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1Abstract: Investigations were undertaken to develop F  hybrids in tomato for high yield, processing
qualities with resistance to root knot nematode (Meloidogyne incognita) by studying eighty hybrids
developed, involving fourteen parents mated in a Line x Tester fashion (both direct and reciprocal crosses).
Among the hybrid combinations, twenty-three hybrids were found to be resistant to root knot nematode
under both natural condition in field and artificial inoculation in pot culture. These hybrids were test
verified by raising again. Among the twenty three hybrids, CLN 2026C x SL 120, CLN 2026E x SL 120,
LE 812 x SL 120 and CLN 1464A x SL 120 were found to be high yielding with resistance to root knot
nematode along with good processing qualities. The yield contributing traits like plant height, fruit weight
and quality traits like pericarp thickness, acidity, ascorbic acid and lycopene were found to have positive
and significant association with yield per plant both at genotypic and phenotypic levels. The other resistant
traits like root length, total phenol, orthodihydroxy phenol, IAA oxidase, chlorogenic acid and ascorbic
acid in roots showed negative and significant association with root gall index, suggesting their role in root
knot nematode resistance. These characters could be reliably looked for, while selecting a high yielding
genotype.
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INTRODUCTION

Tomato (Lycopersicon esculentum  Mill.) is one of
the most economically important vegetables in Asia.
There has been a tremendous increase in area of
tomato in the recent past and the crop is estimated to
occupy an area of 4.54 lakh hectares with a production
of around 6.88 million tones . [1]

Tomato plants have been reported to be severely
affected by several plant parasitic nematodes, especially
by the root knot nematodes, Meloidgyne spp. They
have a wider occurrence in the tomato growing tropical
and subtropical regions of the world. The yield loss in
tomato due to root knot nematodes has been estimated
to be upto 61 per cent . Hence, the use of resistant[2 ]

varieties is the most economical and easy practice. 
Resistance to root knot nematode in tomato  was[3]

found sixty years ago in Lycopersicon peruvianum
accession PI 128657. The resistance was transferred

1and expressed in F  hybrid derived from L. peruvianum
x L. esculentum  crosses . Further works demonstrated[4]

that the gene ‘Mi’ conferred resistance, which is a
dominant gene.

Correlation studies provide information that
selection for one character results in progress for all
positively correlated characters. Importance of
correlation studies in selection programmes is
appreciable when highly heritable characters are
associated with the important character like yield.

Yield is a complex character with polygenic
inheritance. By the use of regression analysis, each
character can be assigned appropriate weight to bring
out rational improvement in yield. It has been reported
that number of fruits per plant is positively correlated
with yield/plant  and fruit weight was found to be[5 ,6 ,7]

positively correlated with yield per plant . [8 ,9]

Path coefficient analysis is helpful in partitioning
the correlation into components due to direct and
indirect effects and also permits critical examination of
specific factors that provide a given correlation.

In a path coefficient analysis , it has been[10]

reported that, fruit weight had negative direct effect on
yield, while the number of fruits per plant had the
highest positive direct effect on yield, followed by fruit
diameter. Locule number, fruit girth, number of
primary branches and fruit weight in early pickings had
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high positive direct effect on total yield . But fruit[1 1 ]

length, number of fruits per plant and fruit weight in
total pickings had high negative direct effect on early
yields. Total number of fruits per plant showed a
negative direct effect with yield per plant.

It has been revealed that the number of fruits per
plant exerted the highest direct effect on yield,
followed by number of fruiting clusters . The indirect[12]

effects contributed through these two traits were also
positive  especially  for  number  of lateral per plant.
It has been indicated that TSS had positive effects on
yield per plant directly and also indirectly through plant
height, fruit size, number of fruits per plant and days
to flowering .[13]

The highest contribution for yield per plant was by
number of fruits per plant through direct effect,
followed by the indirect contribution of average mean
fruit weight . Most characters influenced fruit yield[1 4 ]

through number of fruits per plant. reported that plant
height had the direct effect on yield of the fruits . [15]

In  tomato,  path analysis studies and indicated
that the importance of the character, number of
branches per plant, which had strong positive direct
effect on yield . It was followed by number of fruits[16]

per plant for high positive indirect effect. The direct
effect of plant height was negative. It has been also
reported that the number fruits per plant, number of
locules per fruit and TSS exhibited positive, direct
effect on yield .[5]

The aim of the study is to find out the association
of characters between yield and yield components,
between root gall index and resistant traits and Path
coefficient analysis of yield attributes on yield per plant

1in resistant F  Tomato hybrids.

MATERIALS AND METHODS

The present study on tomato (Lycopersicon
esculentum Mill.)  was carried out at the College
Orchard, Horticultural College and Research Institute,
Tamil Nadu Agricultural University, Coimbatore which
is situated at 11°N latitude and 77° E longitude and at
an elevation of 426.6 m above sea level.

The parents numbered 1 to 10 were used as female
parents (Lines) and 11 to 14 were used as male parents
(Testers).  Ten lines and four testers were crossed in a
line x tester fashion, to incorporate processing
characters to nematode resistant lines in one set.  In
another set the parents numbered from 1 to 10 were
used as male parents (Testers) and 11 to 14 were used
as female parents (Lines).  Four lines and ten testers
were crossed in a line x tester fashion to incorporate
nematode resistance to processing lines.  At the end,
eighty hybrids were obtained and the pattern is given
in the Table 1.

Based on the performance of parents and hybrids
during first season not only for yield but also for

resistance to root knot nematode (Meloidogyne
incognita) infestation, twenty three hybrids have been
selected and raised in the field along with their eleven
parents. The association and contribution of characters
to yield and root knot nematode gall index were also
studied and the correlation of coefficients  among[17]

yield and its attributes were calculated.

Genotypic and Phenotypic Correlations: Phenotypic
and genotypic correlation coefficients  were estimated.[18]

The significance of the phenotypic and genotypic
correlation coefficients was tested by referring to the
standard table .[19]

Path Coefficient Analysis: Path coefficient analysis
was carried out , by partitioning the genotypic[20]

correlation coefficients into direct and indirect effects.

RESULTS AND DISCUSSION

Results:
Correlation Studies: Genotypic and phenotypic
correlation coefficients between yield and yield
components and root gall index and resistant traits
were estimated. The intercorrelation component traits
also were estimated and presented in tables 1 and 2.

Correlation Between Yield and Yield Components:
Though association of plant height with yield per plant
was positive, it was not significant at both genotypic
(0.026) and phenotypic (0.025) level. But this trait
showed positive and significant association with
number of fruits per plant (0.518) and TSS content
(0.475). Number of fruits per plant recorded negative
and significant association with yield per plant at both
genotypic (-0.289) and phenotypic levels (-0.281).
However correlation coefficients between number of
fruits per plant and fruit weight (-0.677), number of
fruits per plant and acidity (-0.423) were negative and
significant. 

Fruit weight exerted a significant and positive
association with yield both at genotypic (0.835) and
phenotypic (0.838) level. The correlation between fruit
weight was positive and significant with pericarp
thickness (0.399), acidity (0.646), ascorbic acid (0.455)
and lycopene (0.378). Pericarp thickness had positive
and significant correlation with yield both at genotypic
(0.466) and phenotypic (0.430) levels. It also showed
positive and significant correlation with TSS (0.351),
acidity (0.401), ascorbic acid (0.341) and lycopene
(0.364).

Significant and positive genotypic (0.612) and
phenotypic (0.597) correlation coefficients were
observed for acidity with yield per plant. Significant
and positive correlation was observed between acidity
and ascorbic acid (0.492) as well as acidity and
lycopene  (0.393).  Ascorbic acid recorded positively
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Table 1: Hybrid Pattern

Lines Testers Lines Testers

1 1 1 1 1 1CLN 2026C (L ) Hisar N  (T ) Hisar N  (L ) CLN 2026C (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 2 2 2 2 2CLN 2026E (L ) Hisar N  (T ) Hisar N  (L ) CLN 2026E (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

3 3 3 3CLN 1466J (L ) Patriot (T ) Patriot (L ) CLN 1466J (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

4 4 4 4CLN 1466S (L ) SL 120 (T ) SL 120 (L ) CLN 1466S (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

5 5CLN 1464A (L ) CLN 1464A (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

6 6PT 4671A (L ) PT 4671A (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

7 7PT 4716A (L ) PT 4716A (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

8 8CO 3 (L ) CO 3 (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

9 9LE 812 (L ) LE 812 (T )

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

10 10Arka Ahuti (L ) Arka Ahuti (T )

Table 2: Genotypic (G) and phenotypic (P) correlation between yield and yield components 

Character X1 X2   X3 X4 X5 X6 X7 X8 Y

X1 Plant G 1.000 0.518** -0.121 0.077 0.475** -0.041 0.103 0.171 0.026

height P 1.000 0.517** -0.119 0.076 0.456** -0.039 0.092 0.170 0.025

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X2 Number of G 1.000 -0.677** -0.089 0.352** -0.423** -0.061 0.003 -0.289**

fruits/plant P 1.000 -0.666** -0.088 0.336** -0.418** -0.052 0.003 -0.281**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X3 Fruit G 1.000 0.399** 0.090 0.646** 0.455** 0.378** 0.835**

weight P 1.000 0.385** 0.083 0.630** 0.385** 0.370** 0.838**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X4 Pericarp G 1.000 0.351** 0.401** 0.341** 0.364** 0.446**

thickness P 1.000 0.329** 0.391** 0.286** 0.360** 0.430**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X5 TSS G 1.000 0.105 0.342** 0.224* 0.176

P 1.000 0.095 0.296** 0.216* 0.163

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X6 Acidity G 1.000 0.492** 0.393** 0.612**

P 1.000 0.434** 0.389** 0.597**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X7 Ascorbic acid G 1.000 0.373** 0.501**

P 1.000 0.331** 0.426**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X8 Lycopene G 1.000 0.524**

P 1.000 0.512**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Y Yield G 1.000

per plant P 1.000

* Significant at 5 per cent level ** Significant at 1 per cent level

significant genotypic (0.501) and phenotypic (0.426)

correlation with yield per plant and also with lycopene

(0.373). The lycopene content showed positive and

significant association with yield per plant at both

genotypic (0.524) and phenotypic (0.512) levels.

Correlation  Between  Root Gall Index and

Resistant  Traits:  Root  length  recorded  positive

and  s ign ifican t  with  to ta l  pheno l  (0 .5 7 7 ) ,

orthodihydroxy phenol (0.549), IAA oxidase (0.366),

chlorogenic acid (0.528) and ascorbic acid in roots

(0.601),  negative  and  significant  with root weight

(-0.474),  number of females/g  root (-0.493), number

of eggmasses/g root (-0.528) and number of

eggs/eggmass (-0.535).

The genotypic (0.764) and phenotypic (0.718)

correlation between root weight and root gall index

were positive and significant. The association with

number of females/g root (0.668), number of

eggmasses /g root (0.701) and number of eggs/eggmass

(0.717) was positive and significant. 

Number of females/g root recorded positive

significant genotypic (0.971) as well as phenotypic

(0.957) correlation with root gall index. It recorded

positive and significant correlations with number of

eggmasses/g root (0.998) and number of eggs/eggmass
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(0.994). The association of number of eggmasses/g root

with root gall index was positive and significant at
genotypic (0.991) and phenotypic (0.968) levels. This

trait recorded positive and significant association with
number of eggs/eggmass (1.00). 

The genotypic (0.992) and phenotypic (0.977)
correlation  coefficients of number of eggs/eggmass

with  root gall index were positive and significant.
Total phenol registered negative and significant

correlation with root gall index at genotypic (-0.883)
and phenotypic (-0.867) levels. This trait showed

positive and significant association with orthodihydroxy
phenol (0.905), IAA oxidase (0.420), chlorogenic

(0.707) and ascorbic acid in roots (0.734).
The association of orthodihydroxy phenol with root

gall index was negative and significant at both
genotypic (-0.739) and phenotypic (-0.720) levels.

Orthodihydroxy phenol recorded positive and significant
association  with  IAA oxidase (0.421), chlorogenic

acid  (0.678)  and  ascorbic  acid  in roots (0.596).
The correlation between IAA oxidase and root gall

index were negative and significant both at genotypic
(-0.470) and phenotypic (-0.462) levels. It exhibited

significant and positive correlation with chlorogenic
acid (0.293) and ascorbic acid in roots (0.246).

Chlorogenic acid exerted significant and negative
genotypic (-0.594) and phenotypic (-0.584) correlation

coefficients with root gall index. The correlation
coefficient between chlorogenic acid and ascorbic acid

in roots (0.652) was significant and positive. The
genotypic (-0.687) and phenotypic (-0.671) correlation

coefficients for ascorbic acid in roots with root gall
index were negative and significant.

Path Analysis: Path coefficient analysis was carried

out at genotypic level to find out the direct and indirect
influence of contributing traits on yield per plant and

that of nematode resistant traits on root gall index.

Path Coefficient Analysis of Yield Attributes on
Yield per Plant: Plant height exerted a negative direct

effect. The character influenced the yield indirectly and
positively through number of fruits per plant, and

negatively mainly through fruit weight. The direct
effect to yield registered by number of fruits per plant

was positive. It influenced the yield negatively mainly
through fruit weight.

Fruit weight exerted very high direct positive effect
on yield. The indirect effect through other traits in the

positive direction was negligible. Indirect negative
influence was exerted mainly through number of fruits

per plant. Pericarp thickness exerted a positive direct
effect. It influenced the yield indirectly and positive

through  fruit  weight, acidity and lycopene content.
The indirect effects are negative through plant height,

number of fruits per plant, TSS and ascorbic acid.

TSS  exerted  a negative direct effect on yield.

This character influenced yield indirectly and positively
through number of fruits per plant, fruit weight. Acidity

exerted a positive direct effect on yield. The indirect
effect was positive through plant height, fruit weight,

pericarp thickness and lycopene content and negative
through number of fruits per plant, TSS and ascorbic

acid content.
The  negative  direct effect exerted by ascorbic

acid  on  yield was negligible. Its indirect influence
was  positive  mainly  through  fruit  weight. The

direct  effect  of  lycopene  on  yield was negligible.
It  indirectly influenced the yield positively through

fruit weight.

Path Coefficient Analysis of Resistant Attributes on
Root Gall Index: Root length exerted a negligible

direct effect on root gall index. The indirect effects
were negative mainly through number of eggs/eggmass.

Positive and indirect effects were noticed mainly
through number of females/ groot, number of

eggmasses/g root and total phenol.
The direct effect of root weight on root gall index

was negligible. It indirectly and positively influence
root gall index mainly through number of

eggs/eggmass. The indirect effects were negative
mainly through number of females/g root, number of

eggmasses/g root and total phenol. Number of
females/g root exerted a negative direct effect on root

gall index. The indirect effects were positive mainly
through number of eggs/eggmass. The indirect effects

were negative mainly through number of eggmasses/g
root and total phenol.

The direct effect registered by this trait was
negative on root gall index. The indirect effects were

positive mainly through number of eggs/eggmass and
negative mainly through number of females/g root and

total phenol.Number of eggmasses/g root exerted a
negligible effect on all the other traits.

The number of eggs/eggmass recorded very high
positive direct effect on root gall index. Negative

indirect effects were observed mainly through number
of females/g root, number of eggmasses/g root and

total phenol. The indirect effects on other traits were
negligible.

Total plant exerted high positive direct effect on
root gall index. Positive and indirect effects were also

noticed mainly through number of females/g root and
number of eggmasses/g root. Negative indirect effects

w ere  o b se rve d  m a in ly th ro ugh  num b e r o f
eggs/eggmass. The direct effect of orthodihydroxy

phenol with root gall index was negligible. It indirectly
and negatively influenced root gall index mainly

through number of eggs/eggmass and positively mainly
through number of females/g root, number of

eggmasses/g root and total phenol.
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Table 3: Genotypic (G) and phenotypic (P) correlation between root gall index and resistant traits

Character X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 Y

X1 Root G 1.000 -0.474** -0.493** -0.528** -0.535** 0.577** 0.549** 0.366** 0.528** 0.601** -0.598**

length P 1.000 -0.439** -0.482** -0.518** -0.523** 0.565** 0.533** 0.359** 0.517** 0.585** -0.578**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X2 Root G 1.000 0.668** 0.701** 0.717** -0.713** -0.669** -0.355** -0.632** -0.531** 0.764**

weight P 1.000 0.636** 0.673** 0.692** -0.686** -0.646** -0.342** -0.610** -0.512** 0.718**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X3 Number of G 1.000 0.998** 0.994** -0.859** -0.703** -0.428** -0.580** -0.667** 0.971**

females/g.root P 1.000 0.994** 0.986** -0.852** -0.692** -0.424** -0.575** -0.659** 0.957**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X4 Number of G 1.000 1.00** -0.874** -0.719** -0.445** -0.588** -0.677** 0.991**

eggmasses P 1.000 0.994** -0.868** -0.709** -0.441** -0.585** -0.671** 0.968**

/g root

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X5 Number of G 1.000 -0.886** -0.734** -0.453** -0.597** -0.690**   +

eggs/ eggmass P 1.000 -0.884** -0.726** -0.452** -0.596** -0.687**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X6 Total G 1.000 0.905** 0.420** 0.707** 0.734** -0.883**

phenol P 1.000 0.895** 0.419** 0.705** 0.730** -0.867**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X7 Orthodihyd- G 1.000 0.421** 0.678** 0.596** -0.739**

roxyphenol P 1.000 0.417** 0.671** 0.588** -0.720**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X8 IAA oxidase G 1.000 0.293** 0.246** -0.470**

P 1.000 0.292** 0.245** -0.462**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X9 Chlorogenic G 1.000 0.652** -0.594**

 acid P 1.000 0.649** -0.584**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X10 Ascorbic G 1.000 -0.687**

acid in roots P 1.000 -0.671**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Y Root gall G 1.000

index P 1.000

* Significant at 5 per cent level ** Significant at 1 per cent level

Table 4: Path coefficients of component traits on yield

Correlation

Character X1 X2 X3 X4 X5 X6 X7 X8 coeffcient

X1 Plant height -0.126 0.354 -0.144 0.002 -0.065 -0.005 -0.003 0.014 0.026

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X2 Number of fruits/plant -0.065 0.682 -0.811 -0.002 -0.049 -0.048 0.002 0.001 -0.289**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X3 Fruit weight 0.015 -0.463 1.198 0.009 -0.012 0.072 -0.016 0.031 0.835**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X4 Pericarp thickness -0.009 -0.061 0.478 0.024 -0.048 0.045 -0.013 0.030 0.446**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X5 TSS -0.060 0.241 0.107 0.009 -0.137 0.011 -0.012 0.019 0.176

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X6 Acidity 0.005 -0.288 0.773 0.010 -0.014 0.113 -0.018 0.033 0.612**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X7 Ascorbic acid -0.012 -0.041 0.545 0.008 -0.047 0.056 -0.037 0.030 0.501**

------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X8 Lycopene -0.021 0.002 0.452 0.009 -0.030 0.044 -0.014 0.082 0.524**

* Significant at 5 per cent level ** Significant at 1 per cent level Residual effect = 0.346

IAA oxidase exerted a negligible effect on root

gall index. Its indirect influence was negative mainly

through number of eggs/eggmass and positive mainly

through number of females/g root and number of

eggmasses/g root.IAA oxidase exerted a negligible

effect on all the other traits. The direct effects exerted

by chlorogenic acid were negligible. Positive indirect

effects were noticed for this trait mainly through

number of females/g root, number of eggmasses/g root

and total phenol. Negative influence was observed

mainly through number of eggs/eggmass.

Ascorbic acid in roots exerted a negligible direct

effect on root gall index. The indirect effect was

positive mainly through number of females /g root,

number of eggmasses/g root and total phenol and

negative mainly through number of eggs/eggmass.

Ascorbic acid in roots registered a negligible effect on

other traits.
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Table 5: Path coefficients of nematode resistant attributes on root gall index

C orrelation

Character X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 coeffcient

X1 Root length -0.047 0.015 0.743 0.173 -1.601 0.103 -0.012 0.009 -0.013 0.030 -0.598**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X2 Root weight 0.022 -0.031 -1.007 -0.229 2.146 -0.128 0.014 -0.010 0.015 -0.027 0.764**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X3 Number of females/g root 0.023 -0.021 -1.508 -0.327 2.973 -0.153 0.015 -0.012 0.013 -0.033 0.971**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X4 Number of eggmasses/g root 0.025 -0.022 -1.504 -0.327 2.993 -0.157 0.015 -0.012 0.013 -0.034 0.991**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X5 Number of eggs/eggmass 0.025 -0.023 -1.498 -0.377 2.991 -0.159 0.015 -0.012 0.014 -0.035 0.992**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X6 Total phenol -0.027 0.023 1.296 0.285 -2.651 0.179 -0.019 0.011 -0.016 0.037 -0.883**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X7 Orthodihydroxyphenol -0.026 0.021 1.060 0.235 -2.196 0.162 -0.021 0.011 -0.016 0.030 -0.739**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X8 IAA oxidase -0.017 0.011 0.646 0.145 -1.354 0.075 -0.009 0.027 -0.006 0.012 -0.470**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X9 Chlorogenic acid -0.025 0.020 0.874 0.193 -1.786 0.126 -0.014 0.007 -0.024 0.033 -0.594**

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

X10 Ascorbic acid in roots -0.028 0.017 1.006 0.222 -2.063 0.131 -0.012 0.007 -0.015 0.051 -0.687**

* Significant at 5 per cent level                   ** Significant at 1 per cent level                              Residual effect = 0.009

Discussion:

Correlation Studies: Yield is a complex entity

associated with number of component characters. It is

the prime concern of the plant breeder and is the final

factor on which selection programmes are to be

envisaged. All changes in yield must be accompanied

by changes in one or more characters . All changes[21]

in the components need not, however, be expressed by

changes in yield. This is due to varying degrees of

positive  and  negative  correlations  between  yield

and its components and among components themselves.

A study of association of these characters helps in

selection of genotypes and also suggests the advantage

of a selection scheme for more than one character at a

time, which could be explained that improvement of

one character results in the simultaneous improvement

of all positively related characters . In root knot[22]

nematode resistance programme, knowledge of

association between root gall index and resistant traits

is of special significance.

Correlation Between Yield and Yield Components:

Plant height was positively correlated with yield. This

is in confirmation with the findings of other’s

studies . Plant height showed significant positive[5 ,23]

association with number of fruits per plant and TSS

and in confirmation with the findings of others .[24 ,7]

Number of fruits per plant was negatively

correlated with yield. This was in corroboration with

the findings of other scientists . The number of[12 ,25 ,24]

fruits per plant was negative and significantly

correlated with fruit weight and acidity which is due to

production of small size fruits in large number and this

was in accordance with the findings of other

workers .[26 ,7]

In the present investigation, positive association of

the weight of fruit with yield was observed. Similar

findings  were also reported.  Among the[25 ,24 ,8 ,27 ,7]

genotypes studied in the present investigation the mean

fruit weight had significantly contributed to higher

yield. The significant reduction in number of fruits and

better leaf area would have resulted in the better sink

by the individual fruit for the photo assimilates which

would increased the fruit weight resulting in increased

yield. Fruit weight showed positive and significant

association with pericarp thickness, acidity, ascorbic

acid and lycopene content.

Pericarp thickness showed significant and positive

association with yield and similar reports available .[24]

This trait showed positive and significant association

with TSS, acidity, ascorbic acid and lycopene. 

The TSS did not have a significant association

with yield as well as fruit weight. It has also been

reported that a non significant association of TSS with

yield and fruit weight . In the present investigation[2 7 ]

the absence of significant association was not only with

yield but also with fruit weight was seen and such a

non significant association is very rare. This would

1help the breeder to evolve good F  hybrids with better

yield as well as TSS.  The TSS had strong positive

and significant inter association with ascorbic acid and

lycopene which was also earlier reported .[25 ,24 ,5]

Positive and significant association of acidity with

yield was recorded. and similar findings were

reported . Acidity showed positive and significant[7]

association with ascorbic acid and lycopene. Supporting

evidence could be obtained .[24 ,5]

Ascorbic acid and lycopene showed positive and

significant association with yield. This has also been

earlier reported .[24 ,5]
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Besides favourable association of characters with

yield, an inter relation of characters would simplify

selection schemes. Intercorrelations among the yield

components should be estimated because the rate of

improvement of one component does not hinder the

improvement of other components .[28]

To conclude, the present study suggests that plant

height, fruit weight, pericarp thickness, acidity, ascorbic

acid and lycopene content should be considered

together as primary yield determining components in

tomato.

Correlation Between Root Gall Index and Resistant

Traits: The nature of association between root gall

index and other resistant traits are of great significance

in the process of selection of resistant genotypes by

which simultaneous improvement of more than one

character is possible. 

In the present study, a strong positive and

significant  association  existed  for  root  gall index

with  root  weight,  number  of  females/g root,

number of eggmasses/g root and number of

eggs/eggmass. So selection based on these resistant

traits should be primarily considered to get resistant

genotypes.

The other resistant traits like root length, total

phenol, orthodihydroxy phenol, IAA oxidase,

chlorogenic acid and ascorbic acid in roots showed

negative and significant association with root gall

index.  As the root galls increased the root length got

reduced. The total phenol content increased with

increase in resistance to root gall index . Increase in[29]

levels of total phenol, orthodihydroxy phenol, IAA

oxidase, chlorogenic acid and ascorbic acid in roots

increased the resistance to the infestation of root knot

nematode. This was in accordance with others research

for total and orthodihydroxy phenol ,  for chlorogenic[30]

acid , for IAA oxidase activity  and ascorbic acid[31] [32 ] [33]

in roots. 

When the inter association of resistant traits were

analysed, it was found that root length is positive and

s ig n i f ic a n t ly  a sso c ia ted  w i th  to ta l  p h e n o l ,

orthodihydroxy phenol, IAA oxidase, chlorogenic acid

and ascorbic acid in roots. The root weight is

positively and significantly associated with number of

females/g. root, number of eggmasses/g. root and

number of eggs/eggmass.

To conclude, the present study suggests that, there

exist a negative significant association between root

gall index with all biochemical traits like total phenol,

orthodihydroxy phenol, IAA oxidase, chlorogenic acid

and ascorbic acid in roots. These characters should be

given utmost importance because, these biochemical

components are found to be the basis of resistance to

root knot nematode infestation. 

Path Coefficient Analysis: 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 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 .[34]

Path Coefficients of Component Traits on Yield:

Among the traits subjected to path analysis, fruit

weight  exerted  very  high  direct effect upon yield

per plant. The direct effect of number of fruits per

plant was also appreciably high towards yield per plant.

The highest positive direct effect of fruit weight and

number of fruits per plant on yield per plant had

already been reported .[35 ,27]

Acidity exerted low positive direct effect on yield.

TSS and plant height exerted very high negative effect

on yield per plant. The residual effect was 0.346 in the

preset path analysis suggesting that the number of

characters considered for path analysis were

appropriate. This finding, of course strongly confirms

the reliability of the characters viz., fruit weight and

number of fruits per plant in selecting a superior type

for yield per plant.

Path Coefficients of Nematode Resistant Attributes

on Root Gall Index: Among the root knot nematode

resistant traits, number of eggs/eggmass had the highest

contribution of positive direct effect on root gall index.

This clearly indicates that when the number of

eggs/eggmass increased it could directly increase the

gall index scale. The phenol content on the other hand

had negligible direct effect with root gall index

indirectly mainly through number of females/g root. It

has been observed  that the phenolic compounds[36 ,37 ,38 ,27]

reduced the disease incidence. 

Ascorbic acid in roots and IAA oxidase acitivity

exerted very low direct effect on root gall index.

Number  of females/g. root exerted a very high

negative direct effect on root gall index. Positive very

high  indirect  effect  on root gall index was exerted

by the resistant characters viz., number of

eggs/eggmass, number of eggmasses/g. root and

number of females/g root, mainly through number of

eggs/eggmass. The residual effect was 0.009 in the

present study, suggesting that the number of characters

considered for path analysis were appropriate. It

implies that during the selection programmes, more
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emphasis should be laid on number of eggs/eggmass

and total phenol content. 

Conclusion: The yield contributing traits like plant

height, fruit weight and quality traits like pericarp

thickness, acidity, ascorbic acid and lycopene were

found to have positive and significant association with

yield per plant both at genotypic and phenotypic levels.

A strong positive and significant association (both at

genotypic and phenotypic levels) existed for root gall

index with root weight, number of females / gall root,

number of eggmasses / gall root and number of eggs/

eggmass. The other resistant traits like root length, total

phenol, orthodihydroxy phenol, IAA oxidase,

chlorogenic acid and ascorbic acid in roots showed

negative and significant association with root gall

index, suggesting their role in root knot nematode

resistance.

Fruit weight exhibited the highest positive direct

effect (1.198) yield per plant. The direct effects of

number of fruits per plant (0.682) and acidity (0.113)

were also positive upon yield per plant. These

characters could be reliably looked for, while selecting

a high yielding genotype. 
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