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Abstract

Performance of nine hybrids along with six genotypes including three lines (Roma, Nagina and Continental) and three
testers (Peto-86, Riograndi and Nageeb) was studied following Line x Tester design. Variances due to treatments, parents,
crosses and Line x Tester were found significant for all traits apart from clusters plant? in parents. Predominance of non-
additive gene action was observed for all the traits excepting days to 50% flowering and maturity. Thus heterosis breeding may
be rewarding for genetic enhancement of such characters. Tester’s contribution towards total variance was higher in comparison
to lines. Line x tester contributed significantly in plant height, clusters plant?, fruit length, fruit width and average fruit weight.
Based on GCA effects, the tester Nageeb and line Nagina performed better for yield and its related components. Similarly while
considering SCA effects, two cross combinations viz., Riograndi x Continental and Nageeb x Roma were perceived as potential
crosses with desirable SCA values for increased yield and are recommended for further evaluation.

Key words: Solanum lycopersicum L., Line x Tester analysis, Additive and non-additive gene action, General and

specific combining ability.
Introduction

Tomato (Solanum lycopersicum L.) is one of the most
significant and widely grown vegetable crops in the world
including Pakistan for the farmers, users and processing
industries. It is native to the Andes region of America
(Moraru et al., 2004). In Pakistan tomato is cultivated on
about 62.5 thousand hectares annually with production
around 587.1 thousand tonnes having an average yield of
approximately 9.4 tonnes hectare! (Anon., 2015-16)
which is reasonably low in comparison to the world over
all production i.e., 160 million tonnes (Anon., 2016).
Continuous efforts are being under taken by the breeders
to bridge up the international and national yield gaps.
These efforts have diverted the research towards hybrid
breeding for which the selection of desirable inbred lines
is a key factor in the development of better F1 hybrids.

There is a need for development of different genotypes
of tomato crop having better yield to fulfill the demands of
the increasing population. Tremendous progress has been
achieved with regards to yield and other quality traits of
tomato after following hybrid vigour (Kurian et al., 2001;
Ahmad et al., 2011). One of the methods to improve yield
would be through the indirect selection of traits those are
correlated with yield but have higher heritability (Cramer &
Wehner, 1998). A number of scientists have also studied
the usefulness of morphological and physiological
parameters as indices of single plant yield. Saleem et al.,
(2013) and Chauhan et al., (2014) used morphological
characters like days to maturity, plant height, fruit length
and width, fruit weight and yield plant? to assess the hybrid
vigour in indeterminate tomato.

Line x Tester technique is an important tool to
calculate both specific and general combining ability
(GCA and SCA) and to estimate gene actions of both
parents. It is an efficient technique for evaluation of
inbred or pure lines. This technique also helps the breeder

to isolate the segregating genotypes and to select best
genotypes for hybridization procedures (Kempthorne,
1957). Not only the suitable information regarding diverse
parents selection related to the performance of the
different hybrid combinations is being provided through
combining ability studies but it also reveal several kinds
of gene actions that are convoluted in the expression of
quantitative characters (Savale et al., 2017). Selection of
right parents and cross combinations can also be made
through the information gathered from GCA of parents
and SCA of crosses. Higher GCA variance is indicative of
additive gene action while greater SCA variance point out
the greater role of non-additive gene action (Fehr, 1993).

The present investigation was carried out to identify
the parents and hybrid combinations with good positive
SCA and GCA effects through Line x Tester analysis so
as to determine the nature of gene action convoluted in
the inheritance of traits.

Materials and Methods

Three parental lines viz., Roma, Nagina, and
Continental were treated as female and three others viz.,
Peto-86, Riograndi and Nageeb as male parents or testers.
The salient features of the selected testers and lines are
described in Table 1. Three lines along with three testers
were planted during 2014-15 at National Agricultural
Research Centre (NARC) Islamabad, Pakistan (73.08°
longitude, 33.42° latitude with elevation of 683 MSL -
Mean Sea Level). The annual rainfall of 1000 mm was
recorded in the area. After crossing, 09 Fi hybrids were
established following Line x Tester (3 x 3) during 2014-
15.1n spring 2015, three lines, three testers and their 9 F
hybrid combinations were planted for evaluation,
following Randomized Complete Block Design (RCBD)
with three replications of each entry. Plant-plant space
was kept at 50cm while row-row distance was maintained
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at 75cm. All practices i.e. agronomic and cultural were
performed during the growing season of the crop as and
when required. Data of selected plants were recorded
from each entry in each replication for several characters
i.e. days to 50 percent flowering and maturity, plant
height, clusters plant?, flowers cluster?, fruits cluster?,
fruit length &width, fruit weight and fruit yield (kg plant”
D). For statistical analysis of data AGRI-STAT software
was used, ANOVA method was carried out and LSD
method at 5% probability level was applied to separate
out the difference among treatments (Steel et al., 1997).
GCA and SCA effects were also calculated by using the
technique adopted by Kempthorne (1957).

Results and Discussion

Analysis of variance: Highly significant differences were
observed for all of the characters under investigation
among different genotypes which indicates the presence
of considerable amount of genetic variability that can be
exploited (Table 2). Similar views had been expressed by
earlier workers (Mondal et al., 2009; Kumari and Sharma,
2012). ANOVA for combining ability unveiled highly
significant differences in crosses. Female lines manifested
highly significant differences for majority of the
characters except for clusters plant?, fruit length and
average fruit weight whereas in testers highly significant
differences were unraveled for most of the traits
understudy apart from fruit length. This elucidates the
robustness of testers and less yielding capacity of lines in
relation to yield attributing traits. Highly significant
differences were exhibited for all traits in Line x Tester
interaction. Crosses vs. parents indicated significant
differences for most of the characters under consideration
excepting fruit length and fruit width (Table 3). As fruit
length is non-significant in lines, testers and crosses vs
parents so that character should not be considered in
relation to yield because of its uniformity.

Testers and lines general combining ability estimates
which assisted in the selection of better parents regarding
different breeding are shown in Table 4. Early flowering
which leads towards early maturity is desired in tomato
hence higher negative values are favorable for traits such
as days to 50% flowering and days to 50% maturity. Peto-
86 emerged as the best tester with maximum negative
GCA values of -2.04 and -1.15 for days to 50% flowering
and 50% maturity while among lines Nagina displayed
maximum negative GCA (-0.93) for days to 50%
flowering. None of the lines revealed significant GCA
effects for days to 50% maturity. In case of plant height,
the tester Nageeb expressed its superiority with GCA
value of -2.32 whereas in lines Roma showed desirable
GCA value (-2.59). As regards to clusters per plant and
flowers per cluster, tester Nageeb produced higher
magnitude of GCA with values of 2.33 and 0.43
respectively while none of the lines was found important
for these characters. In case of fruits per cluster, tester
Riograndi depicted GCA value of 0.23 while among lines
Nagina with a GCA value of 0.34 emerged as desirable
one. No tester or line showed significance effects for fruit
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length. For fruit width, Nageeb revealed favorable GCA
value (0.18) among testers whereas among lines Nagina
with GCA value of 0.23 evolved as desirable one. For
average fruit weight, Nageeb was at the top with 7.33
GCA value among testers while neither of the lines were
found suitable for this trait. The tester Riograndi was
better in yield by attaining GCA value of 0.17 followed
by Nageeb (0.12). Continental was at the top with 0.12
GCA value among lines for yield per plan.

Additive or additive x additive gene interaction is
related with high GCA effects which represent a fixable
portion of genetic interaction (Saleem et al., 2013). As
combining ability effects are not steady with respect to
yield and its related characters hence no parent was found
to be best as general combiner for all of the characters. This
is in concordance with the previous research findings of
Saleem et al., (2009) and Shankar et al., (2013). Among
testers, Nageeb displayed desirable GCA effects for
majority of the characters while in lines Nagina was found
to be the desirable one. For identification of superior
genotypes these two parents may be used in different
crossing programs as described by Hannan et al., (2007).

Specific combining ability estimates of different
hybrid combinations are shown in Table 5. For days to
50% flowering and 50% maturity highest negative
significant SCA effects were depicted by hybrid Nageeb x
Roma (-0.85). In case of plant height, Nageeb x Nagina
exhibited maximum SCA effects (-5.76) followed by
Riograndi x Continental (-5.46). Nageeb x Roma
displayed significant SCA value for clusters per plant
(6.11). Hybrid Nageeb x Continental gave significant
SCA effects (0.63 and 0.51 respectively) for number of
flowers and fruits per cluster. Riograndi x Continental
depicted significant SCA value for fruit length (0.52)
while maximum SCA effects for fruit width was shown
by hybrid Peto-88 x Continental (0.47). Out of nine
hybrids; Riograndi x Continental was at the top with
highest SCA value (14.65) with regard to average fruit
weight. For yield per plant, maximum SCA effect (0.12)
was observed in two hybrid combinations Riograndi x
Continental and Nageeb x Roma.

A major proportion of variations controlled by
dominant properties of genes was elucidated with the fact
that in all characters significant differences were observed
due to specific combining ability (Griffing, 1956). GCA
effects showed that almost all kinds of SCA effects were
obtained from any type of GCA effects elucidateing that
hybrid performance was independent of parents. These
results are in agreement with previous findings of
Yashavantakumar et al., (2009), Farzane et al., (2012)
and Hassan et al., (2014). The situation in crosses where
GCA effects of one parent is higher than the other one is
expected to throw some desirable transgressive segregates
if high combiner has additive genetic system and
complementary epistatic effects acting in same direction
(Igbal and Khan, 2003). Nageeb x Roma reflected such
situation with respect to number of flowers cluster? and
yield plant?. Hybrids with high SCA are not ineludibly
produced by parents with high GCA but they are usually
produced with the parents having low or average GCA
(Sharma et al., 1999).
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Table 1. Distinctive features of tomato genotypes used as testers and lines.
S. No. Testers and lines | Distinct features

Determinate, standard leaf type, high rounded fruit shape and greenish white colour

L Peto-86 of immature fruit
5 Riograndi !Determmate,_standard leaf type, cylindrical fruit shape and light green colour of

immature fruit

Determinate, standard leaf type, rounded fruit shape and greenish white colour of
3. Nageeb - .

immature fruit

Determinate, peruvianum leaf type, pyriform fruit shape, light green colour of
4, Roma . .

immature fruit, good for sauces

. Determinate, peruvianum leaf type, pyriform fruit shape and light green colour of

5. Nagina . .

immature fruit
6. Continental Determinate, peruvianum leaf type, flattened fruit shape and light green colour of

immature fruit

Table 2. Analysis of variance for various yield and yield attributing traits of 15 tomato genotypes sown at NARC during 2015.

SOV [DF| bFL | bm | PH cP Fc | FrRc | FL | Fw | FRW [ FYP

Replications 2 4.956 2.489 11.588 18.756 0.019 0.127  0.067 0.025 36.005 0.013
Treatments 14 13.546** 12.946** 142.429** 47.994**  0.929** 0.729** 0.863** 0.593** 600.534** 0.407**
Error 28 0.408 1.537 3.048 5.137 0.102 0.086  0.115 0.031 20.303 0.005
CV (%) 0.97 1.09 2.38 8.24 5.89 8.07 5.71 3.48 6.31 5.56

** = Highly significant at 1 %
DFL = Days to 50% flowering, DM = Days to 50% maturity, PH = Plant height, CP = Clusters/plant, FC = Flowers/cluster, FRC =
Fruits /cluster, FL = Fruit length, FW = Fruit width, FRW = Fruit weight, FYP = Fruit yield/ plant

Table 3. Analysis of variance of Line x tester experiment for various yield traits in tomato during spring 2015.

sov | oF | DFL pMm | PH | cp | Fc [ FRc | FL | Fw | FRW [ FyP
Replications 2 4.96 2.45 1159 1876 002 013 007 003 3600 0.1
Treatments 14 1356%  12.05%%  14243* 47.99%% 093** 073%* 0.86** 059** 600.53** 0.41%*
Parents 1152%%  16.40%*  247.45%* 1276™ 0.49** 025% 162*% 0.94%* 946.41** 0.01*

5
Crosses 8 16.26** 7.20%* 91.58**  60.00** 1.07** 0.76** 0.50** 0.45** 443.34** (.13**
Crosses vs Parents 1 1.96* 41.61**  24.12** 128.13** 2.01** 2.88** (0.01™ 0.04™ 128.70* 4.65**
Lines 2 20.48** 9.59** 49.04**  3.11™  1.40** 1.27** 0.01™ 0.38** 55.43"™ 0.18**
2 40.26** 16.93**  93.40** 38.11** 1.50** 0.63** 0.15™ 0.24** 397.47** 0.20**
Lines x Testers 4 2.15** 1.15**  111.94** 99.39** 0.68** 0.56** 0.91** 0.58** 660.23** 0.06**
Error 28 0.41 1.54 3.05 5.14 0.10 0.09 0.11  0.03 20.30 0.01
** =Significant at 1%; * = Significant at 5%; ns =Non-significant
DFL = Days to 50% flowering, DM = Days to 50% maturity, PH = Plant height, CP = Clusters/plant, FC= Flowers/cluster, FRC = Fruits/
cluster, FL = Fruit length, FW = Fruit width, FRW = Fruit weight, FYP = Fruit yield/plant

Tester

Table 4. Estimates of GCA effects of yield and its attributing traits in tomato, during spring 2015.

Testers/lines | DFL | DM | PH | cp | Fc | FRC | FL | Fw | FRW | FvP
Peto-86 2.04* -115%* -136% -156 -0.38** -0.20** -0.08 -0.13* -564** -005*
Riograndi 015 -037 368* -078 -0.05 023* 015 -005 169  0.17**
Nageeb 219%%  152%* 232%% 233% 043** 006 -0.07 0.18* 7.33%*  0.12%*
Roma 081** 070 -259%* 067 -0.40%* -040** -001 -006 215  -0.16%*
Nagina 0.93%  -048 194%* 044 -0.39%* 034** 004 023** 056 0.04
Continental 1.74%%  119** 064 022 002 006 -003 -017% 271  0.12**

DFL = Days to 50% flowering, DM = Days to 50% maturity, PH = Plant height, CP = Clusters/plant, FC = Flowers/cluster, FRC =
Fruits/cluster, FL = Fruit length, FW = Fruit width, FRW = Fruit weight, FYP = Fruit yield/ plant

Testers = Peto-86, Riograndi and Nageeb

Lines = Roma, Nagina and Continental
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Table 5. Estimates of SCA effects of yield and its related characters in tomato, during spring 2015.

F1 hybrids | DFL [ DM | PH | cP | FC | FRC | FL | FW | FRW | FYP
Peto-86 x Roma 1.04** 0.48 -0.09 0.00 0.26 0.38* 0.01 -0.06 9.53* 0.05
Peto-86 x Nagina -0.52 -0.74 -1.82 2.11 0.07 0.03 -0.16 -0.41** -7.65* 0.03
Peto-86 x Continental -0.52 0.26 191 -2.11 -0.33  -041* 0.15 047** -1.87 -0.08*
Riograndi x Roma -0.19 -0.03 -2.12* -6.11** 0.09 -0.01 -0.43* -0.22* -16.29** -0.17**
Riograndi x Nagina 0.26 0.15 7.58** 3.33* 0.20 0.11 -0.10  0.30** 1.64 0.05
Riograndi x Continental -0.07  0.15 -5.46** 2.78 -0.30 -0.10 0.52* -0.08 14.65** 0.12**
Nageeb x Roma -0.85** -0.19** 221* 6.11** -035 -0.37* 041 0.28* 6.76 0.12**
Nageeb x Nagina 0.26 059 -5.76** -5.44** -0.27 -0.14 0.26 0.11 6.01 -0.08*
Nageeb x Continental 0.59 -0.41 3.54** -0.67 0.63** 0.51** -0.67** -0.38** -12.77** -0.04

DFL = Days to 50% flowering, DM = Days to 50% maturity, PH = Plant height, CP = Clusters/plant, FC = Flowers/cluster, FRC
=Fruits/cluster, FL = Fruit length, FW = Fruit width, FRW = Fruit weight, FYP = Fruit yield/plant

Table 6. Estimates of proportional contribution of various yield related characters of tomato.

Proportional | e pene | py cp FC | FRC | FL FW | FWT | Fyp
contribution
Lines 31.49 3329 1339 130 3290 4184 071 2116 313 3626
Testers 61.90 5874 2550 1588 3500 2094 7.76  13.67 2241  40.07
Linex Tester ~ 6.61  7.97 6111 8282 3200 3722 9153 6517 7446 23.67

DFL = Days to 50% flowering, DM = Days to 50% maturity, PH = Plant height, CP = Clusters/plant, FC= Flowers/cluster, FRC =
Fruits/ cluster, FL = Fruit length, FW = Fruit width, FRW = Fruit weight, FYP = Fruit yield/plant

Table 7. Estimation of genetic components of yield and yield related traits of tomato, during spring 2015.

Gene action | DFL | DFM | PH | cP | FC | FRC | FL | Fw | FRW | FYP
vd 1568 0673 -2262 -4377 0043 0022 -0046 -0015 -24.099 0.008
Vh 0.634 0042 36403 31121 0.86 0163 0264 0184 209.069 0.019
Vd/Vh 2473 16024 0062 -0.141 0231 0135 -0.174 -0082 -0.115 0.421
Variance of GCA  0.784 0336 1131 2188 0021 0011 0023 0007 12.049  0.004
Variance of SCA  0.634  0.042 36403 31.121 0186 0163 0264 0184 209.069 0.019
GCA/SCA 1236 8000 0031 0070 0113 0067 0087 0038 0058 0211

DFL = Days to 50% flowering, DM = Days to 50% maturity, PH = Plant height, CP = Clusters/plant, FC = Flowers/cluster, FRC =
Fruits/ cluster, FL = Fruit length, FW = Fruit width, FRW = Fruit weight, FYP = Fruit yield/plant

Proportional contribution of testers towards total
variance was higher than that of lines in majority of the
traits apart from number of fruits cluster? and fruit width
(Table 6.). Testers contributed more than Line x tester
interactions in traits like number of days to 50 percent
flowering and 50 percent maturity, flowers cluster? and
yield plant?. Line x tester contributed significantly in
plant height, clusters plant?, fruit length, fruit width and
average fruit weight. The present results are corroborated
with the previous research findings of Manivannan and
Sekhar (2005) who also found uneven contributions.

Estimates of variances are shown in Table 7 which
indicated non-additive gene action dominance in majority
of the characters. For days to 50% flowering and 50%
maturity GCA variance was higher than SCA variance
and GCA to SCA ratio was more than unity which
specified additive gene action. For genetic improvement
of these characters progeny selection is an effective
method. All other characters revealed non-additive gene
action because of the fact that their SCA variance was
higher than GCA variance therefore, heterotic breeding
may be rewarding for genetic improvement of such
characters. These results are in agreement with previous
findings of Pandey et al., (2006), Singh et al., (2008) and
Singh & Asati (2011).

Conclusion

The current study led to conclude that all traits showed
significant differences among genotypes and are under the
control of non-additive gene action except for days to 50
percent flowering and days to 50 percent maturity which
showed additive gene action. Tester (Nageeb) and line
(Nagina) revealed maximum positive GCA value for
majority of the characters under study hence these parents
can be utilized in multiple crossing program to produce high
yielding tomato genotypes. Likewise, Riograndi x
Continental and Nageeb x Roma were obtained as potential
cross combinations with favorable SCA values and can be
used in future for getting higher yields in most of the traits.
Heterotic breeding can prove handy in the genetic
improvement of traits governed by non-additive gene action
through exploiting hybrid seed production. However, simple
selection methods should need to be used in early
generations for the characters which are controlled through
additive type of gene action.
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