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Abstract 
A study of interrelationship and cause-effect analysis of yield of Kinnow Mandarin (C. 
Noballis × C. deliciosa) and its component traits for 104 and 96 trees from Indora 
(Location L-1) and Indpur (Location L-2) blocks of Kangra district respectively had been 
done in 2014-15. F-test suggested that there was significant (1.47) variation among yield 
characteristics between these two locations except for fruit weight (gm) and LD ratio. 
Results obtained from path coefficient analysis, showed that for location L-1, number of 
fruits per branch (0.229), plant height (0.215) and tree girth (0.212) had highest and 
direct effect on yield per tree whereas for location L-2, fruit weight (0.38), number of 
flowers per branch (0.176) and plant girth (0.161) had highest direct effect on yield per 
plant. Thus, number of fruits per branch, number of flowers per branch and tree girth 
were the most important yield components of kinnow crop which should be exploited 
through a breeding programme for improving its yield potential. 
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INTRODUCTION 

The adequate knowledge of association between 
yield and its contributing traits has a great im-
portance in plant breeding. For any crop, to setup 
a suitable breeding programme, information about 
interrelationship among and between yield contrib-
uting characters is necessary. Correlation and the 
path coefficient analysis would provide a true pic-
ture of association among different traits (Bhatt, 
1973).   Path coefficient analysis, simply being a 
standardized partial regression coefficient, splits 
the correlation coefficient into the measures of 
direct and indirect effects (Dewey and Lu, 1959). 
Path analysis has widely been used by plant 
breeders to identify traits that are useful as selec-
tion criteria to improve yield (Milligan et al., 1990; 
Surek and Beser, 2003).  
Correlation coefficients between yield and yield 
components and direct and indirect effects of vari-
ous plant characters on yield and yield compo-
nents have been reported by Muhammad et al. 
(2002); Atta et al. (2008) and Padmavathi et al. 

(2013). The present research was conducted to 
study inter- relationships among yield and its con-
tributing traits of Kinnow Mandarin (C. Noballis × 
C. Deliciosa) 

MATERIALS AND METHODS 

Field experiments were conducted during 2014-15 
at farmers’ orchard s in Indora (L-1) and Indpur (L-
2) blocks of Kangra district being the main kinnow 
growing belt of the Himachal Pradesh. A random 
sample of 104 and 96 trees from location L-1 and 
location L-2 respectively, was selected following a 
two-step approach as suggested by Stein (1945) 
and Cox (1958).  According to this approach, in 
the first step, a small sample of size n1 is selected. 
Observations made on the units selected in this 
sample, are used to estimate various parameters 
involved in the expression for the half width of the 
confidence interval. After replacing the parameters 
by their respective estimates obtained from the 
preliminary sample, half width of the confidence 
interval are equated to the permissible error B. 
The equation is then solved for n, the required 
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sample size. If n > n1, then (n-n1) additional units 
are selected, which along with the preliminary 
sample yield a pooled sample of  n units. If n< n1, 
no more units are selected and preliminary sam-
ple is taken as the final sample. After selecting the 
samples, observations on yield per tree (Y), plant 
girth (X2), plant spread (X3), number of leaves per 
branch (X4), annual shoot extension growth (X5), 
number of flowers per branch (X6), number of 
fruits per branch (X7), fruit weight (X8), fruit set 
(X9) and Length x Diameter (LD) ratio (X10) were 
recorded.  For calculating the Spread of the tree, 
average of East-West (X3E) and North-South (X3W) 
Spread was taken. From each of the selected 
trees, four branches were chosen randomly from 
each of four directions and observations on Num-
ber of leaves per branch, flowers and fruits per 
tertiary branch were recorded. Average values of 
these variables were taken for further analyses. 
The data so collected were subjected to correla-
tion and path coefficient analysis.  
Estimation of correlation: Yield is a complex 
character and is determined by many component 
characters. The identification of important charac-
ters and their interrelationship would be useful for 
developing improved trait. Thus, effective improve-
ment in yield may be brought about through selec-
tion based on yield component characters. Correla-
tion analysis for fruit yield provides opportunity for 
selection and leads to a directional model based on 
yield and its components in field experiments (Khan 
and Qureshi, 2001). Therefore, correlation study was 
carried out and correlation coefficient was estimated 
according to Prasad and Rao (1989).  
Estimation of path coefficient: Path coefficient 
analysis is a technique of statistical analysis spe-
cially designed to quantify direct and indirect trait 
association with yield. When more characters are 
involved in correlation study it becomes difficult to 
ascertain the characters which significantly con-
tribute to yield. The path coefficient analysis under 
such situations helps to determine the direct con-
tribution of these characters and their indirect con-
tributions via other characters. Hence, using cor-
relation values, path coefficient analysis was car-
ried out by following the procedure given by Dew-
ey and Lu (1959) in which correlation co-efficient 
is partitioned into direct and indirect effects of in-
dependent variable(s) on the dependent variable. 
The estimated values were compared with table 
values of correlation coefficient to test the signifi-
cance of correlation coefficient prescribed by Fish-
er and Yates (1967). 
Procedure for setting up the simultaneous 
equations: The path coefficients were obtained 
by simultaneous selection of the following equa-
tions, which expresses the basic relationship be-
tween correlation ‘r’ and path coefficients (P). 

 

 

 
where, r14, r24 and r34 are correlations of different 
morphological characters with yield (dependent 
character) and r12, r13 and r23 are the correlations 
among independent characters. 
The direct effects and indirect effects were ob-
tained by using the matrix methods. 
The direct effect was obtained by following set of 
equations: 

 

 

 
where, C11, C22, C23 and C33 are constants and r12 
P24, r13 P34, r21 P14, r23 P34, r31 P14, r32 P24 are indi-
rect effects. 
Residual effect: The variation in the dependent 
variable which remained undetermined by includ-
ing all the variables was assumed to be due to the 
variables not included in the present investigation. 
The degree of determination of such variable (s) 
on dependent variable was calculated as follows: 

 

RESULTS AND DISCUSSION 

The data were collected on randomly selected 
trees from two locations viz. Indora (L-1) and 
Indpur (L-2) in 2014-15 for various tree growth 
characteristics viz. plant girth (cm), plant height 
(m), plant spread (m), number of leaves per 
branch, annual shoot extension growth (cm), num-
ber of flowers per branch, number of fruits per 
branch, fruit weight (gm) and yield per tree (kg) 
were subjected to  various statistical measures 
viz. Mean, fiducial limit and coefficient of variation 
(Table 1). All the replicated data obtained from the 
experiments for consecutive two locations of study 
were statistically analysed using the F-test as per 
the procedure given by Gomez and Gomez 
(1984). For location L-1, mean fruit yield per plant 
was 24.63 kg with 95 per cent fiducial limit 22.68-
26.58 whereas for location L-2, mean fruit yield 
was 25.27 kg with 95 per cent fiducial limit 23.50-
26.84. F-test suggested that there was significant 
(1.47) variation among different morphological 
tree growth characteristics between these two 
locations except for fruit weight and LD ratio. This 
variation may be attributed to soil and fertility fac-
tors as well as hydro regime strata of the locality 
affecting microclimate at the growing stages.  
Correlation studies and path coefficient  
analysis: Knowledge of correlation alone is often 
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misleading as the correlation observed may not be 
always true. Two characters may show correlation 
just because they are correlated with a common 
third one. In such cases, it becomes necessary to 
use a method which takes into account the casual 
relationship between the variables, in addition to 
the degree of such relationship. Path coefficient 
analysis measures the direct influence of one vari-
able upon the other, and permits separation of 
correlation coefficients into components of direct 
and indirect effects. Portioning of total correlation 
into direct and indirect effects provide actual infor-
mation on contribution of characters and thus form 
the basis for selection to improve the yield (Khan 
and Dar, 2010). 
The Table 2 shows correlation coefficients for lo-
cation L-1. It appears that yield had positive and 
significant correlation with number of fruits per 
branch (0.83) followed by the number of flowers 
per branch (0.81), plant height (0.76). This sug-
gests that there was strong inherent relationship 
between the traits contributing towards the yield. It 
is evident that number of flowers per branch had 
highest and significant correlation (0.93) with num-
ber of fruits per branch. Majumder et al. (2012), 
also support the results of the present study. The 
results also showed that there were positive and 
significant correlation between number of fruits 
per branch with fruit set (0.88) followed by number 
of flowers per branch (0.68) and plant spread 
(0.56). From path coefficient analysis for location, 
L-1 (Table 4) indicated that the number of fruits 
per branch had maximum positive direct effect 
0.229 on yield per plant. This implies that the se-
lection of these traits (number of fruits per branch) 
would give better response in yield followed by 
plant height (0.215) and plant girth (0.212). While 
maximum positive indirect effect on yield was as-
sessed by number of flowers per branch (0.214) 
via number of fruits per branch. The least indirect 
contribution to kinnow yield was via fruit weight 
followed by LD ratio. There was no direct and indi-
rect negative effect of different traits towards yield. 
Results are in close agreement with Reddy et al. 
(2013) and Singh et al. (2013). 
The correlation coefficients for location L-2 were 
calculated and presented in Table 3. It is evident 
that most of the characters were highly correlated 
with yield per tree. The results showed that fruit 
yield per tree had positive and significant correla-
tion with fruit weight (0.77) followed by number of 
fruits per branch (0.76), flower per branch (0.74), 
plant height (0.68), annual shoot extension growth 
(0.66), plant girth (0.65) and plant spread (0.53). 
This indicates that the results of correlation stud-
ies between yield and yield contributing characters 
were significant for most of the characters under 
study and had strong inherent relationship among 
them. Therefore, selection for any of these traits 
would offer the scope for simultaneous  
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improvement of contributing characters in addition 
would be helpful in improving the yield potential in 
kinnow mandarin. Moreover, it is noticeable that 
yield was positively related with number of leaves 
per branch (0.18) although not significant. The 
perusal of path coefficient analysis (Table 5) for 
location L-2 showed that fruit weight had maxi-
mum positive direct effect (0.382) on yield fol-
lowed by number of flowers per branch (0.176) 
and plant girth (0.161). The maximum positive 
indirect effect on yield was observed from annual 
shoot extension growth (0.22) via fruit weight. In 
contrast, indirect negative effect of number of 
leaves per branch (-0.005) through LD ratio and 
LD ratio (-0.001) via number of leaves per branch 
was observed. That means simultaneous selec-
tion for the characters might be effective in the 
improvement of fruit yield. Saha (2004) found 
maximum positive direct effect for average weight 
of flower on yield in lemon. Residual effects indi-
cating the contribution of other factors on the vari-
ability other than the studied ones for location L-1 
and location L-2 were calculated  to be 0.37 and 
0.39, respectively. 

Conclusion 

Karl Pearson’s correlation coefficient was worked 
out between kinnow yield and various morphologi-
cal characters and results showed that yield per 
tree had positive and significant correlation with all 
morphological characters for location L-1, while 
for location L-2, fruit yield per tree had positive 
and significant correlation with fruit weight (0.77) 
followed by number of fruits per branch (0.76), 
number of flowers per branch (0.74). The use of 
simple correlation analysis cannot fully explain the 
relationships among different characters. There-
fore, path coefficient analysis has been used by 
many researchers for a complete determination of 
the impact of different independent variables on 
dependent variable. It was observed that in loca-
tion L-1, the number of fruits per branch had maxi-
mum positive direct effect (0.229) on yield per 
plant followed by plant height (0.215) and plant 
girth (0.212). In contrasts, it was also observed 
that maximum positive indirect effect on yield was 
assessed by number of flowers per plant (0.214) 
via number of fruits per branch. For location L-2, 
the result showed that fruits weight had maximum 
positive direct effect (0.382) on yield followed by 
number of flowers per branch (0.176), plant girth 
(0.161), whereas maximum positive indirect effect 
on yield was observed from annual shoot exten-
sion growth (0.22) via fruit weight, but LD ratio via 
number of leaves per branch were negatively cor-
related with kinnow yield. The path coefficient 
analysis helps the breeder to explain direct and 
indirect effects which have been extensively used 
in breeding works. 
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