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ABSTRACT

Comparative study about the salt-induced oxidative stress and lipid peroxidation has been realised
in primary root tissues for Tomato (Lycopersicon esculantum L.) in order to evaluate their
responses to salt stress. Salinity impacts in terms of root growth, H,O, generation, lipid
peroxidation and membrane destabilisation were more pronounced in roots. Salt treatment in
form of NaCl was given to the roots of the tomato plants in hydroponics culture. Root
length was measured by centimetre scale, H,O, and lipid peroxidation was confirmed by
spectrophotometer. Absorbance for H,O, estimation was recorded at 480 nm whereas for
Lipid peroxidation was done at 600nm. When the tomato plants were treated with different
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concentrations of NaCl, it was observed that as the concentration of NaCl was increasing, there
was decreased root growth resulting in reduced root length and proportionate increase in the
amount of H,O, production level with increase in the concentrations of NaCl treatment upto 300mM
Concentration and Significant increase in Lipid peroxidation was observed with the increase in
NaCl concentrations upto 500mM Concentration. Comparative response may be helpful in
developing a better understanding of tolerance mechanisms to salt stress in Tomato.

Keywords: Tomato; salinity; hydroponics; hydrogen peroxide; lipid peroxidation.

1. INTRODUCTION

Stress is usually defined as an external factor
that exerts a disadvantageous influence on
plants. In both natural & agriculture conditions,
plants are frequently exposed to environmental
stresses. Stress can be environmentally induced
(abiotic) or can be induced by weeds, pathogens
and insects predation (biotic). Salinity is
considered as a significant factor affecting crop
production and agricultural sustainability in many
regions of the world as it is also associated with
ecological balance of the area. Salinity is the
concentration of dissolved mineral salts present
in the soil (soil solution) and water. Crop species
show a spectrum of responses to salt, although
all have their growth, and eventually, their yield
reduced by salt. Salt effects are the combined
result of the complex interaction among different
morphological, physiological and biochemical
processes [1].

Salinity may directly or indirectly inhibit cell
division and enlargement in the plant’s growing
point. Reduced shoot growth caused by salinity
originates in growing tissues, not in mature
photosynthetic tissues. As a result, leaves and
stems of the affected plants appear stunted [1].
Chloride induces elongation of the palisade cells,
which leads to leaves becoming succulent. Salt
stress reduces dry matter content, increases
root: shoot ratio, and diminishes leaf size; as a
result grain yield is reduced [1]. Salt stress
affects many aspects of plant metabolism and,
as a result, growth is reduced. Among various
salts influencing soil salinity, NaCl is the most
abundant and powerful one due to its ability to
compete essential nutrients resulting to cause
nutrient deficiency and certain toxic symptoms in
the plants [2] (Tester & Davenport, 2003).

In addition to be generated from saline soil
exposure, the ROS can also be inevitably
byproducts from ordinary cellular metabolisms [3]
even under good regulation and under present of
ROS removal systems [4]. Under harsh
conditions, ROS production rate in plant tissues
will overcome ROS scavenging rate and the
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oxidative stress symptom will be incarnated since
the generated ROSs attack any vital
biomolecules and disturb cellular metabolism
which ultimately cause cell death [5]. In addition,
plants that are exposed to high salinity condition
can also be stressed with reactive oxygen
species (ROS) such as superoxide (027),
hydrogen peroxide (H,O,) and hydroxyl radicals
(OH). These existed ROSs have much ability to
harm plant tissues due to their highly reactive
properties [6,7]. Similar studies was done in
Maize crop (Zea Mays L.) [8].

Naturally, some plants can develop several
protective mechanisms that can effectively
eliminate or reduce the ROSs at different stress
induced deterioration levels [9] and the ability
has been known to be varied in species and
varieties. In addition to ionic and osmotic
components, salt stress like other abiotic
stresses also leads to oxidative stress through an
increase in reactive oxygen species (ROS), such
as super oxide (02') hydrogen peroxide (H,O,) &
hydroxyl radical (OH) [4,10]. These ROS are
highly reactive and can alter normal cellular
metabolism through oxidative damage to lipids,
proteins and nucleic acid.

The present work deals with the NaCl-induced
stress. For this the model plant tomato had been
selected and the effects of high salinity had been
studied in its root system under hydroponic
culture. Tomato is the most consumed berry fruit
worldwide as well as one of the most important
constituents of the Mediterranean diet
representing a key source of minerals, vitamins
and antioxidants [11].

2. MATERIALS AND METHODS
2.1 Plant Material and Seed Germination

Petri plates were washed, dried and autoclaved
along with filter paper discs. The filter papers
were moistened with distilled water and 8-10
seeds were placed in each peri plates. After this
the filter papers were moistened with distilled
water. Tomato (Lycopersicon esculentum L.)



seeds were placed on soaked filter paper. These
procedures were done in a laminar flow to avoid
contamination in seeds. These petri plates were
kept in a controlled growth chamber at 25-28°C
with 10 hours light. Observations were done so
that the filter paper must be moist till the seedling
germination. After this, the seedlings were
transferred in pots containing balanced Knop’s
media. after J. A. L. W. Knop (1891) .

2.2 Preparation of Knop’s Media

For preparation of 2000 ml of Knop’s media, a
container of 2 L was taken and surface sterilized
with alcohol. Then 5 ml each of the autoclaved
stock solution was added with the help of
sterilized pipette and the final volume of the
mixture was maintained to 2000 ml with distilled
water. Before maintaining volume to 2000ml, pH
was maintained to 5.5 - 5.8.

The chemical composition &  working
concentration of Knop’s media for 2L was divided
into Macronutrients as KNO3(6mM) and
KH2PO4(4mM) whereas micronutrients as
MgS04.7H20(500puM),Na3C6H507.2H20(5001
M), FeCI3 (100uM), CaCl2.2H20(1mM), H3BO3
(50uM), MnCI2.4H20 (10uM), ZnS04.7H20
(0.9uM), Na2Mo0O4.2H20 (2uM), CuS04.5H20
(0.4pM) and CoCI2.6H20 (0.2uM) .

The whole procedure was done in laminar flow.
Containers were then kept in plant growth
chamber. Temperature was adjusted to 28+2°C
and 75% relative humidity was maintained with
14 hours of light period. The plants were grown
hydroponically in these containers. After two
weeks, plants were taken for experimental
progress Noren et al. [12].

2.3 Transfer of Seedlings

A thermocol plate was cut according to the size
of container and 15 to 20 pores were made on it.
This plate was surface sterilized and fitted in the
container containing 2L media 15-20 seedlings
were transferred with the help of brush Noren et
al. [12].

2.4 Salt Treatment

Salt treatment in form of NaCl was given to the
roots of the hydroponics culture of tomato plants.
For NaCl treatment plants were transferred in
containers containing fresh Knop’s medium
supplemented with various concentrations of
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NaCl. Concentrations used were 100mM,
200mM, 300mM, 400mM and 500mM. Plants
grown without any NaCl treatment were used as
control.

2.5 Root Growth

After 96 hr treatment of tomato plants with
different concentrations of NaCl the growth of
roots in terms of root length was measured by
using a centimeter scale.

2.6 Estimation of Hydrogen Peroxide

H,O, estimation was done by following the
method of Sagisaka, 1976. For H,0, estimation,
0.2g of root tissue was homogenised in 3ml of
5% TCA, and centrifuged at 17,000g at 0°C for
10 minutes. Then 1.6ml of the supernatant was
taken, and to it was added 0.4 ml TCA (50%), 0.4
ml ferrous ammonium sulphate (10mM) and 0.2
ml Potassium thiocyanate (2.5M). Absorbance of
the reaction mixture was recorded at 480 nm on
spectrophotometer. H,O, estimation was done 6
hr after NaCl treatment.

2.7 Quantification of Lipid Peroxidation

For lipid peroxidation, 0.2g of root tissue was
taken and homogenized in 0.1% (m/v) cold TCA.
Homogenate was centrifuged at 10000g for 20
minutes. 1 ml of the supernatant was taken and 1
ml 20% TCA containing 0.5% TBA and 0.01 ml
BHT (4% solution in ethanol) was added, the
reaction mixture was heated in a water bath at
95°C for 30 minutes followed by cooling in ice.
The sample was centrifuged at 10000g for 15
minutes and the absorbance of the supernatant
was recorded at 532nm & correction was done at
600nm. Quantification of lipid peroxidation was
done 48 hr after NaCl treatment.

3. RESULTS

3.1 Effect of NaCl Treatment on Root
Length

When the tomato plants were treated with
different concentrations of NaCl, it was observed
that as the concentration of NaCl was increasing,
there was decreased growth of roots resulting in
reduced root length. Maximum root length was
observed at 0 mM NaCl whereas shortest
root length was observed at 500mM
NaCl.



3.2 Change in H,0, Level

There was a proportionate increase in the
amount of H,O, production level with increase in
the concentrations of NaCl treatment using
different concentrations. Maximum production of
H,O, was observed at 300mM NaCl
concentration whereas least production was
observed at OmM.
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3.3 Effect of NaCl Treatment on Lipid
Peroxidation

Significant increase in Lipid peroxidation was
observed with the increase in NaCl
concentrations. It was observed that highest
peak at 500mM concentration and lowest with
value at 0OmM NacCl.
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Fig. 3. Effect of NaCl treatment on Lipid peroxidation after 48 hours

4. DISCUSSION

In the present study, we determined the salt
stress responses of roots. Salinity impacts were
investigated in terms of root growth, hydrogen
peroxide  (H,O;) generation and lipid
peroxidation. Comparative response may be
helpful in developing a better understanding of
tolerance mechanisms to salt stress in Tomato.

The decrease in the fresh and dry weight of the
roots as observed in the results showed that the
effect of salt stress on the performance and
growth are mediated through decrease in
stimulating conduction and photosynthesis.
Reductions in growth with increased salinity
might be due to the adjustment of osmotic
potential [13-15]. Salinity (NaCl) stress can
cause ionic toxicity and imbalance, membrane
damage, reduced uptake of CO, as a result of
stomatal closure, decreased hydrolytic enzyme
activity and increased lipid peroxidation level, it
may stimulate formation of ROS such as
superoxide, hydrogen peroxide, and hydroxyl
radicals.

High concentrations of Na® in the soil solution
may depress nutrient-ion activities and produce
extreme ratios of Na'/Ca®* or Na'/K" [16].
Increase in cations and their salts, NaCl in
particular, in the soil generates external osmotic
potential that can prevent or reduce the influx of
water into the root. High salinity affects plants in
two main ways: High concentrations of salts in
the soil disturb the capacity of roots to extract
water and high concentrations of salts within the
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plant itself can be toxic, resulting in an inhibition
of many physiological and biochemical
processes such as nutrient uptake and
assimilation [17-20].

The production of reactive oxygen species (ROS)
such as O, = and H,O, in plant tissues is the
earliest event following the salt stress. During
oxidative stress, H,O, is a strong toxic oxidant
that can easily damage membrane and other
cellular components [21]. The H,O, generation
and consequently the increase of lipid
peroxidation  with salt stress conditions
corroborate of already reported results for rice
[22,23] and maize [2].

Changes in lipid peroxidation serve as an
indicator of the extent of oxidative damage under
stress, with an unchanged lipid peroxidation level
seeming to be a characteristic of tolerant plants
coping with elevated salinity [24]. Lipid
peroxidation measured as the amount of
thiobarbituric acid reactive substance which is
produced when polyunsaturated fatty acids in the
membrane  undergo  oxidation by the
accumulation of free oxygen radicals.

5. CONCLUSION

In the present study, effects of high salinity had
been studied in its root system under hydroponic
culture. Among various salts influencing soil
salinity, NaCl is the most abundant and powerful
one due to its ability to compete essential
nutrients resulting to cause nutrient deficiency
and certain toxicity symptoms to the plants. The
decrease in the length of roots as observed in



the results showed the effect of salt stress. NaCl
salinity leads to an increase in ROS generation,
including H,O, which is a strong toxic oxidant
responsible for a secondary oxidative stress that
can easily damage membrane and other cellular
components. The induced effects of NaCl are
reflected in the lipid composition of the roots. lipid
peroxidation was found to be high in roots of salt
sensitive tomato cultivar. At 300mM NaCl
concentration,H,O, production reaches at highest
level and then decereases.Whereas lipid
peroxidation  continuously increases  with
increase in NaCl concentrations upto 500mM
which is responsible for the decrease in growth
of root and loss of biomass of root.
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