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ABSTRACT

Postharvest losses are the main constraints in tomato production. Several approaches were used for increasing the shelf life of tomatoes.
Use of ripening mutants is one such strategy. In the present study the ripening tomato mutants (alcobaca (alc), nor and rin) were crossed
with commercially grown varieties such as ‘Pusaruby’, ‘Sankranti’ and ‘Vaibhav’ using Line x Tester mating design, and nine hybrids
were developed. One of the hybrid obtained from ‘alc x Vaibhav’ showed extended shelf life up to 40 days, when stored at 25+1°C. The
analysis of variance revealed the predominance of non-additive gene action for all the traits. In respect of both GCA and SCA effects, the
parents and hybrids differed significantly. Among the parents, ‘alcobaca’ and ‘Vaibhav’ were the best general combiners for fruit keeping
quality under study, and these may be used as valuable donors in the hybridization program for producing promising combinations.
Between the crosses, ‘alc x Vaibhav’ is a valuable combiner for fruit keeping quality and yield characters under study could be utilized for
improving the postharvest shelf life of tomato breeding programs. The highest heterotic effect over better parent was also exhibited by the
crosses ‘alc x Vaibhav’ for fruit keeping quality and ‘rin x Vaibhav’ for yield per plant. The genetic parameter analyzed by mean values in
parents and F; indicates that the cross between the commercial variety ‘Vaibhav’ and ripening mutant a/c recorded high shelf life and good

fruit quality.
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INTRODUCTION

Tomato (Solanum lycopersicum L.) is one of the world’s
most important vegetable crop and has been the subject of
genetic study for more than a century. It belongs to the
family Solanaceae and diversified first in Peru, Mexico
where it was domesticated from its ancestor, Solanum lyco-
persicum cerasiforme (Cox 2000). The current world pro-
duction of tomato is about 129 million tons produced on 3.7
million ha (FAO 2008).

Tomato experiences great post-harvest losses due to its
natural perishability, precarious transportation, storage con-
ditions, and inadequate packaging. The postharvest losses
of fruits and vegetables in the developing countries account
for almost 50% of the produce. In India loses up to 40% of
produce occur because of excessive fruit softening (Meli et
al. 2010).

Several postharvest packaging methods and treatments
such as treatments of gibberellic acid (0.1%), calcium chlo-
ride (1.5%) and salicylic acid (0.4 mM) (Pila ef al. 2010),
treatment with chlorine and packing in perforated (0.25%)
polyethylene bag and kept at ambient (20-25°C and 70-90%
relative humidity) condition (Nasrin et al. 2008) and black
perforated polythene (Rahman er al. 2010), showed a
decrease in fruit decay and weight loss in tomato. Perhaps
these methods are quite laborious and unfeasible in a far-
mer’s field. Advanced technique RNA interference (RNAi)
is an efficient way to down regulate the genes involved in
ethylene biosynthesis and cell wall degrading enzymes
(Carrari et al. 2007) to extend the shelf life in tomato (Kra-
mer and Redenbaugh 1994; Xiong et al. 2005; Batra ef al.
2010; Meli et al. 2010). However, some consumers do not
support genetically engineered crops due to environmental
safety and social acceptance (Qaim 2009). Therefore, gene-

tic enhancement of major fruit quality characteristics seems
to be the best option and is also one of the safest ways to
improve shelf life. Traditional breeding has allowed utiliza-
tion of several tomato ripening mutants such as, alcobaca
(alc), non-ripening (nor), Never ripe (Nr) and ripening
inhibitor (rin) genes and development of lines and cultivars
with delayed ripening (Kopeliovitch ez al. 1979; Rodriguez
et al. 2010; Casals et al. 2012).

The information on the combining ability status of the
genotypes will give an indication as how well they combine
with a given genotype to produce potential and productive
populations. In this direction, the concept of general (GCA)
and specific combining ability (SCA) (Sprague and Tatum
1942) helps the breeder to decide upon the choice of parents
for hybridization and to isolate promising genotypes from
the segregating population and also gives information on
gene action, which helps in understanding the nature of
inheritance of the characters. In this context, Line X Tester
mating design proposed by Kempthrone (1957) helps the
breeders by providing information on the combining ability
status of genotypes (parents and hybrids) used and also on
the nature of gene action involved. Estimates of combining
ability parameters places heterosis breeding on a further sci-
entific footing. In the present investigation, an attempt was
made in respect of eight traits through combining ability
analysis to obtain information on the magnitude of GCA
and SCA variance for the trait as a whole and GCA and
SCA effects for individual parents and hybrids respectively.
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Table 1 Mean performance of tomato parents and hybrids with respect to plant growth, fruit quality and yield traits.

Plant height  No. of No. of Lycopene Total soluble  Fruit firmness Fruit keeping Yield/plant (g)
(cm) branches/ fruits/cluster  (mg/100 g) sugar (%) (Ibs/cm®) quality (days)
plant
Lines
rin 95% 24.5 4.5 0.04* 19.5% 7.88 38%* 2525%
alc 103.5 18.5% 4.75 0.73* 29% 7.56 44* 3550%*
nor 109.5* 23 4 0.15% 18.5% 8.44 385 3175
Mean 102.66 22 441 0.31 22.33 7.96 40.16 3083.33
S.Em + 2.04 1.19 0.33 0.01 0.12 0.25 0.79 80.4097
CD (P=0.05) 4.39 2.56 0.72 0.03 0.27 0.54 1.7 172.88
Testers
Sankranti 87* 23 425 0.81%* 26.5% 5* 19 2925
Vaibhav 93.5 21.5 4.75 0.84 23.5% 4.38 18.5 3125%
Pusaruby 95 22.5 52 0.95% 30.5% 3.94 14.5* 2475%
Mean 91.83 2233 4.73 0.86 26.83 4.44 17.33 2841.67
S.Em + 2.04 1.19 0.33 0.01 0.12 0.25 0.79 80.4
CD (P=0.05) 4.39 2.56 0.72 0.03 0.27 0.54 1.7 172.88
Hybrids
rin X Sankranti ~ 85* 30%* 4.45 0.62* 28.5% 3.38% 34 2575%
rin X Vaibhav 67.5 26.5 4.5 0.48% 30.5% 4.66 35 2460%*
rin X Pusaruby 69 25.5 4.5 0.52* 39.5% 4.88 34.5 2675*
ale X Sankranti ~ 77.5% 25 4.25 0.57* 31%* 5.94* 35 3475%
alc X Vaibhav ~ 62* 21%* 4.25 0.61% 31.5% 5.72 40.5* 3675*
ale X Pusaruby ~ 80* 29% 45 1.75* 52.5% 6.21* 355 3675*
nor X Sankranti  67.5 21.5% 4 0.53* 29.5% 4.63 33.5% 3175
nor X Vaibhav =~ 64* 24 4 0.63* 29% 4.38 35 3075
nor X Pusaruby ~ 65%* 24 4 0.61* 39% 431 355 3250
Mean 70.83 25.17 4.27 0.7 34.6 49 35.39 3115
SEM 1.52 0.82 0.12 0.01 0.16 0.19 0.54 59.94
CD (P=0.05) 4.95 2.7 0.41 0.04 0.55 0.63 1.78 195.5

*Significant at P=0.05

MATERIALS AND METHODS
Experimental materials

The experimental material for this study consisted of three ripen-
ing mutants (alcobaca (alc), nor and rin) used as female parents
and ‘Sankranti’, ‘Vaibhav’ and ‘Pusaruby’ were used as male
parents. The rin is characterized by green to lemon color fruits
when it ripens, with little or no lycopene. alc is producing yellow
to light red fruit. nor fruits do not show the characteristic changes
associated with ripening, fruit development. Fruits are charac-
terized by orange yellow color. The long shelf life of these mutants
facilitates their use for commercial breeding. The testers ‘San-
kranti’ and ‘Vaibhav’ were high yielding and resistant to leaf curl
with medium shelf life, released by University of Agricultural
Sciences, Bangalore, India and ‘Pusaruby’ is low shelf life variety,
released by the Indian Agricultural Research Institute (IARI), New
Delhi, India. Crosses were made to obtain nine hybrids by Line x
Tester (3x3) design during kharif 2009.

The parental genotypes and the F, generations were evaluated
during rabi 2009. A randomized complete block design (RCBD)
was used. The crop grown according to the standard cultural
recommendations for the area and thirty days old seedlings of the
plants were transplanted into the experimental plot with a spacing
0of 90 x 40 cm. All the recommended package of practices of Uni-
versity of Agricultural Sciences, Bangalore was followed to raise a
good and healthy crop.

Traits evaluated

In each entry, five plants were randomly selected for recording
observations in each replication on plant height (cm), number of
branches/plant, number of fruits/cluster, lycopene content (mg/100
g) as per Ranganna (1976), total soluble solids (%) using a hand
refractometer (Swastik Scientific Co., Mumbai, India), fruit firm-
ness (Ibs/cm®) using a fruit Penetrometer (Wagner Instruments,
New Delhi, India), plant yield was recorded at various pickings
and the mean was calculated and expressed in g/plant.

Fruit keeping quality: five tomato fruits at the red ripening
stage (breaker stage) were harvested and fruits were stored at
25+1°C and keeping quality in days were taken at weekly intervals.
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Fruit keeping quality was measured as the number of days taken
from fruits harvested at red ripens stage for a day till consumption
stage was oVver.

Data analysis

The analysis of variance was carried out as per the methods des-
cribed by Panse and Sukhatme (1967). The mean values of all the
traits studied were used for combining ability analysis as per the
method suggested by Kempthorne (1957) and Arunachalam (1974).
Heterosis over better parent (BP) was computed using treatment
means of each trait by the method suggested by Hayes et al.
(1955). The breeding value of the plant material was evaluated by
analyzing the data on heterosis or combining ability for all the
traits in the F;. The studied data were analyzed with the program
TNAUSTAT software.

RESULTS
Mean performance of parents and hybrids

The mean performance of three lines and three testers used
as parents in the present study indicated that no single
parental genotype was superior in respect of all the traits
studied (Table 1). However, lines viz., rin, alc and nor were
superior to testers in respect of fruit keeping quality and
fruit firmness. Between the lines alc recorded extended
shelf-life of 44 days followed by nor (38.5 days) and rin
(38 days).

None of the nine hybrids were superior for all the traits
studied. However, ‘alc x Pusaruby’ was superior for a num-
ber of fruits/cluster, lycopene, TSS and fruit firmness. ‘rin x
Sankranti” was superior for plant height and number of
branches and ‘alc x Vaibhav’ was superior for fruit keeping
quality and yield/plant.

Analysis of variance for combining ability
The variations among the lines in respect of their general

combining ability were significant for all the characters
(Table 2), where as variance among testers were also sig-
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Table 2 Analysis of variance for combining ability in respect of plant growth, fruit quality and yield attributing traits of parents and hybrids of tomato

(Solanum lycopersicum).

Source of  df Mean sum of squares
variation Plant height  No. of No. of Lycopene Total soluble  Fruit Fruit keeping Yield/plant

(cm) branches/ fruits/cluster (mg/100 g) sugar (%) firmness quality (days) (g)

plant (Ibs/cm®)

Lines(c) 2 128. 67** 26.17%* 0.32%%* 0.34%%* 0.64** 5.06%* 11.72%%* 1629216.66**
Testers(c) 2 223.16%* 8.66* 0.01 0.30* 3.74* 0.35* 10.88* 325%
LXT (c) 4 80.83** 19.33%* 0.01 0.31%** 0.29** 0.56%* 5.13%* 16341.66%*
Error 8 5.63 1.625 0.03 0.03 0.01 0.07 0.5 7112.5

*Significant at P=0.05; ** Significant at P=0.01

Table 3 Estimates of general combining ability effects of lines and testers for plant growth, fruit quality and yield attributing traits in tomato (Solanum

lycopersicum).

Plant height No. of No. of Lycopene TSS (%) Fruit firmness Fruit keeping  Yield/plant (g)
(cm) branches/plant fruits/cluster  (mg/100 g) (Ibs/cm?) quality (days)
Lines
rin 3.00 * 2.17 ** 0.21* -0.16 ** -0.17 * -0.60 ** -0.89 * -545.00 **
ale 233 % -0.17 0.06 0.27 ** 0.38 ** 1.06 ** 1.61 ** 493.33 **
nor -5.33 ** -2.00 ** -0.27 ** -0.11 ** -0.21 ** -0.46 ** -0.72 % 51.67
SEM 1.36 0.73 0.1 0.09 0.07 0.15 0.4 48.69
CD (5%) 3.16 1.7 0.23 0.02 0.17 0.36 0.94 112.47
CD (1%) 4.6 247 0.34 0.03 0.24 0.52 1.37 163.6
Testers
Sankranti  5.83 ** 0.33 -0.04 -0.13 ** -0.49 ** -0.25 -1.22 ** -40
Vaibhav =~ -6.33 ** -1.33 * -0.02 -0.13 ** -0.42 ** 0.02 1.44 ** -45
Pusaruby 0.5 1 0.06 0.26 ** 0.91 ** 0.23 -0.22 85.00 *
SEM 1.36 0.73 0.1 0.09 0.07 0.15 0.4 48.69
CD (5%) 3.16 1.7 0.23 0.02 0.17 0.36 0.94 112.47
CD (1%) 4.6 247 0.34 0.03 0.24 0.52 1.37 163.6

*Significant at P=0.05; ** Significant at P=0.01

nificant for all the characters except for a number of fruits/
cluster. However, the variance due to Line x Tester inter-
action was significant for all the characters except for a
number of fruits/cluster indicating a predominance of non-
additive gene action in genetic control of all these charac-
ters.

General combining ability effects of parents

Estimation of GCA effects of lines and testers indicated that,
no single line or tester was a good general combiner for all
the characters studied (Table 3). However, the line ‘alc’ was
considered as a good general combiner, as it exhibited sig-
nificant GCA effects in the desired direction for lycopene,
TSS, fruit firmness, fruit keeping quality and yield/plant.
Among the testers, ‘Pusaruby’ exhibited significant GCA
effects of lycopene, TSS and yield/plant. But, ‘Vaibhav’ was
recorded significant GCA effects for fruit keeping quality.

Specific combining ability effects of hybrids

No single cross exhibited superior SCA for all the charac-
ters studied (Table 4). Nevertheless, the cross ‘alc x Pusa-
ruby’ was having good SCA for five characters viz., plant
height, no. of branches, no. of fruits/cluster, lycopene and
TSS. The next best cross was ‘alc X Vaibhav’ which had
significant SCA effect on fruit firmness and fruit keeping
quality.

Heterosis

All the traits except number of branches, number of fruits/
cluster and yield/plant exhibited significant better parent
heterosis in majority of the crosses indicating a predomi-
nance of non additive gene action in the genetic control of
these traits (Table 4). The hybrids (H x H) involving both
parents (male and female parents) having high overall GCA
status and hybrids (H x L) involving high (female) and low
(male) overall GCA status produced hybrids with overall
high (H) heterotic status. On the other hand, hybrids invol-
ving L x H and L x L overall GCA status had low (L) over-
all heterotic status. This clearly indicated the need for using
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parents having high overall GCA status or at least using the
parents having high GCA status as female to produce hyb-
rids with overall heterotic status.

DISCUSSION

In recent years, there has been much renewed interest in the
possibility of breeding not only for higher yield but also
better quality crops. One of the potential approaches is a
combination of traditional breeding methods with spatial
profiling and introgression breeding. The compositional
approach in order to improve organoleptic properties, par-
ticularly in breeding tomato are driven by the given inter-
ests for nutritional attributes (increase in lycopene content
and flavonoids), increased shelf life and fruit quality. From
the past experience in different crops, it has been noticed by
many breeders that per se performance of parents is not
always a true indicator of its potential in hybrid combina-
tions. The information on the combining ability status of the
genotypes will give an indication as how well they combine
with a given genotype to produce potential and productive
populations. In this direction, the concept of general and
specific combining ability (Sprague and Tatum 1942) helps
the breeder to decide upon the choice of parents for hybridi-
zation and to isolate promising genotypes from the seg-
regating population and also gives information on gene
action which helps in understanding the nature of inheri-
tance of the characters.

The estimates of GCA effects of parents helped in iden-
tifying superior parents to be utilized for production of
superior genotypes in segregating populations by the con-
centration of desirable genes with additive effects. The
result implies that two lines (rin and alc) and two testers
(Sankranti and Vaibhav) were good general combiner indi-
cating their ability in transmitting additive genes in the
desirable direction to their progenies. No single cross ex-
hibited superior specific combining ability for all the cha-
racters under study. Nevertheless, the cross ‘alc X Pusaruby’
was having good specific combining ability for five charac-
ters viz., plant height, no. of branches, no. of fruits/cluster,
lycopene and TSS. The next best cross was ‘alc x Vaibhav’
has a significant effect on fruit firmness and fruit keeping
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Table 4 Selected crosses with superior heterosis over better parent, SCA and GCA effects, mean performance and type of combination.

Characters Crosses with heterotic Heterosis over SCA effects Per se Type of
performance over better parent better parent performance combination
Plant height (cm) rin X Sankranti 10.53%* 5.33** 85 HxH
alc X Pusaruby -22.71%*- 6.33%* 80 HxL
alc X Sankranti -25.12%* -1.5 71.5 HxH
No. of branches alc X Pusaruby 28.89%* 3.00%* 29 HxL
rin X Sankranti 22.45%%* 2.33%* 30 HxH
alc X Sankranti 8.7 -0.33 25 HxH
No. of fruits per cluster  rin X Sankranti -1.11 0.01 4.45 HxH
rin X Vaibhav -5.26 0.04 4.5 HxH
nor X Sankranti -5.88 0.04 4 LxH
Lycopene (mg/100 g) alc X Pusaruby 84.20%* 0.52%%* 1.75 HxL
rin X Sankranti -23.27%* 0.21* 0.62 HxH
nor X Vaibhav -24.18%* 0.17* 0.63 LxH
TSS (%) alc X Pusaruby 72.13%%* 0.51%* 52.5 HxL
rin X Vaibhav 29.79%* 0.19 30.5 HxH
rin X Pusaruby 29.51%* -0.24%* 39.5 HxL
Fruit firmness alc X Pusaruby -17.88** 0.02 6.21 HxL
(Ibs/cm?) ale X Sankranti -21.49%* 0.23 5.94 HxH
alc X Vaibhav -24.30%* 0.25 5.72 HxH
Fruit keeping quality alc X Vaibhav 7.95%* 2.06%* 40.5 HxH
(days) nor X Pusaruby -7.79%* 1.06 35.5 LxL
rin X Vaibhav -7.89%* -0.94 35 HxH
Yield/plant (g) rinX Pusaruby 5.94 20 2675 HxL
alc X Vaibhav 3.52 111.67 3675 HxH
alc X Pusaruby 3.52 -18.33 3675 HxL

*Significant at P=0.05; ** Significant at P=0.01; H, overall high specific combiner; L, overall low specific combiner

quality. The results were in conformity with Nguyen et al.
(1997), Laxman (2001), Biradar et al. (2004) and Talekar et
al. (2010). In general, maximum crosses showing signifi-
cant SCA effects were invariably associated with better per
se performance for respective traits. The good specific com-
biners for different characters involved parents with high x
high, high x low, low x high and low x low general com-
bination. In majority of the cases, the crosses exhibiting
high SCA effects were found to have both or one of the
parents as good general combiners for the characters stu-
died revealing non additive gene action in the genetic con-
trol which was in accordance with the results of Jagadesh-
war and Shinde (1992), Kadam et al. (2000) and Singh and
Asati (2011). Talekar et al. (2010) used sweet sorghum
(Sorghum bicolor L.) crop for combining ability studies of
juice yield and its attributing traits.

Heterosis is usually expressed in the form of increased
yield which in turn is dependent on the contribution of
many component characters (Garg and Cheema 2011). All
the component characters of yield were studied for heterosis
manifestation in order to assess the worth of a cross. When
significant heterosis over better parent is observed in the
majority of the crosses for any trait indicates involvement
of non additive gene action in the genetic control of that
trait. Assuming that epistasis is absent, the cause of hetero-
sis can only be attributed to the dominance gene action.
This was in agreement with previous findings of Sharma et
al. (1996), Padma et al. (2002), Patgonkar et al. (2003),
Premlakshmi ef al. (2006), Sharma et al. (2006), Kumar et
al. (2009) and Kumari and Sharma (2011).

In conclusion, from the results of the breeding program,
we were able to improve fruit quality and yield attributing
traits in tomato. Heterosis breeding is the only technically
feasible method to exploit hybrid vigor for effective im-
provement in yield potential. The hybrids were charac-
terized by higher fruit keeping quality, fruit firmness, lyco-
pene and yield components compared to the parents.
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