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AB STRACT : Path anal y sis was per formed on plant  and fruit char ac ters of fif teen to mato
ge no types grown in a two year field ex per i ment to de ter mine for fruit yield, the di rect and in di rect
ef fects of the fol low ing traits: plant height, no. of pri mary branches/plant, no. of fruits/plant, fruit
weight (g), fruit bear ing length, fruit length, fruit width and pericarp thick ness. Fruit yield per plant
was pos i tively and sig nif i cantly cor re lated with pericarp thick ness, fruit length, fruit weight and
no. of fruits/plant, whereas, fruit yield per plant had neg a tive and sig nif i cant as so ci a tion with days 
to 50% flow er ing, plant height, no. of pri mary branches/plant, fruit bear ing length. Path anal y sis
showed that plant height, fruit length, fruit bear ing length and pericarp thick ness had pos i tive
di rect ef fects on fruit yield while other traits un der study had strong neg a tive di rect ef fects. The
sig nif i cant pos i tive cor re la tion co ef fi cients of no. of fruits/plant with fruit yield was re sulted from
pos i tive in di rect ef fects of days to 50% flow er ing, fruit weight, fruit width and pericarp thick ness,
while for fruit weight with fruit yield, sig nif i cant pos i tive cor re la tion re sulted from pos i tive in di rect
ef fects via days to 50% flow er ing, no. of fruits/plant and no. of pri mary branches/plant. Re sults
sug gest that in di rect se lec tion for days to 50% flow er ing, fruit weight, fruit width and di rect
se lec tion for fruit bear ing length and pericarp thick ness should be pri mary se lec tion cri te ria for

im prov ing fruit yield in to mato. 
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Plant breed ing may al le vi ate the de fi ciency in
veg e ta ble pro duc tion by de vel op ing va ri et ies
yield ing higher un der the se vere eco log i cal
con di tions of dry tracts of West Ben gal pre vail ing
in  the dis tricts of Birbhum, Bankura and Purulia.
For that pur pose, su pe rior va ri et ies must be
de vel oped by se lec tion among and within
pop u la tions that have very rich vari a tions in
im por tant ag ro nomic traits. The suc cess of
se lec tion de pends on the choice of se lec tion cri te ria 
for im prov ing fruit yield. Yield com po nents do not
only di rectly af fect the yield, but also in di rectly by
af fect ing other yield com po nents in neg a tive or
pos i tive ways. As a trait can af fect an other trait
pos i tively, it can af fect some other or all traits
neg a tively (Walton, 24). For that rea son, it is clear
that cor re la tion co ef fi cient, which mea sures the
sim ple lin ear re la tion ship be tween two traits, does
not pre dict the suc cess of se lec tion. How ever, path
anal y sis de ter mines the rel a tive im por tance of
di rect and in di rect ef fects on fruit yield (Bhatt, 5).

Path anal y sis has been used to de fine the best
cri te ria for se lec tion in bi o log i cal and ag ro nomic
stud ies (Mishra and Drolsom, 18; Wil liams et al.,

25).

MA TE RI ALS AND METH ODS

Two field ex per i ments were car ried out dur ing 
two ‘rabi’ sea sons (the 2004-05 and 2005-06) at the
Hor ti cul ture Farm of Palli Siksha Bhavana
(In sti tute of Ag ri cul ture), Visva-Bharati , Birbhum,
West Ben gal (23°29' N, 87° 42' E)and 58.9 msl).
The re search field had a loamy sand (utisol) in
tex ture with acidic (pH 4.4) in na ture.  Fif teen
win ter to mato ge no types which were im proved by
se lec tion were used in the ex per i ments. These
ge no types were sown in seed bed dur ing the month
of No vem ber, and the seed lings were trans planted
in the main field 25 days af ter sow ing. The
ex per i ments were ar ranged in a ran dom ized
com plete block de sign with three rep li ca tions. Plots 
were 5m long and con sisted of four rows, keep ing
plant-to-plant and row-row spac ing of 0.5m apart.
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Be fore trans plant ing, the land was pre pared
fol low ing proper ag ro nomic prac tices. The field
was fre quently ir ri gated, to avoid vis i ble symp toms
of draught stress. Weeds and in sects were

ef fec tively con trolled. 

Data on var i ous quan ti ta tive char ac ters viz.
days to 50% flow er ing, plant height (cm), pri mary
branches per plant, fruit bear ing length (cm), fruits
per plant, fruit weight (g), fruit yield per plant (g)
were re corded. To achieve this, five plants (of two
cen ter rows leav ing one row in the bor der ar eas to
avoid bor der ef fects) were se lected ran domly per
plot at the be gin ning of the growth sea sons and
var i ous stages were re corded us ing these plants till
the end of the growth sea sons. Data on days to 50%
flow er ing were re corded on whole plot ba sis. Af ter
har vest ing of fruits, data on fruit length (cm), fruit
width (cm), and pericarp thick ness  (mm) were also
taken from  five ran domly se lected fruits form each
se lected plant.

Data col lected dur ing two grow ing sea sons on
these quan ti ta tive char ac ters were pooled and
cor re la tion was per formed as sug gested by John son 
et al. (15) and Al-Jibouri et al. (2). The rel a tive
im por tance of di rect and in di rect ef fects of
mea sured traits on fruits yield was de ter mined by
path anal y sis fol low ing the method as sug gested
Dewey and Lu (10) and Burtan and De Vane (8). In
the path anal y sis, fruit yield was the de pend ent
vari able and the rest eight pa ram e ters (men tioned

above) were con sid ered as in de pend ent vari ables. 

RE SULTS AND DIS CUS SION

In for ma tion on cor re la tion and path
co ef fi cients and heritability es ti mates of yield and
yield con trib ut ing char ac ters, in to mato ge no types,
is the first req ui site to de fine se lec tion cri te ria for
de vel op ing hy brid va ri et ies. There ex ists a large
vari a tion among the germplasm col lec tions of
to mato in the fruit yield. The vari a tion, how ever,
has re mained un ex plored due to lack of in for ma tion 
on the re la tion ships be tween com po nent traits and
their con tri bu tion to wards yield. Most for mer
stud ies con cen trated on small num ber of traits, but

in this study, mor pho log i cal and pho no log i cal traits 

have been in ves ti gated si mul ta neously. 

Es ti mates of genotypic and phenotypic
cor re la tion co ef fi cients among dif fer ent pairs of
char ac ters of to mato is pre sented in Ta ble 1. Highly
sig nif i cant and pos i tive (genotypic and phenotypic) 
cor re la tion co ef fi cients with fruit yield were found
for pericarp thick ness, fruit length, fruit weight and
num ber of fruits per plant, in that or der. In for mer
stud ies with to mato, fruit length, fruit weight (Das
et al., 9; Yadav and Singh, 26; Padma et al., 21;
Joshi et al., 16), pericarp thick ness ( Bharti et al., 4;
Bhushana et al., 6; Kumar et al., 17; Joshi et al., 16) 
and fruits per plant (Dhankar et al., 11; Harer et al.,
14; Singh et al., 23) ex hib ited strong pos i tive

cor re la tions with fruit yield.

Fruit yield was neg a tively and sig nif i cantly
cor re lated with days to 50% flow er ing, plant
height, pri mary branches per plant, fruit bear ing
length at both genotypic and phenotypic level. Our
re sults con firm the find ings of Mohanty (19, 20) for 
pri mary branches per plant, Padma et al. (21) and
Mohanty (19, 20) for plant height, but not for days

to 50% flow er ing. 

Pos i tive and sig nif i cant cor re la tion at both
genotypic and phenotypic lev els were also
ob served for days to 50% flow er ing with plant
height, pri mary branches per plant, fruit bear ing
length; plant height with pri mary branches per
plant, fruit bear ing length; pri mary branches per
plant with fruit bear ing length; fruit weight with
fruit length, fruit width and pericarp thick ness; and
fruit length with pericarp thick ness. Bar man et al.,
(3), Padma  et al. (21) re corded pos i tive  as so ci a tion 
be tween plant height and pri mary branches per
plant. Das et al. (9) and Padma et al. (21) also
re ported pos i tive cor re la tion be tween fruit width

and fruit weight.

Sig nif i cant neg a tive cor re la tion at both the
lev els in this ex per i ment were ob served for days to
50% flow er ing with fruit weight, pericarp
thick ness; plant height with fruits per plant, fruit
weight, fruit length and pericarp thick ness; pri mary
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Table 1: Genotypic (G) and phenotypic (P) correlation coefficients of different characters in tomato.

Characters Plant
height
(cm)

Primary 
branches 

per
plant

Fruit
bearing 
length
(cm)

Fruits
per

plant

Fruit
weight

(g)

Fruit
length
(cm)

Fruit
width

Fruit
yield
per

plant (g)

Days to 50% flowering G 0.613** 0.408** 0.800** -0.209* -0.551** 0.194 -0.060 -0.607**

P 0.496** 0.260* 0.616** -0.182 -0.464** 0.143 -0.060 -0.470**

Plant height (cm) G 0.580** 0.686** -0.233* -0.218** -0.397** 0.043 -0.587**

P 0.483** 0.669** -0.208* -0.211** -0.378** 0.041 -0.569**

Primary branches per plant G 0.483** 0.003 -0.110 -0.422** -0.559** -0.437**

P 0.414** 0.015 -0.101 -0.325** -0.453** -0.358**

Fruit bearing length (cm) G -0.248* -0.336** -0.070 0.021 -0.612**

P -0.216* -0.325** -0.063 0.023 -0.598**

Number of fruits per plant G -0.343** -0.258* -0.704** 0.152

P -0.316** -0.217* -0.596** 0.145

Fruit weight (g) G 0.263* 0.207* 0.455**

P 0.253* 0.193 0.436**

Fruit length (cm) G -0.081 0.564**

P -0.068 0.533**

Fruit width (cm) G -0.093

P -0.078

*Significant at 5% level, **Significant at 1% level.

Ta ble 2: Genotypic path co ef fi cient anal y sis show ing di rect and in di rect ef fects  of dif fer ent char ac ters on fruit yield in
    to mato.

Char ac ters Days
to 50% 
flow er -

ing

Plant
height

(cm)

Pri m-
ary

branc-
hes per 

plant

Num ber 
of fruits 

per
plant

Fruit
weight

(g)

Fruit
bear ing 
length

(cm)

Fruit
length

(cm)

Fruit
width
(cm)

Cor re la 
tion
with
fruit
yield

Days to 50% flowering -1.224 0.291 -0.465 0.239 0.251 0.164 0.043 0.094 -0.607
**

Plant height (cm) -0.750 0.475 -0.661 0.265 0.099 0.141 -0.088 -0.068 -0.587
*

Primary branches per

plant
-0.500 0.276 -1.139 -0.003 0.050 0.099 -0.094 0.874 -0.437

**

Number of fruits per plant 0.256 -0.110 -0.003 -1.139 0.156 -0.051 -0.057 1.100 0.152

Fruit weight (g) 0.675 -0.103 0.125 0.391 -0.455 -0.069 0.058 -0.167 0.455*
*

Fruit bearing length (cm) -0.980 0;.326 -0.550 0.283 0.153 0.205 -0.016 -0.033 -0.612
**

Fruit length (cm) -0.238 -0.188 0.481 0.291 -0.120 -0.014 0.223 0.127 0.564*
*

Fruit width (cm) 0.074 0.021 0.637 0.802 -0.049 0.004 -0.018 -0.564 -0.093

Residual = 0.273;  * and  **Significant at 5% and 1% level, respectively; Diagonal (Bold) values indicated direct effect.



branches per plant with fruit length, fruit width and
pericarp thick ness; fruit bear ing length with fruits
per plant, fruit weight and pericarp thick ness; and
fruits per plant with fruit weight, fruit length and
fruit width. Sig nif i cant neg a tive  cor re la tion at both 
the lev els  were  also found be tween num ber of
fruits per plant and fruit weight by Mohanty (19,
20), Padma et al. (21), Joshi  et al. (16) and Singh 
et al. (23); be tween num ber of fruits per plant and

plant height by Mohanty (20).

How ever, re ports on the na ture of as so ci a tion
be tween days to 50% flow er ing with pericarp
thick ness; plant height with pericarp thick ness, fruit 
length and fruit width; fruit bear ing length with
fruits per plant, fruit weight and pericarp thick ness;
fruits per plant with fruit length and fruit width are
scanty. Such type of neg a tive as so ci a tion may arise
pri mar ily form de vel op men tally in duced
re la tion ship (Ad ams, 1) whereby the de vel op ing
struc tures of the plant com pete for a com mon
fac tor,  pos si bly lim ited nu tri ent sup ply and if one
struc ture is  more fa voured than the other for any
rea son, a neg a tive cor re la tion may arise be tween
them. 

In the pres ent in ves ti ga tion, in gen eral the
genotypic and phenotypic cor re la tions showed
sim i lar trend but genotypic cor re la tion were at
higher mag ni tude than phenotypic cor re la tion in
most of the cases. Vary close val ues of genotypic
and phenotypic cor re la tion were also ob served
be tween some char ac ter com bi na tions which might
be due to re duc tion in er ror (en vi ron men tal)
vari ance to mi nor pro por tions as re ported by
Dewey and Lu (10). Wide dif fer ence be tween
genotypic and phenotypic cor re la tions be tween two 
char ac ters is due to dual na ture of phenotypic
cor re la tion, which is de ter mined by genotypic and
en vi ron men tal cor re la tion, and heritabilities of the
char ac ter (Fal coner, 12). 

Path co ef fi cients di vided the cor re la tion
co ef fi cient into a se ries of di rect and in di rect ef fects 
of mor pho log i cal and pho no log i cal traits on the
fruit yield of to mato (Ta ble 2). Path anal y sis
showed that only plant height, fruit length, fruit

bear ing length and pericarp thick ness had pos i tive
di rect ef fects, in that or der, on the fruit yield while
other traits had strong neg a tive di rect ef fects.  The
re sults are in con for mity with Bar man et al. (3),
Bodunde (7), Singh et al.  (22), Joshi et al. (16) for
plat height; Padma et al. (21), Joshi  et al. (16) and
Singh  et al. (23) for fruit length; and Singh et al.
(23) for pri mary branches per plant and fruits per

plant. 

The  main ef fects of plant height and fruit 
bear ing length were sig nif i cantly neg a tive  and
re sulted mainly from the neg a tive in di rect ef fects
via days to 50%  flow er ing and pri mary branches
per plant, whereas the main ef fects of fruit length
and pericarp thick ness were sig nif i cantly pos i tive
and re sulted mainly from the pos i tive  in di rect
ef fects  via pri mary branches per plant, num ber  of
fruits per plant, fruit width and fruit weight
in di cat ing se lec tion of these traits would be
re ward ing at least for the pres ent  sit u a tion. Fruits
per plant had high and neg a tive di rect ef fect, but
high pos i tive in di rect ef fects through fruit width,
days to 50% flow er ing and fruit weight caused
pos i tive cor re la tion. Sim i larly, fruit weight showed
neg a tive di rect ef fect on fruit yield, but due to
pos i tive in di rect ef fects via days to 50% flow er ing,
pri mary branches per plant, fruits per plant and fruit 
length, the cor re la tion was sig nif i cantly pos i tive.
So for the char ac ters like fruits per plant and fruit
weight, the in di rect causal fac tors are to be
con sid ered si mul ta neously for se lec tion, since
in di rect ef fects seem to be cause of cor re la tion.

The re sid ual ef fect (0.273) in di cated that the
nine char ac ters in cluded in this study ex plain
mod er ate to high per cent age of vari a tion is fruit
yield in this pop u la tion. More over, ma jor ity of the
val ues of path co ef fi cients are less than unity
in di cat ing that in fla tion due to multicolinearity is
min i mal (Gravois and Helms, 13).
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