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Abstract

Background and Objective: Seagrass extract is a natural plant biostimulant which can be utilized for enhancing plant growth at various
stages. The present study was undertaken to explore the application of Zostera marina seagrass extract as foliar spray on salt stressed
tomato plants under green house conditions. Methodology: The one set of green house grown tomato plants were sprayed with seagrass
extract and another set with water on 15th day of salt treatment. The accumulation of reactive oxygen species, antioxidant enzyme
activities and their physiological responses towards different concentration of salt stress were examined after the 3rd treatment. Data
were analyzed by one-way ANOVA using SPSS software version 17. Results: The initial studies revealed that the salt stressed plants shown
variation in physiology, Relative Water Content (RWC) and accumulation of hydrogen peroxide (H,0,) in the leaves. The activities of
ascorbate peroxidase (APX), superoxide dismutase (SOD), catalase (CAT) were found to have increased in seagrass extract sprayed plants
when compared with the plants sprayed with water. In contrast to APX, SOD, CAT, the activities of peroxidase (POX) were declined in the
seagrass treated plants. Conclusion: After 30 days, the plants sprayed with seagrass extract were more efficient in controlling the
damage caused by the stress and it has shown enhanced activities of tolerance to the salt stressed plants compared to the control. Further,
presence of functional groups and constituents were found in seagrass extract through FTIR and GC-MS analyses.
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INTRODUCTION

World agriculture is facing a lot of challenges like
producing 70% more food for an additional 2.3 billion people
by 2050'. Abiotic stresses limit the production and yield to less
than 50% and among them, salinity greatly affects half of the
irrigated lands worldwide?. Salinity causes membrane damage,
nutrient imbalance, altered levels of growth regulators,
enzymatic inhibition and metabolic dysfunction, including
photosynthesis which ultimately leads to the plant death3.
More than 20% of irrigated land have been damaged by salt
worldwide and 1.5 M ha are taken out of production each year
due to the high salinity levels in the soil*.

Tomato (Lycopersicon esculentum L.) is an economically
important vegetable crop and it is grown almost in all parts of
the country. Tomato contains lycopene, a valuable compound
possessing anti-oxidant and anticancer properties. Hence, its
production and consumption are increasing every year®. Even
though tomato is well adapted to all climatic conditions,
increasing soil and water salinity affects the growth, yield and
fruit quality of some that leads to reduction in yieldS. To
overcome the damage caused by salinity stresses there are
few attempts have been made by the researchers by using
marine resources (seaweeds) as elicitors for the crop
improvement.

Marine resources are the underutilized bioresources. The
bioactive substances extracted from the marine algae and
seagrass have a biostimulant activity when applied to the
crops’. The seaweeds and seagrasses form an integral part of
marine ecosystem and it has been used as a soil conditioner to
increase the yield and productivity of the crops in an eco-
friendly manner. Apart from the genetic modification system
for the crop improvement, there are several reports which
suggests that marine organic resources have an biostimulant
activity that enhance the tolerance of crop plants to the
abiotic and biotic stresses. Naturally, seaweed extracts tend to
impart tolerance to plants under stress conditions by targeting
number of pathways®. Application of Ascophyllum extracts
exhibited significant improvement in salt and freezing
tolerance of grape plants when compared to control plants®.
Production of Reactive Oxygen Species (ROS) including
superoxide radicals (0%7), hydrogen peroxide (H,0,) and
hydroxyl radicals (OH-) isinduced in plants under several stress
conditions™'. The ROS is a product of altered chloroplast
and mitochondrial metabolism during stress. Antioxidative
enzymes are the most important components in the
scavenging system of ROS. Under salt stress conditions, these

antioxidant enzymes are increased in plant parts to remove
H,0, by converting it to water'2. Superoxide dismutase (SOD)
is a major scavenger of superoxide free radical anions in
chloroplasts whereas the H,0, produced is eliminated by
catalase (CAT) in peroxisomes' and a variety of peroxidases
(POX) decomposes H,0, by oxidation of co-substrates such as
phenolic compounds and/or antioxidants™.

Application of an A. nodosum extract increased the salt
tolerance in salt-sensitive genotype of Alfalfa'>. The seaweed
extracts enhanced the activities of chitinase, glucanase, PO,
PAL and lipoxygenase enzymes in treated control plants'. The
presence of marine bioactive substances in extract improves
the stomata uptake efficiency in treated plants compared to
the control plants®. There are numerous reports which suggest
that seaweeds have promising role in abiotic stress tolerance
of several crop and ornamental plants. But till now there are
no reports on the effect of seagrass liquid extract on salt stress
alleviation of tropical plants. This study will give experimental
evidence to the positive role of seagrass extract in tolerance of
salt stressed tomato plants. Moreover, the present study is
the first report on evaluating the effect of seagrass Zostera
marina extract in enhancing the tolerance of salt stressed
tomato plants under green house conditions. Further
significant finding of this study can be utilized to other crops
as well for agricultural production.

MATERIALS AND METHODS

Collection and preparation of seagrass extract: Zostera
marina samples were collected from the coastal area of
Ramanathapuram district, Tamilnadu 9°16’49.58” N and
77°26'1.03” E. The plants were handpicked and washed
thoroughly with seawater to remove unwanted impurities,
adhering sand particles and epiphytes. They were transported
to the testing laboratory at Department of Plant Science,
Bharathidasan University using polythene bags. Samples were
washed completely using tap water for 4-5 times and they
were shade dried. After drying they were finely chopped and
powdered for the preparation of extracts.

Preparation of seagrass suspension': The seagrass
suspension was prepared by boiling about 500 g of samples
in 500 mL of sterile distilled water for about 20 min and finally
diluted 1:3 dilution with water. Then the extracts were initially
filtered using muslin cloth and then filtered with Whatman
No. 41 filter study. One batch of suspension was used
throughout the experiments and another set of suspension
was stored at -20°C for further use.
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Preparation of pots for the experiment and duration of salt
stress induction: Seeds of tomato (PKM-I cultivar) were
procured from Agricultural research station, Manaparai,
Tiruchirappalli. The good quality seeds were selected for the
experiment and it was soaked in water for 12 h. The seeds
were surface sterilized using 0.1% mercuric chloride and then
sown in pots filled with soil: Sand and organic manure in the
ratio of 2:1:1. Approximately about 15 seeds were placed in
each pot and seed to seed distance in pot was maintained as
3-5 c¢m. The salt stress was induced in 15 days old tomato
plants with different concentration ranges from 0 (Control),
50, 100, 150 and 200 mM. The subsequent salt stress was
given to the plants at 10 days interval and it was maintained
in green house conditions with natural light illumination.

Experimental design and foliar spray of seagrass extracts:
The experiment was divided into two treatments. In one set of
experiment, the salt stressed tomato plants (15 days old) were
foliar sprayed with seagrass extract. In another, the salt
stressed tomato plants were foliar sprayed with distilled water.
Both experiments and control plants (no salt stress induced)
were maintained and the salt stress was given to plants at
various concentrations ranges from 50, 100, 150 and 200 mM
of NaCl. The extracts were sprayed on to the leaf of the salt
treated and control plants after the first stress treatment
(approximately 7 days after the salt stress treatment). The
extract was applied to the salt stressed plants at every 10 days
interval.

Random samples from each pots were analyzed for the
various parameters like shoot length, root length, total fresh
and dry weight, relative water content, Histochemical
detection of hydrogen peroxide, ascorbate peroxidase,
catalase, peroxidase. Total proline content was analyzed in the
salt stressed (0-200 mM NaCl) and foliar sprayed plants (stress
induced 0-200 mM NaCl). All the experiments were performed
in four replicates and maintained at green house conditions.

Relative water content: Relative Water Content (RWC) of the
leaf was estimated by measuring the Fresh Weight (FW) of the
leaf, they were immersed in a plate containing distilled water
for 7 h. Turgid leaf was quickly blotted with tissue study and
then Turgid Weight (TW) was determined. Dry Weight (DW)
was taken after oven drying at 80°C for 48 h, the time at
which constant weight reached®.

Histochemical assay for H,0, production in leaf: The
accumulation of H,0, production in tomato leaf was analyzed
using 3,3'-diaminobenzidine (DAB) staining™. The DAB

staining solution (0.1% w/v DAB) and 10 mM MES (pH: 6.5)
forms a deep brown polymerization product upon reaction
with H,0, in the presence of peroxidase. The seagrass sprayed
tomato plant leaves were infiltrated in 10 mL staining solution
in a syringe. The leaves were incubated for 24 h under
normal illumination of light and destained with 90% ethanol
for 12 h%,

Enzyme extraction for antioxidant enzymes: About 200 mg
of leaves were homogenized with 1 mL of extraction buffer
(50 mM potassium phosphate buffer, pH: 7.0 containing 1 mM
EDTA and 1% polyvinylpyridine) using freezed mortar and
pestle. In case of APX assay, 1 mM ascorbic acid was added in
addition to the extraction buffer. The homogenate was
centrifuged at 10,000 rpm for 5 min and supernatant was
recovered for enzymes assay. The protein content was
determined according to Bradford?' with bovine serum
albumin as standard.

Superoxide dismutase: The treated and untreated samples
were assayed by its ability to inhibit photochemical reduction
of NBT (Nitro blue tetrazolium chloride) at 560 nm. Riboflavin
was added to reaction mixture at last and illuminated for
15 min at light intensity of 5,000 lux. The reaction mixture
without enzyme, kept in the light was treated as control and
the dark served as blank. One unit of SOD (EC 1.15.1.1) activity
was defined as the amount of enzymes required to cause 50%
inhibition of the reduction of NBT as monitored at 560 nm?2.

Peroxidase: The POX (EC 1.11.1.7) was quantified using the
reaction mixture consists of 50 mM phosphate buffer (pH:6.8),
4.6 mM phenylenediamine hydrochloride, 8.8 mM H,0, and
100 pL enzyme extract. The changes in the absorbance were
measured at 485 nm for 5 min and expressed as U mg™
protein?,

Catalase: The CAT (EC 1.11.1.6) activity was quantified using
the reaction mixture contains 50 mM potassium phosphate
buffer (pH: 7.0), 20 mM H,0, and 200 pL enzyme extract. The
change in absorbance was recorded at 240 nm for 5 min and
the catalase activity was calculated using the coefficient of
absorbance of 43.6 mM~' cm~". The reaction was started by
the addition of H,0, and the enzyme activity was calculated
in terms of 1 umol H,O, destroyed per min is defined as
one unit,

Ascorbate peroxidase: The ascorbate peroxidase
(EC1.11.1.11) activity was determined by decrease in
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(Extinction coefficient of
2.8 mM~' cm™") as ascorbate is oxidized?®. The reaction
mixture contains 50 mM phosphate buffer pH: 7.0, 0.5 mM
AsA, 1 mM H,0,,0.1 mM EDTA and 200 pL of enzyme extract.
The enzyme activity was calculated in terms of umol of

ascorbate oxidized per min.

absorbance at 290 nm

Determination of non-enzymatic antioxidants
Determination of free proline: The Proline content was
estimated using ninhydrin reaction. Approximately100 mg
of leaves was homogenized with 2 mL of 3% (W/V)
sulphosalicylic acid centrifuged at 8000 rpm for 5 min and
then 1.5 mL of glacial acetic acid was added. The mixture was
incubated 100°C water bath for 30 min and the reaction was
terminatedinanice bath. Proline content was calculated from
known concentration of L-proline?,

Fouriertransforminfrared spectroscopy analysis of Zostera
marina: The fine solid samples of Zostera marina was mixed
with the potassium bromide (KBr) by the KBr pellet technique.
The pellet was read spectrophotometrically by using the Bio
Rad FTIR at the IR ranges between 400-4000 cm and the
frequencies of different components present in the sample
was recorded.

Preparation of extracts and GCMS conditions

Preparation of extracts: The crude Zostera marina powders
were extracted (submerged extraction method) with
methanol successively at room temperature for 15 days.
About 10 g of each powdered material was soaked in 100 mL
of methanol. The solvents were filtered and evaporated at
37°C under reduced pressure?’. Crude methanol fraction of
Zosteramarina was subjected to routine qualitative chemical

analysis to identify the nature of constituents present in them.

GC-sMS conditions: The GC-MS analysis of Zostera marina
extract was performed using Thermo GC- TRACE ULTRA ver:
5.0 Thermo MS DSQ II system equipped with DB 35-MS
capillary standard non polar column with dimension of
30 MTS X 0.25 mm X 0.25 um. Helium was used as a carrier gas
at a flow rate of T mL min~'. The oven temperature was
initially operated at 70°C and gradually raised to 250 at
10°C min~'. About 1 pL of sample was injected in to the
systemand the total run timeis about 38 min. The compounds
were interpreted by comparing with the mass spectra of the
National Institute of standard and Technology (NIST) library.

Statistical analysis: The study was carried out based on a
completely randomized design with each treatment replicated
three times and each experiment was performed three times.
Tomato plants without salt stress served as a control at every
step of the analysis. The statistical significance of the data
obtained from this study was determined by one-way analysis
of variance (SPSS version 17). The mean values were compared
by Duncan’s multiple range test (DMRT; p<0.05) and the
percentage of response was scored on the basis of DMRT
analysis.

RESULTS

Effect of initial stress induction to tomato plants: The
tomato seeds were germinated in the experimental pots.
The stress was given at different concentration ranges from
0-200 mM NaCl. Plants treated with 100, 150 and 200 mM of
NaCl had shown stunted growth in leaf area and height of the
plant when compared to the control.

Experiment I: The foliar spray of Zostera marina seagrass
extract was given to one set of NaCl stress induced plants with
3 sprays at an interval of 10 days and the plant was not
watered for 3 days thereafter. It was observed that plants

sprayed with Zostera marina extract shown increase in
their shoot length.

Experiment lI: In the pot studies, plants at higher
concentrations of NaCl, showed retardation in the

morphological parameters (Fig. 1). In this set of experiment,

AL

S a b c d e

Fig. 1: Morphological variation of control and salt stressed

tomato plants after 15 days

a: Control plant, b: 50 mM NaCl treated plants, c: 100 mM NaCl treated
plants, d: 150 mM mM NaCl treated plants and e: 200 mM NaCl treated
plants
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Fig. 2: Effect of Zostera marina foliar spray treatment on

relative water content of salt stressed tomato plants
Error bars equal to standard deviation of ten replicates and experiment
of repeated thrice. The data was determined by one-way analysis of
variance (ANOVA) (SPSS v. 17). The mean values were compared by
using Duncan’s multiple range test (p<0.05)
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Fig. 3: Effect of Zostera marina foliar spray treatmenton
ascorbate peroxidase enzyme activity of salt stressed

tomato plants

Error bars equal to standard deviation of ten replicates and experiment
of repeated thrice. The data was determined by one-way analysis of
variance (ANOVA) (SPSS v. 17). The mean values were compared by
using Duncan’s multiple range test (p<0.05)

the plants sprayed with seagrass extract shownincreasein the
number of leaves than the plants sprayed with water.

Transpirational water loss: The Relative Water Content
(RWCQ) of the salt stressed tomato plants were declined
with increase induction of salt stress from 0-200 mM. The
plants sprayed with water exhibited 0.915-0.32%in RWC.The
plants sprayed with seagrass extract shown 1.58-0.52% of
RWC. This indicates that the plants sprayed with seagrass
extract shown an increase in RWC compared to the water
sprayed plants and their respective controls. The foliar sprayed
plants with extract had shown an early recovery from the NaCl
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Fig. 4: Effect of Zostera marina foliar spray treatmenton

catalase enzyme activity of salt stressed tomato plants
Error bars equal to standard deviation of ten replicates and experiment
of repeated thrice. The data was determined by one-way analysis of
variance (ANOVA) (SPSS v. 17). The mean values were compared by
using Duncan’s multiple range test (p<0.05)

stress by gradual increase in the transpirational rate. But the
tomato plants sprayed with water not show much variationin
recovering the stress conditions (Fig. 2) and the plant leaves
shrunk quickly as compared to the extract treated plant pots.
The control plants exhibited normal transpirational rate than
the stressed plants.

Effect of NaCl stress on antioxidant enzyme activities: The
enzymatic activity of ascorbate peroxidase was increased
significantly in control and extract treated salt stressed
plants. The plants foliar sprayed with water shown increase
in the APX activity at 50 and 100 mM NaCl treatment than
other treatments. The activity of the extract treated plants
exhibited increase in the concentration of enzymes
(0.391£0.01 pmol min~" mg~' protein) at 100 mM NaCl
stressed plants (Fig. 3). The extract treated control
plants had shown slight increase in the activity
(0.178£0.013 pmol min~" mg~" protein) than the plants
sprayed with water (0.138+0.016 pmol min—' mg~ protein).

The Zostera marina treated tomato plants shown
increase in the catalase enzymatic activity than the plants
sprayed with water (Fig. 4). The Control plants exhibited
0.080%0.001 pumol min~" mg~" protein, more or less the foliar
sprayed control plants of shown same level of CAT enzymatic
activity. Similarly, the activity of catalase (0.051£0.001 to
0.090%£0.001 umol min™" mg™" protein) was observed to
increase gradually with respect to increase in NaCl
concentration. In case of water treated plants, the enzyme
activity decreased to 0.0360.014 pmol min—" mg~" protein,
increase in the concentration of NaCl leads to the decrease in
the enzyme activity. It was observed that the activity of SOD
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Fig. 5: Effect of Zostera marina foliar spray treatmenton
superoxide dismutase enzyme activity of salt stressed

tomato plants

Error bars equal to standard deviation of ten replicates and experiment
of repeated thrice. The data was determined by one-way analysis of
variance (ANOVA) (SPSS v. 17). The mean values were compared by
using Duncan’s multiple range test (p<0.05)
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Fig. 6: Effect of Zostera marina foliar spray treatment on
peroxidase enzyme activity of salt stressed tomato

plants

Error bars equal to standard deviation of ten replicates and experiment
of repeated thrice. The data was determined by one-way analysis of
variance (ANOVA) (SPSS v. 17). The mean values were compared by
using Duncan’s multiple range test (p<0.05)

shown serious variations in recovering the stress. Increase in
the concentration of stress had lead to the decrease in the
SOD (Fig. 5).

In contrast to the CAT, APX and SOD, the POX activity of
the enzyme increased at the stressed conditions. The stress
recovered plants shown decrease in the activity than the
control. The highest activity was observed in the 200 mM NaCl
stressed plants of about 175.910.10 pmol min=" mg~' protein.
Whereas the stress recovered plants (Foliar sprayed with
extract) shown only 55.5£0.16 pmol min~' mg~" protein
(Fig. 6).
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Fig. 7: Effect of Zostera marina foliar spray treatmenton

proline activity of salt stressed tomato plants

Error bars equal to standard deviation of ten replicates and experiment
of repeated thrice. The data was determined by one-way analysis of
variance (ANOVA) (SPSS v. 17). The mean values were compared by
using Duncan’s multiple range test (p<0.05)

Effect of NaCl stress on non antioxidant enzyme activities:
Thelevel of prolineincreases proportionately faster than other
amino acids in plants under stress conditions. The plants
sprayed with extracts shown increase in the activity at
maximum 100 mM of NaCl and it shown the maximum
recovery from stress than the 150 mM and 200 mM of NaCl
concentration. The proline activity also decreased at the
higher concentration of stress (Fig. 7).

Histological localization of 0,~ and H,0,: The salt stressed
plants showed an increase in the accumulation of H,0, in the
leaves of tomato plants.The control plants have shown less or
minimal brown color patches in the leaves, butincreasein the
concentration of salt stress increased the brown spots in the
leaves due to the reaction of DAB in the presence of
peroxidases to produce a brown polymerization product.
Considerable more H,0, was detected in the tip of the leaf
(Fig. 8).

Stress recovery and the effect of foliar spray: The
seagrass extract sprayed plants shown the stress
recovery after 30 days, whereas the plant sprayed with
ordinary water, shown low survival rate and the leaves became
yellowish color and the density of the plants reduced to the
minimal level. Hence, the Zostera marina foliar sprayed plants
showed increase in the shoot length and biomass than the
control.

FTIR analysis of Zostera marina: The functional groups
present in the seagrass includes alcohol (0-H), alkane (C-H),
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alkene (C=C), alkyl halides like (C-F and C-Cl), alkyne (-C=C-),
amine (C-N) and aromatic (C=C) groups (Fig. 9). The
characteristic IR absorption frequencies and intensity of
bands of organic functional groups of Zostera marina were
analyzed (Table 1).

GC-MS analysis: The gas chromatography mass spectral
analysis of the methanolic extract revealed the presence of
21 compounds (Table 2). The major compound presentin the
extract was ¢-Sitosterol (30.36%) at 35.50 retention time.
The cholestano[7,8-a]cyclobutane, 3-methoxy-6-oxo-2'-
methylene was found to be the next compound present at
higher concentration with peak area of about 5.67% at
38.82 retention time. Tetrakis (Dimethylsilylcarbodiimide)
was found at 28.92 retention time and the peak area was
about 5.51%. Cholestano[7,8-a]cyclobutane, 3-methoxy-6-
ox0-2'-methylene an compound with unknown properties
were found at retention time of 31.85 with peak area of 3.14%
(Fig. 10).

a b c d eg:a

Fig. 8: Histochemical DAB staining assay forH,0,

accumulation in leaves of salt stressed tomato plants
The brown patches in the leaves indicate the production of
hydrogen peroxide at different concentration of NaCl stress,
a: Control plant, b: 50 mM NaCl treated plants, c: 100 mM NaCl treated
plants, d: 150 mM mM Nacl treated plants, e: 200 mM NaCl treated
plants

DISCUSSION

This study represents that the seagrass extract has shown
a protective mechanism under saline conditions by the
increased production of antioxidantenzymes. The compounds
present in the seagrass extract act as an elicitors for the
tolerance. Marine resources such as seaweeds and seagrass
have been documented for several decades because of their
innumerable applications. Besides their application as
farmyard manure, liquid extracts obtained from these
resources have gained importance as foliar sprays for crop
plant?®. It is evident that the extract contains growth
promoting hormones such as auxins, cytokinins, gibberellins,
abscisic acid and brassinosteroids®. The enhanced growth
plants by seaweed extract is due to the presence of inorganic
compounds like vitamins, micro and macro nutrients®,
organic compounds like betaines®', polysaccharides® and
phenolic compounds® in the extracts. It is well known that
one of the first plant responses to salinity stress is a reduction
in leaf growth rate with associated reductions in leaf area
available for photosynthesis. Subsequently, excessive
accumulation of salts can lead to death of tissues, organs,
toxicity, osmotic stress and production of reactive oxygen
species'’. The ROS can be scavenged by superoxide dismutase
(SOD), catalase (CAT) and variety of peroxidases (POX)'2.

The total biomass production of the plants has been
inhibited by salinity stress. Increase in the dose of the salt from
0-200 mM reduces the Relative Water Content (RWC). The
extract treated plants showed higher RWC than the plants
sprayed with water. Chlorophyll content of the extract treated
plants was observed to be higher than control plants under
saline conditions. Similar observations of increased chlorophyll
content were reported in Brassica chinensis and Phaseolus
vulgaris after foliar application of seaweed extract3*%. In this
study, chlorophyll content was reduced under stress
conditions whereas extract treated plants showed higher
chlorophyll content than water sprayed control plants. This

Table: 1 FTIR analysis infrared absorption and structure of functional groups present in the Zostera marina

Functional groups Types of vibration

Intensity

O-H Stretch, free
O-H Stretch, sharp
O-H Stretch, H-bonded
C-H Stretch

-CEC- Stretch

-CEC- Stretch

c=C Stretch

C=C Stretch

C-N Stretch

C-F Stretch

c-a Stretch

Strong, sharp

Strong, sharp

Strong, broad

Strong

Variable, not present in symmetrical alkynes
Variable, not present in symmetrical alkynes
Variable

Medium-weak, multiple bands

Medium weak

Strong

Strong
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Fig. 9: FTIR analysis of Zostera marina, the peaks represents the chemical groups present in the sample
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Fig. 10: GC-MS analysis of Zostera marina

observation clearly represents the positive role of seagrass reduced due o the sensitivity to the NaCl. But the plants
extract in increased chlorophyll content under green house  sprayed with the extract have enhanced the tolerance to the
condition (Fig. 10). The plants sprayed with water shown different concentrations of saline conditions. This observation
decline in chlorophyll content and the leaves became  was supported by the results of Mahmud et a/3 in which
yellowish in color and the number of plants have been chlorophyll content of untreated rice plants was reduced
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whereas methyl jasmonate treated plants showed higher
chlorophyll content under salt stress condition.

In pot studies, both the shoot length and root length were
found to increase in the seagrass foliar sprayed plants when
compared to control plants. This result is in accordance with
the observations made by Mansori et a/3*, in which seaweed
treated Phaseolus plant showed increased length of shoot
and root. The enzyme activity of the APX in the plants
subjected to saline conditions suggests that oxidative stress is
an important component of salt stress and it scavenges
peroxides by converting ascorbic acid to dehydroascorbate®.
In this study, three folds of higher activity of APX were seen in
the extract treated plants compared to the control and
plants sprayed with water. The APX of the more active
ascorbate-glutathione cycle may be related to the
development of relatively higher salt tolerance in plants3®. Our
results are in correlation with various others findings that the
APX and GR activities have been increased in the saline
conditions.

The SOD is responsible for the scavenging of toxic O?~
in different cell organelles. Salinity have induced increased
SOD activity as reported by various workers. The numerous
number of reports indicated that the biotic and abiotic stress
altersthe amountand activities of the enzymes, the enhanced
SOD activity**#. In our experiment, the activity of the extract
treated plants shown 4 fold increase in enzymes at 200 mM
concentration of NaCl.

The CAT is another enzyme which is also involved in H,0,
detoxification converting H,O, into water and oxygen.
El-Sharkawy et a/'> reported the enhancement of CAT activity
in both salt sensitive and salt tolerant cultivars of Alfalfa.
Whereas, in this study, CAT activity was found to decrease with
increasing concentration of salt, but the plants sprayed with
extract shown increase in the CAT activity in 50, 100, 150 and
200 mM NaCl treated plants.

In contrast to the APX, SOD and CAT activity, the POX
activity has been declined in the extract treated tomato plants.
But the plants sprayed with water shown increase in the
activity of enzymes from 96.6£0.16 to 175.9£0.10at 200 mM
concentration of NaCl. In contrast the activity of enzyme is
very low and shown nearly threefold decrease in the activity
at 200 mM concentration. The up-regulation and down
regulation of the antioxidant activities depend on the crop
varieties and the type of abiotic stress. Itis reported that plants
sprayed with seaweed extracts also exhibit enhanced saltand
freezing tolerance™®. Our study revealed that the foliar sprayed
salt stressed tomato plants exhibit increased SOD, CAT and
APX than control plants. It indicates that the natural level of
tolerance occurs to the seagrass treated plants in-spite of the
character gene transfer technology. The GC-MS and FTIR
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resultsindicated that the presence of various constituents that
all together paves the way for the salt tolerance. This work
suggests that the extract can be recommended as foliar spray
and biofertilizer to increase the yield of the different crops in
an environment friendly manner. The level of tolerance in
response to the stress can be further investigated in an
innovative manner for the commercial use of the extract.

CONCLUSION

It is concluded that the present study provides the
possibility ofincreased salt tolerance in tomato plants through
foliar application of seagrass liquid extract. To the nest of our
knowledge thisis thefirstreport on the application of seagrass
liquid extract in salt stress alleviation of tomato. Further this
work can be extended to other economically important crops
as well to create tolerance for abiotic and biotic stress
conditions.

SIGNIFICANCE STATEMENTS

This study discovers the positive role of Zostera marina
extract to give tolerance to tomato plants under salt stress
condition. The findings of this study can be beneficial to
enhance tolerance under other abiotic stresses as well. This
study will help the researcher to increase tolerance in salt
sensitive genotypes of economically important crop plants by
using Zostera marina extract as a stress alleviator. Thus, a
new theory on the effect of this seagrass on stress alleviation
may be arrived at.
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