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Taha, Sahar S.
Vegetable Crops Department. Faculty of Agriculture. Cairo University

ABSTRACT

In this study, four tomato hybrids (Sarya, Nematoda, Mereto and Abeza )and
four wild species (L. pimpinellifolium P1344102, L. peruvianum CMV-INRA, L. escu.
PI1174263 and L. escu. var. ceriaciforme PI321749) were used. Hypocotyl and
cotyledon explants were isolated from seedling and cultured on modified MS medium
(Murashige and Skoog ,1962 ),which contained MS salts and B5 vitamins (Gamborg
et al., 1968), 1% (w/v) agar supplemented with kinetin at levels 0.5, 1.0 and 2.0 mg/I.
The highest percentage of callus was produced in cv. Abeza and L.pimpin.P1344102.
The highest number of explants that produced shoots was observed in L. escu.
PI1174263 on MS media with 1.0 and 2.0 mg/l KIN. Maximum total number of shoots
and number of shoots per explant was produced by culturing cotyledon explants of L.
escu. Pl 174263 on MS media with 2.0 mg/l KIN. Tomato seeds ( L. pimpin.
PI1344102, L. peruv. CMV-INRA, L. escu. PI174263 and L. escu. var. ceriaciforme
P1321749) were cultured on MS medium with 2.0 mg/l KIN and supplemented with
different concentrations of sea salt (0.0, 2000, 4000, 6000 and 8000 ppm ). The
germination percentage and plant fresh weight was the highest in L.escu. PI174263.
Tallest plants were produced in L.escu. PI174263 and L.escu. var. ceriaciforme
PI13217. Increasing salinity reduced germination percentage, plant height, leaves
number and plant fresh weight in all genotypes, except in L. Pimpin. were increasing
the salinity upto 4000 ppm increased plant height.

Abbreviations: KIN- kinetin; L.pimpin. - L. pimpinellifolium PI1344102; L.peruv.- L.
peruvianum CMV-INRA; L.escu. PI174263- L. esculentum P1174263
and L. escu. var. ceri.- L. esculentem var. ceriaciforme PI1321749.

Keywords: Tomato, Organogenesis, Regeneration, Explant, Media and Salinity.

INTRODUCTION

Tomato (Lycopersicon esculentum L.) is the second most popular
vegetable crop next to potato in the world. Tomato is mostly grown from
hybrid seeds , which are expensive due to involvement of manual labor
for emasculation and pollination. An efficient tissue culture system may
produce hybrid plantlets at low cost. As tomato is grown world — wide ,
including in marginal and sub marginal lands, a good regeneration system
may aid in genetic engineering techniques to develop genotypes resistant to
various stresses .The majority of research tests few species of tomato for
their ability to produce callus and shoots ( Costa et al., 2000 a, b and
Venkatachalam et al ., 2000 ). Since the genotypes differ markedly in their
response ( Stommel and Sinden ,1991 and El — Farash et al., 1992) it is
important to test a wide range of genotypes to develop a universally
applicable protocol for shoot regeneration in tomato. Among Lycopersicon
species, L. peruv. is considered highly organogenetic and regeneration of
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shoots has already been documented (koornneef et al.,, 1993). Other
genotypes were also described by their ability to from shoots from hypocotyls
in L.pimpin. WV 700 (Faria and 1llg,1996 ), cotyledons in L. escu. cv. UC82B
(Hamza and Chupeau ,1993) , suspension cells in L. escu. cv . VFNT
(Meredith, 1979) and protoplasts in L. escu. cv. Lukullus (Morgan and
Cocking , 1982). The regeneration response of tomato to plant growth
regulators has been observed to be highly genotype — specific, and as such,
the type and concentration suitable for one genotype may not be optimal for
others (Frankenberger et al ., 1981a; Kurtz and Lineberger , 1983 ; Plastira
and Perdikaris , 1997 and Bhatia, 2004 ).

The excess of salt in the soil or in the irrigation water is one of the
biggest problems in agriculture since almost all cultivated plants are sensitive
to it. According to Epstein (1976), salinity is not only a problem in arid and
semi-arid regions, but it also occurs in fertile and productive soils where
overexploitation of water reservoirs, lack of rain, and use of large amounts of
fertilizers caused salt accumulation. Thus, selection of salt tolerant lines is
one of the most important challenges in plant biology. One of the problems
that appears when evaluating tolerance to a complex stress such as salinity,
is the labor intensive process required to screen thousands of plants and the
lack of reliable salt stress marks (Cruz et al., 1990; Saranga et al., 1993 and
Cano et al., 1996). These difficulties have been the cause that, in certain
species such as tomato, few practical results have been obtained from
traditional breeding programs. In vitro plant tissue culture has been proposed
as a useful, quick and economical tool to evaluate salt tolerance. Although a
lack of concordance between growth of callus under salt stress and growth at
the whole plant level has been observed in several species (Tal, 1984;
McCoy, 1987), in plants such as tomato, positive correlations have been
found (Tal et al., 1978; Perez -Alfocea et al., 1994 and Cano et al., 1996).
However, use of in vitro culture presents numerous disadvantages, such as
somaclonal variation, culture medium and explant source effects (Garcia —
Reina et al., 1988) and mainly the lack of the whole plant integrity that
exclude crucial mechanisms of salt resistance like ion exclusion. To avoid
these problems, and as an alternative to the callus growth approach, several
authors have evaluated the in vitro culture of shoot apices or buds under
salinity conditions (Martinez et al., 1996 and Cano et al., 1998). A relatively
high salt tolerance was found in some wild types Lycopersicon species
namly, L.cheesmanii, L.pennelli, L.peruvianum (Saranga et al.,1993).
Compared to cultivated tomato, its wild counterparts such as L.
pimpinellifolium, L. peruvianum and L. glandulosum show better regeneration
capabilities (Lech et al., 1996).

The aim of the present work was to study the factors affecting on
shoot organogenesis of eight tomato genotypes. Thus, selecting the most
appropriate genotype that could use as tolerant rootstock for salinity.
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MATERIALS AND METHODS

This investigation was carried out in the Tissue Culture Laboratory of
the Vegetable Crops Department, Faculty of Agriculture, Cairo University,
Giza, Egypt, during the period from 2007 to 2008
Experiment 1. Effect of genotypes, explants and kinetin concentration

on shoot regeneration response.

In this study four commercial tomato hybrids and four wild tomato
accessions were used (Table, 1). Seeds of all genotypes were surface
sterilized by dipping in 70% ethanol for one min. , followed by immersion in
20% sodium hypochlorite for 15 min., and were rinsed three times with sterile
water .The sterilized seeds were germinated in jars containing solid MS free
hormone media and incubated at 25°C under a 16/8-h light/ dark
photoperiod. One week old seedling was used as source of hypocotyl and
cotyledonary leaves. Both types of explants were isolated and cultured in jars
with modified MS medium, which contained MS salts, 3% (w/v) sucrose, B5
vitamins (Gamborg et al., 1968), 1% (w/v) agar and supplemented with KIN at
different concentration (0.5, 1.0 and 2.0 mg/l) , pH 5.8. The explants were
subcultured weekly on corresponding medium freshly prepared for five
weeks.

Table 1. Tomato genotypes used in this study and their sources.

Genotypes Type Seed supplier

Sarya Hybrid Petoseed Co. Ltd
Nematoda Hybrid Petoseed Co. Ltd
Mereto Hybrid Technogreen Co. Ltd
Abeza Hybrid Technogreen Co. Ltd

L. peruvianum CMV-INRA Wild Dr.H. Laterrot (INRA, France)
L. pimpinellifolium P1344102 Wild The U.S.D.A through Dr.
L. escu. P1174263 Wild Charles Block (Plant

L. escu. var. ceriaciforme P1321749 wild Introductlolnovsvgtlon, Anes,

Acclimatization was achieved by transferring shoots 2 - 2.5 mm in
length to half strength MS medium. After two weeks, the plantlets which
showed a well developed root system were transferred to sterilized
vermiculite in plastic cups and irrigated with 1/4 MS solution. After
acclimatization for three weeks, the plants were grown under green house
conditions.

Experiment 2. Effect of salinity on in vitro growth and shoot
regeneration of tomato seeds.

The effect of sea salts of different concentrations (0, 2000, 4000,
6000 and 8000 ppm ) on growth and shoot regeneration from seeds of the
lyceopersicon wild species (Table, 1) was tested. Sterilized seeds were
cultured in jars containing 30 ml of MS medium with 2.0 mg/l KIN
supplemented with different concentrations of sea salt for five weeks. The
jars of each experiment were incubated at 25°C under a 16/8-h light / dark
photoperiod and were placed in a controlled environment room according to a
completely randomized design, with three replications per treatment. Every
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replicate contained 20 explants, shoot regeneration and callus formation were
observed. Data were subjected to analysis of variance as described by Steel
and Torrie (1960).

RESULTS AND DISCUSSION

Experiment: 1

Two explant types derived from cotyledonary leaf and hypocotyl were
isolated from eight genotypes of tomato (Table 1). Sixty segment from each
type of explants were cultured on MS media supplemented with KIN at
different concentrations. Two weeks after the beginning of the experiment,
white green and friable calli were obtained at the cut end of the cotyledonary
leaf and hypocotyl. One week later shoot developed directly from the explant.
Callus and shoots percentage
Data presented in Table 2 indicates that, regeneration was achieved in all
genotypes, there were differences among cvs. on the percentage of explants
that produced callus and shoots. The highest percentage of callus was
produced in cv. Abeza and L. pimpin. PI344102. While the highest
percentage of shoots was produced in L. escu. PI174263. Direct shoots
formation occurred on MS medium with 1 mg/l KIN, while the highest callus
percentage was accured on MS medium with 0.5 mg/l KIN. Percentages of
explants with calli were high by culturing cotyledon explants, while the
percentage of explants with shoots was high by culturing hypocotyl explants.
The results of three ways interaction (genotype x explants x medium)
revealed that the maximum shoot percentage were formed from cotyledon
and hypocotyl explants on MS medium having 1 mg/l KIN of cvs. Nematoda
and L. escu. P1174263.
Total number of shoots and number of shoots per explant.

Data presented in Table 3 and Fig.1 indicated that higher number of
shoots and number of shoots per explant were produced in genotype L.
escu.P1174263. Insignificant variation was found between different explants.
The medium containing 2.0 mg/l KIN induced higher number of shoots and
number of shoots per explant. The interaction between genotypes and
explants was significantly observed for total number of shoots except in cvs.
Nematoda, L. peruv., L. escu. Pl 174263 and L. escu. var. ceriaciforme.
Insignificant interaction between genotypes and explants for the number of
shoots produced per explant except in cvs. Sarya, Abeza and L. pimpin. A
significant effect of the interaction between genotypes and media was also
observed for total number of shoots for all genotypes under study. The
maximum number of shoots per explant were produced by culturing the
explants in MS medium with 2.0mg/l KIN except in cv. Sarya. The maximum
number of shoots per explant was produced by culturing the explants in MS
medium with 1.0 and 2.0 mg/l KIN. The results of the interaction between
genotypes, explants and media revealed that maximum total number of
shoots and number of shoots per explant was produced by culturing
cotyledon explant of L. escu. Pl 174263 on MS medium with 2.0 mg/l KIN.
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Table 2. Effect of genotypes, explants and kinetin concentrations on
callus and shoot percentage (after five weeks) in tomato.

Callus % Shoots %
05|10 | 20 0.5 1.0 2.0
Genotypes [Explant mg/l | mg/ | mgi Mean mg/l | mg/l | mg Mean
KIN | KIN | KIN KIN | KIN | KIN

Cotyledon  |100.0| 6.12 |72.57|59.62| 0.01 |93.88|27.25| 40.38
Hypocotyl [17.89| 0.00 |27.61]15.17|82.11|100.0|72.64 | 84.92

Sarya Hybrid

Mean 58.94] 3.07 |50.18|37.40| 41.06 | 96.94 | 49.95 | 62.65
Nematoda _ [Cotyledon |46.67| 0.00 | 0.00 |15.56] 53.33 | 100.0 | 100.0 | 84.44
Hybrid Hypocotyl  |39.86] 0.00 |10.53|16.80] 60.14 | 100.0 | 89.47 | 83.20
Mean 43.26] 0.00 | 5.27 |16.18| 56.74 | 100.0 | 94.74 | 83.82
Mereto Cotyledon | 0.00 | 0.00 | 0.00 | 0.00 | 100.0 | 100.0| 100.0 | 100.0
Hybrid Hypocotyl |74.70] 6.94 |26.35(36.00] 25.30 | 93.06 | 73.65 | 64.00
Mean 37.35] 3.48 |13.18]18.00 62.65 | 96.53 | 86.82 | 82.00
Abeza Cotyledon [100.011.66] 0.00 |37.22| 0.01 | 88.34]100.0| 62.78
Hybrid Hypocotyl |100.0]100.0|53.15|84.38] 0.01 | 0.01 |46.85] 15.62
Mean 100.0/55.83]26.58(60.80] 0.01 |44.18 | 73.43| 39.20
L. Cotyledon _|100.0[100.0[92.11]96.37] 0.01 | 0.01 | 7.77 | 2.60
m";ﬁ’érﬂ'l'f(‘)’zl'“ Hypocotyl |12.22| 0.00 | 0.00 | 4.08 | 87.67 | 100.0|100.0 | 92.89
Mean 50.01|46.06|50.72| 43.84 | 50.01 | 53.89 | 49.24

L. peruvianum|Cotyledon 0.00 | 0.00 |27.77| 9.26 |{100.0]100.0|72.22| 90.74
CMV-INRA  |Hypocotyl [10.00|11.67| 0.00 | 7.23 | 90.00 | 88.33| 100.0 | 92.78

Mean 5.84 |13.89| 8.25 | 95.00|94.17|86.11| 91.76
L. escu./Cotyledon  |84.44| 0.00 | 0.00 |28.15| 15.55|100.0|100.0 | 71.85
P1174263 Hypocotyl 0.00 | 0.00 | 0.00 | 0.00 {100.0]100.0]/100.0| 100.0
Mean 0.00 | 0.00 |14.08|57.78100.0|100.0 | 85.93

L. escu. var.Cotyledon |37.50]10.00|18.78|22.09|62.57|90.00|81.22| 77.93

ggrl";fl's‘;ormep' Hypocotyl |34.44|13.34(15.00|20.93| 65.56 | 86.67 | 85.00 | 79.07

Mean 35.97[11.67]16.89|21.51| 64.06 | 88.33 | 83.11 | 78.50
Cotyledon  |58.58|15.98|26.43|33.66| 41.44 | 84.03 | 73.56 | 66.34

Explant Hypocotyl  |36.14]16.50]16.58]23.07| 63.85 | 83.51 | 83.45 | 76.94
General mean 47.36(16.24(21.51]....... 52.64|83.77|7851]| .......
L.S.D at 0.05 for

Genotype 4.12 4.24

Explant 2.06 2.12

Medium 2.53 2.60

Genotype x Explant. 5.83 5.99

Genotype x Medium 7.14 7.34

Explant x Medium 3.57 3.67

Genotype X Explant x Medium. 10.09 10.38
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Table 3. Effect of genotypes, explants and kinetin concentrations on
total number of shoots and number of shoots per explant
(after five weeks) in tomato.

Total no. of No. of shoots per
shoots explant
Genotypes  |[Explant 05 | 1.0 | 2.0 |[Mean| 05 1.0 2.0 | Mean
mg/l | mg/l | mg/l mg/l | mg/l | mgl/l
KIN | KIN | KIN KIN | KIN | KIN

Cotyledon 0.01 |87.67|30.33|39.34| 0.01 | 4.67 | 4.67 | 3.11
Hypocotyl [63.00(80.00|74.67|72.56| 3.67 | 4.00 | 5.33 | 4.33

Sarya Hybrid

Mean 31.50(83.83|52.50|55.95| 1.84 | 4.33 | 5.00 | 3.72
Nematoda  [Cotyledon |20.67|46.67|113.3]60.22] 2.00 | 2.33 | 5.67 | 3.33
Hybrid Hypocotyl  |22.00|53.33]95.67|57.00] 2.00 | 2.67 | 5.33 | 3.33
Mean 21.33[50.00[104.5|58.61| 2.00 | 2.50 | 5.50 | 3.33
Mereto Cotyledon  |60.00]80.00[100.0[80.00] 3.00 | 4.00 | 5.00 | 4.00
Hybrid Hypocotyl | 8.67 |68.67|73.33|50.22| 2.00 | 3.67 | 4.67 | 3.44
Mean 34.33|74.33[86.67|65.11| 2.50 | 3.83 | 4.83 | 3.72
Abeza Cotyledon | 0.01 |61.33]106.7|56.00] 0.01 | 3.67 | 5.33 | 3.00
Hybrid Hypocotyl | 0.01 | 0.01 [24.67| 8.23 | 0.01 | 0.01 | 2.67 | 0.90
Mean 0.01 [30.67(65.67|32.12| 0.01 | 1.84 | 4.00 | 1.95
L Cotyledon | 0.01 | 0.01 [27.00] 9.01 | 0.01 | 0.01 | 1.67 | 0.56

f’;”;ﬁ’gﬂ'l'f(‘;z"“ Hypocotyl |41.33|86.67(120.0(82.67| 2.33 | 4.33 | 6.00 | 4.22
Mean 20.67|43.34|73.50|45.84] 1.72 | 2.17 | 3.83 | 2.39
L. peruvianum/Cotyledon |73.33|100.0| 96.0 {89.78| 4.00 | 5.00 | 6.67 | 5.22
CMV-INRA  |Hypocotyl |31.33]64.67|140.0|78.67] 3.00 | 3.67 | 7.00 | 4.56

Mean 52.33|82.33|118.0|84.22| 3.50 | 4.33 | 6.83 | 4.89
L. escu./Cotyledon  |13.00/106.7|160.0{93.22| 4.33 | 5.33 | 8.00 | 5.89
P1174263 Hypocotyl  |73.33|100.0/140.0|/104.4| 3.67 | 5.00 | 7.00 | 5.22
Mean 43.17]103.3|150.0/98.83| 4.00 | 5.17 | 7.50 | 5.56

L. escu. var.|Cotyledon |50.67|66.00{96.33|71.00| 4.00 | 4.67 | 6.00 | 4.89

ceriaciformePI
321749 Hypocotyl 56.33(81.00(102.3(79.89| 4.33 | 4.67 | 6.00 | 5.00

Mean 53.50(73.50(99.33|75.44| 4.17 | 4.66 | 6.00 | 4.94
Cotyledon  |27.21|68.54|91.21(62.32| 2.17 | 3.71 | 5.38 | 3.75

Explant Hypocotyl |37.00[66.79]96.33[66.71] 2.63 | 3.50 | 3.50 | 3.87
General mean 32.11|67.67|93.77] ...... 240 | 351 | 544 | ......
L.S.D at 0.05

Genotype 9.66 0.57

Explant 4.83 0.29

Medium 5.92 0.35

Genotype x Explant. 13.67 0.81

Genotype x Medium 16.74 0.99

Explant x Medium 8.36 0.49

Genotype X Explant x Medium. 23.67 1.40
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(Feg.1l) Regeneration shoots developed from explant at various
concentration of ki (A: 0.5 mg/l ki ; B:1.0 mg/l ki.; C: 2.0 mg/l
ki)

Plant height and number of leaves per plant.

Data presented in Table 4 indicates that, longer shoots were
produced in cvs. Mereto and Nematoda. Maximum number of leaves per
plant were produced in cvs. Sarya, Abeza and L. escu. Pl 174263. significant
differences between the explants in plant height, culturing hypocotyl explants
produced maximum number of leaves per plant. The medium containing 2.0
mg/l KIN induced longer shoots and maximum number of leaves per plant. A
significant effect was observed for the interaction between genotype and
explant on plant height in cvs. Sarya, Nematoda, Abeza, L. Pimpin. and L.
escu. var ceraciforna, concerning number of leaves per plant, insignificant
differences were observed between cvs. Nematoda, Mereto and L. escu. Var
ceraciforna .Concerning the interaction between genotypes and media, for all
genotypes, the highest plants were produced by using MS medium with 2.0
mg/l KIN except in L. escu. Pl 174263 and L. esc. var. ceraciforna.
Concerning the number of leaves per plant, insignificant interaction effect was
found between cvs. L. peruv., L. escu. Pl 174263 and L. escu. var
ceraciforna. The results of three-way interaction (genotype x explants x
medium ) revealed that the longest plants were produced by culturing
cotyledon explants of cv. Sarya on MS media with 2.0 mg/l KIN and
Nematoda on MS with 0.5 KIN.

In general, hypocotyl and cotyledon as a source of explant, L. escu.
Pl 174263 as a variety and MS containing 2.0 mg/l KIN as a culture medium
were more effective for the regeneration.
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Genotypic variation was observed for all the characteristics studied.
Genotypes that exhibited the highest regeneration frequencies did not
necessarily produce the highest number of shoots. The low regeneration
percentages coupled with limited shoot proliferation reflect the recalcitrant
nature of some genotypes to in vitro culture. The regeneration was achieved
in all genotypes (Table, 2), there were differences among cvs. in the
percentage of explants that produced callus and shoots. The highest
percentage of callus was produced in cv. Abeza and L. pimpin. PI1344102.
While the highest percentage of shoots was produced in L. escu. PI1174263..
Results of this study are in line with those reported by Gorbatenko (1990),
who found that some genotypes of tomato produced callus and shoots easily,
whereas others produced roots readily. Compared to cultivated tomato, its
wild counterparts such as L. pimpin., L. peruv. and L. glandulosum show
better regeneration capabilities (Lech et al., 1996). Leaf explants of L. peruv.
demonstrated higher morphogenic potential than L. escu., while the
response of another wild relative of tomato Solanum pennellii varied with the
type of medium used (Tal et al., 1977). Lech et al. (1996) found that L.
peruv. not only showed better morphogenic potential, but it also responded
quickly (2 weeks earlier) compared to L. esculentum (Lech et al., 1996).
Protoplast cultures of various Lycopersicon spp. show similarity in their
response to intact explants. Muhlbach (1980) attempted to regenerate
protoplasts derived from the leaves of wild L. peruv. and cultivated tomato L.
esculentum,and found that under the same conditions, L. peruv. regenerated
successfully but not the L. escu. in L. hirsutum, not all the genotypes show
high regeneration capacity. Shoot morphogenic response in L. hirsutum
extends from the exceptional, with numerous shoots produced by some
genotypes, to the recalcitrant, with no shoots being produced by the others
(Stommel and Sinden, 1991). The effect of plant genotype on in vitro culture
of tomato plants was also reported by Tal et al., (1977) and Padmanabhan et
al. (1974).

Most genotypes of tomato respond uniquely to plant growth
regulators (PGR) during regeneration (Kurtz and Lineberger, 1983).
Variations in quantity and type of PGRs influence both the percentage of
explants responding, and the number of shoots produced by an explant
(Plastira and Perdikaris, 1997). These differences are heritable and may be
governed by
both cytoplasmic and nuclear genes, as illustrated in the reciprocal hybrids
developed by Ohki et al. (1978). Genotypic differences can be seen for the
requirements of PGR and the type of explant. Frankenberger et al. (1981a, b)
showed genotypic influences on regeneration. Davis et al. (1994) reported
that the genotype ‘Better Boy' regenerated only from hypocotyl, whereas
‘Spring Giant’ regenerated from both hypocotyl and cotyledonary explants.

The high organogenetic competence of L. peruvianum and L.
chilense was reported earlier (Kut and Evans, 1982). The occurrence of L.
hirsutum accessions ranging from very recalcitrant (Kut and Evans, 1982;
Stommel and Sinden, 1991) to highly organogenetic competent (Stommel
and Sinden, 1991) have been reported. Competence in L. peruv., Koornneef
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et al. (1987) found that this character was associated with two major
dominant genes (named Rg-1 and Rg-2). The Rg-1 gene is sufficient for
shoot initiation in cultured roots. the best response was observed for L.
chilense and L. peruv. as compared with L. hirsutum and L. escu. ( Lazaro et
al., 2001)

The results of three ways interaction (genotype Xx explants x
medium) revealed that the maximum shoots percentages were formed from
cotyledon and hypocotyl explants (Table, 2). Earlier studies reported that the
use of cotyledon explants of tomato as the most sutible explant source for
shoots (Davis, et al.,, 1994; Ye et al.,, 1994; Hamza and chupeau, 1993;
Plastira and Perdikaris 1997 and Costa et al., 2000a) and callus
(Pongtongkam et al.,1993). In other studies, hypocotyl was used for direct
shoot production (Davis et al., 1994; Plastira and Perdikaris 1997; Zelcer et
al., 1984; Gunay and Rao 1980; Chen et al., 1999; Venkatachalam et al.,
2000) .The type of explants used not only determines the proportion of
explants, which show organogenesis, but also the number of shoots
produced per explant. Duzyaman et al. (1994) found that the degree of shoot
regeneration was in the order of leaveszcotyledons=hypocotyls, and all
genotypes responded similarly. Plastira and Perdikaris (1997) reported that
differential regeneration frequency of various explants in the order of
hypocotyl>cotyledon>leaf. Preferential regeneration was also demonstrated
findings, Schutze and Wieczorrek (1987) reported in vitro shoot production
from cotyledon explants was better than that from hypocotyl explants. Most
tissues of tomato seem to have high totipotency; however the choice of the
right explant may vary with the genotype. The specific 61-kd protein was
found only in cotyledons, this protein might play an important role in the
morphogenesis of tomato organs (Shan et al., 2004)

In the present investigation, maximum callus and shoot induction was
observed on MS salts and B5 vitamin. Maximum callus was observed on MS
media with 0.5 mg /I KIN , as well as the maximum shoot induction was
produced on MS media with 1.0 mg/l or 2.0 mg /I KIN (Tables 2, 3 and 4). B5
vitamins along with MS basal media were successfully used by Selvi and
Khadar (1993). Four major cytokinins (Zeatin, 2ip, BA and KIN can be used
either separately or in combination with auxins for organogenesis in tomato
(Poonam et al., 2005). Santana and Ramirez (1989); Pongtongkam et al.
(1993) Chandel and Katiyarz (2000); Ramiah and Rajappan (1996) and
Chandra et al . (1995) used KIN (0.1 — 2.0 mg/l) to induce adventitious shoot
from tomato explant.

In the present study, shoots formed roots on MS media free
hormone. Nguyen et al. (1992) studied the steroid glycosides for their PGR-
like properties on tomato tissue culture, and found that optimum PGR for
tomato is genotypic dependent, however plus treatment of PGR in general is
not found to be beneficial for rooting. Tomato contains high levels of
endogenous phytohormones and thus it does not require higher
concentrations of auxins for rooting (Mensuali-Sodi et al., 1995).

4769



Taha, Sahar S.

Table 4. Effect of genotypes, explants and kinetin concentrations on
plant height and number of leaves per plant (after five
weeks) in tomato.

Plant height(cm) No. of leaves per plant

05| 10 | 20 0.5 1.0 2.0
Genotypes Explants ma/l | mg/l | mg/ Mean ma/l | mg/l | mg/l Mean

KIN | KIN | KIN KIN | KIN | KIN

Cotyledon 0.01 | 3.00 | 5.66 | 2.89 | 0.01 | 2.33 | 3.00 1.78
Hypocotyl 3.00 | 3.33 | 3.67 | 3.33 | 233 | 233 | 2.33 2.33
Mean 151 | 3.17 | 467 | 3.11 | 1.17 | 2.33 | 2.66 2.06
Cotyledon 4.67 | 233 | 467 | 3.89 | 1.67 | 1.67 | 2.33 1.89
Hypocotyl 2.00 | 3.00 | 433 | 311 | 1.67 | 1.67 | 2.33 1.89

Sarya Hybrid

Nematoda Hybrid

Mean 3.33 | 267 | 450 | 350 | 1.67 | 1.67 | 2.33 1.89
Mereto Cotyledon | 4.00 | 3.00 | 433 | 3.78 | 1.67 | 1.67 | 2.00 | 1.78
Hybrid Hypocotyl 3.33 | 3.33 | 3.67 | 344 | 1.67 | 1.00 | 2.00 1.56
Mean 3.67 | 3.17 | 400 | 3.61 | 1.67 | 1.33 | 2.00 | 1.67
IAbeza Cotyledon 0.01 | 433 | 533|323 | 001 | 1.67 | 2.33 1.34
Hybrid Hypocotyl 0.01 | 0.01 | 3.67 | 1.23 | 0.01 | 0.01 | 2.67 | 0.90
Mean 0.01 | 217 | 450 | 2.23 | 0.01 | 0.84 | 250 | 1.12
L. pimpinellifolium/Cotyledon 0.01 | 0.01 | 367 | 1.23 | 0.01 | 0.01 | 1.33 | 0.45
P1344102 Hypocotyl 2.33 | 267 | 333 | 278 | 1.67 | 233 | 1.33 | 1.78
Mean 1.72 1 1.38 | 350 | 200 | 0.84 | 1.17 | 1.33 1.11
L. peruvianum|Cotyledon 3.33 | 3.33 | 400 | 356 | 1.67 | 0.01 | 1.33 | 1.00
CMV-INRA Hypocotyl | 3.33 [ 3.00 | 3.00 [ 3.11 | 233 | 1.33 | 167 | 1.78
Mean 3.33 | 317 | 350 | 3.33 | 2.00 | 0.67 | 1.50 | 1.39

Cotyledon | 3.00 | 2.00 | 2.33 | 2.44 | 2.00 | 1.67 | 2.00 | 1.89
L. escu. PIL742631 50 ooyl | 2.67 | 2.33 | 2.00 | 2.33 | 2.00 | 2.00 | 2.00 | 2.00
Mean 2.83 | 2.17 | 2.17 | 2.39 | 2.00 | 1.83 | 2.00 | 1.94
L. escu. var.|Cotyledon 333 | 133|167 | 211 | 2.00 | 1.67 | 1.67 1.78

ceriaciforme
PI1321749 Hypocotyl 2.00 | 1.67 | 1.33 | 1.67 | 1.00 1.67 2.00 1.56

Mean 2.67 | 150 | 1.50 | 1.89 | 1.50 | 1.67 | 1.83 1.67
Cotyledon 2.30 | 242 | 3.96 | 2.89 | 1.30 | 1,34 | 2.00 1.49

Explant Hypocotyl | 2.34 | 2.42 | 3.13 | 2.63 | 1.59 | 1.54 | 2.04 | 1.72
General mean 232 | 242 | 354 | ...... 1.36 1.44 2.02 | .......
L.S.D at 0.05

Genotype 0.48 0.39

Explant 0.24 0.19

Medium 0.29 0.24

Genotype x Explant. 0.68 0.55

Genotype x Medium 0.83 0.68

Explant x Medium 0.42 0.34

Genotype X Explant x Medium. 1.18 0.96

Experiment 2:

In the present study four tomato wild genotypes (Table, 1) were
subjected to gradual increase in sea salt concentrations (0.0, 2000, 4000,
6000 and 8000 ppm ) for 30 days in order to test salinity tolerance in tomato.

In general increasing levels of salinity in the germination media
progressively decreased germination percentage, plant height, root length,
leaves number and plant fresh weight (Table, 5).

The main differences among cvs. were found in these parameters.
The germination percentage and plant fresh weight was the highest in L.escu.
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PI1174263. Tallest plants were produced in L.escu. Pl 174263 and L.escu.
var ceriaciforme PI3217. Longest roots were found in L. Pimpin. and L. peruv.
There were insignificant differences among cvs. in leaves number.
Concerning the interaction effect between the salinity level and
genotypes, increasing the salinity reduced germination percentage, plant
height, leaves number and plant fresh weight in all genotypes, except in L.
Pimpin. increase the salinity up to 4000 ppm increased plant height.
Furthermore, data of root length indicated that, the initial in salinity levels
decreased the root length, while the successive increasing in salinity
increased root length in L. Pimpin. at 4000 and 8000 ppm, in cv. L. escu. PI
174263 at 2000 ppm and in L. escu. var. ceriaciforme PI3217 at 6000 ppm.

Table 5. Effect of salinity levels on germination percentage, plant
height, root length, leaves number and plant fresh weight
(after five weeks) in wild tomato.

Genotypes Z%Ig:'ty Germ(i)/nation PAZ?éht Root length| Leaves \/\Z?gnr:t
() (cm) number
(ppm.) (cm) (gm)
Zero 100.00 14.00 7.33 4.67 0.63
L. 2000 100.00 12.67 7.00 4.33 0.65
pimpinellifolium4000 80.00 15.33 9.00 4.33 0.45
P1344102 6000 73.33 6.00 7.00 3.33 0.15
8000 56.67 4.67 8.67 2.67 0.04
Mean 82.00 10.53 7.80 3.87 0.38
Zero 100.00 12.33 8.00 6.00 0.48
L peruvianum2000 100.00 11.67 7.00 5.67 0.42
CMV-INRA 4000 93.33 11.33 7.67 3.33 0.25
6000 63.33 7.00 7.00 3.00 0.15
8000 50.00 7.00 6.33 2.00 0.13
Mean 81.33 9.87 7.20 4.00 0.28
Zero 100.00 15.67 7.00 4.67 2.10
L escu_2000 100.00 15.00 8.67 4.67 2.38
P1174263 4000 100.00 13.67 7.67 3.67 0.84
6000 90.00 9.67 4.33 3.67 0.47
8000 80.00 8.00 5.00 3.00 0.44
Mean 94.00 12.40 6.93 3.93 1.25
Zero 100.00 19.67 5.00 6.33 0.79
L. escu. var2000 100.00 19.33 5.00 6.00 1.05
ceriaciformePI3 4000 76.67 12.33 5.00 4.00 0.33
21749 6000 70.00 8.33 6.00 3.67 0.41
8000 50.00 4.33 2.67 2.00 0.12
Mean 79.33 12.80 4.73 4.40 0.54
Zero 100.00 15.42 6.83 5.42 1.00
2000 100.00 14.67 6.50 5.17 1.13
Salinity means 4000 87.50 13.17 7.58 3.83 0.46
6000 74.17 7.75 6.92 3.42 0.29
8000 59.17 6.00 5.50 2.42 0.18
L.S.D at 0.05 for[cvs. 3.64 1.24 .0.92 0.83 0.41
salinity 4.07 1.39 1.03 0.93 0.46
cvs. X g3 2.28 2.07 1.85 0.93
salinity
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Increasing the salinity reduced germination percentage, plant height,
leaves number and plant fresh weight in all genotypes, except in L. Pimpin.
where increasing the salinity to 4000ppm increased plant height.
Furthermore, data of root length indicated that, the initial in salinity levels
decreased the root length, while the successive increasing in salinity
increased root length in L. Pimpin. at 4000 and 8000 ppm , in cv. L. escu. PI
174263 at 2000 ppm and in L. escu. var ceriaciforme PI3217 at 6000 ppm
(Table, 5). For several plant species grown in vivo, including tomato, leaf
growth has been more sensitive to salinity than root growth ( Salim, 1989
Perez- Alfocea et al.,, 1994). Root growth has been found to be more
adversely affected than leaf growth by an increasing supply of NaCl (Mills,
1989; Bourgeais and Guerrier, 1992; Sweby et al., 1994). Similar results were
obtained in this work: although both root and leaf growth were inhibited by
slat, the effects were more pronounced on root growth mainly in L. escu..
Higher salt tolerance has been reported in wild tomato species, including the
accessions used in this work, than in cultivated tomato. In this work, higher
salt tolerance was noticed in L. pimin. as compared to L. escu. this was
clearly shown for plant height, leaves number and root length at the salinity
level of 4000 ppm sea slates(Table, 6). Thus, on the basis of reduction of
plant FW with increasing salinity, the salt tolerance of L .escu. was higher
than that of L .pimpin. and L. peruv. It may be concluded that root growth
and plant height are good characteristics for evaluating salt tolerance of
tomato species through in vitro culture.
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