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Abstract

The study was initiated to generate genetic information on characters associations for tomato germplasm under
open field condition. Nineteen indeterminate tomato germplasm were evaluated to estimate the nature and
magnitude of associations of different characters with fruit yield and among themselves at Vegetable Research
Farm, Department of Horticulture, SHIATS, Allahabad (India) during 2012-2013. The experiment was
conducted using a Randomized Complete Block Design (RCBD) with three replications. Estimates of genetic
parameters revealed that fruit yield was significantly and positively correlated with number of flowers per plant
(0.2894 and 0.2891) followed by number of fruits per plant (0.4480 and 0.4486) and fruit weight (0.6223 and
0.6230) at genotypic and phenotypic level, respectively, strong association of these traits revealed that the
selection based on these traits would ultimately improve the fruit yield and it is also suggested that hybridization
of genotypes possessing combination of above characters is most useful for obtaining desirable high yielding
segregation. In order to obtain a clear picture of the inter relationship between fruit yield per plant and its
components, direct and indirect effects were measured using path coefficient analysis. Fruit weight had a very
high positive direct genotypic and phenotypic effect 0.9566 and 0.9442, respectively on fruit yield per plant
followed by number of flowers per plant, fruit set per cent, number of fruits per plant, TSS °Brix, plant height,
radial diameter of fruit, leaf curl incidence per cent and days to 50% flowering. The characters showed high
direct effect on yield per plant indicated that direct selection for these traits might be effective and there is a
possibility of improving yield per plant through selection based on these characters. Residual effect was
considerably low (0.0611 and 0.0751) which indicated that characters included in this study explained almost all
variability towards yield.

Keywords: correlation coefficient, path analysis, tomato (Solanum Iycopersicum L.), yield, yield components
1. Introduction

Tomato (Solanum lycopersicum L. Syn. Lycopersicon esculentum Mill., 2n=2x=24) is one of the most important
and popular vegetables in the world because of its wider adaptability, high yielding potential and suitability for
variety of uses in fresh as well as processed food industries (He et al., 2003; Nwosu et al., 2014). It belongs to
the family Solanaceae and is native of Peru Equador region (Jenkins, 1948; Rick, 1969) and is normally a
self-pollinated crop. In India, tomato occupies an area of 0.87 million hectares with a production of 17.50 million
tonnes and productivity of 20.11 tonnes per hectare (FAO, 2012). As a cash crop, it has great demand in the
international market (Hannan et al., 2007a; Solieman et al., 2013). Tomatoes are an excellent source of minerals
and vitamins (Sainju et al., 2003; Naika et al., 2005; Akinfasoy et al., 2011). Its vitamin C content is particularly
high (Kanyomeka & Shivute, 2005). Tomato’s fruit is consumed in providing salads and cookies. In addition, it
is used to can, paste, ketchup, sauce, puree and fruit juice (Maitidevi & Kathmandu, 2008). Tomato soup is good
remedy for patients suffering from constipation and very good appetizer (Kalloo et al., 2001). During ripening,
there is a 500 fold increase in the level of lycopene in tomato fruit (Bai & Lindhot, 2007). Increased lycopene
has proven nutritional value as an antioxidant that is associated with a low incidence of certain forms of human
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cancer (Giovannucci et al., 2002; Bai & Lindhot, 2007). Tomato is grown as an annual or short lived perennial
herbaceous plant. It has taproot and growth habit of the plant is determinate, semi-determinate and indeterminate
(Reddy et al., 2013).

The approaches to make significant improvement in tomato production require information regarding nature and
magnitude of genetic variation in quantitative traits (Adunga & Labuschangne, 2003; Bello & Olaoye, 2009;
Kaushik et al., 2011) and their interrelationships in the available germplasm, which are important pre-requisites
for a systematic breeding program (Al-Aysh et al., 2012). Selection for yield based on multiple traits is always
better than selection based on yield alone (Muhammad et al., 2003; Bello et al., 2010). Yield is a quantitative
character controlled by many genes (Lungu, 1978). Adequate knowledge about the magnitude and degree of
association of yield with its attributing characters or components is of great importance to breeders. Using these
components, breeders would understand strength of correlated traits that would assists in decision making
process to select for simultaneous improvement of more than one character (Sivaprasad, 2008; Monamodi et al.,
2013). Cramer and Wehner (1998) indicated that a way about improving yield indirectly is to select for traits that
are highly correlated with yield but possess higher heritability. These traits are often referred to as yield
components and may include; the number of harvests per plant, number of branches per plant and marketable
yield (Rani et al., 2008). According to Lungu (1978) the consideration of yield components in selection is based
on the assumption that a strong positive correlation exists between yield and yield components and that these
component characters have higher heritability than yield. For this assumption to be valid the changes or increase
in yield must be accompanied by change in one or more of the yield components (Rani et al., 2008). However,
correlation alone does not provide information on the contribution of related characters, which need the study of
cause and effect relationship of different characters among themselves (McGiffen et al., 1994). It has been
observed that path coefficient analysis reveals the exact relationship of characters thereby providing more
information than simple correlation analysis, suggesting that correlation analysis is a weaker tool compared to
path coefficient analysis (Dewey & Lu, 1959; McGiffen et al., 1994). The technique of path coefficient analysis
was developed by Wright (1921) and demonstrated by Dewey and Lu (1959) as a means of separating direct and
indirect contribution of various traits. It is a standardized partial regression coefficient analysis. It measures the
direct influence of one variable upon another and permits the separation of correlation coefficient into
components of direct and indirect effects. The use of this technique has been reported to require cause and effect
situation among the variables according to Singh and Chaudhary (1977). Yield components have also been used
to improve yield in crops such as wheat (Dewey & Lu, 1959; Zecevic et al., 2004; Khan & Dar, 2010), potato
(Bhagowati & Saikia, 2003; Tuncturk & Ciftci, 2005), brinjal (Thangamani & Jansirani, 2012; Ahmed et al.,
2013), chilli (Ajjapplavara et al., 2005; Ukkund et al., 2007; Jabeen et al., 2009; Sood et al., 2009) and cucumber
(AbuSalena & Dutta, 1988; Yin & Cui, 1994; Zhang & Cui, 1994; Cramer & Wehner, 1998, 2000; Chandra et al.,
2010; Arunkumar et al., 2011; Golabadi et al., 2013). According to Singh (2013), understanding the relative
contribution of the various component traits to yield could play a significant role in identifying high yielding
genotypes from genetically variable populations by providing information on indirect selection for yield. Thus
the present investigation was initiated to study both correlation and path coefficient analysis in different
indeterminate tomato germplasm, thereby; it is possible to recognize the relationship among various characters
of tomato.

2. Materials and Methods
2.1 Experimental Site and Environment

This study was carried out during the season 2012-13 at Vegetable Research Farm, Department of Horticulture,
SHIATS, Allahabad (India). The city is situated at 25°28'N latitude and 81°54'E longitude and at a mean altitude
of 98 m above sea level. The climate of Allahabad is characterized as humid sub-tropical with an average annual
rainfall of 1027 mm (40.4 inches). The rainfall is monsoonal in nature with around 75% received during
July-September. The mean weekly agro-meteorological observations were recorded during the crop season
(Figure 1).
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Figure 1. Mean weekly agro-meteorological observations recorded during crop season 2012-2013

2.2 Experimental Material

The experimental materials comprised of nineteen indigenous germplasm of indeterminate tomato collected from
Indian Institute of Vegetable Research (ITVR), Varanasi and Vegetable Research Station (VRS), JAU, Junagadh,
India (Table 1). For raising good and healthy seedlings, the seeds were treated with carbendazim @ 2.0 g/kg seed.
After that the seeds of nineteen germplasm of tomato were sown in the nursery and their seedlings were
transplanted in small plots (2.0 m % 2.0 m) in open-field where row-to-row and plant-to-plant spacing was 60 cm
x 60 cm that contained 16 plants. The experiment was laid out in a randomized complete block design (RCBD)
with three replications. All the recommended agronomic package of practices was followed (like staking,
earthing up, irrigation, weeding etc.), as recommended for commercial tomato production.

2.3 Experimental Data

The observation were recorded on five randomly selected plants per replication for each germplasm on fifteen
quantitative characters viz., plant height (cm), number of branches per plant, number of leaves per plant, days to
50% flowering, number of flower clusters per plant, number of flowers per plant, number of fruits per plant, fruit
set per cent, fruit weight (g), radial diameter of fruit (mm), polar diameter of fruit (mm), fruit yield per plant (g),
leaf curl incidence per cent (based on the scale given by Joshi & Choudhary, 1981), TSS Brix (by using a hand
refractometer, Model: ATAGO, Tokyo, Japan) and ascorbic acid (mg/100 g) was estimated using
2,6-dichlorophenol indophenol method as illustrated by AOAC (1975).

2.4 Stastical Analysis and Estimation of Genetic Parameters

Data of all the previously mentioned characters were arranged and statistically analyzed, using the standard
methods of the randomized complete blocks design as illustrated by Clewer and Scarisbrick (2001), using
Co-State Software (2004) computer program for statistics.

Analysis of variance: Analysis of variance was done by the method suggested by Panse and Sukhatme (1985).

Estimation of Correlations: The correlation coefficient analysis among all possible characters combination at
phenotypic (rp) and genotypic (rp) level were estimated employing the formulae (Al-Jibourie et al., 1958).

Phenotypic correlation =V = = %
" Veiny XV oim] (1)
Genotypic correlation =V, = % o
' LEPE

x(g)
Where:

COV,, 4 = Phenotypic co-variance between variables x and y; COV,,, = Genotypic co-variance between
variables x and y; V, ) = Phenotypic variance for the variable x; V, o = Genotypic variance for the variable x;

V) = Phenotypic variance for the variable y; V) = Genotypic variance for the variable y.

Significance of correlation coefficient at both phenotypic and genotypic levels was tested by comparing table ‘r’
value with obtained value.
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Path Coefficient Analysis: Path coefficient is a standardized partial regression coefficient and as such it is a
measure of direct and indirect effect of a set variable (component characters) as a dependent variable such as
fruit yield. The estimates of direct and indirect effect of component characters on fruit yield were computed
using appropriate correlation coefficient of different component characters as suggested by Wright (1921) and
elaborated by Dewey and Lu (1959). Thus, the correlation coefficient of any character with fruit yield was split
into direct and indirect effects adopting the standard formula.

Ty = 1P+ rolPy + r3ilPs + o+ Py + Py 3)

Where:

r,, = Correlation of the ith character with fruit yield; r,; = Correlation between nth character with ith character; n
= Number of independent variables (component characters); P;= Direct effect of ith character on fruit yield.

Direct effects of different component character on fruit yield were obtained by solving the following equations.
ry = [Py [ry], which can also be rearranged as [P = [r,-}]'] [ri] 4)

Where:

[P;] = Matrix of direct effect;

[r;] = Matrix of correlation coefficients among all the n components characters; /[7;,/ = Matrix of correlation of
all component characters with fruit yield; r; = Indirect effect of ith character on fruit yield through first
characters.

The residual effect was obtained by the following formula.

Residual effect = PR =1 - Pr, %)
Where: P; and r;, are as given above.
3. Results and Discussion

Mean square values of Analysis of Variance (ANOVA) showed highly significant difference among the tested
germplams for all the characters studied. The significant variation among the germplasm revealed that presence
of adequate variability which can be exploited through selection (Table 2). Similar results were noticed by
Barman et al. (1995); Singh and Raj (2004); Singh and Cheema (2005); Hidayatullah et al. (2008); Basavaraj et
al. (2010); Kaushik et al. (2011); Dar and Sharma (2011); Jilani et al. (2013); Monamodi et al. (2013).

The yield is a complex character that is controlled by quite a number of factors. Hence, the degree of association
of these complex characters formed the basis for yield evaluations and correlation coefficient analysis measures
the extent of closeness of the component traits. The phenotypic and genotypic correlation among the yield and
yield components in tomato are presented in Table 3. Significant correlation of characters suggested that there is
much scope for direct and indirect selection for further improvement. Genotypic correlation coefficient provides
measures of genetic association between traits and thus helps to identify the more important as well as less
important traits to be considered in breeding programs. Similar types of findings were also reported by Tiwari
and Upadhyay (2011). In general, the estimate of genotypic correlation coefficient was higher than their
corresponding phenotypic correlation coefficients. This can be interpreted as a strong inherent genotypic
relationship between characters studied, through their phenotypic expression was impeded by environmental
influence. The present findings are in conformity with Harer et al. (2003); Kumar et al. (2003); Golani et al.
(2007); Islam et al. (2010); Dar et al. (2011); Al-Aysh et al. (2012); Souza et al. (2012); Tasisa et al. (2012). The
nature of genotypic correlation was similar to phenotypic correlation. However, in some cases correlation
coefficients at genotypic level were significant, while at phenotypic level same were found to be non-significant
(Kumari & Sharma, 2013).

Basically yield is the main character with which all other characters are positively or negatively correlated. In the
present investigation, fruit yield per plant exhibited significant and positively correlated with number of flowers
per plant (0.2894 and 0.2891), number of fruits per plant (0.4480 and 0.4486) and fruit weight (0.6223 and
0.6230) at genotypic and phenotypic level, respectively, indicated that these traits are important for selection
view point for getting high fruit yield in tomato. Similar results supported by the findings of Anjum et al. (2009);
Maurya et al. (2011); Kumari and Sharma (2013); Monamodi et al. (2013); Saleem et al. (2013); Khapte and
Jansirani (2014); Kumar et al. (2014) for number of fruits per plant and fruit weight; Dhankhar and Dhankar
(2006); Hannan et al. (2007b); Souza et al. (2012) for fruit number per plant; Susic et al. (2002) for fruit weight.
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Table 1. Collection of different germplasm

S.No. Name of Germplasm Source S.No. Name of Germplasm Source

1. 2011/TOINDVAR-1 IIVR, Varanasi 11. EC 620430 IIVR, Varanasi
2. 2011/TOINDVAR-2 IIVR, Varanasi 12. EC 620432 IIVR, Varanasi
3. 2011/TOINDVAR-3 IIVR, Varanasi 13. EC 620434 IIVR, Varanasi
4. 2011/TOINDVAR-4 IIVR, Varanasi 14. EC 620437 IIVR, Varanasi
S. 2011/TOINDVAR-5 IIVR, Varanasi 15. EC 620449 IIVR, Varanasi
6. 2012/TOINDVAR-1 IIVR, Varanasi 16. AJETA-32 IIVR, Varanasi
7. 2012/TOINDVAR-2 IIVR, Varanasi 17. ARKA VIKAS IIVR, Varanasi
8. 2012/TOINDVAR-3 IIVR, Varanasi 18. ANGOOR LATA IIVR, Varanasi
9. 2012/TOINDVAR-4 IIVR, Varanasi 19. 2012/GT-1 VRS, JAU, Junagadh
10. EC 620421 IIVR, Varanasi

Table 2. Analysis of variance for 15 characters of indeterminate tomato germplasm

Mean Sum of Squares

S. No. Source of Variance/ Characters Replication Treatment Error
(d.f=2) (d.f=18) (d.f=36)

1. Plant height at 120DAT (cm) 1.69 1331.66%* 0.46

2. No. of branches/plant at 120DAT 0.16 11.65%%* 0.20

3. No. of leaves/plant at 120DAT 0.34 461.38** 0.60

4. Days to 50% flowering 0.006 153.96** 0.31

5. No. of flower clusters/plant 0.04 24.02%* 0.06

6. No. of flowers/plant 0.37 1159.45%* 2.06

7. Average no. of fruits/plant 0.08 228.04** 0.28

8. Fruit set (%) 0.07 129.30%* 0.56

9. Average fruit weight (g) 1.43 225.66** 0.36

10. Radial diameter of fruit (mm) 0.42 172.18%** 0.12

11. Polar diameter of fruit (mm) 0.23 70.06** 0.39

12. Fruit yield/plant (g) 5206.96 912915.31%** 2657.22
13. Leaf curl incidence (%) 0.004 257.55%* 0.02

14. TSS °Brix 0.01 1.33%* 0.01

15. Ascorbic Acid (mg/100g) 0.17 333.75%* 0.39

Note. ** Significant at 0.1%; d.f. = degree of freedom.
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Table 3. Estimates of genotypic and phenotypic correlation among different traits of indeterminate tomato
germplasm

Plant Height  No. of  No. of .
Characters (cm.) at  Branches/Plant  Leaves/Plant Days [_0 30% - No-of flower - No. of NO‘_ of Fruit Set
120DAT ot 120DAT at 120DAT Flowering Clusters/Plant ~ Flowers/Plant ~ Fruits/Plant (%)

Plant Height (cm) at G 1.0000 0.9725%* 0.7366** 0.1445 0.5642% 0.5016%* 0.3572%x -0.1601
120DAT P 1.0000 0.9462%* 0.7343%x 0.1438 0.5623%x 0.5005%* 0.3562% -0.1593
No. of Branches/Plant G 1.0000 0.6305%* 0.1459 0.6339%* 0.5858** 0.4026%* -0.2049
at 120DAT P 1.0000 0.6178%x 0.1435 0.6119%* 0.5676%* 0.3933%x -0.1925
No. of Leaves/Plant at G 1.0000 0.1113 0.2748* 0.1902 0.3636** 0.1641
120DAT P 1.0000 0.1115 0.2731% 0.1896 0.3623%* 0.1625
Days to 50% Flowering G 1.0000 0.0693 -0.3070% -0.1315 0.1629

P 1.0000 0.0677 -0.3063* -0.1313 0.1624
No.  of  Flower G 1.0000 0.7317%* 0.4105%* -0.3638%*
clusters/Plant P 1.0000 0.7330%* 0.4075%x -0.3675%*

G 1.0000 0.5553%* -0.4639%*
No. of Flowers/Plant P 1.0000 0.5525%* -0.4662%*

G 1.0000 0.4738%*
No. of Fruits/Plant P 1.0000 0.4729%*
Fruit Set (%) G 1.0000

P 1.0000
Fruit weight (g) G

P
Radial Diameter (mm) G

P
Polar Diameter (mm) G

P
Leaf Curl Incidence (%) G

P
TSS °Brix G

P
Ascorbic Acid G
(mg/100g) P
Characters Fruit weight (2) Radial Diameter ~ Polar Diameter  Leaf Curl 7SS “Brix Ascorbic  Acid  Fruit Yield/Plant

(mm) (mm) Incidence (%) (mg/100g) (g)

Plant Height (cm) at G -0.4808** -0.2500 -0.3085* -0.0086 02111 -0.1085 0.1715
120DAT P -0.4789%* -0.2494 -0.3055* -0.0084 -0.2071 -0.1083 -0.1702
No. of Branches/Plant G -0.5441%* -0.1947 -0.2533 0.0903 -0.2536 -0.1726 -0.1870
at 120DAT P -0.5302%* -0.1875 -0.2476 0.0879 -0.2428 -0.1702 -0.1777
No. of Leaves/Plant at G -0.3749%* -0.3376* -0.3167* -0.1505 0.0264 0.0814 -0.0905
120DAT P -03727%* -0.3362* -0.3173% -0.1504 0.0252 0.0799 -0.0896
Days to 50% Flowering G 0.0791 -0.3647%* -0.1940 -0.1278 -0.1181 -0.2699* -0.0860

P 0.0792 -0.3618%* -0.1912 -0.1276 -0.1178 -0.2688* 0.0849
No.  of  Flower G  -0.2683* -0.4484%* -0.4511%% -0.1712 -0.0351 0.0610 0.0321
clusters/Plant P -0.2646% -0.4455%% -0.4475%% -0.1705 -0.0344 0.0600 0.0333

G -02125 -0.0875 -0.1775 0.0257 -0.1179 0.0540 0.2894*
No. of Flowers/Plant P -0.2095 -0.0869 -0.1785 0.0256 -0.1152 0.0533 0.2891%

G -0.4049%* -0.2579 -0.0123 -0.0282 -0.1106 -0.0069 0.4480%*
No. of Fruits/Plant P -0.4030%* -0.2580 -0.0147 -0.0280 -0.1099 -0.0070 0.4476%*
Fruit Set (%) G -0.1851 -0.1371 0.2159 -0.0421 -0.0346 -0.0821 0.1972

P -0.1862 -0.1365 0.2138 -0.0416 -0.0362 -0.0812 0.1953
Fruit weight (g) G 1.0000 0.2061 0.1733 -0.4473%% 0.0141 0.0443 0.6223%*
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P 1.0000 0.2055 0.1682 -0.4460** 0.0156 0.0434 0.6220**
Radial Diameter (mm) G 1.0000 0.3323* 0.4324%* -0.1352 -0.0388 0.1026

P 1.0000 0.3288* 0.4320%* -0.1331 -0.0386 0.1015
Polar Diameter (mm) G 1.0000 0.0748 -0.3628%* -0.4116** 0.1946

P 1.0000 0.0741 -0.3555%* -0.4050** 0.1868
Leaf Curl Incidence (%) G 1.0000 -0.3998** -0.3329* -0.3936**

P 1.0000 -0.3935%* -0.3324* -0.3916**
TSS °Brix G 1.0000 0.8995%* -0.0793

P 1.0000 0.8831** -0.0780
Ascorbic Acid G 1.0000 0.0489
(mg/100g) P 1.0000 0.0475

Note. * & ** significant at 5% and 1% level of significance, respectively. G = genotypic correlation; P =
phenotypic correlation.

Plant height showed significant and positive association with number of branches per plant (0.9725 and 0.9462),
number of leaves per plant (0.7366 and 0.7343) and number of flower clusters per plant (0.5642 and 0.5623),
number of flowers per plant (0.5016 and 0.5005) and number of fruits per plant (0.3572 and 0.3562) at genotypic
and phenotypic level, respectively. The results indicated that as the plant height increases all those characters
would also increase. Similar kind of results were reported by Islam et al. (2010) for number of branches per plant
and number of flowers per plant; Mahapatra et al. (2013) for number of branches per plant, number of flower
clusters per plant and number of fruits per plant; Ogwulumba and Ugwuoke (2013) for number of leaves per
plant and number of fruits per plant. Plant height showed negative significant correlation with fruit weight and
polar diameter of fruit, indicated that as the plant height increases, fruit weight and polar diameter of fruit would
decrease. These results are in confirmation with the findings of Islam et al. (2010).

On the other hand number of flowers per plant showed significant and positive association with plant height
(0.5016 and 0.5005), number of branches per plant (0.5858 and 0.5676), number of flower clusters per plant
(0.7317 and 0.7330), number of fruits per plant (0.5553 and 0.5525) and fruit yield per plant (0.2894 and 0.2891).
Similar types of findings were also reported by Islam et al. (2010) for number of fruits per plant and yield per
plant.

The trait, number of fruits per plant showed significant and positive association with plant height (0.3572 and
0.3562), number of branches per plant (0.4026 and 0.3933), number of leaves per plant (0.3636 and 0.3623),
number of flower clusters per plant (0.4105 and 0.4075), number of flowers per plant (0.5553 and 0.5525), fruit
set per cent (0.4738 and 0.4729) and fruit yield per plant (0.4480 and 0.4476) at genotypic and phenotypic level,
respectively. The result was in full agreement with some earlier studies by Moya et al. (1996); Singh et al. (1997);
Harer et al. (2003); Haydar et al. (2007); Islam et al. (2010) for fruit yield per plant; Khapte and Jansirani (2014)
for number of branches per plant, number of flower truss per plant and fruit set per cent; Izge et al. (2012) for
number of flower clusters, number of leaves per plant and plant height. The significant and negative association
was observed with fruit weight (-0.4049 and -0.4030). The negative correlation of fruit number with fruit weight
means that if there are more fruits in a truss, the tomato fruit weight will tend to be smaller as fruits will compete
for space for attachment in a truss as well as for the nutrients. This association was expected since it appears
reasonable that as more fruits are produced per truss, the plant will have more fruits and the total weight of fruits
per plant will increase as well (Hidayatullah et al., 2008; Monamodi et al., 2013; Buckseth et al., 2012; Kumari
& Sharma, 2013).

Fruit weight showed significant and positive association both at genotypic and phenotypic level with fruit yield
per plant (0.6223 and 0.6220) which indicated that as the fruit weight increases the fruit yield per plant would
increase. The result was in line with findings of various investigators (Prasad & Rai, 1999; Mohanthy, 2002a,
2002b; Harer et al., 2003). The interesting relationship to note was that of total soluble solids (TSS) which had a
negative relationship with most components except with number of leaves per plant, fruit weight and ascorbic
acid. This negative relationship with total soluble solids suggests that there may be competition for resources
between total soluble solids and other components (Monamodi et al., 2013). Ascorbic acid (mg/100 g.) showed
significant and positive association with TSS (0.8995 and 0.8831) at genotypic and phenotypic level.

Path coefficient analysis provides an effective means of partitioning direct or indirect causes of association. As
yield is influenced by many factors, selection based on correlation may be misleading because it measures only
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the mutual association between two variables, whereas path coefficient analysis specifically measures the
relative importance of different yield components. To find out the direct and indirect effects and to measure the
relative importance of causal factors, path coefficient analysis is useful, which permits critical examination of the
specific forces acting to produce a given correlation (Bhatt, 1973; Izge et al., 2012).

The results of the present investigation on path coefficient analysis as presented in Table 4 and Figure 2 revealed
that fruit weight had a very high positive direct genotypic and phenotypic effect 0.9566 and 0.9442, respectively
on fruit yield per plant followed by number of flowers per plant (0.7543 and 0.5071), fruit set per cent (0.6205
and 0.3850), number of fruits per plant (0.2002 and 0.4387), TSS °Brix (0.1621 and 0.0684), plant height
(0.1337 and 0.0131), radial diameter of fruit (0.0956 and 0.0882), leaf curl incidence per cent (0.0306 and
0.0043) and days to 50% flowering (0.0266 and 0.0265). The characters showing high direct effect on yield per
plant indicated that direct selection for these traits might be effective and there is a possibility of improving yield
per plant through selection based on these characters. The results in accordance with the finding of Dudi and
Kalloo (1982); Singh et al. (1989); Hazarika and Das (1998); Sankari (2000); Sharma and Verma (2000); Verma
and Sarnaik (2000); Ara et al. (2009); Ghosh et al. (2010); Monamodi et al. (2013); Khapte and Jansirani (2014)
for fruit weight and number of fruits per plant; Vikram and Kohli (1998); Bodende (2002); Lakshmi and Mani
(2004); Indu Rani et al. (2010); Rani et al. (2008) for fruit weight; Islam and Khan (1991); McGiffen et al.
(1994); Padda et al. (1971); Rathod (1997); Dhankar et al. (2001); Mageswari et al. (1999); Yadav and Singh
(1998) for number of fruits per plant; Islam et al. (2010) for plant height, flowers per plant, fruits per plant, fruit
weight. On the other hand the traits, viz., number of branches per plant, number of leaves per plant, number of
flower clusters per plant, polar diameter of fruit, ascorbic acid had negative direct effect toward yield at the
genotypic as well as phenotypic level. Anikumar et al. (2003) reported that based on the path coefficient analysis,
selection should be based on more number of fruits with higher average fruit weight. Joshi et al. (2004) found
that the number of fruits per plant is the most important yield contributing trait.

At both genotypic and phenotypic level plant height exhibited positive indirect effect on fruit yield via number of
branches per plant, number of leaves per plant, days to 50% flowering, number of flower clusters per plant,
number of flowers per plant and number of fruits per plant. Similar findings have also been reported by Islam et
al. (2010) for flowers per plant, branches per plant and fruits per plant; Saleem et al. (2013) for number of fruits
per plant; Tiwari and Upadhyay (2011) for days to 50% flowering and number of branches per plant. Days to 50
% flowering exhibited positive indirect effect on fruit yield via plant height, number of branches per plant,
number of leaves per plant, number of flower clusters per plant, fruit set per cent and fruit weight. Similar results
were obtained by Tiwari and Upadhyay (2011) for fruit weight.

Number of fruits per plant exhibited positive indirect effect on yield through the characters like plant height,
number of branches per plant, number of leaves per plant, number of flower clusters per plant, number of flowers
per plant and fruit set per cent. Similar results were reported earlier in tomato by Islam et al. (2010) for plant
height, branches per plant and flowers per plant; Mahapatra et al. (2013) for plant height, number of primary
branches per plant, number of flower clusters per plant. Emphasis should therefore, be given on this trait as one
of the most vital yield components for contribution to the final yield. At both genotypic and phenotypic level
fruit weight recorded positive indirect effect on yield via days to 50% flowering, radial diameter of fruit, polar
diameter of fruit, TSS and ascorbic acid. Similar results were obtained by Kumar and Dudi (2011) for total
soluble solids; Islam et al. (2010) for fruit diameter. From the path analysis it may be pointed out that individual
fruit weight might be the most potential yield contributing trait for higher yield of tomato.

TSS °Brix exhibited positive indirect effect on fruit yield via number of leaves per plant, fruit weight and
ascorbic acid. Supporting evidence could be obtained from the results of Rani et al. (2010) for fruit weight.
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Table 4. Direct (diagonal) and indirect effects of component characters contributing to yield in indeterminate
tomato at genotypic and phenotypic level

No. of  No. of
Plant Height Days to 50%  No. of flower  No. of  No. of  Fruit Set
Characters Branches/Pla Leaves/Plant
(cm) at 120DAT Flowering Clusters/Plant Flowers/Plant Fruits/Plant (%)
ntat 120DAT  at 120DAT
Plant Height (cm) at G 0.1337 0.1300 0.0984 0.0193 0.0754 0.0670 0.0477 -0.0214
120DAT P 0.0131 0.0124 0.0096 0.0019 0.0074 0.0066 0.0047 -0.0021
No. of Branches/Plant G -0-0859 -0.0883 -0.0557 -0.0129 -0.0560 0.0517 -0.0356 0.0181
at 120DAT P -0.0291 -0.0308 -0.0190 -0.0044 -0.0188 -0.0175 -0.0121 0.0059
No. of Leaves/Plantat G -0.0270 -0.0231 -0.0367 -0.0041 0.0101 -0.0070 0.0133 -0.0060
120DAT P -0.0230 0.0194 -0.0313 -0.0035 -0.0086 -0.0059 0.0114 -0.0051
Days  to  50% G  0.0038 0.0039 0.0030 0.0266 0.0018 -0.0082 -0.0035 0.0043
Flowering P 0.0038 0.0038 0.0030 0.0265 0.0018 -0.0081 -0.0035 0.0043
No. of Flower G  -0.0417 -0.0469 -0.0203 -0.0051 -0.0740 -0.0541 -0.0304 0.0269
clusters/Plant P -0.0604 -0.0657 -0.0293 -0.0073 -0.1074 -0.0787 -0.0438 0.0395
G 03784 0.4419 0.1435 02316 0.5519 0.7543 0.4189 -0.3499
No. of Flowers/Plant
P 02538 0.2879 0.0962 -0.1553 0.3717 0.5071 0.2802 -0.2364
G 00715 0.0806 0.0728 -0.0263 0.0822 0.1111 0.2002 0.0948
No. of Fruits/Plant
P 01562 0.1725 0.1589 -0.0576 0.1788 0.2424 0.4387 0.2075
G -0.0993 0.1271 0.1018 0.1011 0.2257 -0.2878 0.2940 0.6205
Fruit Set (%)
P -0.0613 -0.0741 0.0626 0.0625 -0.1415 -0.1795 0.1821 0.3850
G -0.4599 -0.5205 -0.3586 0.0757 -0.2566 -0.2033 -0.3873 -0.1770
Fruit weight (g)
P -04521 -0.5006 0.3519 0.0748 -0.2499 -0.1979 -0.3805 -0.1759
Radial Diameter G -0.0239 -0.0186 -0.0323 -0.0349 -0.0429 -0.0084 -0.0247 -0.0131
(mm) P -0.0220 0.0165 -0.0297 -0.0319 -0.0393 -0.0077 -0.0228 -0.0120
G 00023 0.0019 0.0024 0.0014 0.0033 0.0013 0.0001 -0.0016
Polar Diameter (mm)
P 0.0041 0.0033 0.0043 0.0026 0.0060 0.0024 0.0002 -0.0029
Leaf Curl Incidence G  -0.0003 0.0028 -0.0046 -0.0039 -0.0052 0.0008 -0.0009 -0.0013
(%) P 0.0000 0.0004 -0.0006 -0.0005 -0.0007 0.0001 -0.0001 -0.0002
G -0.0342 -0.0411 0.0043 -0.0191 -0.0057 -0.0191 -0.0179 -0.0056
TSS °Brix
P -0.0142 -0.0166 0.0017 -0.0081 -0.0024 -0.0079 -0.0075 -0.0025
Ascorbic Acid G 00112 0.0178 -0.0084 0.0278 -0.0063 -0.0056 0.0007 0.0085
(mg/100g) P 0.0026 0.0041 -0.0019 0.0065 -0.0015 -0.0013 0.0002 0.0020
Radial Diameter Polar Diameter Leaf Curl Ascorbic  Acid Fruit
Characters Fruit weight (g) TSS °Brix
(mm) (mm) Incidence (%) (mg/100g) Yield/Plant (g)
Plant Height (cm) at G  -0.0643 -0.0334 -0.0412 -0.0012 -0.0282 0.0145 -0.0229
120DAT P -0.0063 -0.0033 -0.0040 -0.0001 -0.0027 -0.0014 -0.0022
No. of Branches/Plant at G  0.0481 0.0172 0.0224 -0.0080 0.0224 0.0152 0.0165
120DAT P 00163 0.0058 0.0076 -0.0027 0.0075 0.0052 0.0055
No. of LeavesPlant at G  0.0138 0.0124 0.0116 0.0055 -0.0010 -0.0030 0.0033
120DAT P 00117 0.0105 0.0099 0.0047 -0.0008 -0.0025 0.0028
G 0.0021 -0.0097 -0.0052 -0.0034 -0.0031 -0.0072 -0.0023
Days to 50% Flowering
P 0.0021 -0.0096 -0.0051 -0.0034 -0.0031 -0.0071 -0.0023
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No. of Flower G 0.0198 0.0332 0.0334 0.0127 0.0026 -0.0045 -0.0024
clusters/Plant P 0.0284 0.0479 0.0481 0.0183 0.0037 -0.0064 -0.0036

G -0.1603 -0.0660 -0.1339 0.0194 -0.0889 0.0407 0.2183
No. of Flowers/Plant

P -0.1063 -0.0441 -0.0905 0.0130 -0.0584 0.0270 0.1466

G -0.0810 -0.0516 -0.0025 -0.0056 -0.0221 -0.0014 0.0897
No. of Fruits/Plant

P -0.1768 -0.1132 -0.0065 -0.0123 -0.0482 -0.0031 0.1968

G -0.1148 -0.0851 0.1339 -0.0261 -0.0215 -0.0509 0.1223
Fruit Set (%)

P -0.0717 -0.0526 0.0823 -0.0160 -0.0139 -0.0313 0.0752

G 0.9566 0.1972 0.1658 -0.4278 0.0135 0.0424 0.5953
Fruit weight (g)

P 0.9442 0.1940 0.1588 -0.4211 0.0147 0.0410 0.5883

G 0.0197 0.0956 0.0318 0.0413 -0.0129 -0.0037 0.0098
Radial Diameter (mm)

P 0.0181 0.0882 0.0290 0.0381 -0.0117 -0.0034 0.0090

G -0.0013 -0.0025 -0.0074 -0.0006 0.0027 0.0031 -0.0014
Polar Diameter (mm)

P -0.0023 -0.0044 -0.0135 -0.0010 0.0048 0.0055 -0.0025

G -0.0137 0.0133 0.0023 0.0306 -0.0123 -0.0102 -0.0121
Leaf Curl Incidence (%)

P -0.0019 0.0019 0.0003 0.0043 -0.0017 -0.0014 -0.0017

G 0.0023 -0.0219 -0.0588 -0.0648 0.1621 0.1458 -0.0129
TSS “Brix

P 0.0011 -0.0091 -0.0243 -0.0269 0.0684 0.0604 -0.0053

G -0.0046 0.0040 0.0424 0.0343 -0.0926 -0.1030 -0.0050
Ascorbic Acid (mg/100g)

P -0.0011 0.0009 0.0099 0.0081 -0.0215 -0.0243 -0.0012

Note. Residual effect: Genotypic (G) = 0.0611and Phenotypic (P) = 0.0751 (Bold diagonal values are direct
effects).

Genotypical Path Diagrar
Fruit Yield/ Plant(g.)

VT W
BV

Residual effect 0081

Figure 2. Genotypic path diagram for fruit yield/plant (g)

4. Conclusion

In present study, it could be concluded that the traits like; fruit weight, number of flowers per plant and number
of fruits per plant showed positive correlation with yield as well as they have direct effect on yield. Hence these
traits can be used as selection indices in tomato to bring about the improvement in fruit yield. The residual effect
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of the genotypic and phenotypic path analysis was very less i.e. 0.0611 and 0.0751, respectively. This indicates
that the characters chosen for the present study is the main components of yield and that the variability in yield is
accounted by the characters chosen for this investigation to a considerable extent. Correlation and path
coefficient studies suggested that the selection should be primarily based on the component characters which
exhibited significant positive correlation with yield and also had either direct or indirect effect on yield. This
may lead to development of high yielding germplasm in tomato.
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