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AB STRACT : The ge netic vari abil ity and char ac ters as so ci a tion of dif fer ent fruit qual ity
pa ram e ters were stud ied in 15 to mato ge no types grown in a two year field ex per i ments. High
and mod er ate to high GCV and PCV were re corded for num ber of  locules / fruit, fruit weight,
to tal acid (%), num ber of fruits/plant, vi ta min C (mg /100g), fruit yield /plant, fruit length and
pericarp thick ness. High and mod er ate to high heritability cou pled with high and mod er ate to
high ge netic gain in num ber of locules/fruit, fruit weight, fruit length, num ber of fruits/plant,
pericarp thick ness, vi ta min C (mg/100g) and to tal acid (%) in di cated the pre dom i nance of
ad di tive gene ac tion, and there fore, these are more re li able for ef fec tive se lec tion. Cor re la tion
co ef fi cient re vealed that 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 num ber of fruits/plant in di cat ing rel a tive
im por tance of these char ac ters for yield im prove ment. Sig nif i cantly pos i tive and neg a tive
as so ci a tions among dif fer ent fruit qual ity pa ram e ters were also ob served in the pres ent study.
The path co ef fi cient anal y sis re vealed that num ber of locules /fruit, TSS, fruit length, num ber of
fruits/plant, fruit weight, vi ta min C con tent and pericarp thick ness had pos i tive di rect ef fect on
fruit yield, while fruit width and to tal acid con tent had strong neg a tive ef fects on the fruit yield.

Keywords: To mato, path anal y sis, cor re la tion, GCV, PCV, heritability.

Among dif fer ent veg e ta ble crops, to mato is
one of the most pop u lar and widely grown in the
world. In dia’s share to the world’s pro duc tion is
only 14%, while it is about 26% in case of China. In 
In dia, the pro duc tiv ity of to mato is very low (15.60
t/ha) com pared to the av er age pro duc tiv ity (25.09
t/ha) of the world. To im prove the pro duc tiv ity of
to mato, the pri mary con sid er ation should be to
bring about ge netic im prove ment of the crop and
de vel op ment of su pe rior va ri et ies by se lec tion
among and within the pop u la tion through the use of 
sci en tific breed ing programme based upon the
avail able ge netic vari abil ity. It is, there fore,
es sen tial to as sess the quan tum of ge netic
vari abil ity, na ture of char ac ter as so ci a tion with
re spect to dif fer ent char ac ters, which would help
plant breed ers in plan ning a suc cess ful breed ing
programme. Be sides some yield con tri bu tion traits,
some fruit qual ity pa ram e ters also af fect the yield. 
The pres ent in ves ti ga tion was, there fore,
un der taken with a view to as sess the na ture of

vari abil ity, heritability and ge netic ad vance, and to
de ter mine the na ture of as so ci a tion of dif fer ent fruit 
qual ity pa ram e ters on fruit it self and among

them selves through cor re la tion and path anal y sis.

MA TE RI ALS AND METH ODS

The ex per i men tal ma te ri als for pres ent stud ies 
con sist ing 15 di verse ge no types of to mato, viz. Sel
12, Sioux, Roma, Pusa Ruby, So lan Gola, So lan
Vajer, S15998,  EC 110964, EC 12217, Utkal
Urbasi, Utkal Pallavi, Utkal Kumari, Utkal Deepti,
El e gant and S22 were sown at Hor ti cul ture Farm of
Palli Siksha Bhavan (In sti tute of Ag ri cul ture),
Visva-Bharati, Birbhum, West  Ben gal (23°29' N,
87° 42'E and 58.9 m asl) dur ing two ‘rabi’ sea sons.
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. 
Stan dard ag ro nomic prac tices were fol lowed to
raise the crop.
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Sam ples were col lected dur ing peak pe riod at
har vest at full ripe stage of ma tu rity (at both the
grow ing sea sons). A com pos ite sam ple of 10-15
fruits was taken from se lected plants of all the three
rep li ca tions. Eval u a tion was done on the  same day
for var i ous  qual ity pa ram e ters, viz. pericarp
thick ness, fruit length, fruit width, fruit weight,
num ber of locules per fruit  and bio chem i cal traits
viz. to tal sol u ble sol ids (°Brix), to tal acid con tent
(%), vi ta min C con tent (mg/100g). TSS con tent of
fruit juice was es ti mated with the help of a hand
refractometer (ERMA) cal i brated at 20°C. The data 
thus ob tained were cor rected for tem per a ture
cor rec tion from stan dard cor rec tion ta ble and
rep re sented in °Brix (A.O.A.C., 1). To tal acid ity
was de ter mined by ti trat ing the di luted fruit juice
against 0.1 (N) NaOH so lu tion us ing
phenolphthalein as an in di ca tor (A.O.A.C., 1). The
data were rep re sented in terms of per cent age of
cit ric acid. The 2, 6-dichlorophenal in do phe nols
dye ti tra tion method was used to es ti mate the
ascor bic acid con tent of the fruit juice (Ranganna,
27).

Data col lected dur ing the two grow ing
sea sons on these traits were pooled, and anal y sis of
vari ance was done as sug gested by Panse and
Sukhatme (24). Vari abil ity was es ti mated fol low ing 
Bur ton and De Vane (6). Heritability and ge netic
ad vance were cal cu lated ac cord ing to Hanson et al.
(12) and John son et al. (14), re spec tively.
Cor re la tions were un der taken as per the pro ce dure
sug gested by John son et al. (14) and Al Jibouri et
al. (2) along with path co ef fi cient anal y sis by
Dewey and Lu (8).

RE SULTS AND DISACUSSION

The anal y sis of vari ance re vealed that all the
char ac ters ex hib ited highly sig nif i cant dif fer ence
among the ge no types, which was ev i dent from the
higher range for all the char ac ters (Ta ble 1). The
es ti mates of PCV and GCV val ues for all the 
char ac ters un der study were al most same in di cat ing 
lit tle in flu ence of en vi ron ment and con se quently
greater role of ge netic fac tors in flu enc ing  the
ex pres sion of these char ac ters. 

The es ti mates of GCV and PCV re spec tively
were high (>30%) for locules /fruit (42.13 and
43.19) fol lowed by fruit weight (34.84 and 35.38);
mod er ate (20-30%) for to tal acid per cent (28.82
and 29.9), fruits/plant (27.39 and 29.91), vi ta min C
con tent (mg/100g) (27.32 and 27.50), fruit
yield/plant (26.71 and 27.13), fruit length (24.17
and 24.86) and pericarp thick ness (20.06 and
21.06); and low (<20%) for fruit width (13.40 and
14.01) and TSS (°Brix) (7.16 and 7.82). Sim i lar  
re sults  of high, and mod er ate to high GCV and
PCV for these  char ac ters were also ob served 
ear lier by Mohanty (19,20), Phookan  et al. (25),
Sahu and  Mishra (29), Singh et al. (32), Das et al.
(7), Brar et al. (5) and Joshi et al. (15). Low
es ti mates of GCV and PCV for TSS were ear lier
re ported by Kumar and Tewari (17). 

The genotypic co ef fi cient of vari a tion does
not of fer full scope to es ti mate the vari a tion that is
her i ta ble, and there fore, es ti ma tion of heritability
be comes nec es sary. The mag ni tude of heritability
ranged from 81.90% (pericarp thick ness) to 98.70% 
(vi ta min C con tent). The re sults ob served in pres ent 
in ves ti ga tion were in agree ment with the find ings
of Kumar and Tewari (17), Singh (34) for vi ta min C 
con tent; Das  et al. (7), Singh et al. (31) and Singh 
et al. (32) for locules per fruit, fruit weight;  Reddy
and Reddy (28), Pujari  et al. (26), Sahu and Mishra 
(29), Padmini and Vadivel (23), Phookan et al. (25), 
Bharti et al. (3) and Mohanty  et al. (19,20) for fruit
yield /plant, num ber of fruits/plant, fruit weight;
Das  et al. (7) for pericarp thick ness, length and
width of the fruit; Joshi  et al. (15), and Kumar et al. 
(16) for TSS. How ever, mod er ate to low es ti mates
of heritability for locules/fruit have been re ported
by Joshi et al. (15). High heritability sug gested the
ma jor role of ge netic con sti tu tion in the ex pres sion
of char ac ters, and such traits are con sid ered to be
de pend able from breed ing point of view. How ever,
the es ti mates of heritability alone are not suf fi cient
for pre dict ing the ef fect of se lec tion. Ac cord ing to
John son et al. (14), heritability used in con junc tion
with ge netic ad vance pro vides better in for ma tion
for se lect ing the best in di vid u als than the
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heritability alone. The value of ge netic ad vance as
per cent of mean (ge netic gain) ranged from 13.54
(TSS) to 84.86 (locules/fruit). High and mod er ate
to high es ti mates of heritability ac com pa nied with
high and mod er ate to high ge netic gain for
locules/fruit, fruit weight, fruit length, fruits/plant,
pericarp thick ness, to tal acid (%), fruit yield/plant
and vi ta min C con tent in di cated the pre dom i nance
of ad di tive gene ac tion for the ex pres sion of these
char ac ters. Hence, se lec tion for the above
char ac ters would be ef fec tive for im prove ment of

yield in this pop u la tion. A pe rusal of the Ta ble 1,
wherein the re sults of PCV, GCV, heritability and
ge netic ad vance have been fur nished, re vealed that
se lec tion for fruits/plant, fruit weight, fruit length
would be ef fec tive for im prove ment of fruit yield,
whereas, se lec tion for pericarp thick ness, to tal acid, 
vi ta min C con tent, locules/fruit as well as the fruit
weight would be ef fec tive for the qual ity
im prove ment of the fruit.

An es ti mate of genotypic and phenotypic

cor re la tion co ef fi cient among dif fer ent   pairs of
char ac ters of to mato is pre sented in Ta ble 2.  An
over view of the ta ble re vealed that, 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. Very close val ues of genotypic
and phenotypic cor re la tion were also ob served
be tween some char ac ters com bi na tions that 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 (8). 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
(0.618 and 0.556) fol lowed by fruit length (0.564
and 0.533), fruit weight (0.455 and 0.436) and
fruits/plant (0.252 and 0.245) in di cat ing
im por tance of these char ac ters for yield
im prove ment.  In for mer stud ies with to mato, fruit
length, fruit weight (Das  et al. 7; Yadav and
Singh,36; Padma et al. 22; Joshi et al. 15); pericarp
thick ness (Bhushana et al. 4; Kumar et al. 18; Joshi  
et al. 15) and  fruits/plant (Dhankar et al. 9; Harer 
et al. 13; Singh  et al. 33) ex hib ited   strong pos i tive
cor re la tions with fruit yield. In the pres ent study,
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Ta ble 1: Es ti mates of range, mean, genotypic and phenotypic co ef fi cient of vari abil ity, heritability and ge netic ad vance for

dif fer ent traits in to mato.

Characters

Grand

mean

  

Range

Coefficient
of variance 

(%)

Heritab

ility Genetic 
advance

Genetic
advance as per 
cent of mean

GCV PCV

1. Fruits per plant 23.30 15.32-37.00 27.39 29.91 83.9 12.04 51.67

2. Fruit length 4.07 2.88-6.63 24.17 24.86 94.5 1.97 48.40

3. Fruit width 4.44 3.40-5.50 13.40 14.01 91.5 1.17 26.35

4. Fruit weight (g) 43.62 23.50-88.67 34.84 35.38 97.0 30.84 70.70

5. Locules per fruit 3.18 2.00-6.00 42.13 43.19 95.10 2.69 84.86

6. Pericarp thickness 0.51 0.37-0.70 19.06 21.06 81.9 0.18 35.29

7. T.S.S. 6.57 5.58-7.53 7.16 7.82 83.8 0.89 13.54

8. Vitamin C (mg/100g) 46.06 27.47-77.92 27.32 27.50 98.7 25.75 55.91

9. Total acid (%) 0.48 0.30-0.73 28.82 29.90 92.9 0.28 58.33

10. Fruit yield per plant 825.30 437.10-1285.00 26.71 27.13 97.0 447.23 54.19



to tal acid was also highly and pos i tively cor re lated
with fruit yield/plant. Sig nif i cant pos i tive
genotypic and phenotypic cor re la tions were also
ob served for fruit length with fruit weight (0.263
and 0.253), pericarp thick ness (0.631 and 0.532);
fruit width with locules/fruit (0.518 and 0.461) and
Vi ta min C con tent  (0.392 and 0.375); fruit weight 
with  pericarp thick ness (0.424 and 0.369); locules
per fruit with TSS (0.476 and 0.435), vi ta min C
con tent (0.216 and 0.213) and to tal acid con tent
(0.235 and 0.217); and  TSS with vi ta min C con tent 
(0.339 and 0.310).

Al though re ports on the na ture of char ac ter
as so ci a tion in these traits are scanty, Das et al. (7)
re ported pos i tive cor re la tion of fruit weight and
num ber of locules per fruit with fruit width, while
pos i tive as so ci a tion be tween to tal acid ity and
num ber of locules /fruit were re ported by Kumar et
al. (16).  

Fruit yield per plant was neg a tive and
sig nif i cantly cor re lated with locules /fruit, TSS and
vi ta min C con tent at both genotypic and phenotypic 
lev els (Ta ble 2).  The re sults are in agree ment with
Padma et al. (22) and Mohanty (20). Sig nif i cant 
neg a tive cor re la tion at both the lev els were
ob served for fruits/plant with fruit length, fruit
width, fruit weight, locules/fruit and vi ta min C
con tent which are at par with the find ings of
Mohanty (19,20), Padma  et al. (22), Joshi  et al.
(15) and Singh  et al. (33). In the pres ent study,
neg a tive and sig nif i cant cor re la tion at both the
lev els were also ob served for fruit length with
locules/fruit, TSS and vi ta min C con tent; fruit
width with TSS; fruit weight with locules/fruit, TSS 
and Vi ta min C con tent; locules/fruit with pericarp
thick ness; TSS with pericarp thick ness and to tal
acid con tent; and vi ta min C con tent with to tal acid
con tent. Padma et al. (22) also re ported neg a tive
as so ci a tion be tween fruit weight and TSS, while
neg a tive cor re la tion be tween locules/fruit with
pericarp thick ness, and fruit weight with vi ta min C
con tent were re ported by Kumar and Tewari (17),
and Joshi et al. (15), re spec tively. How ever, re ports

on the na ture of the other char ac ter as so ci a tion are
scanty and so has not been cited here.  

Al though cor re la tion stud ies are help ful in
de ter min ing the com po nents of yield but it does not
pro vide a clear pic ture of na ture and ex tent of
con tri bu tions made by num ber of in de pend ent
traits. Path co ef fi cient anal y sis, how ever, pro vides
a re al is tic ba sis for al lo ca tion of ap pro pri ate
weightage to var i ous at trib utes while de sign ing a
prag matic breed ing programme for im prove ment of 
yield. The path co ef fi cient anal y sis re vealed that
num ber of  locules/fruit, TSS, fruit length,
fruits/plant, fruit weight, vi ta min C con tent and
pericarp thick ness had pos i tive  di rect  ef fects, in
that  or der, on fruit yield while fruit width and to tal
acid con tent had strong neg a tive di rect ef fects. The
re sults are in con for mity with Moya et al. (21) ,
Do mini  and Moya (10), Vikram and Kohli (35),
Yadav and Singh (36), Sharma and Verma (30),
Bhushana et al. (4) Dhankar et al. (9), Mohanty
(19,20), Padma  et al. (22), Harer  et al. (13), Kumar  
et al. (16), Joshi  et al. (15) and Singh et al. (33).
Re gard ing in di rect ef fects, it was ob served that fruit 
width ex hib ited pos i tive in di rect ef fects to wards
fruit yield mainly via num ber of locules/fruit, TSS
and vi ta min C con tent; to tal acid con tent via TSS
and num ber of locules/fruit. The main ef fects of
num ber of locules /fruit and vi ta min C con tent were 
sig nif i cantly neg a tive and re sulted mainly from the
neg a tive in di rect ef fects via TSS, fruit width, fruit
length and fruit weight, whereas, the main ef fects of 
vi ta min C con tent was sig nif i cantly neg a tive as it
re sulted from  the neg a tive in di rect  ef fect via fruit
length, fruit weight, TSS and fruit width. The main
ef fects of fruit weight and pericarp thick ness were
sig nif i cantly pos i tive and re sulted mainly from the
di rect ef fect of the char ac ters as well as from the
pos i tive in di rect ef fects via fruit length and TSS. 

Sim i larly for the char ac ter like fruit length, the 
pos i tive and sig nif i cant cor re la tion co ef fi cient was
due to di rect ef fect of the char ac ter as well as
in di rect ef fect via TSS and fruit weight in di cat ing
se lec tion of these traits would be re ward ing. 

To tal acid con tent had neg a tive di rect ef fect,
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but high pos i tive in di rect ef fects through fruit
weight, TSS and num ber of locules /fruit caused
pos i tively sig nif i cant cor re la tion. So, for the
char ac ters like fruit width and to tal acid, the
in di rect causal fac tors (men tioned above) are to be
con sid ered si mul ta neously for se lec tion, since
in di rect ef fects seem to be the cause of cor re la tion. 

From the foregoing results it can be said that
characters showing high heritability combined with 
high genetic advance e.g. fruit weight, fruits/plant,
fruit length, locules/fruit, pericarp thickness and
vitamin C content could be exploited for
improvement thorough selection. In the present
study, the characters like number of fruits/plant,
fruit length, fruit weight, pericarp thickness, had
appreciable direct effects towards fruit yield and
proved as important components of fruit yield. The
selection based on these characters may result in
development of high yielding genotypes.
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