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ABSTRACT

Line x tester experiment was conducted to evaluate the performance of 21
hybrids along with 10 parents in tomato. Variance due to genotypes, crosses and lines
x testers was significant or high significant for most studied traits. The estimate of
variance of gca, sca, their ratio and degree of dominance indicated that the
preponderance of non-additive gene action for all the studied traits suggesting that
selection might not be made in the early generations and recurrent selection with
periodic intercrossing appeared to be the best method. Narrow sense heritability was
low for traits i.e., plant height and T.S.S.% and high for fruit shape index , while was
moderate for the other studied traits . Contribution of lines towards the total variance
was more than that of testers. Based on mean performance and gca effects, line
MNS; and tester Peto 86 were better for yield and its various components.
Considering mean performance, sca effects and heterobeltiosis, three hybrids i.e.,
MNS x Peto 86, CIN2498E x Super Marmande and CIN2498E x Peto 86 were
superior for yield and recommended for heterosis breeding after further evaluation .

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is an important vegetable
crop in Egypt and is grown on 537208 feddans with the production of
8639024 tonnes and average yield of 16.08 tonnes per feddans (Ministry of
Agriculture, statistics ., 2007) .

The tomato productively could be generally improved through either
improving the applied culture practices or using improved cultivars or F,
hybrids. Therefore, producing superior local hybrids of tomato are urgently
needed, since the prices of the improved hybrid of tomato are usually very
high.

Genetic analysis provides a guide line for the assessment of relative
breeding potential of the parents or identify best combiners in crops (Khattak
et al.,( 2004);Weerasingh et al., (2004) and Sulodhani Devi et al., (2005) )
which could be utilized either to exploit heterosis in F4 or the accumulation of
fixable genes to evolve variety. Hybrid vigor in tomato was first observed by
Hedric and Booth (1907). Since then a number of workers have reported
heterosis in tomato (Bhatt et al., (1998) and Bhatt et al., (2001)). Kumar et al.,
(2003) reported 60% hybrid vigor in tomato. Even though many studies have
been made on combining ability, gene action and heterosis, yet the pace of
work on development of tomato hybrid seed on commercial basis have been
limited due to lack of superior combiners in Egypt. As a result, import of
tomato hybrid is a routine.

Line x Tester technique (Kempthrone, (1957)) is a useful tool for
preliminary evaluation of genetic stock for use in hybridization programme
with a view to identify good combiners, which may be used to build up a
population with favorable fixable gene for effective yield improvement. In this
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study efforts have been made to identify parents suitable for tomato hybrid
seed production through the use seven lines and three testers .

MATERIALS AND METHODS

The experimental materials consisted of ten determinate pure lines of
tomato obtained from Asian Vegetable Research and Development Center
(AVRDC) in Taiwan and Companies Fito (ltaly), Peto seed and Asgrow (USA)
All the studied lines and cultivars belong to the species Lycopersicon
esculentum Mill.. Seven female genotypes (designated as lines) viz.,
FLA7156, MNSs, MNS5, MNS,, CLN2498D, CLN2498E and CLN2498F and
three male genotypes (designated as testers)viz., Marglobe , Peto 86 and
Super Marmande were crossed to generate 21 F4 hybrids following line x
tester mating design in 2008. The hybrids were evaluated along with parents
following randomized complete block design with three replications at the
experimental field of EI- Baramoon horticultural research farm, Dakahlia
Governorate during 2009. Each replicate contained 31 experimental plots .
Each experimental plots contained of two redge of 4.5 meter long and 1
meter wide .The plants were spaced at 30 cm. apart on one side ridge.
Standard cultural practices and plant protection measures were adapted to
raise healthy crop. The observation of ten important characters was recorded
from five randomly selected plants from each plot. Measurements were
recorded on plant height, number of branches/plant, number of fruits /plant,
average fruit weight, total yield /plant, fruit shape index, flesh thickness,
number of locules / fruit, total soluble solids (T.S.S. %) and fruit firmness.

Genotype means were used for the analysis of variance (Steel and
Torrie, (1980)).Analysis of combining ability and other genetic parameters
was performed according to Singh and Chaudhary (1999). Heritability values
were categorized low (<0.3), moderate(0.3-0.6) and high (>0.6) while genetic
advance low (>0.1), moderate (0.1-0.2) and high(>0.2) as given by Johnson
et al., (1955). The distribution of crosses in relation to general combining
ability (gca) and specific combining ability (sca) effects was worked out by
taking combining ability effects as significant positive (high = h), non-
significant(average = a) and significant negative (low = /).

RESULTS AND DISCUSSION

The results of the analysis of variance and the estimated mean
square of all tested genotypes are presented in Table 1. The results,
generally, indicated that the mean squares of genotypes were found highly
significant for most studied traits, partitioning the genotypes into parents,
crosses and their interactions gave highly significant mean squares for
parents in seven ftraits ,high significant in two traits and non significant in one
trait. Whereas, the mean squares of crosses appeared significant or highly
significant in seven traits and insignificant in the other three studied ones;
i.e. flesh thickness , number of locules / fruit and T.S.S.% .
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The estimated values of mean squares of the comparison between
parents and crosses were found highly significant in five traits and
insignificant in the other five. Lines exhibited highly significant variation for
plant height, number of branches/plant, number of fruits /plant , average fruit
weight and total yield/plant, whereas, testers were highly significant for plant
height , number of fruits /plant, fruit shape index and fruit firmness.

The sizeable magnitudes of genotypes mean squares indicated to
presence of considerable differences among these genotypes , therefore it
become statically valid for the required genetic diversity for the success of the
planned crosses and their genetic variance analysis.

Line x tester analysis used in this study makes it possible to obtain
estimates for some different genetic parameters, required for judging further
breeding programs and the general and specific combining ability
components are of these parameters .

General combining ability (GCA) estimates the average performance of
a line in hybrid combinations with other lines and specific combining ability
(SCA) estimates the deviation of a particular cross from the expectation
based on the average performances of the lines involved. The value of o’gca
was less than that of o”sca in all traits; therefore non-additive type of gene
action was pre -dominant. As a result the ratio of ozgca | 0®sca was also less
than 1 and the degree of dominance (o°D / 6°A )"? was greater than 1 for all
the traits. For all studied traits showed the preponderance of non-additive
gene action as recorded by Chandha et al., (2001), Dharmatti et al., (2001)
and Bayomy (2002).

Narrow sense heritability was moderate for most studied traits but
low for plant height and high for fruit shape index . Since improvement in yield
is the most important parameter for which low breeding value or additive
gene action was depicted due to low heritability in addition to preponderance
of non-additive gene action as revealed by other genetic parameters as well.
Therefore selection in early generation would be ineffective and recurrent
selection with periodic intercrossing is advocated.

The contribution of lines towards the total variance was higher than that
of testers for all the traits. Line x tester contributed significantly in all the
studied traits. Uneven contribution of lines, testers and their interactions had
also been found by different investigators (Chandha et al., (2001) and
Manivannan and Sekar, (2005)).

Estimates of general combining ability effects of lines and testers have
been shown in Table 2. None of the parents proved to be good general
combiner for all the traits. The obtained high positive values would be of
interest in all studied traits. The parental line FLA7156 showed significant or
highly significant values for the effects of GCA for number of branches / plant,
flesh thickness and T.S.S.% , indicating that FLA7156 was a good combiner
for these traits. The parental line MNSg was a good combiner for number of
fruits / plant ; since it had significant positive value for GCA effect on this trait.
The line MNSs was a good combiner for number of branches / plant . The
line MNS; was a good combiner for total yield / plant , average fruit weight
and flesh thickness. The line CLN2498D was a good combiner for T.S.S.%.
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The line CLN 2498E had significant or highly significant positive values for
the effects of GCA for plant height , total yield /plant, average fruit weight ,
number of locules / fruit and  fruit firmness , indicating that it was a good
combiner for these traits . The line CLN2498F had highly significant positive
values for total yield / plant and number of fruits / plant ; therefore, it can
considered a good combiner for both traits. Concerning testers, data in Table
2 showed that the cultivar Marglobe was a good combiner for total yield /
plant, average fruit weight and number of locules / fruit, since its estimated
values for GCA effects on these traits were found significant or highly
significant with positive signs. The cultivar Peto 86 was poor general
combiner for the all studied traits. The cultivar Super Marmande was
appeared to be a good combiner for number of fruits/plant, fruit shape index
and fruit firmness.

Three parents viz., MNS,, CLN2498E and CLN2498F among lines and
Marglobe among testers displayed desirable gca effects for yield and its
various traits. Harer and Bapat (1982) and Premalatha et al., (2006) reported
that the per se performance of the parents with the nature of combining ability
provides the criteria to choose the parents for hybridization. These four
parents may be used in multiple crossing program for the identification of
superior genotypes. The high gca effects are attributed to additive gene
effects of additive x additive interaction effects and represent a fixable
portion of genetic variation (Sarma et al., (2004) ).

Estimates of specific combining ability effects of the hybrids are
presented in Table 3. The values of sca effects of plant height were positive
and significant or highly significant for the four F; hybrids of the crosses
FLA7156 x Super Marmande , MNSg x Peto 86, CLN2498F x Marglobe and
MNS; x Marglobe with values 6.032, 4.745, 4.333 and 3.032 respectively.
The estimated values of sca effects on number of branches / plant were
positive and significant or highly significant for the crosses FLA7156 x Super
Marmande, MNS; x Marglobe, MNS5 x Peto 86, CLN2498E x Peto 86 and
CLN2498Fx Super Marmande with values 0.270, 0.762, 0.635, 0.539 and
0.381 respectively . Seven crosses displayed positive and significant or highly
significant sca values for number of fruit per plant , the hybrid CLN2498Ex
Peto 86 was at the top with highest sca value of 17.619. In case fruit weight,
MNS xPeto 86 showed maximum sca effects (33.661) followed by FLA7156 x
Super Marmande (19.856). For yield per plant, the sca effect of hybrid
FLA7156 x Super Marmande (1.861) was highest followed by CLN2498D x
Marglobe (0.854), CLN2498F x Marglobe (0.749), MNSxPeto 86 (0.744),
CLN2498F x Peto 86 (0.629), FLA 7156 x Peto 86 (0.487) and CLN2498Fx
Marglobe (0.329).The crosses MNS xPeto 86, CLN2498DxSuper Marmande
and CLN2498Fx Peto 86 gave significant and highly significant sca effects
(1.914, 0.882 and 0.098, respectively) for fruit shape index. The four crosses
MNS; x Super Marmande, CLN2498E x Peto 86, CLN2498F x Peto 86 and
CLN2498Dx Marglobe gave significant positive values for sca effects on flesh
thickness (0.087, 0.071, 0.066 and 0.061, respectively). For number of
locules/fruit, the positive and significant or highly significant sca effects were
exhibited by three crosses MNSgxPeto 86, CLN2498Dx Super Marmande
and CLN2498Fx Super Marmande with values 0.444, 0.508 and 0.286,
respectively.
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Many crosses ,i.e., FLA 7156 x Marglobe , MNSg x Super Marmande, MNS5
x Marglobe , MNS; x Peto 86, CLN2498E x Peto 86 , CLN2498E x Marglobe
and CLN2498F x Super Marmande had significant or highly significant
positive values for sca effects on T.S.S.% with values 0.011, 0.036, 0.044,
0.041, 0.030, 0.011 and 0.025, respectively. The estimated values of sca
effects on fruit firmness were positive and significant or highly significant for
the crosses MNS;s x Marglobe (0.897), MNS; x Peto 86 (0.310) , MNS; x
Super Marmande (0.190), CLN2498E x Marglobe (0.408) and CLN2498E x
Peto 86 ( 0.201).

Significant differences due to specific combining ability effects in all
characters suggested that a major proportion of the variations were controlled
by dominant properties of genes (Griffing, (1956)). The distribution of crosses
in relation to gca effects of parental combinations (h x h, hxa, hx [, [ % h, | x
a,Ixl,axh, axaanda x /) showed that almost all types of sca effects were
obtained from any kind of gca effects and hence performance of hybrids was
independent of parents. Similar results were reported in earlier studies (Bhatt
et al., (2004) ; Thakur et al., (2004) and Hariprasanna et al., (2006)). The
crosses having one parent with high gca effects and other parent with low
gca effects are expected to throw desirable transgressive segregates if the
additive genetic system present in high combiner and complementary
epistatic effects in same direction (Igbal and Khan, (2003) ). Best crosses
involved at least one parent with high gca effects can be used as a selection
criteria for the identification of superior genotypes. Parents with high gca did
not necessarily produced hybrid with high sca (Sharma et al., (1999) ), but
combination of parents with average or low gca usually produced hybrids with
high sca. In our results, the best crosses viz: MNS; x Super Marmande for
plant height , MNSs x Super Marmande for number of branches/plant ,
CLN2498E x Peto 86 for number of fruits /plant , FLA7156 x Super
Marmande and CLN2498D x Super Marmande for total yield / plant had / x
a, | x a, | x aand a x a gca parental combinations respectively. In these
hybrids, non-additive i.e. dominant and epistatic type of gene action was
suggested as reported in potato (Igbal and Khan, (2003)).

Estimates of heterobeltiosis (high-parent heterosis) percent are
presented in Table 4. For plant height , heterosis estimates were positive and
significant or highly significant for the crosses CLN2498D x Marglobe,
MNS;x Marglobe and MNSs x Marglobe with values 20. 62 , 11.16 and 9.69
%, respectively .For number of branches/ plant , seven crosses exhibited
desirable heterobeltiosis with rang of 8.00 to 20.00 % , cross CLN2498D x
Marglobe and MNS, x Marglobe showed minimum and MNS; x Marglobe and
MNSe x Marglobe maximum desirable heterobeltiosis. Nine crosses
manifested significant or highly significant and desirable positive
heterobeltiosis (10.83 to 37.22 %) for number of fruits /plant, hybrid MNS; x
Marglobe displayed minimum heterobeltiosis while CLN2498F x Peto 86
showed maximum heterobeltiosis . For average fruit weight, seven crosses
exhibited desirable heterobeltiosis with range 7.51 to 28.69 %, hybrid CLN
2498E x Peto 86 showed minimum and MNS, x Peto 86 maximum desirable
heterobeltiosis.
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Fourteen crosses manifested significant or highly significant desirable
heterobeltiosis(18.79 to 48.55 %) for total yield/plant , hybrid MNS; x Super
marmande displayed minimum heterobeltiosis, while MNS; x Peto 86 showed
maximum heterobeltiosis. For fruit shape index, three crosses namely MNS;
x Super Marmande \, FLA7156 x Super Marmande and MNSg x Super
Marmande exhibited 33.33, 22.22 and 22.22 % heterobeltiosis, respectively.
Similarly , for flesh thickness, three crosses namely MNSs x Marglobe,
CLN2498D x Marglobe and MNS; x Super Marmande exhibited 25.00 ,
25.00 and 20.00% heterobeltiosis ,respectively . Ten crosses exhibited
desirable heterobeltiosis with range of 6.00 to 23.26% for number of locules /
fruit , cross FLA7156 x Super Marmande showed minimum and MNS; x
Marglobe maximum desirable heterobeltiosis. For T.S.S. , only two crosses
namely MNS; x Peto 86 and CLN2498D x Peto 86, exhibited 6. 00 and 6.
00% heterobeltiosis ,respectively . Three crosses i.e., MNS; x Super
Marmande, FLA7156 x Super Marmande and MNSg x Super Marmande
showed 31.25 , 25.00 and 18.75% respectively desirable heterobeltiosis for
fruit firmness . Three crosses viz., MNS; x Peto 86, CLN2498E x Peto 86 and
CLN2498E x Super Marmande displayed high heterobeltiosis of 48.55, 44.51
and 44.46%, respectively for total yield . These hybrids were emerged from h
x [ and h x a gca parental combination and had higher value of mean
performance and sca effects. Duvick (1999) reported that high degree of
heterosis did not essentially correlate to sca effects, therefore , genotype x
environment interaction might be conducted as suggested by Fox et. al.
(1997) . Keeping in view mean performance , sca effects and heterobeltiosis ,
the hybrids MNS; x Peto 86 , CLN2498E x Peto 86 and CLN2498E x Super
Marmande may be recommended for heterosis breeding after further
evaluation.
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Table 1: Analysis of variance based on mean squares and estimate of genetic components in tomato.

SOV Plant No. of Number of Average Tic:etladl Fruit Flesh No. of
U af height branches/ fruits fruit /);,Jlant shape thickness locules/ ',,/' " Firmness

(cm.) plant Iplant  weight (g.) (Kg.) index (mm.) fruit ¢

Rep. 2 2459 278  13290.19 500329 479 0.06 0.08 338 0.01 3.13
Genotypes 30 38448  43.16 16353.83 23383.35 83.23° 1.15 040 66.13° 0.10 3.48
Parents 9 141853 12.00_ 4538.03  5420.54  12.68° 0.55  0.17 5137 749 0.57
Crosses 20 758.98°  27.437 8940.98 17557.99° 52.63 0.59° 023 13.05 0.06 2.84

Parents x Crosses 1 -1793.04 3737 287482 404.82_ 17.93 001 000 172 -745 007
Lines 6 196.98 10.54° 3113.87° 601041 14.78" 0.10  0.07 505 0.02 049
Testers 2 6441 2.67 72765 93917 3.16 025  0.00 343 0.01 088"

Lines x Testers 12 497597 14.22° 5099.46° 10608.41  34.69 024 0.16 457 003 146
Error 60 23846 3923 2536.82 1312762 3477 096 056 3929 026 3.98
o’ gca -0.09 0.01 0.56 -0.16  -0.01 0.01 -0.01 0.01 -001 0.01
o’ sca 12.50 0.18 12756 221.88 077 001  0.01 -0.09 -0.01 0.1
o’ A -0.18 0.01 1.15 -0.32 0.01 0.01 -0.01 0.01 -0.01 0.01
oD 12.50 0.18 12756 221.88 077 001  0.01 -0.09 -0.01 0.02

(6’Dic*A) 8.24 4.21 10.53 2642 742 158  1.00 255 123 138

h% % 0.29 0.33 0.49 0.44 041 0.68 057 055 022 034

Contribution (%)of lines 25.95 38.43 34.83 3423 2808 1740 2863 3868 3273 17.31

Contribution (%) of testers 8.49 9.72 8.14 5.35 6.00 4172 1282 2627 546 31.17

Contribution (%) of lines x 65.59 51.85 57.04 60.42 6592 40.88 5855 3514 61.82 51.52
testers

* and **  Significant at p= 0.05 and p= 0.01,respectively.
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Table 2: General combining ability effects and mean performance (in parenthesis) of parents for different
parameters in tomato .

Parents Plant No. of . . . Flesh No. of
height branches / Number of Average fruit Total yield Fruit shape

(cm.) plant fruits /plant  weight(g.) /plant (Kg.) index

thickness locules / T'§/;S' Firmness

(mm.) fruit

Lines
FLA7156 -3.640':(41 .0) 0.540°(5.0) -11. 571 '(43.3) -4.686 (65 5) -0. 751"(2 299) 0.005(0.9) 0. 041 (0 6) 0.079(3.7) 0. 022 (5.0) -0.106 "(1.4)
MNSg -1.793 (43.7) -0.238(4.7) 2. 207'(45.3) -12.139 (54.5)-0.476"(2.486)-0.254"(0.9) -0.0597(0.4) -0. 254 (3.3) -0. 022/(5.3) 0.081(1.6)
MNSs '1.207(37.3) 0.651 (4.0) -1.682(25.3) -3.277(46.7) -0. 29Q(1 858) -0.004(1.1) -0.005(0.4) -0. 2547(3.7) -0.011(4.7) -0.068(1.6)
MNS; 0.540(43.0) -0.238(5.0) -3.7937(28.7) 16.492 (44.7) 0.330'(1.887) 0.0737(0.9) 0.039' (0.4) -0.023(3.7) 0.011(5.0) 0.068(1.3)
CLN2498D  1.529(41.7) -0.015(4.3) 0.651(32.0) -0.341(52.1) 0.102(2.109) -0.004(1.3) -0.024 (0.4) 0.023(3.3) O. 022'(5.0) -0.1 1{(1.7)
CLN2498E  1.651(24.0) -0.127(5.3) 0.249(19.7) 12.170 (42.6) 0. 712 (1 513) -0.049(1.1) 0.011(0.5) 0.635 (3.7) -0.011(5.0) 0.116'(1.6)
CLN2498F  0.429(39.7) -0.571'(4.7) 13.762(38.0) -8.225 (60.3) 0.376 (1.481) 0.028(1.2) -0.004(0.5) -0.143(3.3) -0.011(4.7) 0.023(1.4)
Testers
Marglobe 1.222'(41.3) -0.095(5.0) -1. 936(51.7) 4. 8487(83.8) 0. 233'(2 746) -0.072(1.0) 0.007(0.4) 0.286'(4.3) 0.011(5.3) -0.083(1.7)
Peto 86 0.032(52.0) -0.190(6.3) -2.841(58.3) -0.250(73.2) -0. 302'(2.768) -0.009(1.0) -0.008(0.6) -0.001(5.3) -0.008(4.3) -0.085(1.8)
Super -1.253(47.0) 0.286(5.7) 4.7787(53.3) -4.599 (75.2) 0.070(2.688) 0.081(0.8) 0.008(0.5) -0.286'(5.0) -0.003(5.7) 0.167 (1.6)

Marmande
L.S.D at0.05
for
gi lines 0.678 0.164 0.828 1.745 0.098 0.019 0.009 0.061 0.008 0.038
gi-gi lines 1.655 1.077 2.668 4.719 0.815 0.167 0.258 0.380 0.185 0.142
gi testers 0.488 0.110 1.099 0.129 0.088 0.033 0.008 0.112 0.006 0.037
gi-gi testers 0.939 0.404 2.676 3.909 0.265 0.070 0.022 0.304 0.014 0.123

770



J. Plant Production, Mansoura Univ., Vol. 1 (5), May, 2010

771



Ghobary , H. M. M. and K. Y. Ibrahim

Table 3: Specific combining ability effects and mean performance (in parenthesis) of hybrids for different
parameters in tomato .

Hvopri Pl_ant Number of Number of Average fruit Total yield Fruit _Flesh No. of T.8.5.% .
yprids height branches/ fruits /plant  weight(g.) /plant (Kg.) shape thickness locules/ Firmness
(cm.) plant P ght{g. P 9 index (mm.) fruit

FLA7156 x Marglobe  -4.444 (38.7) -0.349'(5.7) -12.9537(25.0) -10.326 (54.1) -1.375 (2.329) 0.031(1.0) -0.014(0.5) -0.174(4.7) 0.0117(5.3) -0.172(1.3)
FLA7156 x Peto 86 -1.588(40.3) 0.079(6.0)  -2.048(35.0) -9.9287(49.8) 0.487 (2.682) -0.082(1.0) 0.011(0.5) 0.111(4.7) -0.003(5.0) -0.104(1.3)
FLA7156 x Super Marmande 6.0327(46.7) 0.270(5.8) 14.999 (59.7) 19.856 (84.9) 1.8617(3.402) 0.051(1.1) 0.005(0.5) 0.064(5.3) -0.008(5.0) 0.2787(2.0)
MNS; x Marglobe -0.445(44.3) 0.7627(6.0) 13.6027(65.3) -2.476(54.5) -0.5837(3.562) -0.013(0.9) 0.039(0.4) 0.159(4.7) -0.011(4.7) -0.033(1.6)
MNS; x Peto 86 4.7457(48.3) -0.8097(4.4) -15.1597(35.7) 3.089'(55.0) -0.5707(2.874) -0.296 ( 0.9) -0.083'(0. 3) 0.444 (5.3) -0.026 (4.3) -0.024(1.6)
MNS; x Super Marmande -4.3027(38.0) 0.048(5.8)  1.555(60.0)  -0.611(46.9) 0.012(2.804) 0.044(1.1)  0.045(0.4) -0.603"(4.0) 0.0367(5.0)  0.057(1.9)
MNSs x Marglobe -2.445'(45.3) -0.127(6.0) -2.509(45.3)  -0.151(65.7) -0.275(2.890) 0.040(1.0) 0.059(0.5) 0.159(4.7) 0.0447(5.3) 0.897 (1.6)
MNS; x Peto 86 0.745(47.4) 0635 (5.8) 4.396(51.3) -7.193 (53.6) -0.290(3.712) -0.016(1.0) -0.036(0.4) 0.111(4.0) -0.0377(4.3) -0.6757(1.4)
MNSs x Super Marmande  -1.698(47.1) -0.5087(5.8) -1.889(52.7) 7.347°(83.9) 0.192(3.194) -0.023(1.1) 0.021(0.5) -0.269(4.3) -0.008(4.7)  0.014(1.7)
MNS; x Marglobe 3.032'(47.8) 0.095(5.4) 11.602 (57.3) -19.670 (66.1) 0.045(3.740) -0.024(1.0) -0.079(0.4) 0.271(5.3) -0.011(5.0) -0.120(1.7)
MNS; x Peto 86 -2.254'(43.8) -0.143(5.9) -12.1597(72.0) 33.6617(94.2) 0.744"(4.112) 1.9147(1.0) -0.007(0.5) -0.111(4.7) 0.0417(5.3) 0.3137(1.3)
MNS;x Super Marmande ~ 1.698(46.4) 0.048(5.7)  0.555(53.0) -13.989 (82.2) -4.4297(3.193) 0.083(1.2) 0.087(0.6) -0.158(4.7) -0.030 (4.7) 0.190'(2.1)
CLN2498D x Marglobe ~ 2.333°(50.3) 0.5397(5.4) 4.1587(54.3) 13.9297(82.8) 0.8547(2.283) 0.039(1.0) 0.061(0.5) -0.396(5.0) -0.0227(5.0)  0.039(1.5)
CLN2498D x Peto 86 -1.810(45.0) -0.033(5.3)  1.730(51.0) -18.206"(45.6) -0.7397(3.411) 0.046(1.0) -0.021(0.4) -0.398'(5.0) 0.0307(5.3) -0.074(1.5)
CLN2498DxSuper Marmande -0.524(35.0) -0.509 (5.3) -5.889(51.0) 4.277'(83.6) -0.117(3.277) 0.882"( 1.0) -0.040(0.4) 0.508"(4.7) 0.003(5.0)  0.111(1.6)
CLN2498E x Marglobe ~ 0.111(38.3) -1.016 (5.3) -3.619(46.3) 0.418(81.7) 0.329(3.675) -0.102(0.8) -0.068(0.4) -0.063(5.0) 0.011(5.0)  0.006(1.7)
CLN2498E x Peto 86 2.301°(49.3) 0.746 (6.0) 5.619(74.7)  2.416(78.7) -0.6117(4.000) 0.042(1.0) 0.071(0.6) -0.111(5.7) -0.003(4.7) -0.241(1.9)
CLN2498ExSuper Marmande -2.413°(43.3) 0.270°(6.2) -2.000(64.7) -2.834(89.1) 0.121(3.883) 0.059(1.1) -0.002(0.5) 0.175(4.7) -0.008(4.7) -0.244 (1.7)
CLN2498F x Marglobe ~ 4.3337(41.3) 0.095(5.9) -10.286 (53.0) 18.280 (79.2) 0.749 (3.925) 0.031(1.0) 0.007(0.5) 0.048(4.7) -0.022°(4.7) 0.408 (1.5)
CLN2498F x Peto 86 -2.143'(43.7) -0.477 (5.4) 17.619(80.0) -4.239(51.7) 0.6297(3.580) 0.098( 1.1) 0.066(0.5) -0.333(4.7) -0.003(4.7)  0.201(1.8)
CLN2498FxSuper Marmande -2.191°(42.4) 0.381'(5.8) -7.3337(62.7) -14.039 (37.4) -1.379(2.289) -0.128 (1.0) -0.073(0.4) 0.286 (5.7) 0.025 (5.0) -0.151(1.7)
L.S.D at 0.05 for
Sij 0.855 0.103 1.616 1.255 0.110 0.040 0.025 0.112 0.003 0.062
Sij-Ski 2.204 0.666 9.014 8.154 0.756 0.091 0.118 0.669 0.047 0.291
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Table 4: Heterobeltiosis percent of hybrids for different parameters in tomato .

Plant No.of Number Average Total . plogh  No. of
. height branches/ o.f fr_u|t yield shape thickness locules/ TS.S. Firmness
Hybrids g fruits/ weight /plant S'2P . %
y 9 P °
(cm.) plant index (mm.) fruit
plant (9.) (Ka.)

FLA7156 x Marglobe -6.30 1400 -5164 -3544_ -1519 0.00 -16.67_ 9.30 _  0.00 -23.53_
FLA7156 x Peto 86 22507 476 -39.97" -31.97° -311 000 -16.67 -11.32° 0.00_ -27.78

FLA7156 x Super Marmande  -0.64 175 1201 1290  26.56_ 2222  -16.67 6.00  -12.28  25.00
MNSs x Marglobe 1.37 20.00  26.31_ -34.96_ 29.72 -10.00_ 0.00 9.30 -11.32_ -5.88_
MNSs x Peto 86 -712_ -30.16 -38.77  -24.86_  3.83 -10.00 -50.00 0.00 -18.87_  -11.11

MNSs x Super Marmande ~ -19.15 175 1257  -37.63_ 432 2222 -2000  -20.00 -12.28 18.75
MNSs x Marglobe 9.69° 2000 -12.387 -21.60 524 -9.09° 2500 930 000  -5.88_

MNS:s x Peto 86 -8.85 -7.94 -12.01 -26.78  34.10_ -9.09 -33.33 -2453 -851_ -22.22

MNSs x Super Marmande 0.21_ 1.75 -1.13 1157 18.82_ 0.00 0.00 -14.00_ -17.54 6.25
MNS+ x Marglobe 11.16 _ 8.00 10.83  -21.12 36.20_  0.00 0.00 2326 -5.66 0.00
MNS; x Peto 86 -15.77 -6.35  23.50 28.69 4855 000 -16.67  -11.32 6.00_ -27.78_
MNS:x Super Marmande ~ -128  0.00 056 931" 1879  33.337 20000  -6.00_ -17.54" 31.25
CLN2498D x Marglobe 2062 800 _ 503 -119 -16.86 -23.08_ 2500  16.28  -5.66 -11.76_

CLN2498D x Peto 86 -1346_ -15.87 -1252 -37.70  23.23 -23.08_ -33.33 -5.66. 6.00_ -16.67

CLN2498D x Super Marmande -25.53 -7.55 -4.32 1117 21.91  -23.08  -20.00 -6.00 -12.28 -5.88

CLN2498E x Marglobe -7.26 0.00 -10.44  -251 33.83_ -27.27 -20.00 16.28 -5.66 0.00

CLN2498E x Peto 86 -5.19 -476 2813 751 4451  -9.09 0.00 755  -6.00_ 5.56
CLN2498E x Super Marmande -7.87 8.77  21.39 18.48 4446 0.00  0.00 -6.00 -17.54_ 6.25

CLN2498F x Marglobe 0.00  18.000 251 -549 4293 -1667 000 930 -11.32" -11.76

CLN2498F x Peto 86 -1596 -14.29 37.22  -2937_  29.36_ -8.33_ -16.67_ -11.32 0.00 _ 0.00

CLN2498F x Super Marmande -9.79 1.75 17.64 -50.27 -1743 -16.67 -20.00 14.00 -12.28 6.25

* and **

Significant at p= 0.05 and p= 0.01,respectively.



