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Development of tomato (Solanum lycopersicum L.) hybrids for protected cultivation

Volaguthala Sairam?, Namita Raut'", Arun kumar Bhavidoddi? Rekha Chittapurl_ Veeresh Mallayya® and
Raveendra S. Jawadagi Hiremath!

Abstract

The present study was conducted during the kharif season of 2022-23 at the College of Horticulture, Bagalkot, Karnataka. Thirty F,
hybrids, derived from line x tester mating design, were evaluated in two replications along with their parents and checked. Results
showed that lines AVTO1920, AVTO1429, and AVTO1464 had good general combining ability (GCA) for growth, earliness, and yield traits.
The crosses AVTO1920 x AVTO1464, AVTO1429 x AVTO1464, and AVTO1920 x Anagha exhibited positive specific combining ability
(SCA) effects for yield traits. The GCA/SCA variance ratio indicated both additive and non-additive gene action. Significant heterosis
over mid-parent, a better parent, and a standard check were observed across 20 traits. Notably, AVTO1920 x AVTO1464 and AVTO1429
X AVTO1464 showed maximum positive heterosis over the standard check, while lll-5 x AVTO1464 and AVTO1915 x AVTO 1464 excelled
over the better parent for yield traits, making them suitable for polyhouse cultivation.
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Introduction

Tomato (Solanum lycopersicum L.) is a popular vegetable
all over the world because of its high nutritive value and
versatile uses (Kumaretal., 2011). It belongs to the nightshade
family and is an autogamous crop having chromosome
number 2n = 24. Tomato is a warm season crop and requires
a relatively long growing season and moderately high
temperature (20-28°C). It ensures that the optimum fruit
setting is at night temperature and the optimum range is

15°-20°C (Jindal et al., 2015). In India, it occupies an area of
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tons and a productivity of 25.32 mha™. Tomato is universally
treated as ‘Protective Food'’ since it is very rich in minerals,
vitamins, antioxidants, essential amino acids, sugars, and
dietary fibers, which are important ingredients for culinary
and table purposes, chutney, pickles, ketchup, soup, juice,
puree etc. (Sekhar et al., 2010). It is typically a day-neutral
plant and self-pollinated crop but a certain percentage of
cross pollination also occurs.

Protected cultivation has become increasingly important
for vegetable farming, enhancing production, yield,
quality and protection from pests and diseases. Tomatoes,
especially indeterminate types, thrive in polyhouse
conditions, offering higher yields and extended growing
seasons (Prakash et al., 2019). Combining ability analysis is
crucial for selecting superior parents for hybridization, with
general combining ability (GCA) aiding in the selection of
parents with additive gene traits and specific combining
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ability (SCA) identifying superior hybrids with non-additive
traits. Heterosis breeding, through F, hybrids, enhances
yield and quality, making it vital for developing superior,
stable hybrids.

Materials and Methods

The experiment was conducted in a naturally ventilated
polyhouse of the Department of Vegetable Science, College
of Horticulture, Bagalkot, Karnataka, India, during Kharif
season of 2023 (June-July). It is located at an altitude of 533
meters above mean sea level (MSL)at 16°18'N latitude and
75°07' E longitude in the Northern Dry Zone of Karnataka
(Zone-Ill) with North-South direction of polyhouse having
560 m? area. The experimental polyhouse consists raised
beds of red sandy loam soil (Alfisol) with uniform soil fertility.
30 hybrids were produced from 10 lines and 3 testersin line
X tester mating design. The parents, hybrids and check were
randomized separately and sown using Randomized Block
Design (RCBD) with two replications. The details of ten lines,
three testers and one check were listed in Table 1. Eight
plants of each genotype were planted at a spacing of 60
cm X 45 cm. Observations were recorded on five randomly
selected plants in each replication for different growth,
earliness, yield and quality traits.

Statistical analysis

Data analysis was done by using INDOSTAT. Average means
of hybrids, parents and check were used for the analysis

Table 1: Details of lines, testers and check used in this study

S.No Genotypes Entry Source

Lines

1 AVTO1706 AVTO1

2 AVTO1920 AVTO2

3 AVTO1429 AVTO3

4 AVTO1954 AVTO4

5 AVTO1914 AVTOS ¥\;ci>v|:/I:nVegetable Center,

6 AVTO1915 AVTO6

7 AVTO2017 AVTO7

8 AVTO1701 AVTO8

9 AVTO0301 AVTO9

10 -5 -5 Improved line developed
at COH, Bagalkot

Testers

1 Anagha T1 KAU

2 AVTO1464 T2 WVC, Taiwan

3 IV-106 T3 COH, Bagalkot

Check

1 Pusa Rakshith  C1 IARI, ND

of variance (Steel and Torrie, 1980). The combining ability
analysis was done following the model given by Kempthrone
(1957). Heterosis was determined as per method suggested
by Wynne et al. (1970). The estimation of heterosis value of
hybrid was analyzed based on the heterobeltiosis value was
analyzed based on the mean of the better parent. In case
of standard check heterosis, Pusa Rakshith was taken as a
commercial check.

Results and Discussion

The analysis of variance (ANOVA) among parents (lines,
testers) and crosses for 10 traits revealed highly significant
differences (p = 0.01) across all traits (Table 2). Lines showed
significant variance for all traits except days to first flowering,
while testers showed significant variance for all but days to
the first harvest. The lines X testers interaction and parents
vs crosses also exhibited highly significant variance for all
traits. 44 genotypes, including 30 hybrids, 10 lines, three
testers and one check, were evaluated for the growth,
earliness, yield and quality parameters and their per se
performance was presented in Table 3. The analysis of
variance for combining ability revealed significant variation
due to both GCA and SCA for all traits, except fruit firmness
and average fruit weight, which were non-significant for
SCA. This highlights the roles of both additive and non-
additive gene action in trait inheritance. GCA effects were
estimated for parents, while SCA effects were calculated
for hybrids. Understanding the magnitude of GCA helps
identify superior parents for hybridization, while SCA aids
breeders in selecting the best cross-combinations to achieve
desirable transgressive segregants with higher probability.
The character-wise categorization of combining ability
effects in the GCA of the parents and SCA of the crosses
have been presented in Tables 4 and 5. In the present study,
among the lines, AVTO3, AVTO8 and tester-AVTO1464 were
identified as the best general combiner for plant height at
maturity, while in case of hybrids, AVTO7 x T3 was the best
specific combiner. Similar results have been reported by
Kumar et al. (2016), Bhalala and Acharya (2019), Pandey et
al. (2006), Singh et al. (2008), and Chakrabarty et al. (2019)
in tomato for the above-mentioned trait. Highly significant
GCA and SCA effects in a negative direction for days to
first harvest were recorded in parents, AVTO5, AVTO2 and
in hybrids, AVTO6 x T1 and AVTO3 X T2, respectively. For
days to first harvest, significant values were found in lines
AVTO7, AVTOS5 for GCA and hybrid Ill-5 x IV-106 for SCA.
These findings for earliness traits were in support with the
earlier research findings by Akram et al. (2012), Chakrabarty
et al. (2019) and Kumar et al. (2018). For quality parameters
like fruit firmness, significant, highest positive GCA effects
were observed in lll-5 and in case of shelf life, AVTO4, AVTO3,
and AVTO2 revealed high significant positive GCA effects.
Similar results were obtained by Bhalala and Acharya (2019)
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Table 2: Analysis of variance for parents and hybrids (Line x Tester) in tomato for growth, earliness, quality and yield traits

Mean sum of square
S.No. Source Lines Parents
Replications ~ Parents Lines Testers Vs. Vs. Crosses Error
Testers Crosses

Degrees of freedom (df) 1 12 9 2 1 1 29 42

1 Plant height (cm) 0.189 2593.001** 2966.906** 524.579** 3364.699%*  113.691**  2724.958** 14.413

2 Days to first 0.740 2.292%* 0.973 5.469** 7.808** 34.930%* 1.901%** 0.673
flowering (No.)

3 Days to first harvest 11.582 12.685** 11.468** 10.430*% 28.150%* 43.425%* 17.638** 3.103
(No.)

4 Shelf life (Days) 0.144 1.922%* 1.540%* 2.707** 3.790%* 2478** 1.528%* 0.039

5 Number of fruits per 0.001 1.110%* 0.853** 1.742%* 2.158** 0.866** 1.058%* 0.013
cluster (No.)

6 Number of fruits per ~ 0.021 99.082** 107.375%* 110.559** 1.500 38.014** 169.075%* 1.222
Plant (No.)

7 Average fruit wt. (g) 8.84 294.588** 263.970** 355.375%* 448.57** 34.593%* 243.823** 4.238

8 Yield per plant (kg) 0.004 1.303** 1.589%* 0.354%** 0.624** 0.203** 2.050%* 0.012

9 Yield per hectare 22.40 1147.561** 1430.865** 222.358** 448.3%* 200.641%** 1773.46%* 11.087
(tonnes)

*-Significantat 5% and **- Significant at 1%,
Table 3: Estimates of general combining ability effects for growth, earliness, quality and yield traits in tomato

S.No  Genotypes PH FF FH SL FRC NFP AFW FYP FYH
Lines

1 AVTO1 -38.68** -0.19 -0.87 0.36** 0.32** 7.52%* -2.27% 0.53** 16.95%*

2 AVTO2 -39.55%* -0.95%* -0.54 0.76** 1.30%* 19.77%* 10.51%* 2.32%* 65.70%*

3 AVTO3 84.96%* 0.18 -1.03 0.97** -0.79%* -5.57*%* 14.83%* 0.15** 4.49%*

4 AVTO4 -8.81%* 0.26 3.91** 1.42%* -0.86** -9.16%* -5.68** -1.06%* -31.82%*

5 AVTO5 11.07** -1.01%* -1.82*% -0.24%* 0.05 -7.29%* 0.39 -0.68%* -19.74**

6 AVTO6 -34.15%* -0.53 1.56* -1.30%* 0.167** 6.59** -7.83*%* 0.122* 5.55%*

7 AVTO7 16.59%* 0.24 -3.10%* -0.39%* -0.31%* 0.19 -21.33%* -0.94%* -28.12%*

8 AVTO8 27.39%* 0.94** 2.09** 0.09 0.30** -8.39%* 9.47%* -0.29%* -9.43**

9 AVTO9 -8.88%* -0.04 0.25 -1.03** 0.61** -2.95%* -7.15%* -0.55%* -16.54**

10 -5 -9.93%* 1.11%* -0.44 -0.63** -0.80%** -0.72 9.05%* 0.41** 12.96**
SEm.+ 1.55 0.35 0.719 0.08 0.05 0.45 0.87 0.045 1.351
CD.@ 5% 3.17 0.68 1.47 0.17 0.01 0.92 1.78 0.091 2.780
CD.@ 1% 4.27 0.92 1.9823 0.23 0.13 1.24 240 0.123 3.747
Testers

1 T1 -2.35%* -0.37 -0.676 -0.07 -0.21%* -2.59%* -0.79 -0.26%* -8.261%*

2 T2 5.83%* 0.24 0.824* 0.06 0.30** 3.01** 3.05%* 0.445%** 13.91%*

3 T3 -3.48%* 0.13 -0.148 0.08 -0.09%* -0.51%* -2.26%* -0.18%* -5.65%*
SEm.+ 0.85 0.18 0.3939 0.04 0.03 0.25 0.48 0.03 0.745
C.D.at5% 1.74 0.37 0.8056 0.09 0.06 0.51 0.97 0.05 1.53
CD.at1% 234 0.50 1.0858 0.12 0.07 0.68 1.31 0.06 2.05

Where, PH = Plant height; FF = Days to first flowering; FH = First harvest; FYP = Fruit yield per plant; FRC = Fruits per cluster, NFP = Number of
fruits plant; AFW = Average fruit weight; SL = Shelf life; FYH = Fruit yield per hectare;
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and Arun Kumar etal. (2020). Parents viz., AVTO2, AVTO1 and
tester AVTO1464 noticed significant positive GCA effects in
fruit yield per plant and yield per hectare, which was also
coupled with positive GCA effects in the number of fruits
per cluster, average fruit weight and number of fruits per
plant. For fruit yield per plant and yield per hectare, crosses,
AVTO3XT2, AVTO2xT1, AVTO7XT3 and AVTO1XT3 noticed
higher positive SCA effects coupled with significant SCA
effects for a number of fruits per plant fruits per cluster.
These findings were in line with the previous results reported
by Dagade et al. (2015), Agarwal et al. (2017), Vekariya et al.
(2019), Kumar and Gowda (2016) and Dharva et al. (2018)
The ultimate objective of any breeding program is to
achieve maximum productivity, which is considered as the
key factor that helps farmers in deciding whether to adopt
or reject a hybrid. Heterosis over better parent and standard
check for plant growth was observed to be significant in the
positive direction viz.,, AVTO3xT1, AVTO3XT3 and AVTO3xXT2
reported maximum average heterosis. Crosses AVTO5XT2,
l11-5XT3 and AVTO4xXT1 revealed maximum heterosis over
better parent and hybrids AVTO3XxT2, AVTO3XT1 and
AVTO3XT3 recorded significantly highest heterosis over
standard check. The data on heterosis also supports that
hybrids in general, were taller for plant height. AlImost
identical results have been reported by Kumari and Sharma
(2011) and Yadav et al., (2013). Before time, blossoming is
generally an indication of early yield and earliness. Among
14, AVTO6XT1, AVTO5XT2 and AVTO3xT2 were top three
crosses over better parent heterosis and three crosses,
namely AVTO6xXT1, AVTO5xXT2 and AVTO2xT1, revealed
significant negative heterosis over a standard check. Similar
results were reported by Singh et al., 2013. Among six crosses,
[11-5XT3, AVTO3XT3 and AVTO7XT2 expressed the highest
significant heterobeltiosis. In order of merit, AVTO7xT2, llI-5
XT3 and AVTO7XT1 were said to be superior with maximum
value of standard heterosis for days to first harvest. The
shelf life of tomatoes is a critical parameter influencing
their quality and marketability. Among 30 crosses, AVTO3x
T1 and AVTO4 x T1 were significant over mid heterosis and
AVTO4 x T2,and AVTO4 x T1 were top hybrids significant
over check, Pusa Rakshith. These results were supported
by by Thakkur et al. (2019) in tomato. For all yield and yield
attributing traits like number of fruits per cluster, number of
fruits per plant, average fruit weight, fruit yield per plantand
yield per hectare, heterosis in positive direction is desirable.
A number of fruiting clusters per plant is an important
trait that determines yield of tomatoes. Top three crosses,
AVTO2xXT2, AVTO6XT2 and AVTO9XT2 indicated significant
and positive average heterosis. Hybrids, namely AVTO6XT2,
AVTO7xXT2 and llI-5XT2 showed significant positive heterosis
over better parents and AVTO2xT2, AVTO2xT1 and
AVTO2xXT3 were significant over standard check. Number
of fruits per plant is the most important component trait,

which is directly related to increased fruit yield per plant.
Among all the crosses, seven hybrids over better parents.
Whereas significant positive heterosis over the check (Pusa
Rakshit) was revealed by three top cross combinations viz,.
AVTO2xXT2, AVTO2XT1 and AVTO2xXT3. Similar results were
in conformity with those reported by Kumar et al. (2017),
Kumari and Sharma (2011), Ahmed et al. (2011) and Singh et
al. (2011). Fruit weight is an important index for polyhouse
tomatoes. Hybrids AVTO3xXT2, IlI-5XT2 and AVTO3XT1 were
found good with respect to significant standard heterosis in
a desirable direction. These results are in line with study by
Farzane et al. (2012), Yadav and Venkat (2013) and Arun Kumar
etal. (2020). The ultimate goal of any breeding programmeis
to achieve more marketable yield per unit of plant (kg). The
hybrids, AVTO2XT2, AVTO2XT1 revealed significant positive
heterosis over the check ‘Pusa Rakshit’. Positive heterosis for
fruit yield was reported earlier by Arun Kumar et al. (2020). In
the case of fruit yield per hectare hybrids, [lI-5XT2, AVTO6Xx
T2 and AVTO3XT2 for better parent. Crosses AVTO2XT2,
AVTO2xT1 and AVTO2xXT3 recorded maximum significant
heterosis over standard check.

Conclusion

The indeterminate growth line AVTO3 and tester AVTO1464
exhibited positive GCA effects for traits like plant height,
shelf life, and fruit weight, making them ideal for protected
cultivation. The parental line AVTO2 and tester AVTO1464
demonstrated a strong GCA effect for earliness and yield
attributes, such as the number of fruits per plant and cluster.
AVTO5 showed positive GCA effects for early maturity,
enabling quicker harvests and multiple crop cycles. Crosses
AVTO3 x T2 and AVTO2 x T1 exhibited positive SCA effects
for fruit yield per plant and per hectare, indicating the
effectiveness of heterosis breeding. The GCA/SCA variance
ratios suggested a mix of additive and non-additive gene
action for the traits. The best combiners identified can be
used to develop hybrids with specific traits, particularly
earliness, yield, and processing suitability. Hybrids AVTO2 x
T2,AVTO2 x T1,and AVTO3 x T2 showed maximum positive
heterosis for yield-related attributes.
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