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ABSTRACT
This experiment assessed the in vitro response
of hypocotyl explants of tomato variety (KC-1)
to salinity stress. Hypocotyl explants were taken
from in vitro grown 12 days old seedlings used as
explants in this experiment. The different portions of
hypocotyl explants from in vitro grown seedlings and
inoculated on Murashige and Skoog media fortified
with 1.5 mg/L 6-Benzylaminopurine, 0.2 mg/L 1-
Naphthaleneacetic acid and different concentrations
of NaCl salt. It was observed that the morphology
of the cultured hypocotyl was significantly different
(p<0.05) from the salt and control culture media.
Moreover, the results revealed that in hypocotyl
explants, the different portions exhibited different
responses to the salinity. The top portion of
hypocotyl explants produced micro shoots directly,
while the bottom portion of hypocotyl explants
formed callus from the cultured explants. Four
weeks after the establishment of culture, the fresh
weight and callus colour was recorded, and it was
compared with the salt-free media, which showed
a significant difference in each portion of explant.
When the salinity concentration increased, there was
a significant decline in the in vitro response up to
4 weeks of culture. The top portion of hypocotyl
produced shoots from the 35 mM salt media but
with distinct necrotic patches. The fresh weight of
callus was higher in the 15 mM salt media than in
the control media and tended to produce shoots
after transferring into a salt-free media.

Keywords: Hypocotyl explant, In vitro propa-
gation, Salinity stress. .

INTRODUCTION

Tomato belongs to the family Solanaceae, and it is com-
mercially cultivated as an important vegetable crop. It is
a rich source of minerals like iron, phosphorus, vitamins
A and C, and dietary fibres. It contains lycopene and
beta-carotene pigments and is also cholesterol-free (Rao
and Agarwal, 2000). It can be preserved in products like
sauce, ketchup, chutney, soup and paste etc. Also, it is
known as productive as well as protective food. Plant
regeneration of tomato has been successfully achieved
from different explant sources and incorporating dif-
ferent plant growth regulators into the media. Previ-
ous works confirmed that the hypocotyl explant could
be used as a successful explant source to obtain callus
(Chaudhry et al., 2004; 2010; Osman et al., 2010) and

direct shoots (Abu-El-Heba et al., 2008; Rashid and Bal,
2010) for plant regeneration. Further, Shiyamala (2017)
observed shoot regeneration from cultured hypocotyl
segments of tomato in the Murashige and Skoog (MS)
media incorporated with 1.5 mg/L 6-Benzylaminopurine
(BAP) and 0.2 mg/L 1-Naphthaleneacetic acid (NAA).

Salinity is the most important abiotic factor that lim-
its crop productivity by affecting the growth of plants
(Bray et al., 2000). Salt stress impacts different pro-
cesses of plant growth such as germination, dry weight of
shoot and root and reduction of water potential (Parida
and Das, 2005; de la Peña and Hughes, 2007). Salin-
ity alters plant morphology, physiology and biochemistry
of plant processes and ultimately reduces the yield and
productivity of crops (Zhang et al., 2004; Amini and
Ehsanpour, 2006; Aazami et al., 2010). Selection of
salt-tolerant variants by using different screening tech-
niques recorded to be difficult and time-consuming. in
vitro, culture techniques are currently used for screening
different salt-tolerant varieties as those cultivated plants
perform their capacity to withstand the stress at differ-
ent stages of the development process (Tewary et al.,
2000; Zaki et al., 2016). Therefore, this study was exe-
cuted to develop tomato (Lycopersicon esculentum) cell
lines for salt tolerance by the influence of NaCl through
the organogenesis of tomato.

METHODOLOGY

This experiment was conducted to study the effect of
NaCl salt on in vitro shoot regeneration of tomatoes
at the Tissue Culture Laboratory, the Eastern Univer-
sity of Sri Lanka, in 2017. This experiment was laid
out in complete randomized design—mature seeds of
tomato cv. The KC-1 was obtained from the Horti-
cultural Crops Research and Development Institute, De-
partment of Agriculture, Gannoruwa, Sri Lanka and used
as a source of explants throughout this experiment. Sur-
face sterilization of tomato seeds was done by spraying
with 70% ethanol for 3 min followed by 5.23% sodium
hypochlorite (CloroxTM) at 20% (v/v) with two drops
of Tween-20 for 20 min. Then seeds were subjected
to wash with sterilized distilled water four times until
removing the chemicals. Seeds were then kept in a ster-
ilized Whatman no 1 paper for germination. in vitro 12
days old seedlings were used to excise the hypocotyl ex-
plants for the regeneration process. MS media (1962)
fortified with different concentrations of plant growth
regulators, 30 g/L of sucrose and 0.8% w/v agar was
used, and the pH of the media was adjusted at 5.8. Me-
dia containing culture vessels were then autoclaved at 15
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Figure 1: Shoot formation from the hypocotyl (near to cotyledonary node portions) explants cultured on different
media (a) Control media (0 mM NaCl) after two weeks of culture (b) 15 mM media after three weeks of culture

psi at 121 ◦C temperature for 20 minutes. Four different
NaCl solutions viz., 15 mM, 25 mM, 35 mM and 45 mM
with control (0 mM), were prepared. The hypocotyl (1.0
cm long) explants were excised in three different por-
tions, such as top portion (near to cotyledonary node),
a middle portion and bottom portion (near to root base)
from in vitro germinated seeds under aseptic conditions.
They were then inoculated horizontally, half embedded
in MS media fortified with 1.5 mg/L BAP and 0.2 mg/1
NAA containing different concentrations of NaCl (0, 15,
25, 35 and 45 mM) for the shoot regeneration from
hypocotyl explants. The cultured explants containing
culture vessels were incubated at 25 ± 0.5 ◦C, under
fluorescent light for 16 hours photoperiod with a light
intensity of 2000 lux, and 70% humidity was maintained.

After four weeks of culture in different concentrations of
NaCl, characteristics such as the colour of callus, fresh
weights of callus and morphology of callus were recorded.
The growth response of callus on media with NaCl as
compared to the control media. After four weeks, pro-
liferated callus from different media was collected, and
fresh callus weight (FCW) was determined. The growth
and survival rates of the salt-tolerant cell line of tomato
hypocotyl explants were determined. Under the differ-
ent concentrations of salinity media, the survival rates
of explants were observed, and data were collected. The
collected data were subjected to analysis of variance
(ANOVA) using the general linear model procedure of
SAS ver9.1.3 statistical package. The mean compar-
isons between treatments were tested using Tukey’s HSD
(honestly significant difference) test at a 5% significant
level.

RESULTS AND DISCUSSION

After four weeks of culture, the in vitro response of
hypocotyl explants cultured on salinity stressed media
was taken. The results revealed that salinity stress
caused a significant decrease in the cultured explants of
tomato (KC-1). After four weeks of culture, some top

portions of hypocotyl explants produced micro shoots
directly on the edge of the hypocotyls while the bot-
tom portion of hypocotyl explants produced green calli
on the surface of the cultured explants. Moreover, when
the NaCl concentration in the media increased, the shoot
formation was reduced in the top portion of hypocotyl,
while the callus formation was also decreased in the bot-
tom portion of hypocotyl explants. These results agreed
with the findings of Mercado et al. (2000), who no-
ticed suppressed shoot regeneration in the presence of
NaCl in the media. Moreover, Mercado et al. (2000)
and Aazami et al. (2010) found that increasing salin-
ity leads to a decline in callus growth in tomatoes when
selecting lines for salinity tolerance. Also, salinity cre-
ates potential water gradient, dehydrated cells, reduced
callus fresh weight (Al-Khayri, 2002; Lokhande et al.,
2010), and declining callus growth rate (Ashraf and Ah-
mad, 2000; Ehsanpour and Fatahian, 2003; Lutts et al.,
2004). As NaCl levels increased in the media, it was
observed that the survival rate of callus decreased.

In general, the cell growth rate was declined with all
NaCl treatments. At 0 mM NaCl (non-stressed media)
concentration, the explants produced micro shoots than
in the other media (Figure 1a). There was a signifi-
cant influence on callus morphology with different con-
centrations of NaCl compared with the control (0 mM
NaCl). When the concentration of NaCl increased more
than 35 mM, a small cluster of cells survived on the cul-
ture media, and subsequently, callus masses appeared
necrotic. Comparatively, salt-tolerant callus was green-
ish and more compact without necrotic signs. Gupta et
al. (2014) observed the callus development with NaCl
and compact calli of yellowish-green colour obtained
from cultured Stevia leaves. In the 45 mM salinity me-
dia, friable callus was turned from white, green to yellow,
then brown after three weeks of culture. When the cul-
tures were subjected to higher NaCl levels, toxicity symp-
toms appeared as reduced size, marginal necrosis, and
reduced fresh weight of explant and ultimately explant
necrosis. Badawy et al. (2008) also observed a reduction
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Table 1: Effect of salt stress on the fresh weight of hypocotyl explants after four weeks of culture

Salt treatments (mM) Fresh weight of callus (mg)
0 (Control) 198.34 ± 3.0 a,b

15 261.94 ± 5.0 a

25 177.59 ± 2.7 a,b

35 169.91 ± 3.4 a,b

45 151.45 ± 4.8 b

Results based on the availability of surviving explants cul-
tured in the media. Values represent means ± standard
error of the replicates. Means followed by the same let-
ter in each row are not significantly different according to
Tukey’s HSD test at 5% significant level.

Table 2: Effect of different NaCl levels (0-45 mM) on callus morphology of tomato (KC-1) at four weeks of culture

Salt treatments Hypocotyl portions Morphological responses
0 mM (control) Top Shooty callus formation with a different number of shoots and hairy

roots. The number of shoots was high
Middle Shooty friable callus formation
Bottom Hardy thick and off white with yellowish granular compact callus for-

mation
15 mM Top Direct shoot regeneration with a distinct number of shoots

Middle Shooty callus formation
Bottom Greenish-yellow friable callus formation

25 mM Top Direct shoot regeneration.
Middle Shooty callus induction
Bottom Greenish yellow, friable callus formation

35 mM Top Direct shoot regeneration
Middle Shooty callus formation
Bottom Greenish with brown patches nodular callus formation

45 mM Top Friable callus formation
Middle Friable callus formation
Bottom Greenish with brown patches, friable callus formation

of callus growth with necrosis symptoms in NaCl incor-
porated media of cultured sugarcane. Change in callus
colour from brown to black at higher salt concentrations
may cause in vitro proliferated cells to death. This sug-
gested that the KC-1 cultivar could tolerate NaCl con-
centration up to 35 mM by culturing the hypocotyls as
an explant source until four weeks of culture.

The fresh weight of the cultured hypocotyl explants sig-
nificantly differed (p<0.05) between salt-stressed and
control media (Table 1). When increasing salinity con-
centration from 0 (control) to 45 mM, the fresh weight
of hypocotyl explants decreased, and the highest reduc-
tion was observed in high salinity level (45 mM). Also,
results revealed that salinity causes a significant effect
on the fresh weight of the explants. In this experiment,
salinity has significantly affected the in vitro regener-
ation of the tomato (KC-1). Non-salinized callus had
the greater fresh weight except with 15 mM cultured
explants. Callus growth was stimulated in the tomato
cell lines for the lower levels of salt treatment and only
reduced at the highest level of salinity stress. This is
the osmotic effect of salinity. Similar results in the re-
duction of fresh callus weight were found at the high
level of salinity stress, which agrees with FAO (2017)

and disagreement with Rao and Agarwal (2000), who
observed a positive response callus growth in high saline
media. These results agree with a study by El-Meleigy
et al. (2004), who observed a decrease in callus weight
with increasing NaCl. Further, growth parameters such
as fresh callus weight and shoot induction may be re-
duced due to less water content in the culture media
with increased NaCl levels (Chamandoosti, 2007).

The colour of the callus was regularly observed during
the experiment (Table 2). Callus colour in the con-
trol treatment (0 mM) ranged greenish-yellow to green
(Figure 1a), while the callus colour at 45 mM ranged
from greenish-yellow to brown after four weeks of cul-
ture. Green colour areas with brown colour patches were
observed on 45 mM media after four weeks of inocula-
tion. Until the four weeks, the cultured explants showed
a maximum survival rate. The colour of the callus was
considerably changed by increasing salt level after four
weeks of culture. Brownish colour represents cell necro-
sis and can be used to indicate osmotic stress in tissue
culture (Bouiamrine and Diouri, 2012). Reduced cal-
lus production and colour change of callus by increased
NaCl concentrations agree with Sajid and Aftab (2014).
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CONCLUSION

In this experiment, shoot regeneration was observed
when culturing the top portion of the hypocotyl explants
directly in the culture media containing a low level of
NaCl. Through increasing the NaCl concentration or salt
stress in the media, callus formation and fresh weight of
callus were decreased. The fresh weight of callus was
higher in both control (0 mM) and 15 mM salt media.
Salt tolerant calli were more compact and greenish with-
out necrotic patches. Until four weeks, the hypocotyl
callus can be incubated in the salt-containing MS me-
dia, and then it can be transferred to the salt-free MS
media for shoot regeneration.
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