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Abstract: Salicylic acid (SA, 50µM) improved key plant growth parameter, osmolytes (proline, glycinebetaine)
accumulation and proline metabolism in leaves of medicinally important Rauwolfia serpentina plants grown
under salinity stress (100 mM NaCl). SA induced significantly plant growth in terms of dry weight, water
content (%), photosynthetic pigments and protein contents in both saline and non-saline conditions. The
proline accumulation and proline synthesis enzymes like, pyrroline-5-carboxylate reductase, -glutamyl kinase
were increased significantly in presence of NaCl but highly significant was found in presence of SA under NaCl
stress. The proline oxidase activity was inhibited in all treatments than the non-saline control. Therefore, the
application of SA under NaCl stress, proline metabolism was significantly altered and the extent of alteration
varied between the SA and salt stress, leading to the maintenance of the turgor by accumulating significant
higher levels of proline accumulation in R. serpentina, supporting its protection from salinity stress. Further,
with addition of SA under salt stress of R. serpentina was evident from the higher level of glycinebetaine (GB)
over that of non-saline control or/others treatments. Hence, SA interaction with salt had a cumulative effect on
proline metabolism. 
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INTRODUCTION compatible  solutes,  proline  and  glycinebetaine  (GB)

Rauwolfia serpentina, (Family: Apocynaceae), exogenously applied SA has been reported in various
commonly referred to a Sarpagandha, is one of the most plants,  such  as,  wheat  [2],  soybean  [3],  maize  [4]  and
important native medicinal plant of India. This plant is lentil [5]. SA plays an important role in abiotic stress
used in treatment of snakebite, insect stings, nervous tolerance  and  considerable  interests  have  focused  on
disorder,  mania  and  epilepsy;  intractable  skin SA due to its ability to induce a protective effect on
disorders, such as psoriasis, excessive seating and plants under stress conditions. SA can considerably
itching.  The  international  importance  of  the  drug  and alleviate oxidative damage that occurs under salt stress
the alkaloids  obtained  from  it  has  been  recognized by condition. Therefore, SA being an oxidant could be linked
the  allopathic  system  in  the  treatment  of  hypertension to oxidative stress [6]. Exogenous SA application
and  as  a sedative or tranquillizing agent. It is salt enhances oxidative damage [7]. It seems that SA-
sensitive   species   and   adversely   affected   by   salt ameliorating effects are closely related to applied
stress in  terms  of  biomass  production.   Salicylic   acid concentration [1]. 
(SA), an important signaling plant molecule, can reduce Salt induced high production of reactive oxidative
symptoms of environmental stresses [1]. The signal species (ROS) that can cause damages to mitochondria
molecule  is  involved  in  signal  transduction,  which and chloroplasts [8]. The efficiency of the antioxidative
induce enzymes of the proline metabolic pathway to systems is correlated  with  tolerance  to  salinity stress
form/or up regulation of defense compounds, like, [9],  which    increases  plant   tolerance   to    salt   stress.

under abiotic stress. Stimulation of growth after
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However, SA cannot induce abiotic stress tolerance the effects of exogenous SA application in key plant
directly in all types of plants or in other words the
effectiveness of SA is depends upon type of species
and/or concentration of SA applied [10]. It has been
recently reported that SA (50µM) exhibited plant growth-
promoting while high concentration of SA (250µM)
exhibited plant growth-inhibiting properties in Matricaria
chamomilla [11]. Exogenous SA enhanced the drought as
well as salt stress resistance in plants [12] but the results
were contradictory and depended on the developmental
growth phase of plants or on the experimental conditions
[10].

Plants under stress conditions accumulate a number
of large small weight metabolites [13]. Among them, the
proline and glycinebetaine are function as
osmoprotectants [5] and their accumulation contribute to
maintain turgor in plants. It has been reported that proline
alleviates salt stress induced enhancement in oxygenase
and carboxylase activities of Rubisco [14]. It protects
plants from ROS induced damage by quenching of singlet
O [15]. Glycinebetaine (GB) is increased in various plant2

species under salt stress [16]. Many researchers have
been used different approaches to genetically engineered
modified plants for enhancing stress tolerance in plants
by manipulating GB level in plants [17]. The contributory
role of GB and proline to osmotic adjustment under salt
stress was confirmed by Misra and Saxena [5], Meloni et
al. [18] and Misra and Gupta [19]. 

In my previous article, detail of enzymology of
proline metabolism system has already been discussed
[5].Under salinity stress the activity of proline oxidase
was reduced in vitro in salt tolerant Brassica juncea [20].
Therefore, the higher accumulation of proline could be
due to enhanced activities of ornithine aminotransferase
(OAT) and pyrroline-5-carboxylate reductase (P-5-CR), the
enzyme involved in proline biosynthesis [21]. Therefore,
undeniably proline biosynthesis occupies a central
crossroad between carbon and nitrogen assimilation
pathways.

SA has been shown to ameliorate salt stress in
seedlings of Brassica juncea, tomato [22], Arabidopsis
[10] Matricaria chamomilla [13] and lentil [5]. However,
the effect of SA on the proline accumulation /and
metabolism of plants grown under salt stress is not still
clear. Some researchers have been reported molecular
biology of SA-induced systemic acquired resistance
(SAR) [23]. Various plant physiological changes to SA
application are known, but more extensive studies
focusing on the effects of SA on proline metabolism is
required. Therefore, the present endeavor was focused on

growth parameters, proline metabolism, osmolytes
(proline, GB) accumulations and also to measure
osmoticum (osmotic potential) in R. serpentina leaves
under salinity stress. Hence, an experiment was
conducted to determine whether exogenous applied SA
could induce salt stress tolerance in R. serpentina and to
draw a relationships between plant growth parameters,
osmolytes accumulation and proline metabolism to
elucidate mechanism associated with improved salt stress
tolerance in R. serpentine.

Experimental
Plant Material and Stress Treatments: Cut mature stem
(10-15 cm) of Rauwolfia serpentina (Family:
Apocynaceae) and grown in field for two months and
thereafter plants divided into four groups and were grown
in sterilized sand moist with Hoagland solution for two
month in the glass house at 27-30°C in sunlight with four
different treatments. Each group was watered every other
day with the following solutions, distilled water (0; non-
saline control, I), 50µM SA (II), 100 mM NaCl (III) and in
combination of 100 mM NaCl+50µM SA (IV). Three pots
(each containing 10 plants) were used for each treatment,
therefore, the whole experiment included 12 pots and 120
plants, respectively. For experiments, leaves were
collected from four different treatments of each pot on 15,
30, 45 and 60 days after planting (DAP) and used for
various growth parameters (dry weight, water content),
photosynthetic pigments, compatible solutes (proline,
glycinebetaine) determination and various enzyme
activities. The plant growth was evaluated using ten
plants in triplicate at specified periods of growth was
measured [5]. Relative water content (RWC) as percentage
of fresh weight (FW) was calculated using formula-RWC
(%) = [(FW-DW)/FW] x 100. 

Salicylic acid (SA; 2-hydroxybenzoic acid) was
initially dissolved in 100µl dimethyl sulfoxide and 0.1 mM
SA (pH 6.5) was prepared with distilled water containing
0.02 % Tween 20 (Polyoxyethylenesorbitan monolaurate,
Sigma Chemicals, UK). 

The total photosynthetic pigments (chlorophyll a+b,
carotenoid) were quantified with acetone [24].
Photosynthetic pigments (chlorophyll a+b, carotenoid)
were measured in each leaf pair. Leaf samples (500 mg)
were  homogenized   with   acetone  (90% v/v),  filtered
and make up to a final volume of 50 ml. Pigment
concentrations were calculated from the absorbance of
extract at 663, 648 and 470 nm using the formula of the
method of Lichtenthaler (1987) with some modification,
given as below:
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Chlorophyll a (mg/g FW) = (11.75 x A663-2.35 x A645) Enzyme Extraction and Enzyme Assays: A crude enzyme
x 50/500, Chlorophyll b (mg/g FW) = (18.61 x A645-
3.96 x A663) x 50/500, Carotenoids (mg/g FW) = (1000
x A470)-(2.27 Chl a)-(81.4 x Chl b)/227 x 50/500

Solute Determination: Proline accumulation was
determined in leaves as described by Bates et al. [25] with
slight modification. Powdered frozen (-70°C) tissue (50
mg) both root and shoot were weighed into 1.5 ml
centrifuge tubes and then added 3% 1.2 ml of
sulphosalicylic acid to precipitate protein. Samples were
mixed, centrifuged at 18,000x g for 10 min and the filtrate
transferred to a fresh 1.5 ml tube. Total 500 ml of filtrate
and made up 1 ml with distilled water and thereafter 1 ml
glacial acetic acid and 1 ml ninhydrin reagent [prepared
3% (w/v) ninhydrin in 60% (v/v) 6 M phosphoric acid]
added and kept for 1 h at 90°C. After cooling of the tubes
in ice, the products were extracted with 2 ml of toluene by
vortex mixing and the upper (toluene) phase decanted into
a glass cuvette and absorbance read at 520 nm. Proline
concentrations were calculated using proline standards
(0-50 mg/ml) in identical manner. 

Glycinebetaine was measured in leaves extracts as
described by Lever et al. [26] with some modification.
Powered frozen (70°C) tissue (50 mg) both root and shoot
were weighed into 1.5 ml centrifuge tubes and then added
60 ml drying reagent [5% (w/v) silver ortho phosphate in
anhydrous di sodium hydrogen phosphate] followed by
1 ml extraction solvent [10% (v/v) methanol and 90% (v/v)
anhydrous acetonitrile]. Samples were mixed for 20 min,
centrifuged at 18,000x g for 10 min and then filtrate was
transferred to a fresh tube, 400 ml supernatant was taken
and added 20 ml 10% (w/v) magnesium oxide. After mixing
50 ml of derivatizing agent (4-isomophenyl trifoliate) was
added. Mixture was centrifuged for 5 min 18,000x g and
aliquots (10 ml) of the supernatant injected directly into a
100 _ 48 mm silica column and eluted with a solvent phase
of 1.8 mM citric acid in 40 mM triethanolamine (15%) and
isopropanol (80%) through HPLC. Glycinebetaine peaks
in each extract were identified by authentic glycinebetaine
standard curve.

Osmotic Potential: The osmotic potentials of leaves
samples were determined from 15-60 DAP of R. serpentina
grown under two different treatments, viz. 100 mM NaCl
and 100 mM NaCl+50µM SA, following their freezing and
thawing with a Vapor pressure osmometer 5500 VIESCOR
(USA).

The osmotic potential of the solutes was calculated
from the van’t Hoff equation,  = cRT, where c is
concentration in mol/l and RT is approximately 2.5 M
Pa/l/mol.

extract was prepared by homogenizing 500 mg leaves in
0.1M Tris HCl buffer, pH 7.5, at 4°C [5]. 

Pyrroline-5-carboxylate reductase was assayed
according to Rena and Splittstoesser [27] with a slight
modification. The decrease in absorbance at 340 nm was
measured.

Proline oxidase activity was determined according to
Huang and Cavalieri [28] with a slight modification. The
increase in absorbance was recorded at 600 nm using
proline to initiate the reaction. The rate of reduction of
DCPIP was used to determine the enzyme activity
expressed as mM DCPIP reduced min/mg protein.

-glutamyl kinase [ATP: L-glutamate 5-
phosphotrasferase; EC 2.7.2.11] activity was assayed by
the method of Hayzer and Leisinger [29] with slight
modification and absorbance was recorded at 540 nm. One
unit of -glutamyl kinase activity defined as µg of -
glutamyl hydroxamate formed/ min/mg protein. -glutamyl
hydroxamate was used as standard. All the enzyme
activities were calculated in terms of katal.

Determination of Soluble Proteins: Soluble protein was
measured by the Bio-Red micro assay modification of the
Bradford procedure [30] using bovine serum albumin as
standard.

Statistical Analysis: Each treatment was analyzed with at
least three replicates and standard deviation (S.D.) was
calculated. All parameters were analyzed by analysis of
two-way variance (ANOVA). The means were compared
by the Tukey test at a 0.05 confidence level. Each pot
containing 10 plants, were exposed with four different
treatments I; non-saline control, II; 50µM SA, III; 100 mM
NaCl and IV; 100 mM NaCl+50µM SA from 15-60 DAP.
The whole experiment included 12 pots and 120 plants.

RESULTS

Growth Parameters: The Rauwolfia serpentina plants
grown under four different treatments, non-saline control,
SA, NaCl and combination of both treatments were
analyzed during 15-60 DAP. Various growth parameters
viz., dry weight, water content and photosynthetic
pigments were studied (Table 1). The dry weight of the
leaves decreased significantly with exposure to 100 mM
NaCl salinity. Salinity caused a significant (P<0.05)
reduction of leaves dry biomass (Table 1). Exogenous
supply of SA increased dry yield significantly both in
saline and non-saline control (Table 1). However, this
effect  of  SA  was  more pronounced in saline  conditions.
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Table 1: Selected physiological parameters in R. serpentina plants grown under non-saline control, NaCl, SA, SA+NaCl treatments. Each value represents
the mean of three independent observations with the S.D. determined. Values in each vertical column, followed by the same letter(s), are not
significantly different according to Tukey’s test (P<0.05)

Plant growth (DAP)
------------------------------------------------------------------------------------------------------------------------

Growth Parameters Treatments 15 30 45 60

Control 156.15 ± 11.10 176.74 ± 12.16 210.15 ±14.20  258.12 ± 13.36c c c bc

Biomass (mg DW) NaCl  95.04 ± 3.28 99.14 ± 5.11 116.13 ± 12.23 123.11 ± 10.25d d d d

SA 275.21 ± 19.68 299.66 ± 21.19 312.12 ±19.72 313.13 ± 23.71a  a a a

NaCl + SA 214.13 ± 17.38 229.11 ± 15.24 246.10 ± 14.95 261.11 ± 18.61b b b b

Control 87.5± 0.35 88.7± 0.95 89.15± 0.89  92.9± 1.23b b b a

RWC (%) NaCl 69.4± 0.48 73.6± 0.51 76.6± 1.47 79.0± 0.91c c c c

SA 92.8± 2.24 93.0± 1.16 94.4± 0.95 91.6± 0.97a a a a

NaCl + SA 90.4± 1.68 90.3± 1.72 94..8± 0.29 94.4± 0.89a a a a

Chlorophyll content (mg/gFW) Control 7.9± 0.23 8.4± 0.45 9.3± 0.65 11.3± 0.87b b a ab

NaCl 5.7± 0.28 6.2± 0.68 6.9± 0.98 7.3± 0.38b b b b

SA 9.7± 0.41 11.7±1.56 12.8±1.45 14.8±1.98a ab ab ab

NaCl + SA 7.4±0.67 9.5±1.32 10.9±1.52 12.3±1.42b a a ab

Control 0.4± 0.05 0.51± 0.02 0.63± 0.02 0.79± 0.03c a a a

Carotenoids content (mg/gFW) NaCl 0.35± 0.03 0.41± 0.01 0.54± 0.03 0.59± 0.01c c a c

SA 0.65± 0.02 0.72± 0.03 1.02± 0.07 1.32± 0.05a a b bc

NaCl + SA 0.53± 0.01 0.61± 0.04 0.87± 0.02 1.13± 0.04a a a b

Control 129.11±0.75 134.94±1.92 153.11±1.21  158.12±1.26c c a a

Soluble Proteins (mg/gDW) NaCl 92.12±0.65 95.13 ± 0.31 102.11± 0.93 114.10±1.21d d d d

SA 149.11±1.18 157.66±1.19 178.10±1.18 188.10±1.07a a b b

NaCl + SA 142.03±1.08 152.10±1.24 166.10±0.79 172.05±0.59a a a b

In presence of salt, on 60 DAP of plant growth, dry yield increased in leaves under salt stressed condition over that
increased almost up to the yield obtained from the non- of non-saline control at all stress regimes with the age
saline control. The combinations of both treatments from 15 to 60 DAP. A highly significantly increase was
resulted in the intermediate weight over that of non-saline observed in presence of both treatments as compared to
control (Table 1). Moreover, SA increased tissue water others treatments. Proline content significantly increased
content (Table 1) and the amounts of soluble proteins. by about ˜5.1 folds (P<0.05) in leaves on 60 DAP as
The plants grew much better in the presence of SA compared to the non-saline control. 
(P<0.05) than that of non-saline control (Table 1). Fig.1b depicted the P-5-CR in leaves of R. serpentina

Total chlorophyll content was measured in all four grown under various treatments. In leaves, P-5-C
treatments in leaves from 15 to 60 DAP of plant growth of reductase activities increased up to 60 DAP. Thus, on 60
R. serpentina (Table 1). Total chlorophyll content DAP in combination of both treatments brought ˜3.3 fold
decreased in presence of 100 mM NaCl and found to be higher (P<0.05) P-5-C reductase activity over the
NaCl stress dependent. However, better chlorophyll respective non-saline control. 
stability was found in SA and  SA+NaCl  treated  leaves Fig.1c depicted the proline oxidase activity in leaves
as compared to saline and non-saline control. The of R. serpentina grown under various treatments. The
concentration of carotenoids increased with SA levels of proline oxidase activity in both tissues increased
treatments (Table 1). from 15 to 60 DAP in absence as well as in the presence of

Proline Metabolism: The R. serpentina grown under four decrease in leaves throughout the plant growth age as
different treatments namely, non-saline control, SA, NaCl compared to non-saline control. Proline oxidase activity
and in combination of NaCl+SA were analyzed for free was decreased ˜2.23 fold in presence of both treatments
proline accumulation from 15-60 DAP. Free proline on 60 DAP in leaves as compared to non-saline control.
content of all four treatments in leaves is presented in Salt inhibition of proline oxidase could contribute to the
Fig.1a. The free proline content was significantly higher levels of proline as noted in Fig.1a. 

SA and NaCl. The proline oxidase activity was found to
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Fig. 1: Free proline content (a), P-5-CR (b), Proline oxidase (c), -glutamyl kinase (d), and Glycinebetaine content (e) in
leaves of Rauwolfia serpentina grown under four different treatments, viz. Non-saline control, NaCl, SA and in
combination of both NaCl+SA from 15-60 DAP. Enzyme activities were calculated in terms of katal. Each value
represents the mean of three independent observations with the S.D. determined. Bars followed by the same
letter(s) are not significantly different at P<0.05 (Tukey’s test). 

Table 2: The osmotic contribution (Osmotic Potential) of various solutes in leaves of R. serpentina at 15-60 DAP of plant growth age. The values are means
of independent observations with the S.D. determined. Values followed by the different letter (s), are significantly different according to Tukey’s test
(P<0.05)

Osmotic Potential (M Pa)
----------------------------------------------------------------------------------------------------------------------------------------------------------------
Proline Glycinebetaine
-------------------------------------------------------------------- --------------------------------------------------------------

Plant growth (DAP) NaCl NaCl+ SA NaCl NaCl+ SA

15 -0.525±0.02 -1.875±0.02 -0.1025±0.02 -0.245±0.05d c c b

30 -1.475±0.01 -3.875±0.01 -0.1625±0.01 -0.3075±0.03bc b c a

45 -2.325±0.03 -6.65±0.03 -0.215±0.02 -0.39±0.02bc a b a

60 -3.075±0.01 -7.8±0.06 -0.2775±0.03 -0.445±0.02b a b a
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Fig. 2: Osmotic potential (MPa) of leaves on 60 DAP of accumulation [11]. Therefore, the role of SA signifies in
Rauwolfia serpentina grown under two different regulating the salt stress response of R. serpentina and it
treatments, viz. NaCl and NaCl+SA. Each value suggested that SA could be used as a powerful potential
represents mean of three independent growth regulator to improve plant growth under salinity
observations and SD determined. stress. Presowing of Triticum aestivum with 50 µM SA

-glutamyl kinase activity in leaves of R. serpentina weight and noticeably reduced deleterious effect of about
grown under four various treatments from 15 to 60 DAP in 2% NaCl [2] whereas biomass of Echinochloa crusgalli
non-saline control as well in all treated plants (Fig.1d). shoots was more reduced in 0.5 mM SA-sprayed plants
The maximum activity of -glutamyl kinase was found grown under NaCl than in NaCl treatment alone after 3
˜1.99 fold increase in the presence of both treatments days of exposure [7], providing evidence for SA toxic
NaCl+SA in leaves. effect when applied in higher concentrations. Now

Fig.1e depicted the level of glycinebetaine in non- question is arises why we used low concentration of SA
saline control and in presence of various treatments in (50 µM). Recently, it has been reported that 250 µM SA
leaves. The accumulation of GB was considerably higher application stimulated increase of total endogenous SA
in presence of SA while significantly higher in presence while free SA content unchanged with the 50 µM SA
of both treatments over that of control in leaves from 15- application in both the rosettes and roots of Matricaria
60 DAP. GB accumulation significantly increased ˜2.34 chamomilla. Such increase of total endogenous SA by
fold in presence of both treatments in leaves as compared 250 µM SA caused extensive oxidative injury and growth
to non-saline control. inhibition [11]. Therefore, low concentration of SA (50

The contributions of proline as well as GB content to µM) did not cause oxidative stress, but stimulated
the “osmotic potential” of the leaves was higher from 15 protection against NaCl-induced alteration of stress-
to 60 DAP of plant growth age (Table 2) under various related growth parameters and metabolites. Although from
treatments. The leaves of R. serpentina showed full our previous study on lentil plant, 0.5 mM SA is beneficial
osmotic adjustment, 89% (-7.8 M Pa) for proline and only for plant growth under salinity stress [5].
34% (-0.445 M Pa) for GB on 60 DAP of plant growth in Salinity treatment caused a depletion of protein in
addition of SA to NaCl (Fig. 2). leaves of R. serpentina. Similar results have been reported

DISCUSSION total protein content in leaves of R. serpentina.

Salt  stress  limits  plant  growth  by  adversely intermediate increase in protein content over that of non-
affecting various physiological, biochemical and saline control. The increased protein content induced by
metabolic processes, such as, photosynthesis, antioxidant SA might be helping in maintaining osmolarity in the cells
mechanism, nitrogen metabolism, ion homeostasis [31,32], during salt stress. Chlorosis in R. serpentina plant grown

proline metabolism and osmolytes accumulation [5,19].
Salinity stress significantly decreased plant growth of
Rauwolfia serpentina from 15 to 60 DAP. Increases in dry
matter of salt stressed R. serpentina plants in response to
50 µM SA may be related to the induction of protective
role of membranes that increase the tolerance of plant to
damage. Other studies have shown protective affect of
100 µM SA against 200 mM NaCl stress in Lycopersicon
esculentum, whereas >1 mM SA and 0.5 mM SA
represents critical beneficial concentration [5,33]. SA was
used as a spray to shoots of soybean significantly
increased the growth of shoots and roots in either
greenhouse or field conditions [3]. It has also been
reported that SA treated maize plants showed higher dry
mass as compared to untreated seedlings grown under
salt stress [4,5], while SA alone stimulated biomass

(low concentration) stimulated increase of fresh and dry

from Phaseolus aureus [34], whereas, SA enhanced the

Combination of both NaCl and SA showed an
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under salinity stress started from 15 DAP with decrease of glutamyl  kinase  activities  (proline  synthesis)
total soluble proteins and chlorophylls (Table-1). concomitant   with   inhibition   in   the   activity of
Application of SA has mitigated these deleterious effects. proline oxidase (proline oxidation) presented evidence

The osmotic adjustment would be accomplished by here  for  the  higher  level  of  free  proline  accumulation
the accumulation of low molecular weight organic in R. serpentina in presence of both treatments
solutes/osmolytes, proline and GB. Proline showed the (NaCl+SA).   Our   findings   suggest   that   increase   of
significantly higher accumulation in response to salinity P-5-CR and -glutamyl kinase activities (proline
stress [5,19]. Proline accumulation may contribute to synthesis) in R. serpentina grown under SA treatment not
osmotic adjustment at the cellular level [35]. Hence, these only increases defense, but also increases the proline
solutes play an important role in osmoregulation [5,19]. A accumulation. It is therefore, believed that proline can
direct consequence of higher osmolytes concentration in reduce the deleterious effects of stress conditions and
tolerant cultivar of green gram is the maintenance of thus prevents the development of many types of
comparatively higher relative water content (RWC) [36] physiological damage.
and up-regulation of specific enzymes of proline Proline accumulation measured in the present study,
metabolism [19]. In contrast, proline accumulation was not increased in leaves of R. serpentina grown with SA and
significantly affected by salinity, as proline is not SA-NaCl treatment (Fig.1). This indicates protective
involved in the osmotic adjustment of cotton cultivars function of osmolyte against NaCl induced changes.
[18]. The significance of proline accumulation in osmotic Therefore, from the above data, it also seems that an
adjustment is still debated and varies according to the increase in proline content to be related to salt stress
species SA is directly involved in the changes taking acclimation in R. serpentina. Proline contribution to the
place in the plant under salt/ and osmotic stress. This "osmotic potential", however, was high throughout salt
interaction is further supported by data showing that stress in leaves. In leaves, fully adjusted osmotically to
osmotic stress can induce the activation of a SA-induced salt stress and higher accumulation of proline showed
protein kinase [37]. that there is correlation between proline accumulation and

Proline has a number of functions, such as, osmotic potential. Under salinity stress, it has been found
regulation of osmotic pressure, protection of membrane that increased accumulation of GB to increase the sodium
integrity, stabilization of enzymes/proteins, maintaining flux from cytoplasm to vacuole and also modify the
appropriate NADP /NADPH ratios and scavenger of membrane function. Previously, it had been reported that+

reactive free radicals [38]. We observed a substantial the accumulation of GB was found to be high in salt
increase in proline contents in presence of both tolerant cultivars [19]. It has been demonstrated that the
treatments (SA+NaCl), which might be attributed to the biosynthesis of GB is stress-inducible and that GB
strategies adapted by plants to cope up with stress accumulation is correlated with the degree of salt
conditions. The accumulation of proline oxidation or tolerance [5,19]. GB and soluble carbohydrate
decreased incorporation of proline into protein due to accumulation may adjust osmotically and enhances de
impaired protein synthesis and reduced growth. The novo synthesis of NR [23]. 
increased or decreased regulation of enzymes of proline The proline synthesis enzymes (P-5-CR, -glutamyl
metabolism in response to stress has been demonstrated kinase) and osmolytes (proline, GB) accumulation were
in green gram [16]. Proline accumulation under salt stress enhanced in response to NaCl and/or SA treatment, where
can be explained by the higher inhibitory rate of proline their interaction had an additive effect. Higher osmolytes
oxidase. P-5-CR, a key enzyme catalyzes the reaction accumulation, especially proline seems to be related to
synthesis of proline from glutamate. P-5-CR activity has salt tolerance in R. serpentina not to be a consequence of
been shown to increase under salt stress [5,19]. A tissue dehydration or tissue reaction to stress damage.
correlation between increased level of P-5-CR activity and SA appears to confer greater osmoprotectant by the
proline accumulation has been reported in green gram [19] additive role with salt in proline accumulation [5].
and Brassica juncea [20]. In the present study, P-5-CR Through the above discussion, it is confirmed that SA
and -glutamyl kinase activity were increased in presence may minimize deleterious effect of salt on plant growth
of both treatments in leaves of R. serpentina. Proline and adaptation of R. serpentina based on the higher
oxidase activity was inhibited to a greater extent in leaves. magnitude of proline and GB levels. Moreover, a positive
Proline oxidase activity is inversely correlated with proline relationship between proline accumulation and rate of
content. A significantly higher elevation in P-5-CR and - plant growth has been observed, which suggests that SA-
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induced changes in enzymes involved in proline 6. Foyer, C.H. and G. Noctor, 2003. Redox sensing and
biosynthesis have contributed in growth enhancement signaling associated with reactive oxygen in
under salinity stress. From the above discussion it has chloroplasts,   peroxisomes    and  mitochondria.
been clearly shows that, the SA could protect R. Physiol. Plant, 119: 355-364.
serpentina plant from the detrimental effects of salt stress 7. Sawada,   H.,   I.S.  Shim,  K.  Usui,  K.  Kobayashi
by improving physiological parameters, such as water and S. Fujihara, 2008. Adaptive mechanism of
content (%), photosynthetic pigments, osmolytes Echinochloa crus-galli Beauv. var. formosensis
accumulation and proline metabolism alteration in R. Ohwi under salt stress: effect of salicylic acid on salt
serpentine plant. It was, therefore, concluded that SA sensitivity. Plant Sci., 174: 583-589.
ameliorated the stress generated by NaCl through the 8. Apel, K. and H. Hirt, 2004. Reactive oxygen species:
alleviated proline metabolism system. Further, it might be metabolism, oxidative stress and signal transduction.
assumed that SA improves the salt-tolerance of R. Annu. Rev. Plant Biol., 55: 373-399.
serpentina by protecting the protein turnover machinery 9. Munns, R. and M. Tester, 2008. Mechanisms of
against stress-damage and up-regulating stress protective salinity tolerance. Annu. Rev. Plant Biol., 59: 651-681.
proteins through proline metabolizing enzymes. 10. Borsani, O., V. Valpuesta and M.A. Botella, 2001.
Furthermore, it might be exogenous applied SA to R. Evidence for a role of salicylic acid in the oxidative
serpentina has generated oxidative stress, which protects damage generated by NaCl and osmotic stress in
plants from damage. Such research work is under process Arabidopsis seedlings. Plant Physiol., 126: 1024-1034.
in our laboratory. 11. Kova´c ik, J., J. Gru´z,  M.  Bac kor,  M.  Strnad  and
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