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Abstract: Combining ability and heterosis studies were performed for in vivo and in vitro traits
in a diallel cross involving seven tomato breeding lines. Mean squares of genotypes, parents
and resuled twenty one hybrid combinations were found to be highly significant for all in vivo
and in vitro studied traits. Mean square estimates of parent vs. crosses were found to be highly
significant for all studied traits except plant heigh, early yield, callus induction and callus fresh
weight. Both general (GCA) and specific combining ability (SCA) variances were found to be
highly significant for all in vivo and in vitro studied traits. The GCA/SCA ratios were found to be
less than unity for number of cluster per plant, earliness of flower, callus induction, callus fresh
weight and callus dry weight. The line (P3) was considered to be good general combiner for all
traits except fruit weigh, early yield, T.S.S and callus induction. The correlation coefficient was
positive and highly significant between in vitro and in vivo characters. Information generated
from this study can be useful for selecting parents and hybrids to maximize the yield and its
components in tomato.

Key words: Tomato (Solanum lycopersicum.), diallel cross, heterosis, combining ability, in vivo
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INTRODUCTION

Tomato (Solanum lycopersicum.) is one
of the most important vegetable crops in the
world. It is considered as the second vege-
table crop in the world after potato (Bhatia et
al., 2004 and Foolad, 2004). It belongs to
family Solanaceae (2n=2x=24). The species
originated in the South American Andes and
it is used as a food originated in Mexico, and
spread throughout the world following the
Spanish colonization of the Americas. To-
mato is a rich source of vitamin A, C and
minerals like Ca, P and Fe (Dhaliwal et al.,
2003).

Diallel crosses have been widely used in
genetic research to investigate the inher-
itance of important traits among a set of
genotypes. These were devised, specifically,
to investigate the combining ability of the
parental lines for the purpose of identifica-
tion the superior parents for use in tomato
hybrid breeding programs. Analysis of diallel

data is usually conducted according to the
methods of Griffing (1956) which partition
the total variation of diallel data into GCA of
the parents and SCA of the crosses (Yan
and Hunt, 2002).

Various breeding techniques have been
advocated considering the breeding behav-
iour of crop species. Out of these hybrids
breeding is prominent and used in the im-
provement of vegetable crops. Heterosis in
tomato was the first observetion by Hedrick
and Booth (1968) for higher yield and num-
ber of fruits per plant. Choudhary et al.
(1965) emphasized the extensive utilization
of heterosis to step up tomato production.
Heterosis manifestation in tomato is in the
form of the greater vigour, faster growth and
development, earliness in maturity, in-
creased productivity (Yordanov, 1983). So a
speedy improvement can be brought about
by exploiting heterosis for various yield con-
tributing traits as well as earliness.
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Biotechnology offers several valuable
techniques such as cell, anther and tissue
culture which develop the breeding methods
to improve the genetic characters including
drought tolerance in the economical crops.
Tissue culture generates a wide range of
genetic variation in plant species, which can
be incorporated in plant breeding programs.
By in vitro selection, mutants with useful ag-
ronomic traits, i.e., salt or drought tolerance
or disease resistance can be isolated in a
short duration. However, the successful use
of somaclonal variation is very much de-
pendent on its genetic stability in the subse-
quent generations (Mercado et al., 2000, El-
Aref, 2002). To achieve remarkable gains in
the biotechnology of tomato using embryo
culture, combining abilities for in vitro and in
Vivo traits are necessary.

The main objectives of the present study
were to (1) Evaluate the general perfor-
mance of the parental lines and their hy-
brids, (2) Estimate GCA and SCA effects as
well as heterosis for some in vivo and in
vitro traits, (3) Determine the relationship
between in vivo and in vitro studied traits
and (4) ldentify the best lines which can be
used in tomato breeding programs.

MATERIALS AND METHODS

Field Experiments

This study was carried out in three sea-
sons during the years of 2011, 2012 and
2013 at private farm, Ashmoun, Minoufiya,
Egypt. Seven imported tomato genotypes
(Fruhe lieba, Budai torpe, Imune, Chresten-
sen edeirot, Kanadische zwergtomate
(Mendel), IC 6504 pl, and Fakel ) were
grown to obtain their true-selfed seeds and
crossed to establish the experimental mate-
rials for this investigation. These materials
were provided from Australian Tropical
Grains Germplasm Collection and Center for
Genetic Resources the Netherlands (CGN)
by Dr. khaled. F. salem, Genetic Engineer-
ing and Biotechnology Research Institute
GEBRI, (Table 1).

In the first season the flowers were selfed
to give true selfed seeds. At the suitable rip-

ening stage tomato fruits were harvested
and extracted their seeds by hand macera-
tion, washed, cleaned and air dried to be
used in crossing programme to dveloped the
required genetic material. By the end sea-
son new seeds were obtained for seven
selfed parental cultivar. The second season
hybridiztion and selfing among the seven
parental were carried out, in a diallel cross
system in one direction at the proper stage
of flower-bud development to obtain enough
seeds of all possible combinations (21 hy-
brids )and new enough seeds of the seven
selfed-parental lines. The third season the
seven parents and twenty one F; hybrids
(7+21=28) were evaluated under open field
conditions. In the three experimental sea-
sons the seeds were sown in January and
the seedlings were transplanted in March.
The experiment was arranged in a random-
ized complete blocks design (RCBD), with
three replicates. The experimental plot con-
sisted of three rows, five meters long with
one meter wide and 50 cm within row. Data
were recorded on an individual plant basis
for the parents and their F1 crosses. At ma-
turity, five guarded plants were selected at
random for subsequent measurements as
following: Plant height (cm), number of all
branches per plant, number of cluster per
plant, fruit weigh (gm), total soluble solids
(T.S.S), number of fruits per plant, early
yield and total yield per plant (kg).

Tissue culture experiments

This experiment carried out in tissue cul-
ture lab, Genetic Engineering and Biotech-
nology Research Institute (GEBRI), Sadat
City University, Sadat City, Egypt.

Surface sterilization

Seeds of tomato lines were washed with
continuously running tap water for 15 min.
Under laminar flow cabinet, seeds were dis-
infected with 20% of Clorex (Sodium hypo-
chlorite 5.25%) for 15 min. and then rinsed
three times with sterile distilled water. After
surface sterilization, the seeds were inocu-
lated on MS Murashige & Skoog (1962) me-
dium and incubated at 25°C.
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Table (1): Details of the seven tomato g_]enotypes.

Accession name Mark Accession Origin Growth habit
number
Fruhe lieba P1 CGN14436 37 Germany Indeterminate
Budai torpe P2 09 H56 01704 Hungary Determinate
Imune P3 09 H56 01325 Italy Indeterminate
Chrestensen edeirot P4 09 H56 01711 Germany(DDR) [ Determinate
Kanadische zwergtomate P5 09 H56 01316 Canada Determinate
IC 6504 p1 P6 312201 Australia Determinate
Fakel P7 09 H56 01728 SUN Indeterminate

Media preparation and callus in-

duction

One media protocol with 3 replications for
each genotype was used in this study. The
basal medium contained the inorganic salts
of Murashige and Skoog (1962) supple-
mented with 1.5 mg/L 2,4-D, 30 g/L sucrose
and 7 g/L agar to study the callogenic re-
sponse in tomato explant. The cultures were
incubated at 28 + 2 °C under 16 h light and 8
h dark. The callus induction was measured
as the percentage of seeds that produced
callus according to Lee et al. (2009). Data
were recorded for the following callus char-
acteristics according to (Hunt, 1978):

Callus formation percentage was recorded
as: Numver of callused seeds X 100

- Total Kuraaer of cultured seeds

Also, Callus fresh weight (CFW) and cal-
lus dry weight (CDW) (gm) were recorded.

Statistical analysis

Better-parent heterosis (BPH) for each
trait of individual cross was expressed as
the percentage increase of F; performance
above the better-parent (BP) performance.
Heterosis over the better-parent % was es-
timated as follows:
BpHy=F—1—BP

BP

<100

Where: F; - mean value of the first genera-
tion and BP = mean value of the better-
parent.

General (GCA) and specific combining
ability (SCA) analysis were computed ac-
cording to Griffing (1956) designated as
Method 2, Model 1.

Simple phenotypic correlation coefficients
between in vivo and in vitro traits were cal-
culated according to (Zar, 1999).

RESULTS AND DISCUSSION

The genotypes mean performances for
all studied traits are presented in Table 2.

For Plant height trait, the parent P7 re-
vealed the highest mean value (155) fol-
lowed by the parents P3 (143) sinse they
have indeterminate. On the contarary, P4
recorded the lowest mean value (26). For
hybrids, the highest mean value for plant
height was obtained with P1 x P3 (166.67).
The presented results about number of
branches and clusters per plant reflected
that the parent P3 has the highest mean
values (21.67 and 34.67) for the two traits
respectively. The cross P1 x P6 gave the
highest mean values with 50 clusters and
21.67 branches per plant which did not sig-
nificantly differ about 22.00 for P3 x P4. In
the case of fruit weight, the parent P6 rec-
orded the highest mean value (91.17gm).
The hybrids P4 x P6 and P5 x P6 recorded
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the highest mean values without significant
differences (70.00 and 69.00) respectively.
For number of fruits per plant, among par-
ents, P3 scored the highest mean value
(72.00), while P4 scored the lowest mean
value (11.67). For hybrids, the cross P1 x P3
gave the highest mean value (92.00). In the
case of early yield, the parent P1 showed
the highest mean value (0.67kg), while the
lowest mean value was (0.05 kg) for P2. The
cross P5 x P6 gave the highest mean value
(0.56kg) followed by P4 x P6 which gave
(0.55kg). Regarding Total yield, the parent
P5 recorded the highest mean value
(2.03kg), while the parent P4 recorded the
lowest mean value (0.55kg). Among hybrids,
P1 x P6 recorded the highest mean value
(3.17kg) without significantly difference from
P1 x P2 that recorded (3.16kg). Meanwhile,
P2 x P6 recorded the lowest mean value
(1.51). With regard to total soluble solid
(T.S.S), the parent P7 showed the highest
mean value (5.70), while the lowest mean
value (3.70) was for P3. Meanwhile, the
cross P2 x P4 gave the highest mean value
(5.93), While P5 x P7 recorded the lowest
mean value (3.67).

For callus induction, callus fresh weight
and dry weight, among parents, P1 scored
the highest mean value for callus induction

(85), callus fresh weight (2.92) and callus
dry weight (0.33) meanwhile the lowest
mean value for callus induction (45), callus
fresh weight (0.23) and callus dry weight
(0.05) scored by P6. On the other hand, the
cross P3 x P4 recorded the highest means
value for callus induction (86.67), callus
fresh weight (2.84) and callus dry weight
(0.77). Whereas, the lowest mean value was
revealed by the cross P4 x P7 for callus in-
duction (4.33), callus fresh weight (0.67) and
callus dry weight (0.01).

1. Heterosis

Useful heterosis, expressed as the per-
centage deviations of the 21 F; hybrids
mean performance over their respective bet-
ter—parents (desirable) for each studied
traits in vivo and in vitro are presented in
Table (3). In general, the obtained results
clearly indicat that a particular hybrid was
not able to show heterosis effects for all
studied traits. The heterosis effects were
observed in all studied traits but the degree
of heterosis showed variations from trait to
trait. High positive values of heterosis would
be of interest in most traits under investiga-
tion except for earliness of flowering sinse
the negative values would be useful for the
tomato breeder's point of view.

Table (2): Mean performances for in vivo and in vitro traits of parental genotypes.

In vivo In vitro
Parents Plant No.ofall No.of Fruit No.of Early Total Callus Callus Callus
height branches clusters weight fruits per yield yield T.S.S|induction fresh dry
per plant / plant plant % weight weight
P1 121.67 19.00 20.00 42.33 46.67 0.67 1.98 5.07| 8500 292 0.33
P2 7400 11.33 16.33 55.33 29.67 0.05 1.64 497 | 4833 0.62 0.07
P3 143.33 21.67 34.67 26.83 72.00 0.26 1.93 3.70 | 70.00 1.81 0.11
P4 26.00 9.33 13.33 47.00 11.67 0.39 0.55 4.10| 66.67 0.79 0.07
P5 50.00 12.00 20.67 50.33 40.33 0.15 2.03 397| 76.67 1.18 0.05
P6 36.33 10.00 23.00 91.17 14.00 0.38 1.28 3.80| 4500 0.23 0.04
P7 155.00 18.33 30.33 38.33 3167 0.13 1.22 570 | 83.33 2.37 0.18
L.S.D.at 0.05 14.14 3.60 5.14 1.60 5.33 0.39 0.37 0.24| 19.67 0.60 0.19
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Table (2): Continues, Mean performances for in vivo and in vitro traits of crosses geno-

type .
In vivo In vitro
Plant  No.of No.of Fruit No.of Early Total T.S.S| Callus Callus Callus
Crosess height branche cluster weight fruits yield yield induoctio fre_sh d_ry
sper sper per n%  weight weight
plant plant plant

P1x P2 92.67 17.33 3500 51.00 62.00 0.35 3.16 4.07 | 53.33 0.76 0.07
P3 166.67 20.67 36.33 31.17 92.00 0.39 287 490 | 53.33 088 0.04

P4 93.33 16.00 20.33 40.00 46.67 0.48 187 473 | 60.00 0.87 0.05

P5 116.00 17.00 33.00 50.33 48.33 0.23 243 5.87 | 40.00 1.55 0.39

P6 135.00 21.67 50.00 61.33 51.67 0.14 3.17 453 | 53.33 1.72 0.08

P7 131.67 16.67 35.33 39.67 47.00 041 187 5.00 | 66.67 2.74 0.23

P2 x P3 105.00 17.67 48.00 4150 60.00 0.20 249 3.83 | 66.67 2.23 0.26
P4 96.67 16.33 23.33 56.67 37.33 0.26 2.12 593 | 66.67 0.77 0.04

P5 99.00 15.67 23.67 61.73 29.33 0.22 181 567 | 60.00 211 0.20

P6 81.67 1433 20.67 68.67 22,00 041 151 503 | 7333 231 0.24

P7 120.00 17.33 30.67 39.67 45.00 0.33 1.79 457 | 66.67 1.30 0.31

P3 x P4 141.67 22.00 39.33 39.67 55.67 042 221 4.87 | 86.67 2.84 0.77
P5 93.33 17.67 28.00 39.00 67.33 0.26 2.63 4.97 | 46.67 2.32 0.17

P6 114.67 18.67 31.67 51.33 4433 0.24 228 4.03| 73.33 1.81 0.19

P7 95.00 17.33 27.33 4233 52.00 0.20 221 4.00| 73.33 1.20 0.10

P4 x P5 60.67 10.00 22.33 50.67 37.33 0.43 190 4.30 | 56.67 1.13  0.05
P6 3433 10.00 25.67 70.00 32.33 055 227 4.07| 80.00 1.15 0.12

P7 71.67 12.67 24.00 51.17 38.00 052 1.68 390 | 4.33 0.67 0.01

P5 x P6 28.00 9.00 19.00 69.00 31.67 0.56 2.18 397 | 60.00 1.66 0.27
P7 70.67 10.67 3567 65.67 3833 0.16 252 3.67 | 66.67 1.22 0.03

P6 x p7 41.00 10.00 16.50 65.17 32.00 0.33 2.09 4.03| 60.00 0.37 0.03
LSO 2152 208 643 280 286 001 037 019| 2715 079 017
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For plant height, three hybrids showed
significant positive desirable heterosis,
which ranged from 21.33% for the hybrid P4
X P5 to 33.78% for the hybrid P2 x P5.

Regarding number of branches per plant,
four hybrids exhibited high and positive het-
erosis over better parents which ranged
from 14.05% to 44.13% for the hybrids of P1
x P6 and P2 x P4 respectively. For number
of cluster per plant, eleven hybrids showed
significant desirable heterosis which ranged
from 8.04% to 117.39% for the hybrids of P4
x P5 and P1 x P6, respectively. Concerning
fruit weigh, four hybrids showed significant
positive desirable heterosis which ranged
from 8.87% to 30.47% for the hybrids of P4
x P7 and P5 x P7, respectively. The hybrid
P4 x P6 gave the highest level of heterosis
percentage for number of fruits per plant
130.93% and for total yield 77.34%. As for
early yield, seven hybrid combinations had
significant positive desirable, which ranged
from 6.67% to 153.85% for the hybrids P5 x
P7 and P2 x P7, respectively. With regard to
total soluble solids (T.S.S), eight crosses
showed significant desirable heterosis which
ranged from 1.20% to 25.18% for the hy-
brids P2 x P6 and P3 x P5, respectively. On
the other hand, the hybrid P2 x P5 showed
relatively distinguishable level for earliness
of flowering, number of branches/plant, plant
height and early yield .

For callus induction, the hybrid P2 x P6
only exhibited highly significant positive het-
erotic effects with 51.73%. For callus fresh
weight, eight crosses showed significantly
desirable heterosis which ranged from
0.18% to 272.58% for P3 x P6 and P2 x P6,
respectively. Concerning callus dry weight,
ten crosses showed significantly desirable
heterosis which ranged from 21.88% to
327.78% for the hybrid P1 x P5 and P2 x
P7, respectively. Similar results were ob-
tained by Devi et al., (1994), Kurian et al.,
(2001), Joshi and Thakur (2003), Rai et al.
(2003), Premalakshme et al. (2006), Abdel-
Hady (2006), Etedali et al.,(2012), Chatto-
padhyay et al.,, (2012) and Yadav et al.,
(2014). For most studied traits.

2- Combining ability
Both general (GCA) and specific (SCA)
combining ability variances were found to be

highly significant for all in vivo and in vitro
studied traits. The GCA/SCA ratios for num-
ber of cluster per plant, earliness of flower-
ing, callus induction, callus fresh weight and
callus dry weight traits were less than uni-
ty,which indicated that the non-additive gene
actions had a greater importance in the in-
heritance of in vivo and in vitro traits. For
number of branches per plant, plant height,
fruit weigh, T.S.S, early yield, total yield and
number of fruits per plant the GCA/SCA was
found more than unity, which indicating that
additive gene action had a greater im-
portance in the inheritance of this traits. For
in vivo traits, similar results were obtained
by Dhaliwal et al., (2004), Duhan et al.,
(2005), Abdel-Hady (2006), Premalakshme
et al., (2006), Hannan et al., (2007), Saleem
et al., (2009), and Singh et al., (2010).

2. a. General combining ability
(GCA)

Estimates of the GCA effects of the pa-
rental line in each trait are presented in Ta-
ble 4. High positive GCA effects would be of
interest in most traits under investigation
except for earliness of flowering and plant
height as the negative values would be use-
ful for the tomato breeder's.

Significant positive GCA effects were
found for all other studied traits. Based on
GCA estimates, it could be concluded that
the best combiners for plant height,were P1,
P3 and P7; for number of branches and
clusters per plant, were P2, P3 and P4; for
fruit weigh, were P2, P5 and P6; for number
of fruits per plant were P1 and P3; for early
yield were P1, P4 and P6; for total yield,
were P1, P3 and P5; with regard to total sol-
uble solid (T.S.S) were P1 and P2 which
registered significant highest positive GCA
effects. Proving to be good combiners for
these traits. Generally, the parental toma-
toes lines P3 was considered to be good
general combiner for most in vivo studied
characters for improving tomato breeding
program. The results are in accordance with
Dhaliwal et al., (2004), Duhan et al., (2005),
Mirshamsi et al., (2006), Premalakshme et
al., (2006), Hannan et al., (2007), Saleem et
al.,, (2009), Sekhar et al., (2010), Singh et
al.,, (2010) and Kumar et al., (2013). In re-
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spect of in vitro traits, significant positive
GCA effects were found for all studied traits.
Based on GCA estimates, it could be con-
cluded that the best combiners for callus
induction was only P4, for callus fresh
weight were P1, P3 and P5, for callus dry
weight were P1, P2, P3 and P4 showed a
significant positive GCA effects. Generally,

the parental tomato line P1, P3 and P4 were
considered to be good general combiner for
most in vitro studied characters for improv-
ing tomato breeding programs. The results
are in accordance for in vitro traits with
those of Kurian et al., (2001), Abdel-Hady et
al.,, (2004). Abdel-Hady (2006) and Etedali
et al., (2012).

Table (4): Estimates of general combining ability effects of tomato genotypes for in vivo

and in vitro traits.

Parents Plant No. of No. of Earliness Fruit No. of
height branches  cluster per  of flower weigh fruits per

per plant plant plant

P1 79.08** -0.10 -4.89%* 2.11* -17.47* 31.16*
P2 0.52 3.02** 6.22** 3.33* 6.44** -10.84**
P3 87.19** 6.35%* 8.89** -2.67** -37.31** 55.94**
P4 -63.70** 3.24** 4.44** 0.22 -2.81** -25.62**
P5 -57.92** -3.98** -9.22** -0.11 8.83** -4.84**
P6 -78.03** -7.65%* -5.44** -1.44** 52.41* -35.17**
P7 32.86** -0.87 0.00 -1.44** -10.09** -10.62**

L.S.D. at 0.05 8.09 0.99 243 0.63 1.00 2.09

*and ** significant at the P <0 .05 and the P <0.01 levels of probability, respectively.

Table (4): cont.

Parents Early Total T.S.S
yield(kg)  vyield(kg)

Callus Callus Callus dry
induction % fresh weight

weight(gm) (gm)

P1 0.24** 0.95** 0.96** 1.11 0.43* 0.07*
P2 -0.25** -0.11 0.89** 0.01 -0.38* 0.07*
P3 -0.12** 0.69** -0.78** -6.67 1.01** 0.10**
P4 0.28** -1.11% -0.12** 14.44* -0.95** 0.09**
P5 -0.15** 0.35** 0.01 -8.89 0.16 -0.19**
P6 0.13** -0.14 -1.03** -4.44 -0.80** -0.05
P7 -0.13** -0.63* 0.07 4.44 0.52** -0.09*
L.S.D. at 0.08 9.89 0.06
0.05 0.07 0.14 0.33

*and ** significant at the P <0 .05 and the P <0.01 levels of probability, respectively
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2. b. Specific combining ability
(SCA)

Specific combining ability effects for F;
the new genetic combinations in each trait
are presented in Table 5. For plant height,
twelve hybrids showed significant positive
SCA effect. The three hybrid combinations,
P2 x P4, P2 x P5 and P4 x P5 showed sig-
nificant positive useful heterosis Table 3,
these crosses could be of practical im-
portance in a breeding program. As for
number of branches per plant, eight hybrid
combinations were exhibited highly signifi-
cant positive SCA effects. Six of eight hy-
brids P1 X P3, P1 x P4, P1 x P5, P1 x P6,
P3 x P4 and P3 x P5 showed significant
positive useful heterosis (Table 3). As for
number of clusters per plant, eight hybrids
P1 x P3, P1 x P5, P1 x P6, P1 x P7, P2 x
P3, P3 x P4, P3 x P6 and P5 x P7 showed
highly significant positive SCA effects and
useful heterosis except the hybrid P3 x P6.
Moreover the three tomato genotype P2, P3
and P4 proved to be good combiners for
number of cluster per plant. For fruit weight,
nine studied hybrids combinations exhibited
highly significant desirable SCA effects. Also
four of twelve hybrids P2 x P4, P3 x P7, P4
x P7 and P5 x P7 showed a significant posi-
tive useful heterosis (Table 3). Seven of
twelve hybrids showed significant positive
useful heterosis (Table 3). For number of
fruits per plant, eleven hybrid combinations
exhibited highly significant desirable SCA
effects, the seven hybrids P1 x P2, P1 x P3,
P1 x P6, P2 x P4, P2 x P7, P4 x P6 and P4
x P7 exhibited highly significant positive use-
ful heterosis (Table 3). Concerning early
yield, five studied hybrids combinations ex-
hibited highly significant desirable SCA ef-
fects and useful heterosis except the hybrid
P2 x P6. With regard to total yield, eleven
studied hybrids combinations exhibited high-
ly significant desirable SCA effects and use-
ful heterosis. With regard to total soluble
solid (T.S.S), nine of twenty one crosses
showed highly significant desirable SCA ef-
fects. As for callus induction percentage, five
crosses exhibited significant desirable SCA
effects. Also, one of these superior crosses

exhibited useful heterosis Table 3. For callus
fresh weight, nine crosses showed signifi-
cant desirable SCA effects, while seven of
these nine superior crosses exhibited useful
heterosis (Table 3). Concerning callus dry
weight, four of twenty one hybrid combina-
tions studied showed significant positive
SCA effects and exhibited useful heterosis
(Table 3). These hybrid combinations could
be of practical importance in a breeding pro-
gram.

In general, the hybrid P3 x P4 could be
considered as the most superior cross in its
SCA effects for all in vivo and in vitro traits
under study, indicating that these genetic
materials could be useful in tomato breeding
programs. This finding was also found by
Kurian et al.,, (2001), Prata et al., (2003),
Dhaliwal et al., (2004), Duhan et al., (2005),
Abdel-Hady (2006), Mirshamsi et al., (2006),
Premalakshme et al., (2006), Hannan et al.,
(2007), Ahmad et al., (2009), Saleem et al.,
(2009), Sekhar et al., (2010), Singh et al.,
(2010), Etedali et al (2012) and Kumar et al
(2013).

3. Correlation between in vitro and

in vivo characters.

Phenotypic correlations estimates be-
tween in vitro and in vivo traits are present-
ed in Table (6). The obtained data reveal
that, phenotypic correlation was positive and
highly significant between in vitro and in vivo
characters. These indicate that the tissue
culture technique might be valuable for pre-
dicting the combining ability. Our results are
in agreement with those obtained by El-
Shouny et al (1999), Abdel-Hady et al.
(2004) and Abdel-Hady (2006)

In conclusion, this study indicated that
the in vitro traits are very effective for predic-
tion of heterosis. Results recorded in this
study may be contributed to the develop-
ment of an effective method to select com-
ponents for heterosis and combining ability
of quantitative traits in tomato breeding pro-
gram.
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Table (6): Correlation coefficients between in vivo traits and in vitro traits.

No. of No. of Earli- Fruit NO'. of
Plant : fruits
. branches cluster ness of Weigh
height per plant per plant flower (gm) per
plant
Callus induction 0.180 0.215 0.062 0.131 -0.152 -0.022
Callus fresh weight  0.534** 0.544** 0.376* 0.018 -0.358** 0.233
Callus dry weight 0.320* 0.304* 0.188 0.023 -0.224* 0.066
Table (6): Cont.
Callus Callus
yod  yeld 7SS inguoton O fresh
weight weight
Callus induction -0.224 -0.158 0.010 1
Callus fresh weight -0.250 0.084 0.339 0.564** 1
Callus dry weight -0.016 -0.005 0.277* 0.253 0.495** 1

*and ** significant at the P <0 .05 and the P <0.01 levels of probability, respectively.
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Table (3): Percentage of heterosis of the 21 F1 hybrids over their better-parents for each trait.

Plant No. of No. of Fruit No. of Early Total Callus Callus  Callus dry
Crosess height branches clusters  weight fruits per vyield yield TSS induction fresh weight
per plant per plant plant % weight
P1x P2 -23.84* 877  75.00**  -7.83**  32.85** -47.26** 59.60** -19.72**  -37.25** -67.39**  -77.08**
P3 16.28 -4.63** 4.80 -26.37*%*  27.78* -41.79** 44.95*  -3.35** -37.25** -62.21**  -87.50**
P4 -23.29*  -15.79** 1.65 -14.89** 0.00 -28.36** -5.56** -6.71* -29.41* -62.50**  -84.38**
P5 -4.66 -10.53**  59.65** 0.00 3.56  -65.67** 19.70* 15.77* = -52.94** -33.05** 21.88**
P6 10.96 14.05** 117.39** -32.73* 10.71** -79.10** 60.10** -10.65**  -37.25** -25.86**  -76.04**
P7 -15.05  -12.26** 16.50**  -6.29** 0.71  -38.81** -556** -12.28** -21.57 -7.86** -29.17**
P2 x P3 -26.74*  -18.47*  38.45** -25.00** -16.67** -23.08** 29.02** -22.94** -4.76 23.39**  136.36**
P4 30.63*  44.13**  42.87** 2.42 25.83* -33.33* 29.27** 19.31** 0.01 -2.53** -47.62**
P5 33.78**  30.58**  14.50**  11.57* -27.27** 46.67** -10.83** 14.08** -21.74 79.10*  185.71**
P6 10.36 26.47*  -10.14** -24.68* -25.83*  7.89 -9.76**  1.20* 51.73** 272.58**  242.86**
P7 -22.58*  -5.46** 112 -28.31**  42.09** 153.85** 9.15*  -19.82** -20.00 -51.31**  327.78**
P3x P4 -1.16 1.52 13.44*  -15.60** -22.69**  7.69 14.51* 18.78** 4.76 56.72**  184.85**
P5 -34.88** -18.46**  -19.24* -2251*  -6.48* 0.00 29.56** 25.18**  -39.13** 27.99** 51.52**
P6 -20.00  -13.84**  -8.66** -43.69** -38.43** -36.84** 18.13** 6.05** 23.81 0.18** 72.73**
P7 -38.71** -20.03* -21.16*  10.44* -27.78* -23.08** 14.51* -29.82** -12.00 -59.71**  -42.59**
P4 x P5 21.33* -16.67**  8.04** 0.67 -7.44*  10.26* -6.40**  4.88** -26.09* -3.13** -23.81**
P6 -5.50 0.01 11.61**  -23.22** 130.95** 44.74** 77.34* -0.73** 19.99 45.15** 45.83**
P7 -53.76** -30.88** -20.87**  8.87**  20.03** 33.33** 37.70** -31.58*  -94.80** -77.55**  -92.98**
P5 x P6 -44.00%* -25.00%*  -17.39** -24.11* -21.48* 47.37* 7.39** 0.00 -21.74 40.68*  446.67**
P7 -54.41*%*  -41.79**  17.60**  30.47** -4.95**  6.67* 24.14** -35.67** -20.00 -59.03**  -81.48**
P6 x P7 -73.55**  -45.44**  -4560* -28.52** 1.05 -13.16* 63.28** -29.29**  -28.00* -87.65**  -81.48**
L.S.D.at0.05 20.18 2.52 5.96 2.50 5.21 0.19 0.36 0.19 24.78 0.73 0.17
L.S.D.at0.01 26.89 3.36 7.94 3.33 6.94 0.25 0.47 0.25 33.02 0.97 0.23

*and ** significant at the P <0 .05 and the P <0.01 levels of probability, respectively
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Table (5): Estimates of the specific combining ability effects for in vivo and in vitro traits.

Plant  No.of  No. of Earl(l)r]:ess Fruit No. of Early  Total Callus ?fensl:]s C(ajllrlus
crosess height branches clusters : weight  fruits per  yield yield T.S.S induction . ry
flowering o weight  weight
(cm) per plant per plant (day) (gm) plant (kg) (kg) Yo (gm) (gm)
P1x P2 -79.64**  -3.47* 5.89 -2.69**  10.07** 35.36** 0.09 2.45**  -3.29** -19.58 -2.28**  -0.48**
P3 55.69** 9.64** 14.33** -8.69** -5.69** 58.58** 0.06 0.79**  0.89**  -40.69**  -3.31**  -0.44**
P4 -13.42  2.86** -20.00* -0.58 -13.69** 4.14 -0.05  -0.40* -0.28* 2.64 -1.15**  -0.22*
P5 48.81** 9.53**  14.22** -3.25**  5.68* -11.64* -0.38** -0.19* 3.00* -61.81** -0.43 0.64**
P6 125.92** 16.75** 59.78**  7.08*  -4.91* 28.69** -0.94** 2.53** 0.04 -30.69* 1.02** -0.24
P7 5.03 0.97 20.67** -10.92** -7.41** -9.86** 0.15 -0.89**  0.34** 12.64 2.98** 0.04
P2 x P3 -50.75**  -2.69* 46.67**  7.08** 1.40 4.58 -0.01 0.71*  -2.24** 5.97 1.56** 0.15
P4 75.14* 0,53 -13.67** -1.81* 12.40** 18.14* -0.22* 1.39*  3.39* 29.31* -0.64 -0.33**
P5 76.36** 2.19 -16.44**  -1.47 15.97%* -26.64** 0.08 -1.00*%*  2.47** 4.86 2.05** 0.01
P6 44 47+ -8.58** -30.89** 2.86** -6.82** -18.31* 0.36** -1.41** 1.60** 28.19* 3.60** 0.18
P7 48.58*  -0.36 4.00 -0.14  -31.32** 26.14**  0.39** -0.07  -0.90** 19.31 -0.52 1.60**
P3 x P4 123.47** 20.64** 38.78** -4.81**  5.14* 6.36* 0.13 0.88**  1.87*  36.97**  4.17* 0.65**
P5 -27.31*  11.31* 1.00 7.53**  -8.49**  20.58** 0.08 0.66**  2.05**  -56.25*  1.27** 0.04
P6 56.81**  7.53** 6.56* 2.86** -15.08** -18.08** -0.25* 0.10 0.30** 54.86** 0.72 0.17
P7 -113.08** 2.75** -1.56 -0.14  20.42** -19.64** -0.14 0.39  -0.92* 18.19 -2.22*  -0.26**
P4 x P5 25.58* -4.47* -2.33  -10.36** -7.99**  12.14** 0.18 0.27 -0.62** -2.92 -0.09 -0.11
P6 -33.31* -11.25%*  2.22 -3.03*  6.42* 2747  0.26* 1.88* -0.29** 58.19* 0.91* 0.14
P7 -32.19** -4.03** 211 -12.03** 12.42** 19.92**  0.44* 0.60** -1.89** -178.47** -3.63** -0.38**
P5 x P6 -58.08** -10.58** -21.56** 0.31 -8.21** 4.69 0.73* 0.16 -0.71** -6.25 1.11* 0.45*
P7 -40.97* -6.36** 33.33**  3.31**  44.20* 0.14 -0.21*  1.65* -2.71* 17.08 -1.31*  -0.44**
P6 x p7 -109.86** -15.14** -30.11**  4.64** -0.80 11.47* 0.03 0.86**  -0.57** -11.81 -2.90**  -0.38**
L.S.D.at0.05 22.19 2.72 6.68 1.73 2.75 5.73 0.20 0.39 0.21 27.11 0.80 0.19
L.S.D.at0.01 29.61 3.62 8.91 231 3.66 7.64 0.27 0.52 0.28 36.18 1.07 0.25

*and ** significant at the P <0 .05 and the P <0.01 levels of probability, respectively
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