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Correlation and path analysis were carried out in twenty eight tomato genotypes for
quantitative and qualitative characters. The association studies showed that fruit yield per
plant was genotypic and phenotypic positive correlated with number of flowers per plant,
number of fruits per cluster, fruit diameter, fruit length, average fruit weight, number of
locules per fruit and seed yield per plant. Path analysis studies done to study the cause and
effect relationship revealed number of seeds per fruit, number of clusters per plant, fruit
diameter and number of fruits per plant exerted positive direct effects on fruit yield per
plant at genotypic level. However, phenotypic level, maximum exerted positive direct
effects on fruit yield per plant was number of seeds per fruit. So, by improving these traits
yield can be significantly increased.

Introduction

Tomato (Lycopersicum esculentum L.) is one
of the most important vegetable crops grown
throughout the world because of its wider
adaptability, high vyielding potential and
suitability for variety of uses in fresh as well
as processed food industries (Kumar and
Singh, 2016a).

Exploring natural diversity as a source of
novel alleles to improve the productivity,
quality and nutritional value of the crop is the
base line of any breeding programme (Kumar
and Singh, 2016b). Yield is a complex
character and selection for yield and yield
components deserves considerable attention.
A crop breeding programme, aimed at
increasing the plant productivity requires

consideration not only of yield but also of its
components that have direct or indirect
bearing on vyield. Information on association
of characters, direct and indirect effects
contributed by each character towards yield
will be an added advantage in aiding the
selection process (Kumar and Singh, 2017c).

Correlation and path analysis establish the
extent of association between vyield and its
components and also bring out relative
importance of their direct and indirect effects,
thus giving an obvious understanding of their
association with fruit yield. Ultimately, this
kind of analysis could help the breeder to
design his selection strategies to improve fruit
yield and nutritional value (Alirwar et al.,
2013). In the light of the above scenario, the
present investigation was carried out with the
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objective  of studying the character
associations in tomato for quantitative and
qualitative value.

Materials and Methods

A field experiment was conducted during rabi
season of 2013-14 on sandy loam soil at
Vegetable Research Farm, BHU, Varanasi,
India which is situated at 83.03°E longitude
and 25.02° N latitude at an altitude of 128.93
m above mean sea level in the North gangetic
zone. The Eight genetically diverse lines
[Arka Meghali, Pant T-3, Punjab Chhuhara,
H-88-78-1, Arka Alok, Azad T-5, H-24 (Hisar
Anmol), Sel-7 (Hisar Arun)] was procured
from 1IVR, Varanasi and crossed in diallel
mating design during rabi 2012-13. The
resultant 28 F;’s were evaluated along with
their parents was during rabi 2013-14 in
randomized block design. In each replication,
randomly 5 plants in each genotype were
marked for observation. Observations were
recorded for nineteen qualitative and
quantitative characters viz., days to first
flowering, number of flowers per cluster, days
to first harvest, number of clusters per plant,
number of fruit per cluster, fruit diameter(cm),
fruit length(cm), average fruit weight (g),
number of fruits per plant, number of locules
per fruit, plant height at final harvest (cm),
pericarp thickness (cm), number of branches
per plant, number of seed per fruit, yield per
plant (kg.), total soluble solids (°Brix),
ascorbic acid (mg/100g), acidity as anhydrous
citric acid (%), lycopene content (mg/100g).

For estimation of quality traits, ripe fruits were
selected randomly. Total soluble solids was
estimated by wusing hand refractometer,
ascorbic acid and lycopene content was
estimated according to procedure given by
Ranganna (1986), titrable acidity will be
measure based on the titration of tomato acid
mainly citric acid, by an alkaline solution. The
phenotypic and genotypic coefficients of

correlation were computed by following Al-
Jibouri et al., (1958). The path coefficient
analysis was carried out using phenotypic
correlation values of yield components on
yield as suggested by Wright (1921) and
illustrated by Dewey and Lu (1959).

Results and Discussion

Correlation coefficient analysis

In general it was found that genotypic
correlation coefficients were higher in
magnitude  than  their  corresponding

phenotypic values indicating thereby a strong
inherent association between various traits
under study (Alirwar et al., 2013). Basically
yield is the main character with which all
other characters are positively or negatively
correlated. Days to first flowering which had
been found positive significant genotypically
and phenotypically correlated with days to
first harvest, average fruit weight and pericarp
thickness, whereas negatively significant with
other traits. Number of flowers per cluster
exhibited positive correlation with number of
clusters per plant, number of fruit per cluster,
fruit length, number of seeds per fruit, yield
per plant and TSS while it showed a negative
genotypic significant association with days to
first harvest and lycopene content.

Days to first harvest exhibited positive
significant  (genotypic)  correlation  with
pericarp thickness whereas it showed a
negative significant association with other
most characters. Number of clusters per plant
showed positive significant with number of
fruits per cluster, fruit diameter, fruit length,
number of fruits per plant, number of locules
per fruit, number of branches per plant,
number of seeds per fruit, yield per plant and
TSS content, it showed negative and
significant association with average fruit
weight and pericarp thickness at genotypic
level.
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Number of fruits per cluster had been positive
correlated with fruit length, average fruit
weigh, plant height, pericarp thickness,
number of seeds per fruit, yield per plant, TSS
and lycopene content. Fruit diameter showed
positive significant correlation with number of
fruits per plant, number of locules per fruit,
plant height, number of seeds per fruit, yield
per plant, ascorbic acid, acidity and lycopene
content. Fruit length exhibited positive
significant  genotypic and  phenotypic
correlation with average fruit weight, number
of branches per plant, number of seeds per
fruit, yield per plant and TSS, whereas
negative significant genotypic and phenotypic
correlation were discovered with ascorbic acid
and lycopene content.

Average fruit weight exhibited positive
significant  genotypic and  phenotypic
correlation with pericarp thickness, number of
seeds per fruit, yield per plant and TSS
whereas, negative significant genotypic and
phenotypic correlation were examined with
number of fruits per plant, number of locules
per fruit, number of branches per plant,
ascorbic acid and lycopene content. Number
of fruits per plant showed positive significant
genotypic and phenotypic correlation with
number locules per plant, number of branches
per plant, ascorbic acid and lycopene content,
while negative significant genotypic and
phenotypic correlation were seen only with
pericarp thickness.

Number of locules per fruit showed positive
significant ~ genotypic and  phenotypic
correlation with number of branches per plant,
number of seeds per fruit, yield per plant,
ascorbic acid and lycopene content, whereas
negative significant genotypic and phenotypic
correlation were observed with pericarp
thickness and TSS. Plant height exhibited
positive significant genotypic and phenotypic
correlation with pericarp thickness, TSS and
lycopene content. Pericarp thickness showed

positive significant genotypic and phenotypic
correlation only with TSS. The negative
significant  genotypic and  phenotypic
correlation was discovered with number of
branches per plant, number of seeds per fruit,
yield per plant, ascorbic acid and acidity.

Number of branches per plant exhibited
positive significant genotypic and phenotypic
correlation with number of seeds per fruit and
acidity. Number of seed per plant showed
positively significant association with yield
per plant and TSS, while no negative
significant  genotypic and  phenotypic
correlation exited with any parameters.

The yield per plant showed only genotypic
positively significant association with TSS
and non-significant negative association with
any characters. TSS exhibited negative
significant association with ascorbic acid and
acidity. Ascorbic acid exhibited positive
significant association with acidity and
lycopene content. Acidity and lycopene were
was found to show non-significant association
with any character.

The results are in accordance with Reddy et
al., (2013) for fruit width with fruit yield per
plant, number of primary branches per plant
and number of flowers per cluster had
significantly positive correlation with plant
height and days to last fruit harvest and shelf
life had significant negative relationship with
fruit yield per plant. Similar results are also
observed by Alirwar et al., (2013), number of
fruits per cluster and ascorbic acid had
significantly positive association with number
of primary branches per plant and days to 50%
flowering while, days to last fruit harvest had
negative association with number of primary
branches per plant. Results are in also
accordance with Laxmi et al., (2017). Days to
first fruit set, days to first fruit harvest and
shelf life had positive association with days to
50% flowering.
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Table.1 Genotypic correlation coefficient between different quantitative and qualitative characters of tomato

Parameters No. of Days No. of No. of Fruit No. of No. of Plant Pericarp No. of Yield/ Ascorbic
flowers/ tol® clusters/ fruit/ length fruits/ locules/ . thickness | branches/ plant acid

Acidity
(%)

Lycopene
(mg/100g
Fwt.)

-0.222*
Kk

cluster harvest plant cluster (cm) plant fruit plant (kg.) (mg/100g
Fwt.

Ig

st
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cluster

es
of
clusters/
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of
fruit/cluster

o
(5
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o

%

0.363**

0.418** 0.387**

Fruit dia. 0.256** 0.256**
cm
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wt. (g.
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*k

Plant ht.
(cm)
Pericarp
thickness
cm

No. of
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o
b
=)
%
*

-0.087
Ascorbic 0.602**
acid
(mg/100g
Fwit.
0)

ycopene
(mg/100g
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* Significant at 1%, ** Significant at 5%
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Table.2 Phenotypic correlation coefficients between different quantitative and qualitative characters of tomato

Parameters No. of DEWS No. of No. of No. of No. of | Plant | Pericarp No. of Yield/ Ascorbic | Acidity | Lycopene
flowers/ to1® clusters/ | fruit/ fruits/ | locules/ ht. thickness | branches/ plant acid (CQ) (mg/100g

cluster | harvest plant cluster plant fruit (cm) (cm) plant (kg.) (mg/100g Fwt.)

0.164

B

<

=3
.

flowering
No. of flowers/
cluster

Days tol1*
harvest

No. of clusters/

No. of fruit/
cm

cm

d.

No. of fruits/

No. of locules/

Plant ht.

Pericarp
thickness (cm)

3

0.315**

0.278**

o
o
5]
3

o
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S
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0.286**

-0.459**

o
o
=
=

0.152

0.095

0

0.319**

Z
o
[=]
=

S
I
N
»| ©

ches/plant

No. of seeds/ 0.766**
fruit
Yield/ plant
(Kg.)
Ascorbic acid
(mg/100g
Fwt.)
Acidity
(%)
Lycopene
(mg/100g
Fwt.)

b
: -0.030
i -0.097

0.203*

0.061

o
o
(2]
N

* Significant at 1%, ** Significant at 5%
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Table.3 Direct (diagonal) and indirect effects of different qualitative and quantitative characters on yield in tomato at genotypic level

Parameters Days to No. of [DEVS No. of No. of i i No. of No. of Pericarp No. of . Ascorbic | Acidity | Lycopene R value
1 flowers/ to1® clusters/ | fruits/ ia. i fruits/ | locules/ . thickness | branches/ e acid (CH) (mg/100g (genotypic

correlation)

with yield

flowering | cluster | harvest plant cluster . plant fruit plant i (mg/100g
Fwt.

Days to 1 0.117 -0.030 -0.007 0.050 -0.226 -0.183 -0.009 -0.073 -0.229 -0.117 0.021 -0.018 -0.027 0.062 0.074 -0.009 0.088 -0.629
flowering

No. of -0.029 0.120 0.002 -0.078 0.225 0036 0.024 0024 0024 0018  0.022 0.009 -0.026 0132 -0.143 0018 0.008 0.059 0.363
flowers/
cluster
0.117 -0.029 -0.007 0.085 0179 -0.149 -0.031 -0.041 -0.074 -0.093 -0.036  -0.014 0.102 -0.240 0.042  -0.003 0.004 0.010
harvest
of -0.038 0.061 0.004 -0.154 0.120 | 0.084 0.021 0058 0084 0059  0.004 0.024 -0.084 0.174 -0.057  0.006 -0.010 0.030

clusters/
lant

-0.060 0.061 0.003 -0.042 0.442  -0.023 0.027 -0.065 0.028 0.022 0.023 -0.012 -0.007 0.372  -0.139 0.001 0.027 -0.054
fruits/
cluster

-0.074 -0.015 0.004 -0.045 [ -0.035 0288 | 0002 -0.028 0039  0.067  0.031 0.003 0.007 0.135 0.048  -0.027 -0.034 -0.106
cm

-0.015 0.042 0.003 -0.047 0.177  0.008 0068 -0.094 0012 0012  0.012 0.000 -0.054 0.223 -0.082 0.035 0.011 0.160 -
length(cm

0.038 -0.013 -0.001 0.040 0.126 | 0.036  0.029 -0.227 -0.102 -0.051  0.001 -0.029 0.060 0.229 -0.029 0.049 0.009 0.066
wt.

-0.134 0.015 0.003 -0.064 0.062 0.055 0.004 0115 0.201 0.088  -0.018 0.025 -0.057 -0.012  0.004 -0.073 -0.005 -0.076
fruits/plant

-0.109 0.017 0.005 -0.073 0.077 0.155  0.007 0.092  0.142 0.125 0.006 0.029 -0.071 0.215  0.040 -0.054 -0.011 -0.158
locules/
frui

Plant ht. 0.020 0.021 0.002 -0.006 0.082 0.074  0.007 -0.001 -0.029 0.006 0.122 -0.012 0.022 -0.041 -0.038 0.011 -0.001 -0.081
cm
Pericarp 0.035 -0.017 -0.002 0.062 0.091 -0.016 -0.001 -0.109 -0.083 -0.060 0.024 -0.061 0.072 -0.144 -0.112 0.051 0.043 -0.016 -0.248
thickness
cm

47

f
g.
f
f 0.019 0.019 0.005 -0.079 0.020 -0013 0023 0084 0070 0054 -0.016  0.027 -0.164 0.157 0.020  -0.014 -0.044 0.000
ranches/
nt
-0.022 0.026 0.003 -0.043 0.266  0.063 0025 -0.084 -0.004 0.043 -0.008 0.014 -0.042 0.618 -0.028  -0.011 -0.008 0.020
seeds/fruit

TSS (° -0.051 0.120 0.002 -0.061 0426 -0.096 0.039 -0.046 -0.006 -0.035 0.032 -0.047 0.023 0119 -0.144 0.074 0.057 0.023 -

O
O

Brix

Ascorbic -0.074 -0.018 0.000 0.008 -0.003 0.066 -0.020 0.096 0.126 0.058  -0.011 0.027 -0.020 0.060  0.091 -0.116 -0.041 -0.159 0.065
acid

(mg/100g

Fwt.)

0.011 -0.011 0.000 -0.017 -0.133 0107 -0.009 0.022 0.011 0.015  0.001 0.029 -0.080 0.053  0.091 -0.052 -0.091 -0.001 -0.076
%

Lycopene -0.039 -0.027 0.000 0.018 0.091 | 0.1126 | -0.041 | 0.057 | 0.058 | 0.075 | 0.037 | -0.004 0.000 0.013 | -0.070 -0.264 -0.031
0.048

/1009
Fwit.
Residual effect: 0.1945
* Significant at 1%, ** Significant at 5%
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Table.4 Direct (diagonal) and indirect effects of different qualitative and quantitative characters on yield in tomato at phenotypic level

Parameters

Lycopene R value
(mg/100g | (phenotypic

correlation)
with yield

-0.001  0.005 -0.067 -0.009 0.013

Days to 1% - - 0.018
flowering 0.069 0.001
No. of -0.005 5 0.025 0.001 | 0.008 0.113  0.002 0.002
flowers/ 0.008
cluster
Days tol* 0.013 0015 -0.041  -0.011 = = = 0.002
0.032 0.154  0.003
-0.009 - 0.053 0.006 - 0.145 = 0.002 0.004 0.286
clusters/ 0.018 0.007
0.012 0021  0.022 0.003  0.018 0.278  0.004 -0.006 0.444
fruits/
cluster
Fruit dia. -0.004 0.010 | 0.025 0.012 ' 0.025 0.134 - -0.025
0.002
Fruit -0.049 0026 -0.005 0001  0.013 0.158  0.005 0.027
length(cm
Avg fruit 0.012 0103 = -0.087  -0.010 - 0.215  0.001 0.023 0.235
wt. (g 0.003
No. of 0.001 - 0.189 0.015 - - 0.000 -0.022 2
fruits/plant 0.047 0.019 0.011
No. of -0.001 - 0.090 0.032 | 0.011 0.153  0.000 -0.013
locules/ 0.031
fruit
Plant ht. -0.004 - 0.021 0002 0177 - 0.003 -0.023
0.002 0.030
Pericarp 0.003 0.033  -0.065 -0.010  0.020 - 0.003 0.007
thickness 0.094
(cm)
No. of -0.009 - 0.044 0.010 - 0.141  0.001 0.020
branches/ 0.024 0.009
lant
0.012 0033  -0.003  0.007 - 0.669 | 0.001 0.004 6
0.008
-0.016 0.007 -0.003  0.000  0.035 0.054  0.014 -0.004 ]
Ascorbic 0.010 - 0.080 0.010 - 0.055 - -0.029 0.011
E 0.029 0.008 0.003
(mg/100g
Fwit.
Amdlty 0.003 - 0.005 0.000  0.009 0.058 - -0.009 )
0.008 0.003

opene 0.009 0.002 -0.001 0.003 0.001 0.009 0.029 0.003 0.029 0.005 0.013
/1009 0. 017

OIOOO _OIOlS

Residual effect: 0.2662
* Significant at 1%, ** Significant at 5%
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Number of clusters per plant had positive
association with number of fruits per plant
and TSS and negative association with days to
first fruit harvest and shelf life.

Path coefficient analysis

Path coefficient analysis techniques devised
by Dewey and Lu (1959) used to partition the
correlation coefficient into direct and indirect
effects of different characters on yield. Such
information provides a realistic basis for
allocation of appropriate weightage of various
attributes  while designing a pragmatic
breeding programme for improvement of
yield. The phenotypic and genotypic
correlation coefficients between yield and
other traits have been partitioned into direct
and indirect effects by path coefficient
analysis (Kumar and Singh, 2017d). In
genotypic path coefficient (Table 3),
maximum exerted positive and negative direct
effects on fruit yield per plant was number of
seeds per fruit (0.618) and lycopene content (-
0.264), respectively. Whereas, high positive
and negative indirect effects were expressed
in TSS (0.426) via. number of fruits per
cluster and days to 1% harvest (-0.240) via.
number seeds per fruit, respectively. The
estimate of residual effect (0.1945) was low.

However, phenotypic path coefficient (Table
4), maximum exerted positive direct effects
on fruit yield per plant was number of seeds
per fruit (0.669) and maximum negative direct
effects on fruit yield per plant was lycopene
content (-0.142), whereas higher positive
indirect effects were associated with number
of fruits per cluster (0.278), average fruit
weight (0.215), fruit length (0.158), number
of locules per fruit (0.153) and number of
branches per plant (0.141) via. number of
seeds per fruit. However, higher negative
indirect effects were expressed in days to first
harvesting (-0.154) via. number of seeds per
fruit. The estimate of residual effect (0.2662)

was low. Estimation of correlations does not
alone provide comprehensive pictures of the
direct and indirect influence of each character
to the yield. Path coefficient analysis is a tool
for partition the observed correlation
coefficient into direct as well as indirect
effects of yield components or fruit yield per
plant to provide clear picture of character
association for formulating efficient selection
strategy. Path analysis differs from simple
correlation in that it points out the causes and
their relative importance. The above
mentioned results are in conformity to
findings of Monamaodi, et al., (2013), Alirwar
et al., (2013), Reddy et al., (2013) and Laxmi
etal., (2017).

As vyield is a complex polygenic character
influenced by contributions from different
component traits, which are under separate
genetic control, thus, it is essential to have a
clear picture of the contributions of each of
the component characters towards the
ultimate yield. The correlation between yield
and its components is indispensable when it is
required to amalgamate high yield potential
with other desirable traits in a single
genotype.
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