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Abstract

This study attempted to figure out the impact of varying sodium chloride concentrations (0, 50, 100, 150, 200 mM) in the Murashige and
Skoog nutritional medium on callus growth and the response of tomato plants. The findings indicated that low salt concentrations (50 mM)
promoted callus growth relative to the control, whereas elevated salt concentrations resulted in a marked reduction in both the fresh and dry
weight of the callus. The study found that proline content increased gradually with increasing salt stress, reflecting its role in enhancing
cellular salt tolerance. Conversely, carbohydrate content showed a significant increase at higher concentrations, indicating a metabolic
response associated with stress resistance. Electrolyte leakage levels gradually increased with rising salinity, -indicating damage to cell
membrane integrity. These results confirm that salt stress inhibits cell growth and induces a range of physiological mechanisms aimed at
mitigating the effects of high salinity.
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Introduction

Salinity in soil and water is a major factor affecting tomato
crop growth, vyield, and quality. About 20% of all
agricultural land and 33% of irrigated land worldwide face
high salinity, leading to significant economic losses in
tomato production (Inculet et al., 2019; Shrivastava &
Kumar, 2015; A-lbaladejo et al., 2017) % 2L 21 Excess
salinity limits plant water uptake, resulting in osmotic stress
(Munns and Tester, 2008) [ This results in ionic
imbalance and oxidative damage. In order to adapt, plants
initiate signaling pathways that regulate ionic equilibrium
and osmotic adjustment (Zhang et al., 2014; Flowers et al.,
2015) 12781,

Salinity has a direct impact on crop quantity and quality;
therefore, productive traits must be considered when
developing salt-tolerant varieties. However, these traits
alone are insufficient, as salinity affects almost all
physiological and biochemical aspects, making plant
resilience enhancement require the integration of a large
number of different physiological traits in breeding
programs, including evaporation rates of the scion and
rootstock (Singh et al., 1993), or from salt tolerance based
genetic improvement (Cuartero et al., 2006) [). Tomato is
moderately sensitive to the soil salinity and has been used
in many of vitro experiments, research for salt tolerance and
genetic studies because of its simple genome (2n=24) and
genomic diversity characterization in the Solanaceae family
(Bhatia et al., 2004) 4],

Producing of salt-tolerant plants could be envisaged,
although the greatest problem is represented by screening
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thousands of plants as long as there are no reliable selection
criteria for tolerant species. Thus, in vitro culture is a
valuable approach not only for the production of salt-
tolerant plants, but also for simultaneous rapid screening of
genetic resources for salt tolerance stress. This in vitro
approach makes it feasible to evaluate a considerable
number of genotypes, since sterile-grown plants express
their biomass-yielding salt stress resistance as determined
by Tewary et al. (2000) %31,

Tissue culture approaches in plants have a long-term goal
of enhancing crop improvement and the multiplication of
new genotypes, as well supplementing conventional plant
breeding. This method can be wused to study plant
physiology and genetics at the cellular level in a laboratory
environment, and to improve genetic diversity in plants
(Kacem et al., 2017) [*31,

Plant tissue culture is a widely used technique that has
gained attention in the recent years to improve genetic
potential of tomato plants and produce salt-tolerant variety.
Positive relationships of callus induction with general plant
reaction to saline stress have been reported (Perez-Alfocea
etal., 1994) 1281,

These methods have been successful in the screening of
stress-tolerant genetic materials under controlled conditions,
and enabling the selection of tolerant lines that will be
introduced from traditional breeding programs and
transgenic transformations (Benderradji et al., 2012;
Taratima et al., 2022) [3 22,

Recently, studies have been revived on the evaluation of salt
tolerance response in different crop species under in vitro
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sterile growing condition. This approach has been applied
to assess salt stress tolerance in crops like rice (Taratima et
al.,2022) 4, wheat (Klay et al., 2024) %1, alfalfa (Yazicilar
& Bezirganoglu,2023) 261, Brassica species (Shahbazi et
al.,2021) and eggplant Hannachi et al. 2021) (191,

In response to the universal issue of soil and water salinity
globally, significant efforts have been directed towards
comprehending the physiological factors associated with
plant salinity tolerance, which serve as the foundation for
plant breeders in creating more salt-resistant genetic
variants.

This research aim to evaluate tomato plants' cellular-level
response and tolerance to varying sodium chloride salt
concentrations using plant tissue culture. Understanding
these responses is crucial f-or selecting salt-stress-resistant
cell lines.

Materials and Methods

The study carried out in the Tissue Culture Laboratory.
Biology Department, College of Education, University of
Basra, using the tomato (Lycopersicon esculentum Mill.)
Super marimond cultivar approved for cultivation in Iraqg.

Surface sterilization of seeds

The seeds were initially immersed in 70% ethyl alcohol and
agitated gently for 5 minutes. Subsequently, they were
rinsed with sterile distilled water. The seeds were
superficially sterilized for thirty minutes with agitation in
commercially available bleach (Clorox) solution, which
contains 5% sodium hypochlorite, with the addition of one
drop of Tween-20 surfactant per 100 ml. The seeds were
ultimately rinsed three times with sterile distilled water.
This process was conducted within a Laminar Air Flow
Cabinet. The cabinet underwent pre-sterilization with 70%
ethanol.

Preparing the nutrient medium for planting seeds and
developing seedlings

Pre-sterilized seeds were cultured on regulator-free MS
medium (Murashige &Skoog, 1962) 7] at four seeds per
tube to obtain sterile seedlings for later use as explant
sources.

Callus Induction

Sterile seedling cotyledons and true leaves were used for
callus induction on the medium described in Table 1, and
cultures were then incubated in darkness at 252 °C in a
growth room for four weeks.
-Table 1. Components of callus induction medium
Concentration (mg/l)--Chemical--Full strengthBasal MS
medium30000--Sucrose--170--Sodium dihydrogen
orthophosphate--40--Adenine sulfate--0.5--Thiamine - Hcl--
4--2,4-Dichlorophenoxy  Acetic  Acid(2,4-D)--22ip-) -
Isopentenyle adenine-(-7000—Agar

Table 1. Components of callus induction medium
Chemical Concentration (mg/1)
Basal MS medium Full strength
Sucrose 30000

Sodium dihydrogen orthophosphate 170
Adenine sulfate 40
Thiamine — Hel 0.5
2.4-Dichlorophenoxy Acetic Acid(2.4-D) 4
2ip (Isopentenyle adenine) 2
Agar 7000
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Callus proliferation

After four weeks of callus formation Figure 1, both mass
and size increased. A subculture was then established. The
callus was divided into several sections. These sections were
transferred to fresh nutrient media. The new medium had
identical components to the callus induction medium, as
shown in Table 1. For further proliferation, the cultures
were incubated at 25£2'C in a growth room.

Fig 1: Callus tissue formed after four weeks of culture on the
induction medium (A). Callus tissue proliferated after subculture
on the induction medium for four weeks (B).

Salt stress induction

After obtaining a sufficient amount of callus, 150- mg of
callus was taken and cultivated in culture media with
components similar to the induction medium, with the
addition of different concentrations of sodium chloride salt
(0, 50, 100, 150, 200) mM to induce salt stress for four
weeks Figure 2. The cultures were incubated in a growth
chamber at 25'C, light 16 h, and darkness 8 hours. The
following parameters were measured after four weeks of
NaCl treatment of the callus:

1- Fresh and dry weight of callus

2- Measurement of proline content in callus

First, 0.5 g of fresh callus was taken and homogenized with
10 ml of 3% sulfosalicylic acid. The mixture was then
filtered using Whatman's No. 2 filter paper. Subsequently, 2
ml of the filtrate was combined with 2 ml of ninhydrin and 2
ml of glacial acetic acid. The sample then incubated within
water bath at 100 °C for one hour, subsequently cooled in an
ice bath. Extraction was conducted using 4 ml of toluene
until the chromatophore phase separated from the aqueous
phase.

The intensity of the resulting color was determined by
measuring visible light absorbance at 520 nm using a
spectrophotometer, as method described by Bates et al.,
(1973).

3- Measurement of carbohydrate concentration in callus
About 0.5 g sample of fresh callus was homogenized with 2
ml of 1 N hydrochloric acid and heated in a boiling water
bath for 20 minutes. The mixture was then cooled to room
temperature and centrifuged at 2000 rpm for 5 minutes.
Subsequently, 0.5 ml of the filtrate combined with 0.5 ml of
solution of 5% phenol and 2.5 ml of concentrated sulfuric
acid. Carbohydrate concentration was determined by
measuring color intensity with a spectrophotometer at 490
nanometers, following the method described by Chitlaru &
Pick (1989) [,

4- Electrolyte leakage

Electrolyte leakage was estimated following Yadav et al.
For each treatment, 100 mg of callus was washed with
deionized distilled water and placed in test tubes with 10 ml
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of distilled water. Samples were kept at 25'C for one hour.
They were then stored 60 minutes to fully release
electrolytes. After cooling to 25'C, the final electrical
conductivity (L2) was measured. Electrolyte leakage was
calculated using the following equation:

Electrolyte leakage (EL) = L1 /L2 * 100

5-Statistical analysis

The data were subjected to the analysis of variance
(ANOVA), and the means were compared via the Least
Significant Difference (L.S.D) test at level 0.05 using the
GenStat program.

Results

Table 2 shows that increasing the sodium chloride
concentration significantly affected the fresh weight of
callus tissue. The 50 mM concentration recorded the highest
average fresh weight, reaching 0.340 g, and this increase
was significant compared to the- 0, 100, 150, and 200 mM
concentrations. These concentrations did not show
significant differences among themselves, as the fresh
weight treatment, a fresh weight of 0.230- g was recorded.
These results indicate that a moderate concentration of
sodium chloride salt (50 mM) may stimulate cell growth of
callus, while high levels of salinity caused a clear decrease
in the fresh weight of the callus due to the negative effects
of salt stress.

Table 2. Effect of different NaCl Concentrations on fresh weight of callus (g)

Concentrations of NaCl (mM) 0 50 100 150 200
Means 0230 0340 0193 0173 0.133
SD 0.05+ 0.04+ 0.070+ 0.025+ 0.045¢

L.S.D atlevel 0.05 0.0884
*SD / Standard Deviation L.S.D / Least Significant Difference

Table 3 results showed that sodium chloride treatment
significantly affected dry weight. The concentration of 50
mM recorded the highest dry weight, reaching 0.032 g, and
the difference was significant compared to the other
treatments of 100, 150, and 200 mM. While the 200, 150,
and 100 mM treatments did not show significant differences
among each other, only the 150 and 100 mM treatments
resulted in significantly decreased weight compared to the
control treatment.

Table 3. Effect of different NaCl Concentrations on dry weight of callus(g)
Concentrations of NaCl(mM) 0 50 100 150 200
Means 0.022 0032 0019 0016 0014
SD 0.003+ 0.0015+ 0.005+ 0.002+ 0.003+
L.S.D atlevel 0.05 0.0061

Table 4 shows that the proline content in callus tissue
increased gradually and significantly with increasing
sodium chloride concentrations in the culture medium. The
highest proline without sodium chloride, at 0.130 mg/g,
indicating salt stress. All treatments differed significantly,
showing that proline content rises with salt stress.
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Table 4. Effect of different NaCl Concentrations on proline content(mg/g)
Concentrations of NaCl(mM) 0 50 100 150 200
Means 0.130 0309 0551 0774 1.089
sD 0.004+ 0.012+ 0.101+ 0.048+ 0.158+
L.S.D atlevel 0.05 0.1586

Table 5 shows that increasing the NaCl concentration led to
a gradual increase in the carbohydrate content of the callus.
The carbohydrate content was lowest in the 0 mM control
treatment, at 0.152 mg/g, and highest at 0.720 mg/g with the
200 mM concentration. The statistical analysis revealed
significant differences between most treatments. Differences
occurred between concentrations of 0, 100, 150, and 200
mM. However, the analysis did not show significant
differences between 0 and 50 mM or between 150 and 200
mM.

Table 5. Effect of different NaCl Concentrations on carbohydrates(mg/qg)

Concentrations of NaCl (mM) 0 50 100 150 200
Means 0.152 0.257 0424 0624 0720
SD 0.03+ 0.025+ 0.150x 0.069+ 0.103x

L.8.D atlevel 0.05 0.1621

The results of the statistical analysis in Table 6 indicated
that electrolyte leakage increased with rising NaCl
concentration. The lowest rate was 12.07% in the control
treatment. The highest rate reached 24.27% in the 200 mM
treatment. Clear and significant differences appeared
starting at 150 mM, where electrolyte leakage increased
significantly. No significant differences were seen between
the lower concentrations (0-100 mM). These results show
that increased -salt stress weakens cell membrane integrity,
causing higher ion leakage. High salinity levels damage
membrane structure more than low salt treatments.

Table 6. Effect of different NaCl Concentrations on electroplate leakage (%)
Concentrations of NaCl (mM) 0 50 100 150 200
Means 12.07 1423 16.83 21.00 24.27
sSD 117 128t 143+ 171 2107+
LS.D 2.874
Discussion

The data revealed that the 50 mM concentration yielded the
greatest values for both the fresh and dry weight of the
callus in comparing with the other treatments. A further
decline in fresh weight was noted, along with an elevation in
the concentration of NaCl to 100, 150, and 200 mM.

The resulting response can be addressed within the
established framework of salt stress effects on plants.

This is followed by the toxic effect of sodium (Na+, Cl-),
which were responsible for disruption of vary metabolic
processes beside increasing the production of free radicals
and may damages cell membranes. This finding was aided
by a number of studies showing that in vitro plant tissue
culture is an effective tool for studying the effects of salinity
on plant cells (Wijerathna et al., 2023) %1,
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Regarding to the moderate concentration of sodium chloride
salt at 50 mM, it had a boosting effect on callus growth,
leading to a significant increase in both fresh and dry
weight.

This effect may be attributed to the stimulation of vital
processes necessary for growth and resistance to salt stress,
including regulating the activity of certain enzymes,
increasing the absorption of nutrients by cells in the growth
medium, and maintaining turgor as a mechanism to resist
salt stress. (Broadley & White, 2012; Geilfus, 2018;
Tsunekawa et al., 2009) > ° 24, Qur results align with
Honggiao et al., (2021) ™ who found that adding 5 mM
sodium chloride to Arabidopsis growth medium increased
plant biomass.

The findings of Rivera et al. (2022) ! substantiate that a
moderate concentration of 50 mM sodium chloride boosts
the growth of tomato seedlings. As the NaCl levels in the
growth medium reached 100 mM and beyond, the fresh
weight diminished. This finding confirms the evidence
presented by other researchers that they stated tissue
exhibits  heightened  sensitivity to elevated salt
concentrations. The detrimental consequences of salts
encompass a reduction in growth rate and a diminished
ability for water absorption.

The decrease in both fresh and dry weights with more
sodium chloride may be due to cell division inhibition from
increased osmotic pressure and negative ionic effects. High
salt levels also reduce the ability to absorb water and
nutrients. This is caused by lower water potential in the
growth medium and ion toxicity from sodium ion
accumulation within tissues (Sairam & Tyagi, 2004) 29,
These results agree with findings from many previous
studies (Khuder& Al-Taei, 2015, Hannachi et al., 2021;
Klay & Slim, 2024) 14 10.15],

Sodium chloride treatment at varying concentrations led to a
significant increase in proline content, especially at higher
levels. This proline accumulation is a key physiological
strategy plants use to adapt to salt stress.

Also, Proline, a crucial amino acid in response to osmotic
stress, functions as an osmoprotectant by preserving cellular
osmotic pressure, stabilizing proteins and membranes, and
aiding in the resistance to oxidative stress induced by
reactive oxygen species (Verbruggen & Hermans, 2008;
Szabados & Savouré, 2010) [B% % Numerous studies
indicate that proline accumulation markedly increases with
exposure to elevated salt levels in both callus cultures and
the entire plant.

For example, Sairam and Tyagi (2004) 2 argument that
rising the levels of amino acid proline are correlated with
improved cellular stability and tolerance for salinity and
drought. Notably, these findings were further approved by
numerous studies showing that proline accumulation in
callus tissue serves as highly indicator of salt stress
tolerance.

Also, this study argument that increasing the NaCl
concentration gradually raised carbohydrate content in
callus tissue. Significant differences appeared at 100 mM
and above, but differences between 150 and 200 mM were
not significant.

The response pattern found in this study were supported
prior studies indicating that salt stress induces the
accumulation of suitable solutes, including soluble sugars
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and starch, in numerous plants as an adaptive mechanism to
salt stress. The effect of salinity on soluble sugar
accumulation is linked to the plant's tolerance to salt stress
(Abreu et al., 2013; Bezirganoglu, 1., 2017) & 2, The
building up of compatible solutes during stress preserves
ionic equilibrium, safeguards cellular integrity, and maintain
osmotic balance via promoting continuous water uptake
(Sairam et al., 2002) 21,

Elevated carbohydrate buildup in the callus tissues of
various plant species which subjected to salt stress has been
documented, including wheat callus (Khuder & A-I-Taei,
2015) [ and tomato callus (Mohamed & Ismail, 2011) (3%,
He conclusions of the present study indicated that
electrolyte leakage (EL) dramatically escalated with rising
NaCl concentration in the medium.

These results are consistent with what Zhou et al., (2024) 53
reported regarding electrolyte leakage as an indicator of cell
membrane damage under salt stress. They demonstrated that
the damage caused by salinity is due to relative dehydration
and an increased intracellular Na+/Cl- content, leading to
plasma membrane disruption and increased permeability.
Also, salt stress may lead to damage in cell plasma
membranes due to overproduction of reactive oxygen
species, which in turn affect membrane integrity by reacting
membrane lipids. Oxidation of lipids (lipids peroxidation) in
cell membranes significantly change the chemical and
physiological properties of the membrane lipid bilayer,
causing an increase in its permeability (Ozturk et al., 2012)
341 Our results are coming in line with those of (Aazami et
al.,2021) ¥ since he found that increased salinity
concentrations in the medium caused a significant damage
in the cell membrane integrity indicators of tomato
seedlings growing in vitro, including highly electrolyte
leakage and increased content of malondialdehyde (MDA).

Conclusion

The results of this study revealed that salt stress evoked by
the exposed to sodium chloride would negatively affects the
growth of callus tissue in tomatoes. Additionally, high salt
concentrations cause a significant reduction in vegetative
growth, which in turn consider as evidenced by decreased
fresh and dry weights.

Conversely, the tissue that showed a compensatory
physiological response, characterized by a significant
increased accumulation of proline and carbohydrates,
reflecting their role in proofing the cell's capability for
adaptation the osmotic stress. Furthermore, the high level of
electron leakage may indicates a gradual deterioration the
integrity of cell membrane in response to exposure to high
salinity. Totally, these results claimed that salinity stresses
callus cells and limit their growth, while their relative
tolerance depends on physiological mechanisms that attempt
to mitigate the effects of salt stress. Finally, further studies
are highly recommended to investigate the molecular
mechanisms participating in salt tolerance in tomatoes plant
tissues.
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