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Abstract

In this study, the role of salicylic acid pre-treatment (0.01, 0.1 mM was investigated) in inducing salt

tolerance in sweet basil. Results showed germination percentage, length of shoot and root, fresh and dry
weight of leaf, and photosynthetic pigments were decreased in response to high salinity but the lipid
peroxidation, coefficient allometry, and soluble sugars increased. In plants pre-treated with salicylic acid
(especially 0.01 mM) the adverse effects of salinity on all measured parameter were alleviated.
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Introduction

Salinity is the major stress factor which plants experience ionic stress, which can lead to
limits crop plants cultivation, especially in premature senescence of adult leaves due to
developing countries. The adverse effect of accumulation of toxic Na" and K" depletion (Al-
salinity on plants may lead to disturbances in Karaki et al., 2000; Demiral et al., 2005). This
plant metabolism, which consequently lead to a results in a reduction in the photosynthetic area
reduction of the plant growth and productivity available to support continued growth (Sultana et
(Greenway and Munns, 1980; Sharma and Hall, al,, 1999). Salt also affects photosynthetic
1991; Allakhverdiev et al., 2000). The strategy for components  such as  chlorophylls  and
osmotic adjustment varies from one plant to carotenoids. Changes in these parameters
another as well as in tissues (Shaddad et al., depend on the severity and duration of stress
1990; Dat et al., 1998). (Misra et al., 1997) and on plant species (Dubey

et al., 1994). High concentrations of salts also
disrupt homeostasis in water potential and ion
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postulated that at least part of the induced
leakiness of membrane is caused by lipid

During long-term exposure to salinity,
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peroxidation resulting from uncontrolled ROS
increase (Rodriques-Rosales et al., 1999).
Measurement of thiobarbituric acid reacting
substances (TBARs) concentration such as
malondialdehyde (MDA) is routinely used as an
index of lipid peroxidation under stress
conditions (Gapinska et al., 2008).

Many trials have been made to help the
plants to overcome these disturbances using
various treatments in the laboratory, for future
application in the field. It has been reported that
the exogenous application of SA may influence a
range of diverse processes in plants, including
seed germination (Cutt and Klessig, 1992),
stomatal closure (Larque-Saaveda, 1979),
membrane permeability (Barkosky et al., 1993),
and photosynthetic and growth rate (Khan et al.,
2003). Khodary (2004) found that SA treatment
increased the chlorophyll and carotenoids
content in Maize plants. SA is also known as an
important signal molecule for modulating plant
responses to environmental stress (Senaratna et
al., 2000)

The present study was conducted to
assess if the exogenous application of SA could
ameliorate the adverse effect of salinity on
Ocimum basilicum plants. For this purposes
germination, Growth Characteristics, lipid
peroxidation, and carbohydrates in roots and
shoots of sweet basil plants were measured.

Materials and Methods

Plant material and culture conditions

A pot experiment was conducted at the
growth chambers in International center for
science, High Technology and Environmental
sciences, Kerman, lran. Seeds of Ocimum
basilicum (provided by Yasateb Research Center,
Isfahan, Iran) were preliminary screened for
germination soaked in 100 and 200 mM NaCl
with various concentrations of salicylic acid (0,01,
0.1, 0, 0.5, 1, 1.5, 2, and 3 mM) to obtain the
optimum response of germination. The
concentrations of 0.01 and 0.1 mM were
selected.

Salicylic acid was dissolved in deionized
water and the pH was adjusted to 5.5 + 0.2 with
KOH (1 N). The seeds were soaked for 6 h in the

dark at 25 °C, in SA 0.01 and 0.1 mM or in
deionized water as control. Twenty-five seeds
were then germinated in Petri dishes (9 cm
diameter) provided with two filter paper
saturated with deionized water, 100 and 200 mM
NaCl. The seeds were kept under aseptic
conditions for 1 day in the dark and 5 days in 16
h/8 h light/dark cycle, with a light intensity of 350

umol m? S*and a relative humidity of 65 % at 25
C.

Three replicates were prepared for each
treatment. The seeds considered to be
germinated after the radicle emerged from the
caryopses. The final percentage of germination

was recorded after a period of 5 days in those
seeds that were germinated in deionized water.
For pot experimented, seeds were sowed in
plastic pot (15 Cm) filled with perlite and grown
under controlled conditions (light/ dark regime of
16/8 h at 25/20 'C, relative humidity of 65 -75%,
photosynthetic photon flux density of (PAR) 350
umol m™>S™) After germination, seedlings were
watered regularly with half strength long Ashton
solution. Irrigation was regularly done at intervals
according to weather conditions to keep the
moisture content of the soil to field capacity.
Plants were foliar sprayed with 0.01 and 0.1 mM
SA five times a day and control plants were
sprayed with distilled water and the volume of
the spraying solution was maintained just to
cover completely the plant's foliage till drip. Then
salt stress treatment was imposed by adding 100
and 200 mM NaCl in the pot for five days
intervals, the control groups were just irrigated
with water.

Plants were harvested after 7 days of
salinity treatment. Plants were taken at random
and divided into separate leaf and root fractions.
The fresh leaves and shoots were weighed, and
root lengths were measured. The samples were
then dried in an oven at 70 C for 72 h, and the
dry weights were determined. At harvest, roots,
shoots, and leaves were washed quickly with
deionized water and blotted dried on filter paper
and then stored -20 °C for further analyses.



Chlorophyll extraction and measurement

Chlorophyll concentration was
determined from fully expanded leaves. A fresh
leaf sample of 0.1 g was ground and extracted
with 5 ml of 8 % (V/V) acetone in the dark (Arnon
et al, 1949). The mixture was filtered and
absorbance was determined at 645, 663, and 450
nm (S2100 Arragy UV visible spectrophotometer).
Concentration of chlorophyll a (Chl. a),
chlorophyll b (Chl. b), and carotenoids were
estimated by the equations of Wittham et al.
(1971).

Lipid peroxidation

A decomposition product of poly
unsaturated fatty acids was utilized as a
biomarker for lipid peroxidation (Mittler, 2002).
The level of lipid peroxidation was quantified by
measuring the amount of malondialdehyde (MD),
which is determined by thiobarbituric acid (TB)
reaction as described by Madhava Rao and Sresty
(2000).

Reducing sugars content

Reducing sugars content were measured
based on Somogyi —Nelson (19532).

Statistical analysis

All analyses were done on a completely
randomized design and the data obtained were
subjected to one-way analyses of variance
(ANOVA) and the mean differences were
compared by least significant differences (L. S. D
test). The experiments were repeated twice with
three replicates (n=3) with the probability level
set at p<0.05.

Results

Influence of SA on seed germination in
saline medium

To document the influence of this
molecule at the level of seed germination, in
Ocimum basilicum L.CV seeds germinated under
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salt stress conditions with or without SA, addition
of 200 mM NaCl reduced percentage of seed
germination (Fig. 1). Under normal conditions,
maximum germination (94.66 %) was achieved in
those seeds which were either primed with 0.1
mM salicylic acid or distilled water and this was
statistically similar to all other remaining
treatments. When seeds were treated with 200
mM NaCl, SA significantly improved germination

(Fig. ).
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Fig. |. Effect of salicylic acid on seed germination
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Growth parameters

Spraying with SA showed a significant
effect on shoot and root lengths and ratio under
saline conditions (Figs. Il and Ill). Fig. (II) shows
the effects of NaCl on shoot length of Ocimum
basilicum under increasing salinity. Shoot length
decreased as salinity increased and maximum
shoot length was achieved in seeds primed with
0.1 mM salicylic acid.

Priming with 0.1 mM SA could only
improve root length at 100 mM salinity but
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Fig. IV. Effect of salicylic acid on Coefficient Allometery of

Ocimum basilicum under saline conditions.

priming with SA could not improve root length at
200 mM NaCl (Fig Ill). Root to shoot ratio
(Coefficient allometer) was significantly increased
in sweet basil when seedlings were sprayed with
0.1 mM salicylic acid (Fig. IV). Also, SA treatments

had significant effects only on fresh and dry
weight of leaf when salt concentration was not
too much. Leaf fresh weight significantly
increased at 100 mM salinity when seedlings
were sprayed with 0.1 mM SA but in high salinity
SA had no effect (Fig. V).

Maximum leaf dry weight was attained
due to spraying with 0.1 mM SA which
significantly increased leaf dry weight in those
plants which were treated with 100 mM NaCl
(Fig. VI).

Photosynthetic pigments (Chlorophyll a, b
and carotenoids) content

Analysis of variance of photosynthetic
pigments (Chlorophyll a, b and carotenoids) is
shown in (Figs VII, VIII, and IX. Salinity decreased
all pigments and salicylic acid significantly
increased photosynthetic pigments (Chlorophyll a
and b carotenoids).
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Fig. V. Effect of salicylic acid on leaf fresh weight of
Ocimum basilicum under saline conditions.
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Fig. VI. Effect of salicylic acid on leaf dry weight of Ocimum
basilicum under saline conditions.

Lipid peroxidation

The contents of lipid peroxidation in basil
roots and shoots were assessed by MDA
measurement. It was observed that salinity
significantly increased MDA content in both root
and shoot of basil plants. Treatment with SA,
decreased lipid peroxidation based on MDA
measurement only in the salt stressed plants. SA
treatment decreased MDA content compared
with the corresponding control (Figs. X and XI).

Reducing sugars content

Reducing sugars content in leaf increased
under 100mM NaCl treatment. But in plants
treated with SA and 100 Mm NaCl, reducing
sugars decreased significantly.

Reducing sugars content in roots of
plants treated with 100 Mm NaCl increased
significantly. On the other hand, in salt-stressed
plants treated with SA, this parameter increased
significantly (Fig. Xlll). Finally, in plants only

treated with SA, reducing sugars content of roots
reduced significantly (Fig. XIl).
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Fig.VIl. Effect of salicylic acid on Chlorophyll a of Ocimum
basilicum under saline conditions
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basilicum under saline conditions
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Fig.IX. Effect of salicylic acid on carotenoids of Ocimum
basilicum under saline conditions

Discussion

Seed germination is the most important
stage in plant establishment in saline soils. In this
study we observed significant difference in the
seed germination rate of basil under 200 mM
NaCl. These results are in agreement with those
obtained by Sarin and Narayanan (1968) showing
that in wheat, seed germination was significantly
decreased by salinity (Sarin and Narayanan.,
1968). It may be that NaCl reduced the rate of
germination due to the reduced water potential
and the resulting slower rate of imbibition (Afzal
et al.,, 2006). In the present study, priming the
seeds with various concentrations of salicylic acid
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proved to be effective in inducing salt tolerance
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Fig.X. Effect of salicylic acid on shoot MDA of Ocimum
basilicum under saline conditions
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Fig. XI. Effect of salicylic acid on root MDA of Ocimum basilicum
under saline conditions

at the seed germination stage in basil plants.

The results related to germination
percentage can be compared to earlier finding.
For example, El-Tayeb et al. (2005) found an
improvement in germination of these seeds pre-
treated with SA solution compared with un-
treated seeds. These results are consistent with
those of Rajasekaran et al. (2002) and Shakirova
et al. (2003) who showed a promotion in seed
germination with SA application.

Fresh and dry weights of leaf decreased
drastically under salinity condition compared
with non-saline condition. These results are
similar to those reported by Kaydan et al. (2007)
and Afzal et al. (2005) who found that dry weight
was reduced by salt stress in wheat.

Dry weights of seedling was decreased
due to salinity stress but in seedlings raised from
seeds primed with SA dry weight was improved
as compared to non SA treated plants under non
salinity and salinity conditions. This may indicate
that treatment of seedling with SA exhibited a
significant increase in salt tolerance. This result
was similar to the studies of El-Tayeb et al. (2005)
who reported that SA pre-treatment increased
dry weight in the stressed barley seedlings.
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In our experiment under the influence of
salinity the photosynthetic pigments greatly

()
| | ™
©oo

b
d

o

mMSA

leaf reduce sugar
o 5 3 ¢m¥/gvg 3

NN

/egf

h él
78 /e 8
0 100 200

Narl mia

Fig.Xll.Effect of salicylic acid on leaf reduce sugar of Ocimum
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Fig.XIll. Effect of salicylic acid on root reduce sugar of Ocimum
basilicum under saline conditions

decreased. Dela-Rosa and Maiti (1995) also

observed that chlorophyll biosynthesis decreased
in sorghum plants under salt conditions. Zhou et
al. (1999) reported that photosynthetic pigments
were increased in corn with SA application.

Moreover, Khan et al. (2003) showed that SA

increased photosynthetic rate in corn and
soybean. In this experiment we also observed

when the seedlings were sprayed with 0.1 mM SA

solution, they exhibited higher chlorophyll
content.

Salinity stress enhanced free radicals
levels in plants when the damage of membranes
was investigated by monitoring MDA content.
The data showed that lipid peroxidation in both
shoots and roots increased as the stress level
raised. These results are in agreement with those
of Bor et al. (2003) who found that salt stress

increases the Lipid peroxidation in the leaves of
two beet species. In this experiment spraying

seedlings with SA led to a significant decrease in
the level of lipid peroxidation in those seedlings
which were under salinity stress (100 and 200

mM NacCl). Similarly, Tari et al. (2002) found a
significant decrease in the concentration of TBA-
reactive compounds of salinity stressed tomato
plants. Similarly, Popova et al. (2003) showed
that pre-treatment with SA decreased the level of
lipid peroxidation induced by paraquat oxidative
stress in barley plants.

Shakirova et al. (2003) showed that SA —
induced increase in ABA might contribute to a
pre-adaptation of plants to stress. In fact, ABA is
known to have a key role in the induction of the
synthesis of a range of stress proteins (Leung et al
1998).

Ocimum plants subjected to NaCl salinity
showed a progressive increase in reducing sugar
content as the salinity level increased. SA
treatment is shown to cause a significant
decrease in sugars content in the leaves
associated with an increase in roots of normal
and stressed plants. Likewise, Maria et al. (2000)
and Khodary (2004) also reported a similar
decrease in soluble sugar content associated with
an increase in polysaccharides in NaCl-stressed
maize plants with SA application. In this study
there was also a possibility that SA application
may activate the metabolic consumption of
reducing sugars to form new cell constituents as
a mechanism to stimulate the growth of Ocimum
plants. It is also assumed that SA treatments in
leaves may inhibit polysaccharide-hydrolyzing
enzymes and/or accelerate the incorporation of
sugars into polysaccharides.

Conclusion

The differences observed in growth
parameters under stress showed that Ocimum
basilicum is tolerant to low salinity stress (100
mM NacCl). This species probably maintains the
osmotic adjustment with accumulation of Na*
indicated by Na~ compartmentation of Na® and
up-regulation of enzymatic anti-oxidant systems.

SA is also able to ameliorate the effect of salinity
on this plant and can be used to improve
production of agriculture plants under harsh
conditions.
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