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Abstract 

Path analysis was performed on plant and fruit characters of twenty nine tomato genotypes grown in a 

two years field experiments to determine for fruit yield, the direct and indirect effects of the various yield 

attributing traits: days to first flowering, days to 50% flowering, number of flower cluster plant-1, primary 

branches plant-1, secondary branches plant-1, plant height (cm), number of fruits plant-1 and average fruit 

weight (g). Fruit yield plant-1 was positively and significantly correlated with primary branches plant-1 

(0.40, 0.39), number of fruits plant-1 (0.47, 0.37) and average fruit weight (0.59, 0.49) at both genotypic 

and phenotypic levels, respectively. Path analysis showed that secondary branches plant-1 had the highest 

positive direct effect (0.89) on fruit yield plant-1 followed by average fruit weight (0.87), number of fruits 

plant-1 (0.65), days to 50% flowering (0.19) and number of flower cluster plant-1 (0.05), while other traits 

like days to first flowering, primary branches plant-1 and plant height had negative direct effects. The 

significant positive correlation coefficients of number of fruits plant-1 and average fruit weight with fruit 

yield plant-1 were resulted mainly from high and positive direct effects of these traits with fruit yield 

suggesting direct selection would be rewarding whereas for the characters days to 50% flowering and 

number of flower cluster plant-1 for which correlation coefficients were negative but the direct effect was 

positive, a restricted simultaneous selection model is to be followed. For the character like plant height, 

the indirect causal factors eg. secondary branches plant-1 and number of fruits plant-1 are to be considered 

simultaneously for selection, since indirect effects seem to be the cause of correlation. 
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Introduction 

Tomato (Solanum lycopersicum L.) is a self-pollinated diploid species with twelve pairs of 

chromosomes (2n = 24). It belongs to the Solanaceae family with other economically 

important crops such as pepper, eggplant and potato. Tomato is a rich source of vitamins (A 

and C), minerals (Ca, P and Fe) and a strong antioxidant against cancer and heart diseases 

(Dhaliwal et al. 2003) [11]. India ranks 2nd after China in tomato production India shares about 

11.0% of global tomato production. Major tomato producing states are Bihar, Karnataka, Uttar 

Pradesh, Orissa, Andhra Pradesh, Maharashtra, and Madhya Pradesh & Assam. 

The study of correlation and coefficient becomes necessary to estimate correlation (both 

genotypic and phenotypic) among various traits for selection to be effective among two or 

more characters taken simultaneously in a breeding programme. Such study would also help to 

know the suitability of various characters for indirect selection because selection for one or 

more traits results in correlated response in several other traits (Searle, 1965) [43]. The intensity 

and direction of association among characters may be measured by genotypic and phenotypic 

coefficients of correlation depending on the type of material under study and kind of 

experimental design used (Mode and Robinson, 1959) [29]. Knowledge of genotypic inter-

relationship between characters is also of theoretical interest because a genotypic correlation 

may be derived from genetic linkage, from pleiotropy, or from developmentally induced 

relationships between components that are only indirectly the consequence of gene action 

(Adams, 1967) [1]. Genotypic correlation reflects either the pleiotropic action of genes or 

linkage or more likely both. The phenotypic correlation includes both genotypic and 

environmental effects and provides information about total association between the observable 

characters. The significant environmental association indicates that per se improvement in the 

character by manipulating certain environmental factors would also be effective (Ekka et al. 

2015) [12]. The genotypic correlations had recorded a higher magnitude, compared to 

phenotypic correlations, indicating the masking effect of environment (Johnson et al. 1955) 
[17].  
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Yield in any crop is a complex character and is the 

multiplicative end product of several factors, called yield 

components. Correlation, aided by path coefficient, is a 

powerful tool to study the character association. Path 

coefficient analysis is simply a standardized partial regression 

coefficient, which splits the correlation coefficient into the 

measures of direct and indirect effects. Theoretically path 

coefficients can be defined as the ratio of the standard 

deviation of the effect due to a given cause to the total 

standard deviation effect (Singh and Choudhury, 1985) [44]. It 

measures the direct and indirect contribution of independent 

variables on dependent variables. Wright (1921) [60] originally 

developed the concept of path coefficient analysis and Dewey 

and Lu (1959) [10] first used the technique for plant selection. 

Ogunbodede (1989) [32] concluded that the path coefficient 

technique is more useful than stepwise multiple regression in 

establishing the direct and indirect relationships among many 

variables. Keeping above text in mind, the objective of this 

present research work has been undertaken in order to 

determine the nature of association, direct and indirect 

relationship between yield and yield contributing characters 

and relative contribution of each character towards seed yield 

in tomato through the correlation coefficient and the path 

coefficient analysis. 

 

Materials and methods 

The experiment was carried out at Agriculture Farm, Institute 

of Agriculture, Visva-Bharati, Sriniketan in a randomized 

block design with three replications. Path analysis was 

performed on plant and fruit characters of twenty nine tomato 

genotypes grown in a two years field experiments to 

determine for fruit yield, the direct and indirect effects of the 

various yield attributing traits: days to first flowering, days to 

50% flowering, number of flower cluster plant-1, primary 

branches plant-1, secondary branches plant-1, plant height 

(cm), number of fruits plant-1 and average fruit weight (g). 

Data were analysed statistically using Window stat (version 9) 

and MS Excel 2007. 

 

Results and Discussion 

Correlation Analysis  

In the present investigation, genotypic and phenotypic 

correlation coefficients among 9 morphological characters 

(Table 1) were estimated to study how fruit yield in tomato 

was influenced by other component traits. Analysis of 

correlation revealed that genotypic correlation coefficients, in 

general, were higher in magnitude than the corresponding 

phenotypic correlations. This indicated a strong inherent 

association between the characters studied (Johnson et al. 

1955) [17] and might be due to the masking or modifying effect 

of environment, which in turn modified the expression of 

characters and reduced the phenotypic effect (Chandrasekhar 

and Reddy, 1993) [7]. Very close values of genotypic and 

phenotypic correlations were observed between some of the 

character combinations, such as days to 1st flowering with 

days to 50% flowering, days to 50% flowering with average 

fruit weight, number of cluster plant-1 with number of fruits 

plant-1, number of primary branches plant-1 with plant height 

and plant height with number of fruits plant-1 which might be 

due to reduction in error (environmental) variances to minor 

proportions as reported by Dewey and Lu (1959) [10]. On the 

contrary, wide difference between two types of correlations 

between any two characters was due to dual nature of 

phenotypic correlation, which is determined by genotypic and 

environmental correlations and heritability of the characters 

(Falconer, 1996) [13].  

Fruit yield plant-1 had highest significant positive correlation 

with average fruit weight at genotypic and phenotypic level 

which indicated that, if fruit weight increases, fruit yield plant-

1 will also increase. Fruit yield plant-1 was positively and 

significantly associated with number of fruits plant-1 and with 

number of primary branches plant-1 both at genotypic and 

phenotypic levels indicating an increase in fruit yield with the 

increase in these characters. Thus, selection for average fruit 

weight, number of fruits plant-1 and number of primary 

branches plant-1 will simultaneously improve yield in tomato. 

Therefore, priority should be given to these traits, while 

making selection for yield improvement. These results are in 

agreement with the findings of Ramana et al. (2007) [38], Ara 

et al. (2009) [5], Rana and Singh (2010) [39], Shashikanth et al. 

(2012) [49], Mahapatra et al. (2013) [23], Meena and Bahadur 

(2015) [27] and Sharma et al. (2019) [53] for primary branches 

plant-1 ; Jagdish et al. (2007) [16], Sriharsa and Raju (2008) [54], 

Anjum et al. (2009) [2], Kumar et al. (2010) [20], Dar et al. 

(2011), Manna and Paul (2012) [25], Sharma and Singh 

(2012) [50], Mahapatra et al. (2013) [23], Paul et al. (2014) [33], 

Meena and Bahadur (2015) [27], Sridharan et al. (2016) [56] and 

Sharma et al. (2019) [53], for number of fruits plant-1 and 

average fruit weight.  

In the present investigation it was observed that plant height 

and number of secondary branches plant-1 showed positive, 

although non-significant, association with fruit yield plant-1. 

On the contrary, days to 1st flowering, days to 50% flowering 

and number of cluster plant-1 exhibited negative and non-

significant association with fruit yield plant-1. Positive and 

significant correlation of plant height with fruit yield was 

observed by Jagdish et al. (2007) [16], Singh et al. (2008) [48], 

Ara et al. (2009) [5], Dar et al. (2011) [9], Vinod et al. (2012) 
[59], Mahapatra et al. (2013) [23], Sharma and Jaipaul (2014) 
[51], Nagariya et al. (2015) [30] and Sharma et al.. (2019) [53] 

while Asati et al. (2008) [4], Manna and Paul (2012) [25] and 

Ahirwar and Prashad (2013) [3] reported significant and 

negative association of plant height with fruit yield. Positive 

and significant association of number of secondary branches 

plant-1 with fruit yield were reported by Narolia et al.. (2012) 
[31], Mahapatra et al. (2013) [23], Meena and Bahadur (2015) 
[27] and Sharma et al. (2019) [53]. With regard to days to 1st 

flowering and days to 50% flowering, Manna and Paul (2012) 
[25], Ahirwar et al. (2013) [3], Paul et al. (2014) [33] and 

Sridharan et al. (2016) [55] revealed negative association of 

these traits with fruit yield plant-1 at both phenotypic and 

genotypic level. Prashanth et al. (2008) [35] reported negative 

significant association of cluster plant-1 with fruit yield plant-1. 

When characters having direct bearing on yield are selected, 

their associations with other characters are to be considered 

simultaneously as these will indirectly affect yield. 

Knowledge of genotypic inter-relationship between characters 

is also of theoretical interest because a genotypic correlation 

may be derived from genetic linkage, from pleiotropy, or 

from developmentally induced relationships between 

components that are only indirectly consequence of gene 

action (Adams, 1967) [1]. 

Days to 1st flowering showed positive and significant 

association with days to 50% flowering (both at genotypic 

and phenotypic levels) and plant height (at genotypic level). 

Days to 50% flowering showed highly significant and positive 

correlation with number of cluster plant-1(at phenotypic level) 

and number of fruits plant-1 (at genotypic level). Number of 

cluster plant-1 showed positive significant interaction with 
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primary and secondary branches plant-1 (at phenotypic level) 

and number of fruits plant-1 (both at genotypic and phenotypic 

levels). Number of primary branches plant-1exhibited highly 

significant positive association ship with number of secondary 

branches plant-1and number of fruits plant-1 (at genotypic 

level) while number of secondary branches plant-1 showed 

positive and significant correlation with number of fruits 

plant-1 (at genotypic level) and plant height(at phenotypic 

level). Plant height exhibited positive and significant 

association with number of fruits plant-1 (at genotypic level). 

These results indicated a scope for simultaneous improvement 

of these traits through selection.  

The results are in agreement with the reports of Somraj et al. 

(2017) [52] for days to flowering with number of fruits plant-1 

and number of cluster plant-1; Jagdish et al. (2007) [16], 

Ramana et al. (2007) [38] and Manna and Paul (2008) [25] for 

cluster plant-1 with number of primary branches plant-1, 

secondary branches plant-1 and number of fruits plant-1; 

Ramana et al. (2007) [38], Hidayatullah et al. (2008) [14], and 

Tiwari et al. (2013) [58] for branches plant-1 with number of 

fruits plant-1; Jagdish et al. (2007) [16], Singh et al. (2007) [47], 

Tiwari et al. (2013) [58] and Sridharan et al. (2016) [55] for 

branches plant-1 with plant height; Prashanth et al. (2008) [35], 

Dar et al. (2011) [9], Vinod et al. (2012) [59], Sharma and 

Jaipaul (2014) [51] and Nagariya et al.. (2015) [30] for plant 

height with number of fruits plant-1. 

However, significant and negative inter-character associations 

were observed for days to 50% flowering with average fruit 

weight (at both genotypic and phenotypic levels); for number 

of fruits plant-1 with average fruit weight (at genotypic level). 

The results are in conformity with the reports of Mohanty 

(2003) [28], Sharma and Jaipaul (2014) [51] for fruit number 

with fruit weight. 

Correlation analysis revealed that number of primary 

branches plant-1, number of secondary branches plant-1, plant 

height, number of fruits plant-1 and average fruit weight are 

the important characters to be considered for yield 

improvement of tomato in this population.  

 
Table 1: Genotypic and phenotypic correlation coefficients among different morpho-physiological characters 

 

Character 

Days to 

50% 

flowering 

Cluster 

plant -1 

Pr. branch 

number 

plant-1 

Sec. branch 

number 

plant-1 

Plant 

height 

Fruits 

number 

plant -1 

Average 

fruit 

weight (g) 

Fruit yield 

plant-1 (kg) 

Days to 1st flowering 
0.588** 

0.546** 

0.017 

0.211 

-0.067 

0.107 

-0.112 

0.071 

0.405* 

-0.104 

0.367 

-0.001 

-0.193 

-0.079 

-0.067 

-0.017 

Days to 50% flowering  
0.102 

0.523** 

0.085 

-0.142 

0.064 

-0.178 

0.21 

-0.285 

0.374* 

-0.219 

-0.476** 

-0.422* 

-0.082 

-0.114 

Cluster plant -1   
0.271 

0.370* 

0.163 

0.372* 

-0.066 

0.334 

0.431* 

0.369* 

-0.251 

0.284 

-0.004 

0.107 

Pr. branch number plant-1    
0.954** 

0.134 

0.121 

0.068 

0.383* 

-0.046 

-0.333 

0.191 

0.402* 

0.393* 

Sec. branch number plant-1     
0.144 

0.759** 

0.395* 

0.124 

-0.203 

0.047 

0.096 

-0.071 

Plant height (cm)      
0.388* 

0.150 

-0.154 

0.045 

0.125 

0.102 

Fruits number plant -1       
-0.535** 

-0.050 

0.473** 

0.373* 

Average fruit weight(g)        
0.598** 

0.496** 

Fruit yield plant-1(kg)        
1.000 

1.000 

*, **: Significant at P = 0.05 and 0.01, respectively. 

Bold faces are genotypic correlation coefficients and normal faces are phenotypic correlation coefficients 
 

Path coefficient analysis 

Path coefficient analysis is very efficient in deciphering the 

degree of influence of one variable on the other in quantitative 

terms (Dewey and Lu, 1959) [10]. Path coefficient analysis is 

simply a standardized partial regression coefficient, which 

splits the correlation coefficients into the measures of direct 

and indirect effect. It measures the direct and indirect 

contributions of independent variables on dependent 

variables. In the present investigation, fruit yield per plant 

was taken as dependent variable on eight other characters, 

which were independent variables for determining fruit yield. 

The results of genotypic path coefficients analysis have been 

presented in Table 2. 

 
Table 2: Genotypic path coefficients among different morpho-physiological characters 

 

Character 

Days to 

1st 

flowering 

Days to 

50% 

flowering 

Cluster 

plant -1 

Pr. branch 

number 

plant-1 

Sec. branch 

number 

plant-1 

Plant 

height 

Fruits 

number 

plant -1 

Average 

fruit weight 

(g) 

Fruit yield 

plant-1 

(kg) 

Days to 1st 

flowering 
-0.071 0.117 0.001 0.076 -0.120 -0.009 0.107 -0.169 -0.067 

Days to 50% 

flowering 
-0.042 0.199 0.005 -0.096 0.068 -0.004 0.205 -0.417 -0.082 

Cluster plant -1 -0.001 0.020 0.047 -0.307 0.175 0.001 0.281 -0.220 -0.004 

Pr. branch number 

plant-1 
0.005 0.017 0.013 -0.51 1.022 -0.003 0.250 -0.392 -0.402* 

Sec. branch 

number plant-1 
0.008 0.071 0.066 -1.022 0.897 -0.003 0.258 -0.178 0.096 

Plant height (cm) -0.029 0.042 -0.003 -0.137 0.155 -0.021 0.253 -0.135 0.125 
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Fruits number 

plant -1 
-0.012 0.163 0.023 -0.334 0.457 -0.008 0.653 -0.469 0.473** 

Average fruit 

weight(g) 
0.014 -0.095 -0.012 0.377 -0.217 0.003 -0.349 0.877 0.598** 

Residual = 0.0977, **: Significant at P = 0.05 and 0.01, respectively. 
 

Genotypic Path Analysis  

Genotypic path coefficient analysis revealed that number of 

secondary branches plant-1 exhibited highest positive direct 

effect (0.897) towards fruit yield plant-1, followed by average 

fruit weight (0.877) and number of fruits plant-1 (0.653) These 

characters (except number of secondary branches plant-1) 

showed significantly positive genotypic correlation with fruit 

yield plant-1 which indicates that selection based on these 

characters would be effective. The result also indicates that, if 

other factors are held constant, an increase in average fruit 

weight along with number of fruits plant-1 would reflect in an 

increased yield. Number of secondary branches plant-1 had the 

highest positive direct effect (0.897), but at the same time it 

showed very high negative indirect effects through number of 

primary branches plant-1 (-1.022) and average fruit weight (-

0.178) which resulted in positive but non-significant 

correlation with fruit yield plant-1. 

Prashanth et al. (2008) [35], Ara et al. (2009) [5], Islam et al. 

(2010) [15], Manna and Paul (2012) [25], Mahapatra et al. 

(2013) [23], Chernet et al. (2014) [8], Meena and Bahadur 

(2015) [27], Prajapati et al. (2015) [36] and Sharma et al.. (2019) 
[53] reported high direct contribution of average fruit weight 

towards influencing fruit yield. Direct contribution of number 

of fruits plant-1 on fruit yield was reported by Mohanty (2003) 
[28], Joshi et al. (2004) [18], Singh et al. (2006) [45], Ramana et 

al. (2007) [38], Hidayatullah et al. (2008) [14], Ara et al. (2009) 
[5], Islam et al. (2010) [15], Shashikanth et al. (2012) [49], 

Mahapatra et al. (2013) [23], Reddy et al. (2013) [42], Chernet 

et al. (2014) [8], Sharma and Jaipaul (2014) [51], Prajapati et al. 

(2015) [36], Madhavi et al. (2019) [21] and Sharma et al. (2019) 
[53]. Direct contribution of number of secondary branches 

plant-1 towards enhancing fruit yield was observed by Narolia 

et al. (2012) [31] Mahapatra et al. (2013) [23], Tiwari et al. 

(2013) [58], Meena and Bahadur (2015) [27] and Sharma et al. 

(2019) [53] and they concluded that selection of higher number 

of secondary branches plant-1 could be effective for yield 

improvement in tomato. Srivastava et al. (2013) [56], Chernet 

et al. (2014) [8] and Nagariya et al. (2015) [30], however 

reported negative direct effect of this trait on fruit yield. 

Number of primary branches plant-1 showed positive and 

significant correlation with fruit yield, although it had 

negative direct effects. This was mainly due to high positive 

indirect effect through number of secondary branches plant-

1(1.022) and number of fruits plant-1 (0.250) which was again 

reduced by high negative indirect effect through average fruit 

weight (-0.392). In such situation, indirect causal factors such 

as number of secondary branches plant-1and number of fruits 

plant-1 are to be considered simultaneously for selection. The 

present findings are in agreement with the observations of 

Ramana et al. (2007) [38], Shashikanth et al. (2012) [49], Tiwari 

et al. (2013) [58] and Sharma et al. (2019) [53] while Ara et al. 

(2009) [5], Rana and Singh (2010) [39], Narolia et al. (2012) 
[31], Mahapatra et al. (2013) [23], Srivastava et al. (2013) [56], 

Meena and Bahadur (2015) [27], Prajapati et al. (2015) [36], 

Madhavi et al. (2019) [21] reported direct positive contribution 

of this trait on fruit yield.  

Similar trend was also noticed in case of plant height which 

showed negative direct effect (-0.021) on fruit yield, but due 

to positive indirect effects via number of fruits plant-1 (0.253) 

and number of secondary branches plant-1 (0.155) the 

correlation was found to be significantly positive. In this 

situation also, indirect causal factors are to be considered 

simultaneously for selection. Jagdish et al. (2007) [16], 

Prashanth et al. (2008) [35], Ara et al. (2009), Rajaguru et al. 

(2010) [40], Tasisa et al. (2012) [57], Vinod et al. (2012) [59], 

Ahirwar et al. (2013) [3], Reddy et al. (2013) [42], Nagariya et 

al. (2015) [30], and Sharma et al. (2019) [53] reported positive 

direct effects of plant height on fruit yield plant-1, while 

Makesh et al. (2006) [22], Singh et al. (2007) [47], Anjum et al. 

(2009) [2], Mahapatra et al. (2013) [23], Tiwari et al. (2013) [58] 

observed positive indirect effect by plant height via other 

yield attributing traits including number of fruits plant-1 and 

number of secondary branches plant-1.  

Days to 50% flowering, though had positive direct effect 

(0.199), its negative indirect effects mainly through average 

fruit weight (-0.417) seemed to be the cause of negative 

correlation (although non-significant). Number of cluster 

plant-1 showed direct positive effect (0.047) and positive 

indirect effects through number of fruits plant-1 (0.281), 

number of secondary branches plant-1 (0.175). But 

contribution of high indirect negative effect through number 

of primary branches plant-1 (-0.307) and average fruit weight 

(-0.220) reduced the resultant correlation to negative, 

although non-significant. Under these circumstances, a 

restricted simultaneous selection model is to be followed, i.e. 

restrictions are to be imposed to nullify the undesirable 

indirect effects in order to make use of the direct effect (Singh 

and Kakar, 1977) [48].  

Ramana et al.. (2007) [38], Mehta and Asati (2008) [26], Dar et 

al. (2011) [9], Tasisa et al. (2012) [57], Srivastava et al. (2013) 
[56], Meena and Bahadur (2015) [27], Madhavi et al. (2019) [21] 

also recorded direct positive effect of days to 50% flowering 

on fruit yield plant-1 at genotypic level. For cluster plant-1, 

Makesh et al. (2006) [22], Ramana et al. (2007) [38], Prashanth 

et al. (2008) [35], Ara et al. (2009) [5], Dar et al. (2011) [9], 

Tasisa et al. (2012) [57], Mahapatra et al. (2013) [23], Paul et al. 

(2014) [33], Sharma and Jaipaul (2014) [51], Nagariya et al. 

(2015) [30], Prajapati et al. (2015) [36], Madhavi et al. (2019) 
[21] reported positive direct effect of this trait on fruit yield 

plant-1 at genotypic and phenotypic level while Srivastava et 

al. (2013) observed negative direct effect of this character on 

fruit yield. 

 Low value of residual effect (0.097)) for the genotypic path 

analysis explained that 90.3% of the variability in fruit yield 

was contributed by the above mentioned 8 characters and 

9.7% variability was controlled by other factors not included 

in our present experiment. 

The results are in conformity with Patroti et al. (2015) [34] 

for panicle weight, Prasad et al. (2015) [37] for panicle number 

plant-1, Babu et al. (2011) [6] for spikelet number panicle-1, Rai 

et al. (2013) [41] for test weight, Khare et al. (2015) [19] for 

culm length, Rai et al. (2013) [41] for primary branches 

panicle-1 and Manohara and Singh (2015) [24] for spikelet 

fertility. 

Path analysis is a special type of multivariate analysis, which 

deals with the closed system of variables (each variable in the 

system is either a linear combination of some other variables 

in the system or is one of the basic factors of the system). In 
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other words system is formally complete, including all the 

basic factors (causes) and their resultant variables (effects). 

The reason may not be gene governing yield per se; rather 

there could be genes which govern the component characters. 

Therefore, rapid increase in yield is expected to result if 

selection is practiced for component characters.  

 

Conclusion 

In the present investigation concluded that, three component 

traits, viz., average fruit weight, number of fruits plant-1 and 

number of secondary branches plant-1, which had high degree 

of influence on the fruit yield, due to their high positive direct 

effects and significant positive correlation with fruit yield, 

have been identified through path analysis. 
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