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A field-experiment was setup with earthen pots in complete randomized
block design having ten replicate plants for each salt (NaCl) treatment.
Initially the plants were raised by irrigating with tap water and then after
their establishment, with NaCl (50, 100 and 200 mM) containing water.
Various growth and biochemical characteristics were found to be
adversely affected by saline treatments i.e., root length, shoot length,
fresh weight, dry weight, amount of protein and antioxidant enzymes. The
higher levels of NaCl (100-200 mM) in this investigation drastically
suppressed the growth of plants of Suaeda fruticosa L. in the form of
stunted growth. The overall increase in antioxidant enzyme activities
during this study seems to be their scavenging role by neutralizing the
reactive oxygen species produced during salt stress episode. It is
therefore, suggested from the results of this research work that
biochemical characteristics were related to a transferring of plants from
being salt sensitive to relatively more tolerant. Apparently lot of work on
this salt bush regarding biochemical and physiological characteristics still
remains elusive and needs further experimentation under greenhouse as
well as field conditions to draw meaningful conclusions.
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INTRODUCTION

The total area of the world which is affected by
salinity is 831 million hectares (20% of total irrigated
land in the world) which include 399 million
hectares of saline and 445 million hectares of sodic
soil (Zaman et al., 2009; FAO 2014). Soil salinity, a
major environmental constraint badly affects the
growth as well as productivity of many cash crops
and reduces the overall production in the world. It
naturally occurs in areas in which salt is already a
part of the soil composition. Secondary source of
salinity are irrigation with saline water and poor
drainage system (Zhu, 2007). Physical condition of
soils in which salt contents are greater will become
very poor for germination of seeds. It will be less
aerated as well as the ability of soil to hold water is
also lost. In other words, the soil becomes less
fertile. Additionally, too much sodium and chloride
ions are lethal to plants. The cations and anions
that are correlated with high salinity are Na*,Ca?*
Mg?*, CI, SOa4, and HCOs (Yadav et al., 1996).

Most of the halophytes (550 species) are
included in Chenopodiaceae (Aronson, 1989).

Several other families such as Poaceae, Fabaceae,
Asteraceae also includes halophytes but they count
only less than 5% of the species (Aronson, 1989).
Salt tolerant plants are distributed in coastal and
inland areas of the world (Ungar, 1991). It is
reported that plantings of halophyte could remove
about 2,646 Kg ha' of salt per year in the saline
habitats (Chaudhri et al., 1964). For their
establishment germination is an important stage in
the life cycle of plants and during the germination
stage salt tolerance is critical for growth of plants
(Khan and Ungar, 1996). Generally, response of
plants under salinity stress can be studied at three
levels i.e., at cell stage, at tissue level and at whole
plant level. To develop complete knowledge of salt
tolerance in halophytes, it is the pre-requisite to
have thorough understanding the mechanism
operating at three above mentioned levels. Less is
known about the biochemical/molecular
mechanisms involved against the various abiotic
stresses such as drought, salt and osmotic stress
(Zhu, 2001; Seki et al., 2003).

Suaeda fruticosa L. is a succulent obligate
halophyte and it produces numerous seeds in a
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growing season. It is widely distributed in the salt
marshes and deserts (Stewart, 1974). It is used as
forage for camels especially in desert areas
(Towhidi et al., 2011) and high quality edible oil is
also obtained from seeds of Suaeda fruticosa
(Weber et al., 2012). In halophytes, the potentially
damaging reactive oxygen species (ROS) at the cell
levels are kept within a narrow but functionally
significant range under optimum  growing
environment by using enzymatic coordinated
system like superoxide dismutases (SOD),
ascorbate peroxidase (POD) and catalases (CAT)
and by non-enzymatic antioxidants for instance
ascorbate (ASA; Ascorbic acid) and glutathione
(GSH) (Shabala and Mackay, 2011). At whole plant
level, it might be a strong antioxidant defense
system other than well-organized regulation of ions
likely to be a reason of salt tolerance in plants.
Further, production of several compatible solutes
and the protection of photosynthetic machinery are
attributed to salt alleviation in halophytes (Guan et
al.,, 2011; Shabala and Mackay, 2011). However,
while plant is under high saline environment these
mechanisms would become inefficient/less effective
which ultimately leads to growth retardation and/or
death (Munns and Tester, 2008). Keeping in view
the harmful effects of salt and importance of
Suaeda fruticosa (halophytes) in understanding the
mechanism of salt tolerance, a pot experiment was
conducted to determine whether application of salts
induce certain morphological and biochemical
changes in Suaeda fruticosa. Such studies are
scanty in available literature and need to be carried
out on priority basis. Additionally, this study is also
helpful/beneficial to bring under cultivation of saline
areas by growing most suitable salt tolerant plant
species.

MATERIALS AND METHODS
Procurement of the plant material

Suaeda frticosa L. (Forssk) seedlings (ca. 6
cm in height) were procured from the vicinity of
Railway track and roadsides of Lahore, Pakistan. A
Pot (14") experiment was conducted at Botanical
Garden during the month of August 2019 (average
temperature 35 + 2°C). The seedlings were planted
in pots containing 7 kg sand. Initially the plants
were raised without any salt treatment for one
month (30 days). To check the effect of NaCl on
plants, 10 uniform size plants were used for each
salt treatment and experiment was carried out
thrice. The plants were watered with Hoagland
solution (Hoagland and Arnon, 1950) for 30 days
and then with distilled water containing various
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concentrations of NaCl (0, 50, 100, and 200 mM)
for next 30 days. Plants were irrigated with
respective salt treatment after 7 days interval. After
15 days of experiment, pots were flushed with
distilled water to avoid accumulation of salt in the
root zone. After 60 days of salt treatment plants
were harvested for growth (shoot length/number,
root length/number and the average weight of root
and shoot), and biochemical (protein contents and
antioxidant enzyme activities) parameters.

Growth parameters measurement

The plants were up-rooted after 30-day of
NaCl treatment and 60 days of overall plant growth.
The length of shoots and number of nodes were
taken before harvesting. For biochemical tests leaf
samples were also collected. Plants of each pot
were harvested and completely washed with
running water and dried by using blotting paper.
The length (cm) and root of each plant was
measured with the help of a measuring tape after
30 days of salt treatment. Then material was dried
by using blotting paper and fresh weights of plant
shoots and roots were recorded. Plant material was
wrapped in aluminum foil and was dried in oven for
5 days at 65°C to get the dry mass.

Biochemical studies

For Biochemical assay, 1 gram of plant
material was crushed into powder and then added
in 3.0 ml of 0.15 M phosphate buffer (13.6 g
KH2PO4 and 17.4 g K2HPO4 in 1,000 ml of distilled
water, pH 7.2) + 0.5% (v/v) Triton and 0.15 g of
polyvinyl-pyrrolidone. This mixture was centrifuged
at 15,000 rpm at 4°C for 25 minutes (Sorval RB).
The upper portion of (supernatant) this mixture after
centrifugation was separated and stored in a
refrigerator at 0°C for biochemical assay (Racusen
and Johnstone, 1961).

Biuret reagent assay was followed
(Racusen and Johnstone, 1961) with minor
modifications for the analysis of soluble protein
contents. Two test tubes were prepared one
consisted of 2.0 ml of Biuret reagent containing 3.8
g CuS04.5H20, 1.0 g KI, 6.7 g Na-EDTA, 200 ml
5N NaOH in 1,000 ml of solution. In this mixture 0.2
ml of supernatant was added. The other consisted
of same ingredient with 0.2 ml of de-ionized water
rather than supernatant. The optical density was
recorded by using uv-visible spectrophotometer at
545 nm. The total protein contents were calculated
by comparing standard curve of protein, which was
prepared by using bovine serum albumin. The
equation given below was used for the calculation
of protein.
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Protein contents (mg/g) = E0 Wi 1000

Estimation of superoxide dismutase, POD and
Catalase

Guaiacol-H202' method was employed with
minor modifications for the quantitative estimation
of peroxidase activity (Luck, 1974). The assay
mixture having 3.0 ml of 0.15 M buffer (Sodium
phosphate pH 7.8), 20 mM guaiacol (2-
methoxyphenol; 0.05 ml) in solution from, 0.1 ml
supernatant and 0.03 ml of 12.5 mM H20: solution
(90% purity). Time required to increase the
absorbance (0.1) from (e.g., 0.4 - 0.5) at 240 nm
was used to estimate the peroxidases.

Beers and Sizer (1952) process was
employed to measure the catalase activity. The
reaction was done by using two types of buffer
solutions (A and B). First buffer (A) solution was
prepared by adding 50 mM sodium potassium
phosphate (pH 7.2), while buffer B was prepared by
adding 0.036% H2O2 solution in 50 mM potassium
phosphate buffer (pH 7.0). Both buffers were mixed
for preparing assay mixture having 2.9 ml buffer B
and 0.1 ml of supernatant while control sample was
prepared by only 3 ml of buffer A. Catalse activity
was estimated by determining the time that is
required for the absorbance (240 nm) to decline
from 0.45 to 0.40 and articulated as U/ml of
enzyme. The catalase activity was measured by
using formula as below;

Catalase activity (units/ml enzyme) = %::i
Whereas:
df: dilution factor, min: time required for the
absorbance (240 nm) to decline from 0.45 to 0.40
For the estimation SOD activity, method of
Maral et al. (1977) was employed with certain
modifications. It was estimated by using
spectrophotometer by determining the capability of
SOD to inhibit photochemical reduction in nitroblue
tetrazolium (NBT). For this two tubes (A & B) were
taken, both having 2.0 ml of 1.0 mM sodium
cyanide (NaCN), 13 mM methionine, 75 uM NBT,
0.1 mM EDTA and 2.0 uM riboflavin as a substrate.
Tube A was used as sample consisting of assay
mix + 5.0 yl supernatant. Both test tubes were
placed below fluorescent tubes (30-W) for 15
minutes. The absorbance was compared at 560
nm. SOD activity was represented by U/mg of
protein.

Absorbance of control sample — Absorbance of experimental sample
% inhibition = %100

Absorbance of experimental sample
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The enzyme activity was measured as one unit of
SOD caused about 50% inhibition.

Statistical analysis

The results were analyzed by ANOVA
using the SPSS (version 18.0.0). The mean values
were compared by Duncan Multiple Range Test at
p < 0.05.

RESULTS

Effect of various treatments of salt on growth of
Suaeda fruticosa L.

A significant reduction in plant growth was
observed when S. fruticosa healthy plants were
provided with higher levels of NaCl (0-200 mM).
The data given in Table 1 indicated that after 30
days of treatment, as the NaCl levels increases
from 0-200 mM it resulted in a sharp reduction of
the studied growth as well as biochemical
attributes. As regard to shoot growth of the plants
grown on zero concentration of salt (control) after
30 days was 5.90 cm while it was 4.77, 3.74, 2.60
cm at 50, 100, 200 mM NacCl levels, respectively.
As the concentration of salt further increased, a
sharp decrease in all the studied growth parameters
was observed. At 200 mM NacCl shoot growth was
reduced and no increase was noticed with reduced
root formation.

More or less similar trend in growth was
recorded with respect to root length. By increase in
the NaCl concentration in the potting mix, there was
a gradual decrease both in root growth. Data shown
in Table 1 represents that the root length reduced
from 4.60 cm (control) to 3.20, 2.60, 0.70 cm at 50,
100, 200 mM salt concentrations. These
observations also suggested that perhaps shoot
was less affected as compared to root at various
concentrations of salt.

In case of number of nodes, a significant
difference was observed in all salt treatments after
30 days of NaCl application. The data given in
Table 1 indicates that after 30 days of treatment, an
increase in the salt (NaCl from 0-200 mM, 4
treatments) correspondingly resulted in a gradual
decrease in the number of nodes and internodal
distance. The number of nodes was 7.0 in control
whereas it was 3.00, 2.40, and 2.00 at 50, 100, 200
mM NacCl level, respectively. By further increasing
the concentration of NaCl, a sharp decrease in all
the studied growth attributes was observed.
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Table 1: Effect on Growth parameters of Suaeda fruticosa under NaCl stress
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Length of | Length Fresh Fresh Dry :
concsgtliation shoot of root rl:lgdg; weight weight weight of Drgfv;/ggq[ht

(cm) (cm) of shoot of root shoot

5.90 4.60 7.0 9.24 5.88 2.52 1.24
0 (without NaCl) +0.112 +0.082 +0.032 +0.042 +0.028 +0.108 +0.132

4.77 3.20 3.0 8.54 3.56 1.76 1.04
50 mM NacCl +0.02° +0.03° +0.02° +0.018 +0.02° +0.12° +0.23°

3.74 2.60 2.40 7.02 3.50 0.79 0.22
100 mM NacCl +0.03° + 0.04°¢ +0.12° +0.01° +0.03° +0.21° +0.17¢

2.60 0.70 2.0 5.10 2.50 0.82 0.25
200 mM NacCl +0.041¢ +0.18¢ +0.08° +0.03¢ +0.07° +0.13° +0.18°
Significance * * o o * *

Values are = S.E from 10 replicate plants collected after 30 days of salt treatment.

*Significant and ** non-significant

Table 2: Effect of salt on protein contents and antioxidant enzyme activities of Suaeda fruticosa

Treatments Protein Peroxidase Catalase Superoxide
Contents (mg/g activity activity dismutase activity
tissue) (U/ml of enzyme) | (U/ml of enzyme) (U/mg protein)
Control 2.51 + 0.0062 1.24 +0.007¢ 35.43 +12.12°¢ 16.19 +12.12¢
Salt (50 mM) 0.76 + 0.014¢ 1.04 + 0.005¢ 42.36 + 8.68° 30.53 + 8.68°¢
(100 mMm) 0.79 + 0.009¢ 1.72 £ 0.0042 41.30 +11.43° 47.44 + 11.43°
(200 mM) 0.82 + 0.004° 1.45 + 0.005° 56.50 + 4.272 58.69 + 4.272
Significance * *x * *

Values are = S.E from 10 replicate plants collected after 30 days of salt treatment

*Significant and ** non-significant

Shoot fresh and dry weights

When salt was applied to plants it
decreased the fresh biomass of plants as
compared to without salt treated ones. Fresh
weight of shoot was maximum (9.24 g) of control
and that of under 50, 100 and 200 mM salt

stress was 8.54 g, 7 and 5 g, respectively. Same
pattern was observed in case of shoot dry
weight. Shoot dry weight was maximum at 0 mM
of salt which was 5.88 g. Shoot dry weight of
plants at 50 mM was 2.56 g and by further
increasing salt concentration, there was gradual
decrease in shoot dry weight.
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Root fresh and dry weights

There was little gain in root fresh and
dry weights with increasing concentrations of
salt stress in Suaeda fruticosa plants. Root fresh
weight was 2.52 g of control plants and that of
under 50 mM salt stress was 1.76 g. There was
more decrease in fresh weight with increasing
concentrations of salt stress. Fresh weights
were 0.79, and 0.82 g at concentrations 100,
200 mM of salt. In the same pattern, there was
decrease in root dry weight with increasing
levels of NaCl. Dry weight of root of control
plants was 1.24 g and that of salt stressed
plants was 0.25 g.

Protein content and antioxidant enzyme
activities in NaCl Stressed Plants

It was observed that by increasing salt
levels in potting mix a gradual decline in protein
contents was recorded as shown in Table 2. Itis
well evident from the table that at 50 mM NacCl,
protein contents shown a sharp decrease from
2.51 (control) to 0.76 mg/g. Similarly, protein
contents were 0.79., 0.82, mg/g at 100 and 200
mM NacCl, respectively.

Peroxidase (POD) Activity under NaCl Stress

Tables 2 indicated that antioxidant
enzyme activities like POD in plants of Suaeda
fruticosa after 30-days of salt treatment
increased as compared to control plants.
Changes in POD activity was recorded by
increasing salt levels in the potting mix. It is well
evident by data presented in Table 2 that
peroxidase activity in control (without salt
treatment) plants was 1.24 units/ml while in salt-
stressed plants it was 1.04, 1.72, 1.45, units/ml
of enzyme at 50, 100, and 200 mM NacCl
concentrations, respectively.

Effect of salt on catalase activity

Data shows that catalase activity of
plants increased significantly under salt stress.
In control plants it was 35.43 U/mg of protein but
there was a significant increase in catalase
activity with increasing salt level in (200 mM) salt
stressed plants. Catalase activity was 42.36,
41.30 and 56.5 U/mg of protein noticed at 50,
100 and 200 mM concentrations of salt,
respectively.
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Effect of salt on superoxide dismutase
activity

There was significant effect of salt
stress on SOD activity of plants. In control plants
its value was 16.19 U/mg of protein but under
salt stress its value increased significantly up to
38.26 U/mg of protein. These contents were
decreased at 50 mM concentration of salt but at
higher concentrations of salt SOD activity were
again increased. SOD activity at 100, and 200
mM concentrations of salt were 30.53, 47.44
and 58.69 U/mg of protein, respectively.

DISCUSSION

It is well evident from literature that salt
stress cause severe growth inhibition and at
much higher levels it results in loss of crop
productivity due to ion imbalance and osmotic
stress (Maggio et al., 2001). These impacts, on
plants cause various types of stresses in plants
i.e., oxidative damage, water stress and may
end up in decreased growth of plants (Zhu,
2001). The results of the present investigation
highlighted the severe reduction in all the
studied growth and biochemical attributes of
plant under salt stress. The growth parameters
for instance length of shoot and root length,
node and shoot/root fresh dry weights
decreased significantly. The number of shoots
increased (stunted growth behavior) at higher
levels of NaCl (200 mM) concentration. Multiple
shoot formation though was not a good sign as it
might indicate that cells are not dividing normally
and ultimately form bunch. These results are in
line with several workers those have
investigated such phenomenon in various plants
species. For example Potluri and Devi-Prasad
(1993) studied the potato growth at higher level
of salt and observed abrupt growth reduction.
Another study carried out by Martinez et al.
(1996) also highlighted same growth reduction
of potato plant at higher NaCl levels (100 to 200
mM). This severe decline in growth at higher salt
levels was also recorded by Farhatullah et al.
(2002). Shaterian et al. (2005) in a study on
potato recorded that growth of plants gradually
decreased with an increase of salt levels. The
formation of multiple shoots might have been
due to drastic effect of stress environment on
cell division and elongation (Wang and Nil,
2000).
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It was observed during this investigation
that 30-days stress in the form of various salt
treatments effected shoot/root fresh/dry weight.
Our results have indicated that a gradual
decrease in fresh/dry weight of shoot when NaCl
concentration increased in the potting mix. Our
results are very similar to Ochatt et al. (1999).
They suggested that reduction in shoot fresh/dry
weight at higher NaCl might be due to salt
toxicity. Liu and Staden (1999) also observed
the similar drastic effect on fresh weight of shoot
within 28 days of plants. Farhatullah et al. (2002)
also reported that NaCl injured cells and tissue
and limit the growth activities at higher salt
concentrations in the medium. They suggested
that this reduction of potato plant growth at high
salinity level might be due to less uptake of
water, ion imbalance and production of oxidative
stress (Errabii et al., 2007). This can be
accomplished with up-regulation of several
mechanisms i.e., balance of K* Na* and CI
uptake through the plasma membrane and/or
compartmentalization of Na* and CI" in the cell
vacuole (Parida and Das, 2005). It indicated that
during stress episode or at higher salt levels,
plants generally have adopted to hold up their
growth/developmental and metabolism activities
(Zhu, 2001). Another possible mechanism might
be better management in utilization of resources
under nutritional disparity, osmotic and
metabolic disorder. Such mechanism adoption in
growth and metabolism is not only helpful to
conserve energy for their defense mechanism
but also inhabit the possible risk of heritable
changes (May et al., 1998). It has been recorded
earlier by many researchers that the
occurrences of salt in the potting medium
generally retard or even completely restrict the
plant growth and development (Lutts et al.,
1999).

This study also highlights changes in
protein contents and antioxidant enzymes
activities under various treatments of NaCl in pot
grown S. fruticosa plants. Biochemical
techniqgues to manage with stress in plants
generally include adjustment of osmotic stress
by increasing in several compatible inorganic
and organic osmolite and enzymatic as well as
non-enzymatic antioxidants (Sairam and Tyagi,
2004). In this study, protein contents of plants
increase significantly by increasing
concentrations of salts in potting mix. Similar
results were also reported in several earlier
studies where increases in protein contents
were reported because of activation of several
proteins that were earlier dormant (Agastian et
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al., 2000). In line to these results increase in
protein was recorded in many salt tolerant
cultivars i.e., barley, sunflower and rice (Ashraf
and Harris, 2004). However, in contrast to this
studies are available in literature those indicates
that protein contents decrease by increasing
concentrations of salts in potting mix. Fidalgo et
al. (2004) observed a decreasing trend in protein
contents by increasing salt treatments. This
decline in protein contents was linked to the
toxic effects of salt to the plants.

It is well evident that under stress plants
responses to high salinity by increasing the
antioxidant enzymes those neutralize the
reactive oxygen species. These enzymes are
produced under normal environment but under
stress their concentrations increase significantly
(Batkova et al., 2008). The peroxidase, catalase
and superoxide dismutase activities exhibited an
increasing tendency by increasing salt in potting
mix as compared to plants grown under non-
saline environment. These antioxidant enzymes
having their essential role in sequestration of
reactive oxygen species under  stress
environment (Rahnama et al., 2003). Kumar et
al. (2008) also recorded similar results in case of
SOD, catalse and peroxidase activities in
Jatropha curcas as compared to non-saline
control plants. SOD specifically changes sever
toxicity of O2* radicals to less toxic H20:
(Scandalios, 1993) and to reduce the effects of
H202 by other enzymes like catalse and
peroxidase (Dionisiosese and Tobita, 1998).

It is concluded from this investigation
that high salt concentrations (100-200 mM) to
pot-grown plants of Suaeda fruticosa drastically
decreased the growth and development. The
results obtained from this investigation in the
light of previous literature hints at possible
genetic modification at both cellular and whole
plant level, those results in increased
biochemical (protein and antioxidant enzymes)
activities.
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