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COMBINING ABILITY ANALYSIS FOR YIELD AND YIELD CONTRIBUTING
TRAITS IN TOMATO (Solanum lycopersicum L.'1

M. J. Hasanl, M. U. Kulsum2 ,M. Z.Ullah3
A. H. M. A. Rahmana and M. Eleyash Mahmuds

Abstract

Twelve parental lines were crossed in line x tester fashion comprising 8 lines and

4 testers at Research and Development farm of Energypac Agro Ltd. to estimate

combining ability in tomato for fruit yield and yield contributing traits. The

analysis of variance revealed higher gca variance than sca vaiance for all the

traits except plant height and number of secondary branches per plant indicating

the prevalence of additive gene action for the above traits. The lines played major

important role towards number of secondary branches per plant (93.13%),

number of clusters per plant (92.33%), fruits per plant (95.15%), fruits per cluster

(66.03%), average fruit weight (90.20%), fruit length (62.60%), fruit diameter

('t5.17%),locule per fruits (82.29%), and yield per plant (92.89%) indicating

predominant maternal influence for these traits. On the contrary, tester

contributed most (13.17%) towards plant height. The contribution of maternal and

paternal interactions (line x tester) were found vital only for plant height

(79.21%). The line TM-1, OP-female, and RK-101 exhibited highly significant
positive gca effects for all the studied traits indicating best general combiner

among the tested lines. The crosses TM-l x Diamond, RK-101 x Salamat, and

Overuchi-l0 x Roma-VF were identified as most promising for yield based on

sca effects. Hence, these could be used for the exploitation of heterosis for yield

and related characters. These best combiners could be utilized in hybrid breeding
programme.

Keywords: Combining ability, gca, sca.

Introduction

Tomato (Solanum lycopersicum L.) is one

of the most important and popular

vegetables in the world. It belongs to the

family Solanaceae with chromosome

number 2n : 24 (Jenkins, 1948) and is
normally a self pollinated annual crop

originated in Central and South America.

Tomato is one of the most imPortant

vegetables in terms of acreage, production,

yield, commercial use and consumption. At
present, 61000 acres of land under tomato

cultivation in this country with an average

yield of 9.38 t/ha (BBS,20tl).The yield is

very low compared to that of other tomato

growing countries. For this reason, this crop

l&2Hybrid Rice Division, Bangtadesh Rice Research Institute (BRRI) , Gazipur,3Field Coordinator
(Vegetable;, AVRDC, Banglaclssh, 4Bangabandhu Sheikh Mujibur Rahman Agricultural
University (BSMRAU), Gazipur, )Ph.D fellow, BSMRAU and Plant Breeder, Energypac Agro Ltd.
Monipur, Gazipur, Bangladesh



28 M. J. Hasan, M. U. Kulsum, M.Z. Ullah, A. H. M. A. Rahman and M. Eleyash Mahmud

has received high attention to the

researchers for its improvement. It is

cultivated all over the country due to its
adaptability to wide range of soil and

climate (Ahmed, 197 6) and produced huge

quantity, especially in Rajshahi,

Munshigonj, and Jessore regions. It is the

most consumable vegetable crop after

potato and sweet potato occupying the top

of the list of canned vegetable (Chowdhury,

1979). Fresh fruits of tomato are in greater

demand round the year and throughout the

country. Large quantities of tomatoes are

used to produce ketchup, paste, puree, juice,

and soup. Tomato is a self pollinated crop

and it has a tremendous potential for
heterosis breeding. The commercial
exploitation of hybrid vigour in tomato has

received greater importance on account of
several advantages of hybrids over pure line
varieties with response to marketable fruit
yield and its component traits. For
exploitation of heterosis, choice of parents

is of paramount importance.

Combining ability studies are more reliable
as they provide useful information for the

selection of parents in terms of performance

of the hybrids and elucidate the nature and

magnitude of various types of gene actions
involved in the expression of quantitative

traits. The information obtained from
general combining ability of parents and

specific combining ability of crosses helps

us select suitable parents and related cross

combinations, respectively. The line x tester

approach given by Kempthorne (1957) is
one of the most appropriate approaches in
preliminary screening of the material for

combining ability, also it is an important
technique used to understand the genetic

potential of parents and their hybrids. The

lines thus selected could be used in
hybridization prograrnme for developing
superior F, hybrids. Thus, the present study

was undertaken to generate information for
identification of good general and specific
combiners for the improvement of desirable

horticultural traits.

Materials and Methods

The experiment was conducted at Research

and Development Farm of Energypac Agro
Ltd. during the rabi seasons of 2010-11 and

20ll-12. The experimental farm is located

at Monipur about 20 km away from Gazipur
Chowrasta.Combining ability analysis was

carried out by using eight lines viz., OP

female, RK 123, RK 101, Safal (OP),

Oviruchi 10, TM |26,TM-1,TM-7008 and

four testers viz. Diamond, Salamat,

Bamkim, and Roma VF to obtain 32 cross

combinations during the Rabi season of
2010-11. Crosses were made between lines

and testers using testers as males and lines

as females. The experimental material

comprisingof 44 entries (32 F,s, eight lines,

and four testers) were transplanted on 14

November 2012 when the seedlings

attained the height of 15cm after 35 days of
sowing in the nursery beds. The experiment

was laid out in Randomized Complete

Block Design with three replications having
plot size of 4.0 m2 with a spacing of 60cm x

40cm in lm wide bed. Data on plant height
(cm), number of secondary branches per

plant, number of clusters per plant, fruits
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per plant, fmits per cluster, 5-fruit weight
(g), fruit length (cm), fruit diameter (cm),
locules per fruit, and yield per plant (g)
were recorded. Recommended dose of
fertilizer (550, 450, and 250 kgtha of urea,
TSP, MP, and 10 t/ha of cowdung) were
applied (Razzaqle et al., 2000). The
co[lected data were statistically analyzed
following the standard method of
Kempthorne (1957).

Results and Discussion

Analysis of variance (Mean sum of square)
for yield and different yield contributing
characters revealed significant variations
among the genotypes for all the characters
studied (Table 1). The crosses also
exhibited significant variations for all the
characters. Similar trend of variations were
observed for parents. Variance due to
interaction effect of parents and crosses
were highly significant for all the traits
except for number of clusters per plant and
fruit length. Similar findings were observed
by Narasimhamurthy and Ramanjini
Gowda (2013) in tomato.

The variances due to tester were found
significant flor all the characters except
plant height. Similar trend was observed for
lines. The interaction effects between line x

tester was significant for most of the
characters studied except for number of
secondary branches per plant, fruits per
cluster, fruit length, and locule number per
fruit. The magnitudes of gca variances were
higher for all the characters except for plant
height indicated the predominance of

additive gene actions for the characters

studied. These findings were in accordance

with (Shankar et al., 2013, Premalakshme
et al., 2006, Ptai et al., 2003) while they
studied combining ability in tomato. The
ratio of gca to sca variances ranged from
-0.01 to 16.43.

The additive variance (o2A) was larger than
its counte{part non-additive variance (o2 D)
for all the characters except for plant height.
The role of additive gene action governing
number of secondary branches per plant
(Gaikwad et al., 2002), fruit length, and

fruit diameter (Rai et al., 1997) and average

fruit weight (Kavitha et al., 2007) were
reported. The proportional contribution of
lines, testers and their interaction for yield
and yield contributing characters are

presented in Table 2.

It is evident from the Table 2 that lines
played major important role towards
number of secondary branches per plant
(93.13oA), number of clusters per plant
(92.33%), fruits per plant (95.1sZr), fruits
per cluster (66.03Yo), average fruit weight
(90.20%), fruit length (62.60%), fruit
diameter (75.17%), locule per fruits
(82.29%), and yield per plant (92.89%)
indicating predominant maternal influence
for these traits. On the contrary, paternal
lines contributed most (13.17%) towards
plant height. The contribution of maternal
and paternal interactions (line x tester) were
found vital only for plant height (79.21%).
General combining ability (gca) effects are

presented in Table 3. Among the lines,
TM-I, OP-female, and RK-101 exhibited



+i 0)
LJ
LU veq
a-.trl

I

..: l< 
^/TE:'o

H-\ rJ
&
lL< 't'

L{

=iiHv(tr

-lrQo)\€
CA G)
}{d()tr;.s
='d6-'
tsE
k Irr
c)
sll
Eo) raz-^ila
F.b
l\ \/

UE
ats

5l C)
A-€.:
e.iOIL
c)
rll
O

. trFJ

6 5rr..i h.{
E EEa. trEE REoL{ d'6
r" 4 Bc
5(J.P:/
.-L

E gqE
Z ts--p.H5,,\AZll E
H','-FE

V ll L r-

= a-F)*! BH*
\o Ztn<o\ ^A(n,j,hH

E EEicB :;E a
10 ts-o 

== F.g:
+l (L) 3'=Cg5t<P€ '- lr. 4iE Erh3 Ec.rE
E II }E
.1o E Er i=

t) l.

'lt J€:
!: o)rv bI).,( o)

.l( i-l

do
(n

c.l
b

cdrtt

N ot cl a-l c..lbbbbb

c\F{O$c\qqqqq
OOC\iOO

e7)Ocqoooqqqqq
OOOOO

rnc\$$
o O *: 

- O
ooc\oo

C.l ri O tf, F{qqqqq
OOC{OO

oo

=o.ar6l€e)nn,rioq

SR:ET

(n-(O$C!qqq-':q
oornoo

q=qEF
Ke.i IFc.i

\O oO O\ O\ O\f-c!N\O$
-:ovi+o

AEEsE
9\OYq-Y

o--\oxoo\no-qEqqE

M. J. Hasan, M. U. Kulsum, M.Z. Ullah, A. H. M. A. Rahman and M. Eleyash Mahmud

1A

q)

oq
H
o
Q
€)
c)

gE

L
CB

*****
*****d

f-\O(ncn$q oqvlq q 
=OOc.|OO

+**+q+***tr5
TNOOCC\F
- anq q 

=+J,ric!o

*****-oo -o -t- .t: -,"'t I\ 9qq: -
GIC\OO\OA

a***a-***tr+C\ O\ in f- ln A
OoNcaOO

****++
OcqNq\n
FIOO

*++**+\n$f-
-c')9sfF{O

i* **-' * *
-\oF-
- 

Crt C.)

- c.i -;
**+*as3o\ -: -;

******
+*lt*i**tooS**stcoc.rO\i=qf d e -!q 3 $
=ad 3 s3=;;
r-co:l,<.oo\tNc.|tn
$o\l;rcN-c\
-Hv:tC\o\\C{

I"**t*+olh *- *..t *- t\ -,n -o. t\ 
=\icod$f-O\\O-

K.i-j .i c.i t'i; o o

*I*IIItr N.g t F X E ** E

R$H H T$E B -

I- I- I^ ?^ t- i* *- I- oo
\oooO\X+Yoo=-.v\oHr--io\Yl .dYO
O\oO\O0O;\O

II*IIIIeq q.s E \ fl E h :
-1\O:roO\-c.r-iC

Ea e

eFEEZZHggtE
&, E E E5 u r F FrF El

*+***i4*****x9E*\o!o\9S\Oir-,=cao
"eqq \ oi 5q q +tr\Ocqoaa-: \aO1.{c.t-$$;N&
-C\C{c.rC\cqN

\o
ooc!$= Hr-e.r F

A-.lA

o*
FIE

eg

o

']r',
trr

bo

F

=&fri
(n

U
D
Irr

0.l

a
E{

Or

rl
Qz

Fr
maz

C)

Or

o
6) .i
o':=
5 i-.ioSa.

30

Eo

o)

L
€)
ta
o)

+J
x
6)
L

L
(l)
E

+J
cq

v)
L
c)
()
cc
L
cg

9

o)fr
.q)
tii

k
IH
q)
l..
cg

k
CE

ll
o
O
u,

el
L

Q)

cn

Fr



Combining Ability Analysis for Yield and Yield Contributing Traits in Tomato 3l

Table 2. Proportionil contribution of line, tester and their interaction to total variance for
different yield and yield contributing characters in.tomato.

Proportional
contribution

95.15 66.03 90.20 62.60 75.17 82.29 92.89

4.53 30.93 9.39 33.55 21.58 17.16 3-74

0.32 3.A4 0.41 3.85 3.24 0.55 3-37

Legend: PH : Plant height ("*), NSB/P : Number of secondary branches/plant, NCL/P : Number

of clusters lplant,FR/P : Fruits/plant, FR/C: Fruits/cluster, 5 FRWT:5 fruits weight (g),

FRL : Fruit length ("-), FD : Fruit diameter (crn), LOiFR : Locule number/fruit and

YLD/PI : Yield /plant (g).

YLD
lPl

Line 7.62 93.13 92.33

Tester 13.17 6.37 6.91

Line x Tester 79.21 0.50 0.76

highly significant positive gca effects,

while rest of the lines showed significant

negative gca effects for most of the traits.

The lines TM-1, OP-female, and RK-101

could be considered as very good general

combiner for yield and yield contributing

traits. Since high GCA effect is related to

additive and additive x additive interaction

and represents the fixable components of
genetic variance, TM-l, OP-female, and

RK-101 could be used effectively in

breeding for high yield, which is supported

by Geleta et al. (2006).

For short plant stature, the line Safal (OP)

would be good general combiner. While,

the tester Roma VF and Diamond exhibited

significant positive gca effects for almost

all the characters. On the other hand, tester

Salamat and. Bamkim showed significant

negative gca effects for almost all the

characters except plant height in Bamkim.

The estimates of GCA effects of parents

helped in idenl tiffing superior parents to

be utilized for production of superior

genotypes in segregating populations by the

con[-l centration of desirable genes with

additive effects. The result implies that

three lines (TM-l, OP-female, and RK-l01)
and two testers (Roma VF and Diamond)

were good general combiners indil cating

their ability in transmitting additive genes

in the desirable direction to their progenies.

Similar findings were reported by Singh er

al. (2008) in tomato.

Crosses with desirable sca effects for

various yield and yield contributing traits

are listed in the Table 4. Among the 32

cross combinations, 12 hybrids showed

significant SCA effects of which seven

hybrids, attributed towards positive

direction for total yieid per plant. The

crosses TM-l x Diamond, TM-1 x Salamat,

Overuchi-lO x Roma-VF, Safal x

Roma-VF, Safal x Diamond, RK-101 x

Salamat, and RK123 x Bamkim showed

significant positive sca effects for yield per

plant while TM-7008 x Roma-VF, TM-l x

Roma-VF, Overuchi-l0 x Salamat, Safal x

Salamat, and RK123 x Diamond showed

significant negative sca effects for yield per

plant. This result was getting support from
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the findings of Saleem et al. (2009) and

Singh et al. (2010).

None of the cross combinations from line

OP-female showed significant sca effects

for yield per plant. The hybrid combination

TM-l x Diamond exhibited best specific

combining ability with fruits per plant and

fruit diameter along with negative

significant sca effects for plant height that

is most desirable for dwarfness. The cross

combination RK-l01 x Salamat showed the

highest significant positive sca effects for

fruits per plant that ultimately expressed

significant positively with yield per plant.

For plant height, 17 hybrid combinations

showed significant negative and 14 showed

significant positive sca effects. For average

fruit weight, only the hybrid combination

Safal x Bamkim showed significant

positive sca effects that indicated influence

of positive allele for fruit weight for this

combination. The crosses TM-1 x

Diamond, RK-101 x Salamat and

Overuchi-I0 x Roma-VF were identified as

most promising combination for fruit yield

per plant. Hence, these could be used for the

exploitation of heterosis for yield and

related characters. These best combiners

could be utilized in hybrid development

breeding programme.
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