0.700**
	-0.656**
	0.618**
	-----
	0.652**
	0.704**

	Whole
 plant 
weight(g)
	0.816**
	0.468**
	0.746**
	0.731**
	0.608**
	0.803**
	0.809**
	-0.804**
	-0.768**
	0.715**
	0.650**
	-----
	0.776**

	Harvest 
index(%)
	0.915**
	0.402**
	0.768**
	0.829**
	0.689**
	0.836**
	0.906**
	-0.831**
	-0.834**
	0.732**
	0.670**
	0.735**
	-----


Significant at 5 % level of significance
(Table 2) Direct(Diagonal) and indirect effects(Off diagonal) of yield-contributing traits on curd yield in sprouting broccoli (Brassica oleracea var. italic Plenck).

	
	Plant
Height
(cm)
	No.of
leaves
	Plant
Spread
(cm2)
	Curd
Diameter
(cm)
	Curd
depth(cm)
	Days to
Curd
initiation
	Days to
First curd
harvest
	Number
of lateral
heads
	Leaf
Area(cm2)
	Whole
Plant
weight(g)
	Harvest
index(%)

	Plant height(cm)
	0.034
	0.045
	0.013
	0.120
	-0.038
	0.174
	-0.001
	0.024
	-0.018
	0.005
	0.115

	No. of leaves
	0.021
	0.076
	0.026
	0.361
	-0.068
	0.298
	-0.002
	0.043
	-0.027
	0.009
	0.262

	Plant spread(cm2)
	0.017
	0.077
	0.025
	0.329
	-0.059
	0.251
	-0.001
	0.037
	-0.027
	0.007
	0.238

	Curd diameter(cm)
	0.010
	0.068
	0.021
	0.404
	-0.061
	0.243
	-0.001
	0.035
	-0.020
	0.007
	0.236

	Curd depth(cm)
	0.020
	0.076
	0.022
	0.370
	0.067
	0.296
	-0.002
	0.044
	-0.022
	0.009
	0.264

	Days to curd initiation
	-0.020
	-0.077
	-0.022
	-0.336
	0.068
	-0.292
	0.002
	-0.045
	0.023
	-0.008
	-0.250

	 Days to first curd harvest
	-0.019
	-0.077
	-0.022
	-0.337
	0.068
	-0.302
	0.002
	-0.047
	0.022
	-0.008
	-0.254

	Number of lateral heads
	0.019
	0.076
	0.022
	0.329
	-0.069
	0.309
	-0.002
	0.043
	-0.023
	0.008
	0.263

	Leaf area(cm2)
	0.020
	0.067
	0.022
	0.259
	-0.049
	0.218
	-0.001
	0.032
	-0.031
	0.006
	0.192

	 Whole plant weight(g)
	0.016
	0.067
	0.019
	0.291
	-0.059
	0.249
	-0.001
	0.037
	-0.020
	0.010
	0.211

	 Harvest Index(%)
	0.015
	0.073
	0.022
	0.351
	-0.065
	0.269
	-0.002
	0.041
	-0.022
	0.008
	0.272


Residual0.0047

between variables. If a specific trait has a strong direct effect on yield correlation, it is considered crucial, and selecting for this trait can directly enhance yield. Conversely, if the correlation with yield is primarily driven by indirect effects through another trait, indirect selection may be more effective in improving yield. The (Table 2) shows that the trait with the strongest positive direct effect on yield was found in curd diameter (0.404) indicating higher curd diameter contributing to  high yield in broccoli . The curd diameter was followed by harvest index (0.272), indicating that a higher harvest index directly contributes to greater yield potential in broccoli. A high harvest index reflects better allocation of biomass to economically important parts of the plant (such as curds), thus increasing overall yield. Earlier research workers have also reported direct and positive effects of harvest index (Gautam 2004, Kumar  et al., 2004,Kumar  et al., 2005), Curd  weight (Shakuntla  et al., 1999, Khattra 2001).Number of leaves also demonstrated a significant direct effect (0.076) on yield, suggesting that an increased number of leaves enhances photosynthetic capacity, which in turn supports better growth and curd development. Although curd diameter recorded the highest positive direct effect on curd yield (0.404), the number of leaves exhibited a stronger overall correlation with yield (0.978). This suggests that the contribution of leaf number to yield is primarily indirect, acting through its association with traits such as curd weight and curd diameter. These findings highlight the need to account for both direct and indirect effects when selecting yield-enhancing traits in broccoli breeding programs. Other traits, such as plant height (0.034), plant spread (0.025), and number of lateral heads (0.043), showed positive direct effects, supporting the idea that larger, well-spread plants with more lateral heads are likely to produce better yields due to improved photosynthesis and biomass accumulation. conversely curd initiation and leaf area shows direct negative effect on curd yield which implies that early curd initiation can lead to high lead in broccoli and considering leaf area as a sole parameter for selection could be misleading rather breeder should also consider how leaf area interacts with other parameters and provide overall  positive cumulative effect on yield. the results are in consonance with earlier results of Singh et.al., in their respective studies
Path coefficient analysis proved to be a highly useful statistical approach for separating the direct and indirect effects of different traits contributing to yield in broccoli. Unlike simple correlation, which only indicates the strength and direction of association, path analysis provides a clearer picture of how individual traits influence yield—either directly or through their interactions with other characters. This method helps breeders pinpoint the most critical traits that have a true causal relationship with yield, allowing for more efficient and targeted selection in breeding programs.In the present study, path analysis identified curd diameter, harvest index, and number of leaves as the most influential characters, exerting strong direct effects on curd yield. These traits can therefore be considered reliable selection criteria for improving yield potential. The analysis also clarified that some traits, although showing high correlations with yield, contributed mainly through indirect effects, emphasizing the importance of examining both types of relationships before making breeding decisions.
Furthermore, the study recorded a very low residual effect value (0.0047), which indicates that the set of traits included in the analysis accounted for almost all of the variation in curd yield. This demonstrates that the parameters selected in the present research effectively explain the genetic and physiological basis of yield formation in broccoli. Such a high level of explanation strengthens the reliability of the results and underlines the practical value of these findings for breeding programs.
By combining correlation and path coefficient analyses, breeders can identify key yield-determining traits with greater precision. This approach improves the accuracy of selection and helps in designing breeding strategies that are adaptable to different environments while maintaining productivity and genetic progress in broccoli.
Findings from correlation and path coefficient analyses emphasize that selection should prioritize component traits that exhibit significant positive correlations with curd yield and contribute either directly or indirectly to marketable yield. By focusing on these traits, breeding programs can be optimized for improved productivity and quality.

                                              Conclusion:
This investigation highlights the major traits that influence yield in sprouting broccoli, identifying curd diameter, harvest index, and number of leaves as the most decisive contributors. The positive relationships of these traits with curd yield, along with the negative link of maturity traits, point to their usefulness in selecting early and high-yielding types. These results are valuable for plant breeders, as they clarify how different traits work together to affect yield and help refine selection methods. The information generated from this study can directly support breeding efforts aimed at enhancing yield potential, productivity, and the genetic improvement of broccoli.
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