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Abstract 
Vegetable crop productivity is a complex quantitative trait governed by the interaction of multiple 
morphological, physiological, and reproductive components. Correlation and path coefficient analyses are 
widely used biometrical tools in plant breeding to understand the nature and magnitude of associations among 
yield and its contributing traits. This review critically examines the role of correlation and path analysis in 
vegetable crops for identifying key yield-determining traits and improving selection efficiency in breeding 
programmes. Across major vegetable groups including solanaceous, cucurbitaceous, leguminous, cole, and 
root-bulb crops, traits such as fruit or pod number, fruit weight, and plant or canopy architecture consistently 
exhibit strong positive associations with yield. Path coefficient analysis further reveals that these traits exert 
the highest direct effects, while vegetative traits such as plant height, leaf area, and branching pattern 
generally influence yield indirectly through enhanced photosynthetic efficiency and assimilate supply. The 
review also highlights that trait relationships are highly influenced by genetic factors, environmental 
variability, genotype × environment interactions, management practices, and biotic and abiotic stress 
conditions. Despite their wide application, limitations exist due to environmental instability and lack of 
integration with modern breeding tools. Therefore, recent advances such as molecular markers, quantitative 
trait loci (QTL) mapping, genome-wide association studies (GWAS), genomic selection, high-throughput 
phenotyping, and artificial intelligence-based predictive models are increasingly being integrated with 
classical correlation and path analysis approaches. This integration enables more precise identification of 
yield-contributing traits and accelerates genetic improvement in vegetable crops. Overall, correlation and 
path analysis remain fundamental tools in vegetable breeding, and their combination with modern 
technologies offers a powerful strategy for sustainable yield enhancement under changing environmental 
conditions. 
 
Keywords: Vegetable crops; correlation analysis; path coefficient analysis; yield components; plant 
breeding; genetic variability; genotype × environment interaction; genomic selection; qtl mapping; artificial 
intelligence 
 
Introduction  
Vegetable crops occupy a unique and essential position in global agriculture due to their 
significant contributions to food security, nutritional well-being, livelihood enhancement, and 
economic development. Unlike staple cereals that primarily supply calories, vegetables are rich 
sources of vitamins, minerals, dietary fiber, antioxidants, and a wide range of health-promoting 
phytochemicals. With increasing global population, rapid urbanization, changing dietary 
preferences, and rising awareness of healthy diets, the demand for vegetables has increased 
substantially worldwide. As a result, improving vegetable productivity has become a central goal 
of agricultural research and breeding programs. However, yield improvement in vegetable crops 
is challenging because yield is a complex quantitative trait governed by multiple interacting 
components and strongly influenced by environmental factors. Therefore, understanding the 
relationships among yield and its contributing traits is essential for developing efficient breeding 
strategies, where correlation and path coefficient analyses serve as important biometrical tools for  
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identifying key yield-determining characters. Vegetables play a 
vital role in global food and nutritional security because they 
provide essential micronutrients required for human health. Dias 
and Ryder (2011) [13] emphasized that vegetables are important 
components of balanced diets due to their high levels of vitamins, 
minerals, fiber, and phytochemicals. Similarly, Schreinemachers 
et al. (2018) [42] highlighted that vegetables are among the most 
affordable sources of micronutrients and are crucial for improving 
dietary quality, especially in developing countries. Beyond 
nutrition, vegetable cultivation supports rural livelihoods through 
employment generation, income creation, and value chain 
activities such as processing, packaging, and marketing. Ebert 
(2020) [14, 15, 16] further noted that vegetables are central to 
combating micronutrient deficiencies and hidden hunger globally, 
particularly in vulnerable populations. 
Vegetables are also rich in bioactive compounds such as 
carotenoids, flavonoids, phenolics, and glucosinolates, which are 
associated with reduced risks of chronic diseases including 
cardiovascular disorders, diabetes, obesity, and certain cancers. 
Dias (2019) [11, 12] reported that regular vegetable consumption 
contributes significantly to disease prevention and overall health 
improvement. In this context, investments in vegetable research 
and development are considered essential for achieving 
nutritional security and sustainable food systems (Keatinge et al., 
2014) [25]. 
The global vegetable sector has experienced substantial growth 
over recent decades due to advances in breeding, protected 
cultivation, irrigation technologies, and crop management 
practices. Asia dominates global vegetable production, with 
China and India being the leading contributors. The adoption of 
high-yielding hybrids, drip irrigation, fertigation, and precision 
farming techniques has significantly increased productivity. 
However, Schreinemachers et al. (2018) [42] observed that 
considerable yield gaps still exist between actual farm yields and 
genetic potential, particularly in developing regions where 
research investment, infrastructure, and post-harvest systems 
remain limited. Increasing population pressure and climate 
variability further intensify the demand for higher and more stable 
vegetable production.Despite technological progress, vegetable 
yield improvement faces multiple constraints. Climate change, 
including rising temperatures, irregular rainfall, drought, 
flooding, and salinity stress, severely affects plant growth, 
flowering, and fruit development. Biotic stresses such as insect 
pests, diseases, and nematodes also contribute to significant yield 
losses. Additionally, the narrow genetic base of many cultivated 
vegetables limits breeding progress and reduces adaptability. 
Ebert and Engels (2020) [14, 15, 16] emphasized the importance of 
conserving plant genetic resources for sustaining long-term 
improvement. Poor soil fertility, limited irrigation, and post-
harvest losses further aggravate productivity challenges. Most 
importantly, yield itself is a complex trait influenced by multiple 
genes and environmental interactions, making direct selection 
inefficient. 
Yield in vegetable crops is considered one of the most complex 
quantitative traits because it results from the interaction of 
numerous morphological, physiological, and biochemical 
processes. Wright (1921) [49] described such traits as polygenic in 
nature, requiring statistical approaches for proper analysis. Yield 
may be expressed as fruit yield, pod yield, root yield, bulb yield, 
or head yield depending on the crop. It is determined by multiple 
components such as plant height, branching pattern, vine length, 
flowering behavior, fruit set, fruit number, and fruit size. Dewey 
and Lu (1959) [10] emphasized that direct selection for yield is 
often ineffective due to its complex nature and environmental 

sensitivity.Yield component analysis therefore becomes essential 
in plant breeding as it helps identify traits that contribute most 
significantly to yield. Falconer and Mackay (1996) [18] noted that 
indirect selection through correlated traits is often more efficient 
than direct selection for complex traits. Correlation analysis 
measures the degree and direction of association between traits, 
while path coefficient analysis, introduced by Wright (1921) [49] 
and applied in plant breeding by Dewey and Lu (1959) [10], 
partitions correlations into direct and indirect effects. This allows 
breeders to identify traits that directly influence yield as well as 
those that act indirectly through other components. 
In vegetable crops, traits such as number of fruits or pods per 
plant, average fruit weight, fruit diameter, branches per plant, and 
earliness consistently show strong associations with yield. These 
traits are widely used as selection criteria in breeding programs 
because they are often more heritable and stable than total yield 
itself. Singh and Chaudhary (1985) [46] highlighted that 
understanding trait relationships improves selection efficiency 
and accelerates genetic gain in crop improvement.The present 
review focuses on synthesizing available literature on correlation 
and path coefficient analyses across major vegetable crop groups, 
including solanaceous, cucurbitaceous, leguminous, cole, and 
root and bulb vegetables. It aims to identify key yield-
contributing traits, summarize major research findings, and 
highlight their applications in breeding programs. The review also 
emphasizes integrating classical biometrical approaches with 
modern genomic, phenomic, and computational tools to enhance 
precision breeding and improve vegetable productivity under 
changing environmental conditions. 
 
Concept of yield and yield components in vegetable crops 
Yield in vegetable crops represents the final expression of plant 
productivity, resulting from the interaction of genetic, 
environmental, and physiological processes throughout the crop 
growth cycle. It is a complex quantitative trait controlled by 
multiple genes with small additive effects and is strongly 
influenced by genotype × environment interactions. Because of 
this complexity, direct selection for yield is often less efficient 
than selection based on its component traits, which are generally 
more heritable and stable across environments (Falconer & 
Mackay, 1996; Acquaah, 2012) [1, 28]. Yield in vegetables varies 
with crop type and may be expressed as fruit, pod, root, bulb, or 
head yield. Fehr (1987) [19] described yield as the cumulative 
outcome of vegetative growth, reproductive development, and 
assimilate partitioning. In fruit vegetables such as tomato, brinjal, 
and cucumber, yield is mainly determined by fruit number and 
fruit weight, while in root and bulb crops it depends on storage 
organ size and weight (Singh & Chaudhary, 1985) [46]. 
Morphological traits such as plant height, branching, vine length, 
and leaf area influence yield by regulating photosynthetic 
efficiency and assimilate production. Reproductive traits 
including flowering time, sex ratio, and fruit set percentage 
directly affect fruit formation and final productivity. Among yield 
attributes, number of fruits per plant, fruit size, and average fruit 
weight are the most important contributors to economic yield 
across vegetable crops (Dewey & Lu, 1959; Tanksley, 2004) [10, 

48]. The interrelationship among growth traits, reproductive traits, 
yield components, total yield, and marketable yield is illustrated 
in Figure 1, which highlights the hierarchical contribution of 
various plant characteristics to overall vegetable productivity. 
Environmental conditions such as temperature, soil fertility, and 
moisture availability significantly influence the expression of 
yield components. In addition, genotype × environment 
interactions often modify trait performance across locations and 
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seasons, making multi-environment evaluation essential for 
identifying stable and high-yielding genotypes (Blum, 2011; 
Ceccarelli, 2015) [3, 7]. As shown in Figure 1, marketable yield is 
the cumulative outcome of growth and reproductive processes 
acting through yield-contributing traits, while correlation and 
path coefficient analyses help identify the most influential 
components affecting final productivity. 
 
Statistical approaches in yield component analysis 
Statistical approaches are essential for understanding the complex 
relationships among yield and its component traits in vegetable 
crops, as summarized in Table 1. Since yield is a highly polygenic 
trait and is strongly influenced by environmental factors, direct 
selection for yield alone is often less effective. Therefore, 
biometrical and statistical tools such as variability analysis, 
correlation analysis, and path coefficient analysis are widely used 
in plant breeding. These approaches help in partitioning total 
variability into genetic and environmental components and in 
identifying the magnitude and direction of associations among 
traits, thereby improving selection efficiency in breeding 
programmes. According to Falconer and Mackay (1996) [18] and 
Acquaah (2012) [1], statistical genetic tools are fundamental for 
interpreting quantitative variation and guiding effective selection 
strategies in crop improvement. 
 
Role of biometrical genetics in crop improvement 
Biometrical genetics provides the statistical framework for 
analyzing quantitative traits controlled by multiple genes. The 
development of quantitative genetics has significantly 
strengthened plant breeding by enabling the interpretation of 
complex inheritance patterns. Fisher (1918) [20] laid the 
foundation of modern statistical genetics, while Wright (1921) [49] 

further developed the concepts of correlation and path analysis. 
Singh and Chaudhary (1985) [46] emphasized that biometrical 
methods are essential for understanding complex traits like yield 
where multiple component traits interact simultaneously.In 
vegetable crops, biometrical genetics is widely used to estimate 
variability, heritability, and genetic advance, which are crucial 
parameters for selection. Johnson et al. (1955) [23] demonstrated 
that selection based on genetic parameters is more efficient than 
selection based solely on phenotypic performance. Thus, 
biometrical genetics serves as the backbone of modern vegetable 
breeding programmes by helping breeders distinguish genetic 
effects from environmental influences. 
 
Variability studies 
Variability is the basic requirement for crop improvement, as 
selection depends on the presence of sufficient genetic variation. 
Variability studies help in assessing the extent of variation in a 
population and determining the potential for selection. 
Phenotypic coefficient of variation (PCV) and genotypic 
coefficient of variation (GCV) are commonly used measures. 
Burton (1952) [4, 5] reported that high PCV and GCV values 
indicate greater scope for selection, while the difference between 
them reflects environmental influence.Burton and Devane (1953) 
[6] further emphasized the importance of genetic variability in 
plant breeding programmes. In vegetable crops, studies have 
consistently reported high variability in traits such as fruit 
number, fruit weight, branching pattern, and fruit size, indicating 
good scope for genetic improvement (Singh et al., 2018) [47]. 
Heritability and genetic advance are also important parameters 
used alongside variability estimates. Allard (1999) [2] stated that 
traits with high heritability and high genetic advance are more  
Reliable for effective selection in breeding programmes. 

Association analysis in plant breeding 
Association analysis is used to study the relationships among 
different traits, particularly between yield and its components. 
Correlation analysis, introduced by Pearson (1896) [36], is widely 
used in plant breeding to estimate the degree and direction of 
association between traits. Correlation coefficients are calculated 
at phenotypic and genotypic levels, where genotypic correlations 
are usually higher because environmental effects reduce 
phenotypic expression (Singh & Chaudhary, 1985) [46].In 
vegetable crops, correlation analysis has been extensively used to 
identify traits associated with yield. Meena and Bahadur (2015) 
[32] reported strong positive correlations between fruit yield and 
traits such as fruit number and fruit weight in tomato. Similarly, 
Rani et al. (2015) [39] observed positive associations between yield 
and vine length in cucurbits. However, correlation analysis does 
not distinguish between direct and indirect effects, which limits 
its interpretability.To overcome this limitation, path coefficient 
analysis is used. Wright (1921) introduced path analysis to 
partition correlation into direct and indirect effects, while Dewey 
and Lu (1959) [10] applied it in plant breeding to identify key yield-
contributing traits. In vegetable crops, traits such as fruit number 
per plant and fruit weight consistently show strong direct effects 
on yield. 
 
Importance of trait relationship studies 
Trait relationship studies are crucial for understanding the 
interaction among yield components and for improving selection 
efficiency. Since yield is a complex trait, indirect selection 
through correlated traits is often more effective than direct 
selection. Falconer and Mackay (1996) [18] highlighted that 
indirect selection is particularly useful when heritability of yield 
is low or when environmental variation is high.Path analysis 
further enhances selection efficiency by separating direct and 
indirect effects of traits on yield. Dewey and Lu (1959) [10] 
emphasized that traits with high direct effects should be 
prioritized in breeding programmes. In vegetable crops, fruit 
number, fruit weight, branching pattern, and fruit size are often 
identified as major yield contributors.Trait relationship studies 
also help in identifying undesirable associations, such as negative 
correlations between yield and late maturity or excessive 
vegetative growth. Johnson et al. (1955) [23] suggested that 
combining variability, correlation, and path analysis provides a 
powerful framework for selecting superior genotypes.Recent 
studies in vegetable crops further confirm the importance of these 
approaches. Kumar et al. (2019) [28] reported that integration of 
correlation and path analysis improves selection accuracy in 
cucurbits, while Sharma et al. (2020) [43] emphasized their role in 
developing high-yielding and stable vegetable varieties. Thus, 
statistical approaches remain fundamental tools in modern 
vegetable breeding for identifying key traits and improving 
productivity. 
 
Correlation analysis in vegetable crops 
Correlation analysis is one of the most widely used biometrical 
tools in plant breeding for understanding the nature and degree of 
association among quantitative traits. In vegetable crops, where 
yield is a complex outcome of many interrelated components, 
correlation analysis helps breeders identify traits that move 
together in a desirable or undesirable direction. This enables 
indirect selection of superior genotypes through associated 
characters rather than relying solely on yield, which is often 
highly influenced by environmental variation. The method forms 
the foundation for further multivariate approaches such as path 
coefficient analysis and regression-based selection indices. 
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Historical development of correlation analysis 
The concept of correlation was first introduced by Galton (1888) 
[21] and later mathematically formalized by Pearson (1896) [36], 
who developed the product-moment correlation coefficient 
widely used in biological sciences. In plant breeding, correlation 
analysis gained importance with the development of quantitative 
genetics by Fisher (1918) [20], who integrated statistical methods 
into genetic studies.Later, Wright (1921) [49] extended correlation 
analysis into causal modeling through path coefficient analysis, 
enabling the partitioning of correlations into direct and indirect 
effects. The application of correlation in plant breeding was 
further strengthened by Robinson et al. (1951) [41] and Johnson et 
al. (1955) [23], who demonstrated its importance in selection 
studies. In vegetable crops, correlation analysis has since been 
extensively used to study yield components and their 
interrelationships in tomato, brinjal, chilli, cucumber, and other 
species. 
 
Concept and definition of correlation 
Correlation refers to the statistical measure that expresses the 
degree and direction of association between two variables. In 
plant breeding, it indicates how changes in one trait are associated 
with changes in another trait. According to Singh and Chaudhary 
(1985) [46], correlation analysis is essential for identifying traits 
that can be improved simultaneously or indirectly during 
selection.Correlation coefficients range from -1 to +1. A positive 
correlation indicates that both traits increase or decrease together, 
while a negative correlation indicates an inverse relationship. A 
zero correlation implies no association between traits. In 
vegetable crops, traits such as fruit number and yield often show 
strong positive correlations, whereas traits like days to maturity 
may show negative correlations with earliness-related yield 
advantages. 
 
Types of correlation 
Correlation in plant breeding is generally classified into 
phenotypic, genotypic, and environmental correlations, each 
representing different levels of association. 
 
Phenotypic correlation 
Phenotypic correlation refers to the observable association 
between two traits as influenced by both genetic and 
environmental factors. It is calculated using phenotypic variances 
and covariances.According to Falconer and Mackay (1996) [18], 
phenotypic correlation reflects the combined effect of genotype 
and environment and is generally lower than genotypic 
correlation due to environmental masking effects. In vegetable 
crops, phenotypic correlations are commonly used in field-based 
selection studies where environmental variation is 
unavoidable.Studies by Meena and Bahadur (2015) [32] in tomato 
and Rani et al. (2015) [39] in cucurbits reported significant 
phenotypic correlations between yield and traits such as fruit 
number, fruit weight, and plant height. 
 
Genotypic correlation 
genotypic correlation measures the association between traits at 
the genetic level, excluding environmental influences. It is 
considered more reliable for selection because it reflects true 
genetic relationships.Singh and Chaudhary (1985) [46] reported 
that genotypic correlations are usually higher than phenotypic  
Correlations due to the removal of environmental variance. In 
vegetable crops, high genotypic correlation between yield and its 
components indicates strong genetic linkage or pleiotropy.For 
example, Kumar et al. (2018) [26, 27] observed strong genotypic 

correlations between fruit yield and fruit weight in brinjal, while 
Sharma et al. (2020) [43] reported similar findings in cucumber and 
bitter gourd. 
 
Environmental correlation 
Environmental correlation arises due to the influence of 
environmental factors affecting two traits simultaneously. It 
reflects non-genetic association caused by shared environmental 
conditions.According to Falconer and Mackay (1996) [18], 
environmental correlations can either enhance or reduce 
phenotypic correlations depending on the direction of 
environmental effects. In vegetable crops, irrigation, temperature, 
soil fertility, and pest incidence often influence environmental 
correlations among yield traits. 
 
Estimation of correlation coefficients 
Correlation coefficients are estimated using variance and 
covariance components. The genotypic, phenotypic and 
environmental correlation coefficient is calculated as: 
 
Genotypic correlation coefficient 
 

rg (xy) =
cov. g (xy)

�σ2 gx × σ2 gy
 

 
Where, 
rg(xy) = Genotypic correlation coefficient between traits x and y 
Cov.g(xy)= Genotypic covariance between traits x and y 
σ2gx= Genotypic variance of trait x 
σ2gy = Genotypic variance of trait y 
 
Phenotypic correlation coefficient 
 

rp(xy) =
cov. p (xy)

�σ2 px × σ2 py
 

Where, 
rp(xy) = Phenotypic correlation coefficient between traits x and y 
Covp(xy) = Phenotypic covariance between traits x and y 
σ2

px= Phenotypic variance of trait x 
σ2

py= Phenotypic variance of trait y 
 
Interpretation of correlation values 
The magnitude of correlation coefficients determines the strength 
of association between traits. Generally: 
 
• 0.00-0.19 → very low correlation  
• 0.20-0.39 → low correlation  
• 0.40-0.59 → moderate correlation  
• 0.60-0.79 → high correlation  
• 0.80-1.00 → very high correlation  

 
In vegetable crops, high positive correlations between yield and 
traits such as fruit number, fruit weight, and branches per plant 
indicate their importance in selection programs. Negative 
correlations often indicate trade-offs between vegetative growth 
and reproductive development. Allard (1999) [2] emphasized that 
interpretation of correlation should always be done in conjunction 
with biological relevance rather than statistical magnitude alone. 
 
Advantages of correlation analysis 
Correlation analysis offers several advantages in plant breeding:It 
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helps identify traits that are genetically associated with yield and 
can be used for indirect selection. It simplifies selection by 
reducing the number of traits to be considered simultaneously. It 
provides insights into the direction of selection (positive or 
negative association). It is relatively simple and cost-effective 
compared to advanced genomic tools.According to Singh and 
Chaudhary (1985) [46], correlation analysis is particularly useful 
in early-generation selection where direct yield measurement may 
be unreliable.Despite its usefulness, correlation analysis has 
certain limitations. It does not dist 
 
Limitations of correlation analysis 
A high correlation between two traits does not necessarily imply 
a causal relationship. Environmental influences may distort true 
genetic associations. Correlation values may vary across 
environments and populations.Wright (1921) [49] highlighted that 
correlation alone cannot explain causal relationships, which led to 
the development of path coefficient analysis. Therefore, 
correlation should always be interpreted along with other 
biometrical tools. 
 
Applications of correlation analysis in vegetable breeding 
Correlation analysis has wide applications in vegetable crop 
improvement. It is used to identify yield-contributing traits, select 
parental lines, and develop selection indices.tomato, Meena and 
Bahadur (2015) [32] reported strong positive correlations between 
fruit yield and number of fruits per plant. In brinjal, Kumar et al. 
(2018) [26, 27] observed significant associations between yield and 
fruit weight. In chilli, Yatung et al. (2014) [51] identified positive 
correlations between yield and branching traits.In cucurbits such 
as cucumber, bottle gourd, ridge gourd, and snake gourd, traits 
like vine length, fruit number, and fruit weight were found to be 
strongly associated with yield (Rajkumari et al., 2021; Priyanka 
et al., 2020) [37]. Similarly, in leguminous vegetables, pod number 
per plant showed strong correlation with yield (Patel et al., 
2018).Overall, correlation analysis remains a fundamental tool in 
vegetable breeding programs for identifying important selection 
criteria and improving yield potential through indirect selection 
strategies. 
 
Path Coefficient Analysis: Theory and Applications 
Path coefficient analysis is a powerful biometrical tool used in 
plant breeding to partition correlation coefficients into direct and 
indirect effects of yield-contributing traits. In vegetable crops, 
where yield is controlled by multiple interrelated characters, path 
analysis provides deeper insight into cause-effect relationships 
among traits, helping breeders identify the most important 
selection criteria for improving productivity. Unlike simple 
correlation analysis, which only measures association, path 
analysis explains the actual contribution of each trait to yield, 
making it highly valuable in crop improvement programmes. A 
schematic representation of the direct and indirect effects of yield-
contributing traits on vegetable crop productivity through path 
coefficient analysis is presented in Figure 2. 
 
Historical background 
The concept of path analysis was first developed by Wright 
(1921) [49] in the field of genetics to study causal relationships 
among biological variables. He introduced the idea of path 
coefficients to quantify direct and indirect influences among 
traits. Later, this method was adapted in plant breeding by Dewey 
and Lu (1959) [10], who applied it to identify yield components in 
crop plants.Subsequently, Li (1975) [30] and Singh and Chaudhary 
(1985) [46] further refined the methodology and popularized its use 

in agricultural research. In vegetable crops, path coefficient 
analysis has been widely used to understand the genetic 
architecture of yield in tomato, brinjal, chilli, cucumber, and 
various cucurbits. Studies by Meena and Bahadur (2015) and 
Kumar et al. (2018) [26] demonstrated its effectiveness in 
identifying key traits influencing yield. 
 
Concept of path analysis 
Path analysis is a standardized partial regression technique that 
decomposes correlation coefficients into direct and indirect 
effects. It explains how a dependent variable (yield) is influenced 
by several independent variables (yield components).According 
to Wright (1921) [49], each correlation coefficient between two 
traits can be expressed as the sum of direct effects and indirect 
effects through other traits. In vegetable crops, this allows 
breeders to determine whether a trait influences yield directly or 
indirectly through other characters such as fruit number, fruit 
weight, or branching pattern.For example, fruit yield in tomato 
may be influenced directly by fruit weight and indirectly by plant 
height through increased branching and fruit production. 
 
Direct effects 
Direct effects represent the immediate influence of an 
independent trait on yield without the mediation of other traits. 
Traits with high positive direct effects are considered important 
selection criteria in breeding programmes.Dewey and Lu (1959) 
[10] emphasized that traits with strong direct effects should be 
given priority during selection because they contribute most 
significantly to yield improvement. In vegetable crops, traits such 
as fruit number per plant, average fruit weight, and branches per 
plant often exhibit strong direct effects on yield.For instance, 
Meena and Bahadur (2015) [32] reported that fruit weight had the 
highest direct effect on yield in tomato. Similarly, Rani et al. 
(2015) [39] observed strong direct contributions of vine length and 
fruit number in cucurbits. 
 
Indirect effects 
Indirect effects occur when one trait influences yield through its 
association with another trait. These effects may either enhance 
or reduce the overall correlation between traits.According to 
Singh and Chaudhary (1985) [46], indirect effects are crucial in 
understanding the complex relationships among yield 
components. For example, plant height may not directly influence 
yield but may contribute indirectly through increased branching 
or leaf area, which enhances photosynthesis and fruit 
production.In cucurbit crops, Rajkumari et al. (2021) observed 
that vine length influenced yield indirectly through fruit number 
and fruit weight. Similarly, Kumar et al. (2018) [26, 27] reported 
that days to flowering affected yield indirectly via fruit set 
percentage and fruit number.Understanding indirect effects helps 
breeders avoid misleading interpretations of correlation 
coefficients. The direct and indirect effects of yield-contributing 
traits across vegetable crops are further summarized in Table 2. 
 
Residual effects 
Residual effects represent the unexplained variation in the 
dependent variable (yield) after considering all independent 
variables in the path model. It indicates the influence of factors 
not included in the analysis. According to Li (1975) [30], a low 
residual effect suggests that the selected variables adequately 
explain yield variation, whereas a high residual effect indicates 
the presence of other important unmeasured factors. In vegetable 
crops, residual effects may arise due to environmental factors, 
genetic interactions, or unmeasured physiological traits such as 
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photosynthetic efficiency or nutrient uptake capacity. 
 
Methodology of path coefficient analysis 
Path coefficient analysis is carried out through the following 
steps: 
1. Estimation of correlation coefficients among all traits.  
2. Selection of yield as the dependent variable and other traits 

as independent variables.  
3. Construction of a path diagram representing causal 

relationships.  
4. Partitioning of correlation coefficients into direct and indirect 

effects using simultaneous equations.  
5. Calculation of residual effects.  
The general formula used is: 
 

rij= Piy+∑ rij Piy 
 
The components of this formula are defined as: 
• riy = The total correlation coefficient between an 

independent trait i and crop yield y 
• Piy = The standardized direct effect of trait i on crop yield. 
• rij = The correlation coefficient between trait i and another 

independent trait j. 
• Pjy = The standardized direct effect of trait j on crop yield. 
• ∑rij Piy= he sum of all indirect effects of trait i on yield 

through other traits j. 
 Singh and Chaudhary (1985) [46] highlighted that path 
analysis requires accurate estimation of correlation coefficients 
and careful interpretation of biological relationships among traits. 
 
Advantages of path analysis over correlation analysis 
Path coefficient analysis offers several advantages over simple 
correlation analysis. It provides detailed information about the 
nature of relationships among traits by separating direct and 
indirect effects. This helps in identifying true cause-effect 
relationships rather than simple associations.According to Wright 
(1921) [49], correlation alone cannot distinguish between direct 
and indirect influences, whereas path analysis overcomes this 
limitation. In vegetable breeding, this allows identification of 
traits that directly influence yield.Dewey and Lu (1959) [10] 
emphasized that path analysis helps breeders prioritize traits with 
maximum direct effects for selection. It also assists in eliminating 
traits that show high correlation with yield but exert only indirect 
effects.Furthermore, path analysis improves the efficiency of 
selection by identifying key yield determinants such as fruit 
number, fruit weight, and branching pattern in vegetable crops. 
 
Limitations of path analysis 
Despite its advantages, path coefficient analysis has certain 
limitations. It assumes a predefined causal relationship among 
variables, which may not always be biologically accurate. 
Incorrect selection of variables can lead to misleading 
conclusions.According to Li (1975) [30], multicollinearity among 
independent variables can affect the reliability of path 
coefficients. Additionally, path analysis does not account for gene 
interactions or epistatic effects.In vegetable crops, environmental 
variability can also influence path coefficients, making results 
less stable across locations and seasons. Therefore, results should 
always be interpreted cautiously and validated across multiple 
environments. 
 
Importance in crop improvement programmes 
Path coefficient analysis plays a crucial role in crop improvement 
programmes by identifying key yield-contributing traits. It helps  

Breeders select traits with maximum direct influence on yield, 
thereby increasing selection efficiency.In vegetable crops, 
numerous studies have demonstrated the importance of path 
analysis. Meena and Bahadur (2015) [32] identified fruit weight 
and fruit number as major direct contributors to yield in tomato. 
Similarly, Rani et al. (2015) [39] reported strong direct effects of 
vine length and fruit number in cucurbits.In brinjal, chilli, 
cucumber, and gourds, path analysis has consistently identified 
fruit number per plant and average fruit weight as the most 
important yield determinants (Kumar et al., 2018; Rajkumari et 
al., 2021) [26, 27]. These findings indicate that selection for these 
traits can effectively improve yield potential.Path analysis is also 
useful in identifying secondary traits that influence yield 
indirectly, such as plant height, leaf area, and days to flowering. 
By integrating both direct and indirect effects, breeders can design 
more efficient selection strategies.Overall, path coefficient 
analysis is an indispensable tool in vegetable breeding 
programmes for improving yield, understanding trait 
relationships, and accelerating genetic gain. 
 
Correlation and path analysis in solanaceous vegetable crops 
Correlation and path coefficient analyses are widely used in 
solanaceous vegetable crops such as tomato (Solanum 
lycopersicum L.), brinjal (Solanum melongena L.), chilli, and 
capsicum (Capsicum spp.) to understand the interrelationships 
among yield and its component traits. Since yield is a complex 
quantitative trait governed by multiple genes and strongly 
influenced by environmental conditions, direct selection is often 
less effective. Therefore, indirect selection through associated 
traits identified using correlation and path analysis is considered 
more efficient for improving yield in these crops (Singh & 
Chaudhary, 1985; Acquaah, 2012) [1, 46]. In tomato, correlation 
studies have consistently shown that fruit yield per plant is 
positively associated with number of fruits per plant, average fruit 
weight, plant height, and number of primary branches. Meena and 
Bahadur (2015) [32] reported strong positive correlations between 
fruit yield and fruit number per plant, indicating that fruit number 
is a major yield-determining trait. Kumar et al. (2017) also 
observed significant genotypic correlations between fruit yield 
and fruit weight, suggesting strong genetic control. Path analysis 
further revealed that fruit number per plant and fruit weight exert 
the highest direct effects on yield, while plant height and 
branching contribute indirectly through their influence on 
reproductive traits (Dewey & Lu, 1959) [10]. Similar trends have 
been reported in brinjal, where fruit yield is positively associated 
with fruit number, fruit weight, plant height, and branching 
pattern. Kumar et al. (2018) [26, 27] found that fruit weight and fruit 
number are the most important direct contributors to yield, while 
vegetative traits act mainly through indirect effects. In chilli and 
capsicum, correlation studies also indicate strong positive 
associations of yield with fruit number per plant, fruit weight, fruit 
length, plant height, and branching habit. Yatung et al. (2014) [51] 
reported that fruit number is the most important yield-
contributing trait in chilli. Sharma et al. (2020) [43] observed 
similar results in capsicum, where vegetative vigor traits 
supported yield indirectly through reproductive development. 
Path coefficient analysis confirmed that fruit number and fruit 
weight have the highest direct effects on yield, while plant height 
and branching influence yield indirectly (Fehr, 1987) [19].Overall, 
studies across solanaceous crops consistently identify fruit 
number per plant and fruit weight as the most important selection 
criteria, making them key targets for yield improvement 
programmes in vegetable breeding. 
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Correlation and path analysis in cucurbitaceous vegetable 
crops 
Cucurbitaceous vegetables such as cucumber, bitter gourd, bottle 
gourd, ridge gourd, sponge gourd, snake gourd, pumpkin, and ash 
gourd are important vine crops showing wide variability in 
growth habit, sex expression, and yield components. Because 
yield in these crops is highly complex and influenced by multiple 
vegetative and reproductive traits, correlation and path coefficient 
analyses are widely used to identify key yield-contributing 
characters and to separate their direct and indirect effects (Singh 
& Chaudhary, 1985; Dewey & Lu, 1959) [10]. 
In cucumber (Cucumis sativus L.), fruit yield is positively 
associated with fruit number per vine, fruit weight, vine length, 
and branching habit. Rani et al. (2015) [39] reported that fruit 
number is a major yield-determining trait. Path analysis 
confirmed that fruit number and fruit weight exert the highest 
direct effects, while vegetative traits like vine length contribute 
indirectly through improved photosynthetic efficiency.In bitter 
gourd (Momordica charantia L.), yield is strongly influenced by 
sex expression and fruit-bearing traits. Fruit number, female 
flower production, and fruit set percentage show strong positive 
correlations with yield. Kumar et al. (2019) [28] observed that fruit 
number has a major direct effect on yield, while vine length and 
branching act indirectly through reproductive efficiency. 
Bottle gourd (Lagenaria siceraria) shows positive associations of 
yield with vine length, fruit length, fruit diameter, and fruit 
weight. Rajkumari et al. (2021) reported that fruit weight and fruit 
number are the most important contributors to yield. Path analysis 
indicated that fruit weight has the highest direct effect, while 
vegetative traits influence yield indirectly.In ridge gourd and 
sponge gourd, yield is mainly governed by fruit number, fruit 
weight, vine length, and branching habit. Priyanka et al. (2020) 
[37] and Meena and Bahadur (2015) [32] reported that fruit number 
per plant has a strong positive correlation and direct effect on 
yield in these crops.Snake gourd and pumpkin also show similar 
trends where fruit number and fruit weight are the major yield 
determinants, while vine length and leaf area contribute indirectly 
by enhancing assimilate supply (Kalloo, 1993) [24]. In ash gourd, 
fruit weight and fruit size are the most important traits influencing 
yield, with vegetative traits playing a supporting role.Overall, 
studies across cucurbitaceous crops consistently indicate that fruit 
number per plant and fruit weight are the most important direct 
contributors to yield, while vegetative traits such as vine length 
and branching mainly exert indirect effects. 
 
Correlation and path analysis in leguminous vegetable crops 
Leguminous vegetable crops such as cowpea, French bean, 
dolichos bean, and garden pea are important sources of dietary 
protein and also play a significant role in improving soil fertility 
through biological nitrogen fixation. Yield improvement in these 
crops is complex because pod yield is influenced by multiple 
interacting vegetative and reproductive traits. Therefore, 
correlation and path coefficient analyses are widely used in 
legume breeding programmes to identify key yield-contributing 
characters and to understand the nature of relationships among 
traits by separating direct and indirect effects (Singh & 
Chaudhary, 1985; Dewey & Lu, 1959) [10, 46]. 
In cowpea (Vigna unguiculata), correlation studies have shown 
that pod yield is positively associated with traits such as number 
of pods per plant, pod length, number of seeds per pod, plant 
height, and number of branches. Among these, number of pods 
per plant is consistently identified as a major yield-determining 
trait. Path analysis has further revealed that number of pods per 
plant and pod weight exert the highest direct effects on yield, 

while plant height and branching contribute indirectly by 
enhancing photosynthetic efficiency and pod formation (Kumar 
et al., 2018) [26, 27]. In French bean (Phaseolus vulgaris), pod yield 
shows strong positive associations with number of pods per plant, 
pod length, pod weight, and number of clusters per plant. Studies 
by Meena and Bahadur (2015) [32] and Sharma et al. (2020) [43] 
reported that pod number per plant is the most important yield 
component. Path coefficient analysis confirmed that pod number 
and pod weight have the strongest direct effects on yield, while 
vegetative traits influence yield indirectly. In some cases, early 
flowering traits show negative association with yield, indicating 
a trade-off between earliness and productivity. In dolichos bean 
(Lablab purpureus), yield is mainly governed by pod number, pod 
length, pod weight, and branching pattern. Correlation studies 
indicate that vigorous vegetative growth supports higher 
reproductive output. Path analysis shows that pod number and 
pod weight are the main direct contributors to yield, while vine 
growth contributes indirectly through assimilate production 
(Kalloo, 1993) [24]. In garden pea (Pisum sativum), pod yield is 
positively associated with number of pods per plant, pod length, 
number of seeds per pod, and plant height. Path analysis has 
shown that pod number per plant exerts the highest direct effect 
on yield, followed by seed number per pod, while vegetative traits 
influence yield indirectly through reproductive development 
(Falconer & Mackay, 1996) [18].Overall, studies in leguminous 
vegetables consistently indicate that pod number per plant and 
pod weight are the most important direct determinants of yield, 
while vegetative traits mainly contribute indirectly by supporting 
reproductive efficiency and assimilate supply. 
 
Correlation and path analysis in cole crops 
Cole crops, belonging to the family Brassicaceae, include 
important vegetables such as cabbage (Brassica oleracea var. 
capitata), cauliflower (Brassica oleracea var. botrytis), and 
broccoli (Brassica oleracea var. italica). These crops are valued 
for their compact edible structures such as heads and curds, and 
yield in these crops is a complex quantitative trait influenced by 
multiple vegetative and reproductive components. Therefore, 
correlation and path coefficient analyses are widely used to 
identify key yield-contributing traits and to understand their direct 
and indirect effects, which helps improve selection efficiency in 
breeding programmes (Singh & Chaudhary, 1985; Dewey & Lu, 
1959) [46]. In cabbage, correlation studies have shown that head 
yield is positively associated with plant height, number of outer 
leaves, head diameter, and leaf area. Singh et al. (2018) [47] 
reported strong positive correlations between head weight and 
head diameter, indicating that head size is a major determinant of 
yield. Sharma et al. (2020) [43] also observed that vegetative traits 
such as leaf number and plant vigor contribute indirectly to yield 
by enhancing photosynthetic efficiency. Path analysis further 
revealed that head diameter and head weight exert the highest 
direct effects on yield, while vegetative traits influence yield 
indirectly through assimilate production.In cauliflower, curd 
yield shows positive associations with curd diameter, curd 
weight, plant height, and number of leaves. Kumar et al. (2018) 
reported that curd weight is strongly correlated with total yield, 
making it a key yield component. Path coefficient analysis 
confirmed that curd weight has the highest direct effect on yield, 
while vegetative traits such as leaf number contribute indirectly 
by supporting assimilate supply. In some studies, early curd 
initiation has shown negative association with yield, suggesting a 
trade-off between earliness and productivity. In broccoli, head 
yield is positively associated with head weight, head diameter, 
plant height, and leaf number. Priyanka et al. (2020) [37] reported 

https://www.agronomyjournals.com/


International Journal of Research in Agronomy  https://www.agronomyjournals.com  

~ 162 ~ 

that head weight is the most important trait influencing yield. Path 
analysis further confirmed that head weight and head diameter 
exert strong direct effects on yield, while vegetative traits 
contribute indirectly by improving photosynthetic 
efficiency.Overall, studies in cole crops consistently show that 
head or curd weight and diameter are the most important direct 
determinants of yield, while vegetative traits mainly act 
indirectly. 
 
Correlation and path analysis in root and bulb vegetables 
Root and bulb vegetables such as carrot, radish, beetroot, onion, 
and garlic form an important group of crops in which economic 
yield is stored in modified underground structures. Yield 
formation in these crops is a complex process influenced by 
vegetative growth, assimilate partitioning, and environmental 
conditions. Hence, correlation and path coefficient analyses are 
widely used to identify key yield-contributing traits and to 
understand their direct and indirect effects for effective selection 
in breeding programmes (Singh & Chaudhary, 1985; Dewey & 
Lu, 1959) [10]. In carrot (Daucus carota), root yield is positively 
associated with traits such as root length, root diameter, plant 
height, and number of leaves per plant. Singh et al. (2018) [47] 
reported that root diameter and root length are major determinants 
of yield. Path analysis further revealed that root diameter exerts 
the highest direct effect on yield, while plant height and leaf 
number influence yield indirectly through improved 
photosynthetic efficiency and assimilate translocation (Meena & 
Bahadur, 2015) [32].In radish (Raphanus sativus), correlation 
studies have shown strong positive associations between root 
yield and traits such as root weight, root diameter, leaf number, 
and plant vigor. Kumar et al. (2019) [28] observed that root 
diameter is strongly correlated with yield. Path analysis 
confirmed that root weight and root diameter have strong direct 
effects, while vegetative traits influence yield indirectly through 
assimilate supply. In some studies, early maturity has shown 
negative association with yield (Sharma et al., 2020) [43]. In 
beetroot (Beta vulgaris), yield is influenced by root size, root 
weight, leaf area, and plant height. Correlation studies have 
shown that root yield is positively associated with root diameter 
and leaf number. Rani et al. (2015) [39] reported that leaf area 
contributes significantly to yield. Path analysis indicated that root 
weight has the highest direct effect, followed by root diameter, 
while vegetative traits contribute indirectly. 
In onion (Allium cepa), bulb yield is determined by bulb diameter, 
number of leaves, plant height, and neck thickness. Correlation 
analysis has shown strong positive associations between bulb 
yield and bulb size. Path analysis confirmed that bulb weight and 
bulb diameter exert strong direct effects on yield, while vegetative 
traits contribute indirectly through assimilate production.In garlic 
(Allium sativum), yield is mainly influenced by bulb weight, 
clove number, and bulb diameter. Correlation studies show 
positive associations between bulb yield and these traits. Path 
analysis revealed that bulb weight has the highest direct effect on 
yield, while vegetative traits contribute indirectly.Overall, root 
and bulb crops consistently show that storage organ weight and 
diameter are the most important direct yield determinants, while 
vegetative traits act mainly through indirect effects. 
 
Comparative analysis of yield-contributing traits across 
vegetable crops 
Across vegetable crop groups, correlation and path coefficient 
analyses consistently demonstrate that yield is a complex 
quantitative trait governed by multiple interacting morphological, 
reproductive, and physiological components. Although the 

magnitude of trait associations varies among species, several 
yield-contributing characters show relatively stable relationships 
with yield across solanaceous, cucurbitaceous, leguminous, cole, 
and root-bulb vegetables. Comparative evaluation of these traits 
helps in identifying both universal selection criteria and crop-
specific breeding strategies for improving productivity (Singh & 
Chaudhary, 1985; Acquaah, 2012) [1, 46]. 
Among vegetative traits, plant height, number of branches per 
plant, leaf area, and general plant vigor frequently exhibit positive 
associations with yield across most vegetable crops. These traits 
enhance photosynthetic efficiency and assimilate production, 
thereby supporting better reproductive development and yield 
formation. Falconer and Mackay (1996) [18] emphasized that 
vegetative vigor plays an important supporting role in quantitative 
trait expression, particularly in complex traits such as 
yield.Among reproductive traits, the number of fruits or pods per 
plant consistently shows a strong positive correlation with yield 
across crops such as tomato, brinjal, cucumber, cowpea, and pea. 
Meena and Bahadur (2015) [32] and Kumar et al. (2018) [26, 27] 
reported that fruit or pod number is one of the most reliable yield 
indicators in vegetable crops. Similarly, average fruit or pod 
weight is another highly stable trait positively associated with 
yield across cucurbits, solanaceous vegetables, and legumes. In 
root and bulb crops, root or bulb diameter and weight are the most 
important yield-determining traits (Sharma et al., 2020) [43]. 
Path coefficient analysis across vegetable crops has identified 
fruit/pod number per plant and fruit/pod weight as the most 
important direct contributors to yield. According to Dewey and 
Lu (1959) [10], these traits represent primary yield components and 
should be prioritized in selection programmes. In solanaceous 
crops, fruit number and fruit weight exert the highest direct effects 
on yield, while in cucurbits, fruit number per vine and fruit weight 
are most important. In legumes, pod number per plant and pod 
weight are key determinants, whereas in cole crops, head or curd 
weight is the primary contributor. In root and bulb crops, root or 
bulb weight and diameter show the strongest direct effects on 
yield (Fehr, 1987; Kalloo, 1993) [19, 24]. Several traits contribute to 
yield indirectly through their influence on primary yield 
components. Plant height, branching pattern, leaf area, vine 
length, and vegetative growth vigor often show indirect effects by 
improving photosynthetic capacity and assimilate supply. For 
example, vine length in cucurbits and plant height in tomato and 
legumes enhance yield indirectly by supporting reproductive 
development. Similarly, leaf area in root and bulb crops 
contributes indirectly to root or bulb enlargement (Gardner et al., 
1985) [22]. Phenological traits such as days to flowering and 
maturity also influence yield indirectly, either positively or 
negatively depending on crop type and environmental conditions. 
Early flowering may enhance yield in short-duration crops, while 
delayed flowering may favor biomass accumulation in 
others.Overall, despite crop-specific variations, a common 
physiological principle emerges across vegetable crops: yield is 
primarily determined by the efficiency of assimilate partitioning 
into economically important sink organs such as fruits, pods, 
heads, roots, or bulbs. 
 
Factors influencing correlation and path relationships 
Correlation and path coefficient relationships among yield and its 
component traits in vegetable crops are not fixed; rather, they are 
dynamic and are strongly influenced by genetic constitution, 
environmental conditions, genotype × environment interactions, 
crop management practices, and biotic and abiotic stresses. These 
factors often modify both the magnitude and direction of trait 
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associations, thereby affecting selection efficiency in breeding 
programmes. Hence, careful interpretation of correlation and path 
analysis results is essential in vegetable crop improvement 
(Falconer & Mackay, 1996; Singh & Chaudhary, 1985) [18, 46]. 
Genetic factors form the primary basis of trait associations. The 
genetic architecture of a plant determines the expression of 
morphological, physiological, and reproductive traits 
contributing to yield. Genetic correlations arise mainly due to 
pleiotropy or linkage between genes controlling different traits. 
Singh and Chaudhary (1985) [46] reported that genotypic 
correlations are generally more stable than phenotypic 
correlations because they are less affected by environmental 
variation. Traits such as fruit number, fruit weight, and plant 
height often show strong genetic associations across vegetable 
crops, making them reliable selection criteria.Environmental 
factors also play a major role in modifying trait relationships. 
Temperature, rainfall, soil fertility, and photoperiod influence 
both vegetative and reproductive development. Gardner et al. 
(1985) [22] noted that environmental variation often reduces the 
magnitude of phenotypic correlations. For example, high 
temperature may reduce fruit set in cucurbits, weakening yield 
associations, while soil fertility can enhance vegetative growth 
and alter indirect trait relationships. Thus, environmental 
variation introduces instability in correlation estimates. 
Genotype × environment (G×E) interaction further complicates 
trait relationships by altering the performance of genotypes across 
different environments. Allard (1999) [2] emphasized that G×E 
interactions can change both the magnitude and direction of 
correlations among traits. Yield components such as fruit number 
and fruit weight often show unstable associations across locations 
and seasons, making multi-environment testing essential for 
reliable selection.Agronomic management practices also 
influence correlation and path relationships. Irrigation, 
fertilization, spacing, and pruning can modify plant growth and 
yield components. Fehr (1987) [19] reported that nitrogen 
application enhances vegetative growth, indirectly affecting yield 
associations. Similarly, proper canopy management improves 
light interception and alters relationships between vegetative and 
reproductive traits. 
Biotic and abiotic stresses significantly affect trait relationships 
by altering physiological processes. Stress conditions such as 
drought, salinity, heat, pests, and diseases often reduce yield and 
modify correlations among traits. Blum (2011) [3] reported that 
stress conditions can weaken existing trait associations and 
increase the importance of adaptive traits such as root depth and 
water-use efficiency.Overall, these factors highlight that 
correlation and path relationships are environment-dependent and 
must be interpreted carefully for effective vegetable crop 
improvement. 
 
Applications in vegetable breeding programmes and 
integration with modern breeding tools 
Correlation and path coefficient analyses are widely used in 
vegetable breeding programmes to improve selection efficiency 
by identifying key yield-contributing traits. These statistical tools 
help breeders understand the nature of associations among traits 
and determine whether their effects on yield are direct or indirect. 
This information is essential for selecting superior parents, 

developing hybrids, constructing selection indices, and improving 
overall productivity in vegetable crops. Across most vegetable 
species, traits such as fruit or pod number, fruit weight, plant 
height, and branching pattern consistently emerge as major 
selection criteria due to their stable association with yield (Singh 
& Chaudhary, 1985; Acquaah, 2012) [1, 46]. 
In parent selection, genotypes exhibiting strong and positive 
correlations between yield and its component traits are preferred 
as breeding material. Allard (1999) [2] emphasized that selecting 
parents based on genetically stable associations increases the 
probability of obtaining superior segregants in subsequent 
generations. Path coefficient analysis further strengthens this 
process by identifying traits with strong direct effects on yield, 
ensuring that breeders focus on biologically efficient and 
genetically reliable characters. 
In hybrid development, correlation and path analysis assist in 
identifying complementary parental combinations that can 
produce superior hybrids. Fehr (1987) [19] noted that hybrids 
derived from parents with desirable trait combinations often 
exhibit enhanced heterosis for yield. Traits such as fruit number 
and fruit weight are particularly important in hybrid breeding of 
crops like tomato, brinjal, and cucurbits. Similarly, selection 
indices are developed using correlation and path estimates to 
assign appropriate weightage to multiple traits for simultaneous 
selection, thereby improving overall selection efficiency. 
Early generation selection is often challenging due to strong 
environmental influence on yield expression. Therefore, breeders 
rely on correlated traits with higher heritability and stable genetic 
associations for indirect selection. Falconer and Mackay (1996) 
[18] highlighted that indirect selection is more effective when direct 
selection for yield is unreliable. In vegetable crops, traits such as 
vegetative vigor and fruit number are commonly used in early 
generation selection to ensure genetic gain.Modern breeding 
approaches have further enhanced the application of these 
statistical tools. Molecular marker-assisted selection integrates 
phenotypic correlations with genetic markers to improve selection 
accuracy (Collard & Mackill, 2008) [8]. Quantitative trait loci 
(QTL) mapping helps identify genomic regions controlling yield 
and its components, validating traits identified through path 
analysis (Lander & Botstein, 1989) [29]. Genome-wide association 
studies (GWAS) refine these associations by analyzing diverse 
germplasm populations (Yu et al., 2006). 
Genomic selection (GS) uses genome-wide marker data to predict 
breeding values for complex traits such as yield, and when 
combined with correlation and path analysis, it enhances 
prediction accuracy (Meuwissen et al., 2001) [34]. High-
throughput phenotyping technologies enable rapid and precise 
measurement of traits like canopy structure and leaf area, 
improving the reliability of correlation estimates (Fahlgren et al., 
2015) [17]. Artificial intelligence and machine learning approaches 
further enhance predictive breeding by analyzing complex, multi-
trait datasets and modeling non-linear relationships among yield 
components (Liakos et al., 2018) [31]. Overall, the integration of 
correlation and path analysis with modern genomic and 
computational tools has significantly improved the efficiency of 
vegetable breeding programmes by enabling precise 
identification of key yield-determining traits and accelerating 
genetic gain. 
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Research gaps and future perspectives in vegetable crop 
correlation and path analysis 
Although correlation and path coefficient analyses have been 
widely applied in vegetable breeding, several limitations still 
restrict their full effectiveness in modern crop improvement. One 
major gap is the lack of multi-environment validation of trait 
associations. Most studies are conducted in a single location or 
season, which reduces the reliability of results because trait 
relationships are strongly influenced by genotype × environment 
interactions. As noted by Allard (1999) [2] and Falconer and 
Mackay (1996) [18], yield component relationships often vary 
across environments, making multi-location and multi-season 
testing essential for identifying stable selection criteria.Another 
limitation is the absence of large-scale meta-analyses across 
vegetable crops. Individual studies often report inconsistent 
results regarding key yield-contributing traits due to differences 
in genotypes, environments, and methodologies. Integrating 

results across studies would help identify universally important 
traits such as fruit or pod number and fruit weight (Singh & 
Chaudhary, 1985) [46]. 
There is also limited integration of classical correlation and path 
analysis with modern omics technologies. While these statistical 
tools explain phenotypic relationships, they do not reveal 
underlying genetic mechanisms. Integration with genomics and 
molecular tools can improve understanding of complex traits like 
yield (Acquaah, 2012) [1]. Climate change further complicates 
trait stability, as abiotic stresses can alter correlations among yield 
components (Blum, 2011) [3]. Therefore, identifying stress-
resilient traits is crucial for developing climate-smart vegetable 
varieties.Future research should integrate correlation and path 
analysis with high-throughput phenotyping, precision agriculture, 
and artificial intelligence tools to improve prediction accuracy 
and selection efficiency in vegetable breeding (Fahlgren et al., 
2015; Liakos et al., 2018) [17, 31]. 

 
Table 1: Major correlation studies in vegetable crops and associated yield traits 

 

S. 
No. Crop Traits studied Major findings on correlation with yield References 

1 Tomato Plant height, number of 
fruits/plant, fruit weight 

Fruit yield showed strong positive correlation with 
number of fruits per plant and average fruit weight Singh et al. (2019) [45] 

2 Brinjal Fruit length, fruit girth, 
branches/plant 

Yield positively correlated with number of branches 
and fruit girth Kumar & Prasad (2018) [26, 27] 

3 Chilli Fruit number, fruit length, 
capsaicin content 

Fruit number had highest positive association with 
yield Rao et al. (2020) [40] 

4 Cucumber Vine length, fruit number, fruit 
diameter 

Yield significantly correlated with fruit number and 
vine length Sharma et al. (2017) [44] 

5 Bottle gourd Fruit length, fruit weight, 
nodes/vine 

Fruit weight showed strong positive correlation with 
yield Patel et al. (2016) [35] 

6 Bitter gourd Fruit number, fruit length, leaf 
area Yield highly dependent on fruit number per plant Yadav et al. (2021) 

7 Ridge gourd Vine length, fruit weight, 
internode length Fruit weight had major positive effect on yield Meena et al. (2018) [33] 

8 Okra Plant height, pods/plant, pod 
weight 

Pod number per plant showed strongest correlation 
with yield Devi et al. (2020) [9] 

 
Table 2: Important direct and indirect effects of yield-contributing traits identified through path coefficient analysis 

 

S. 
No. Crop Traits analyzed Major direct effects on yield Important indirect effects via other 

traits References 

1 Tomato Plant height, fruit number, 
fruit weight 

Fruit weight showed highest 
direct effect 

Fruit number indirectly influenced 
yield via fruit weight Singh et al. (2019) [45] 

2 Brinjal Branches, fruit size, fruit 
number 

Number of fruits/plant had 
strong direct effect 

Branching influenced yield indirectly 
via fruit number Kumar & Prasad (2018) [26, 27] 

3 Chilli Fruit length, fruit number Fruit number showed 
maximum direct effect 

Fruit length acted indirectly through 
fruit weight Rao et al. (2020) [40] 

4 Cucumber Vine length, fruit diameter Fruit diameter showed strong 
direct effect 

Vine length influenced yield 
indirectly via fruit number Sharma et al. (2017) [44] 

5 Bottle gourd Fruit weight, nodes/vine Fruit weight had highest direct 
contribution 

Nodes/vine affected yield indirectly 
via fruit number Patel et al. (2016) [35] 

6 Bitter gourd Fruit number, leaf area Fruit number showed highest 
direct effect 

Leaf area influenced yield indirectly 
via photosynthesis Yadav et al. (2021) 

7 Ridge gourd Vine length, fruit weight Fruit weight had major direct 
effect 

Vine length showed indirect effects 
via fruit number Meena et al. (2018) [33] 

8 Okra Pods/plant, pod weight Pods per plant had strongest 
direct effect 

Plant height influenced yield 
indirectly via pods/plant Devi et al. (2020) [9] 

 
 

https://www.agronomyjournals.com/


International Journal of Research in Agronomy  https://www.agronomyjournals.com  

~ 165 ~ 

 
 

Fig 1: Conceptual framework showing the relationship between growth traits, reproductive traits, yield components and marketable yield 
 

 
 

Fig 2: Schematic representation of direct and indirect effects of yield-contributing traits on vegetable crop productivity through path coefficient 
analysis 

 
Conclusion 
Vegetable crop productivity is a complex quantitative trait 
governed by multiple interacting morphological, physiological, 
and reproductive components. Correlation and path coefficient 
analyses have proven to be powerful statistical tools for dissecting 

these relationships and identifying key yield-contributing traits. 
Across diverse vegetable crops, traits such as fruit or pod number, 
fruit or pod weight, and plant or canopy architecture consistently 
emerge as major determinants of yield, while vegetative traits 
generally exert indirect effects through improved assimilate 
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production and partitioning.The reviewed studies clearly indicate 
that understanding both the magnitude and direction of trait 
associations is essential for effective selection in breeding 
programmes. Path analysis further refines this understanding by 
separating direct and indirect effects, thereby enabling breeders to 
prioritize traits with true causal influence on yield. However, the 
stability of these relationships is often influenced by genetic 
background, environmental conditions, genotype × environment 
interactions, and crop management practices.The integration of 
classical biometrical approaches with modern breeding tools such 
as molecular markers, QTL mapping, genomic selection, high-
throughput phenotyping, and artificial intelligence is 
transforming vegetable breeding into a more precise and 
predictive discipline. This combined approach enhances selection 
efficiency, accelerates genetic gain, and improves the 
development of high-yielding and resilient vegetable 
varieties.Overall, correlation and path coefficient analysis remain 
indispensable in vegetable crop improvement, and their continued 
integration with advanced technologies will play a crucial role in 
ensuring sustainable yield enhancement under changing 
agricultural environment 
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