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Abstract Two rice varieties, viz. Nonabokra and
Pokkali, have been evaluated for their responses to salinity
in terms of some physiological and biochemical attributes.
During the exposure to salinity (200 mM concentration
of sodium chloride for 24, 48, and 72 h), a significant
increase in sodium was recorded which was also con-
comitant with the changes of other metabolic profiles like
proline, phenol, polyamine, etc. The protein oxidation was
significantly increased and also varied between the two
cultivars. The changes in activities of anti-oxidative
enzymes under stress were significantly different to the
control. The detrimental effects of salinity were also evi-
dent in terms of lipid peroxidation, chlorophyll content,
protein profiles, and generation of free radicals; and these
were more pronounced in Pokkali than in Nonabokra. The
assessment and analysis of these physiological characters
under salinity could unravel the mechanism of salt
responses revealed in this present study and thus might be
useful for selection of tolerant plant types under the above
conditions of salinity.
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Abbreviations

DTT Dithiothreitol

DW Dry weight

EDTA Ethylene diamine tetra acetic acid
FwW Fresh weight

GPX Guaiacol peroxidase

M Molar

MDA  Malondialdehyde

PMSF  Phenyl mercuric sulfonyl fluoride
Put Putrescine

PVP Polyvinylpyrrolidone

PVPP  Polyvinylpolypyrrolidone

ROS Reactive oxygen species

SDS Sodium dodecyl sulphate

Spd Spermidine

Spm Spermine
TCA Trichloroacetic acid
Introduction

The adaptability of crop plants to environmental harshness
depends upon the unfolding of genotypic plasticity and the
resulting phenological and physiological expressions. These
are also coordinated with environmental fluctuations and
thereby accommodate such conditions partially or fully,
whatever the case may be. The increase in such environ-
mental stresses, like water deficit or excess, soil salinity,
extreme temperature, chilling, etc., are the same constraints
that essentially impair the plant’s sustenance over a period of
its life cycle. Salt deposition in different concentrations and
duration is one of the major environmental extremes
affecting the growth and development of plants, particularly
those mesophytic crop species prone to salt injury by excess
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salt deposition in the soil. In brief, salt deposition in the
soil is sensed by plants in two ways: primarily through the
changing of the water potential (i), and secondarily,
the specific ion toxicity that disrupts the ion homeostasis of
the tissues (Zhu 2001). The osmotic relationship and its
different components are affected through inadequate water
balance or more negative water potential in tissues and thus
initiate a set of events both at the cellular and physiological
levels. In general, a high level of Na™ in soil is referred to as
sodicity while alkalinity is considered as the composites of
other salts in soil, Na™ being the predominant one (Yokoi
et al. 2002). The increased salinization poses a real threat to
cultivatable land, since it may probably lead to the loss of
30% of land within the next 25 years and even of 50% by the
year 2050. However, under this condition, plants can also
show a wide range of responses to adjust to or combat the
salinity. Accordingly, two common groups, namely halo-
phytes and glycophytes, besides their degrees of sensitivity
to salinity also show variability in tolerance at different
levels to such environmental conditions. Withstanding
osmotic stress and ion toxicity as primary effects, other
detrimental effects are derived from perturbed cellular
membrane integrity and the generation of toxic molecules,
which initiate a gradual disruption of the cellular mechanism
(Basu et al. 2009). It is well established that plants adapt
multiple strategies for minimizing salt injury, and charac-
teristically these are based on adjusting the water potential
and, secondly, exclusion and/or sequestering the excess salt
from sites of metabolism in cells, particularly organelles like
chloroplast, mitochondria, etc. as those are very prone to
oxidative damage. Moreover, acquisition of salt in excess
becomes more detrimental to plants under high illumination,
and it induces a high oxidative burst/exposure as it reduces
the molecular oxygen by highly energized electrons (from
the electron transport chain) and converts it into some over-
oxidized moieties commonly referred as reactive oxygen
species (ROS). An excessive generation of ROS, such as
super oxide (O, ™), peroxide (H,0,), and free radicals (OH ™)
initiates rapid cell damage by triggering a chain of reactions,
which make the plant susceptible to oxidative damage and
more vulnerable to salt affecting tissues (Bascola et al.
2003). Thus, the chloroplast and mitochondria are the two
most vulnerable to ROS. The cellular membranes and other
macro-molecules, like proteins, nucleic acid, lipids, glyco-
sides, etc., are more sensitive to cytosolic and organelle-
specific ROS (Wang et al. 2009). Cellular impairment in
terms of different metabolic events, which include chloro-
phyll attenuation, lipid peroxidation, protein carbonylation,
oxidation of —SH groups of proteins and other organic
moieties, reduction of enoic fatty acids, etc., are accelerated
by these ROS and thus their cellular status or performance
becomes retarded. Fortunately, plants are also attuned to
such oxidative hazards partially or fully depending on the
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degrees of ROS accumulation in the tissues. This is
accomplished by defolding the genetic plasticity through
over-expression of both non-enzymatic and enzymatic
pathways against these conditions. A variety of anti-oxida-
tive enzymes, viz. super oxide dismutase (SOD), peroxidase,
(POD), and catalase (CAT), operate in a sequential cascade
reducing the ROS into inert or less reactive moieties, which
can be either directly quenched or chelated by some proteins
(Sairam and Tyagi 2004). Therefore, salinity or metal stress
has appeared as another possible constraint in the form of
oxidative stress to a plant’s growth and development, and
thus plants also accommodate some combined pathways for
resistance against both salinity and oxidative stress (Roy
Choudhury and Basu 2008).

Rice is one of the major cereals. Like other crop species,
it is also highly sensitive to salt but in a variable manner
according to genotypic variability (Zhao and Yang 2008).
The tall or semi-dwarf, lowland indica varieties display
their variation in sensitivity according to the concentration
of the salts, time of exposure, and also duration of the salt.
The differential responses to salt by the two varieties are
based on their potential for genotypic plasticity which is
efficiently expressed into physiological attributes adopting
or alleviating the shock for salt stress. However, in most
the cases, not much is known about the local or traditional
cultivars of indica rice which very often suffer from an
unsatisfactory yield, reduced by more than 40% in different
salt-affected fallows (Peng et al. 1999). Moreover, salt
exposure provides early hazards for the rice seedling by
creating poor establishment in the soil, reduced growth,
impaired photosynthetic carbon fixation and very often
reduced acquisition of other nutrients. Furthermore, inad-
equate dry matter accumulation at the seedling stage sets a
limit on survivability. In addition, an oxidative burst or
exposure is also very much more acute at the seedling stage
in rice, particularly in traditional indica cultivars (Reddy
et al. 2004). Therefore, superior plant types of those rice
varieties are required to sustain against such salinity, as
well as to realize a satisfactory yield. Although consider-
able efforts are made in the selection of salinity-tolerant
crop species, progress has been meager primarily due to an
inadequate understanding of the underlying mechanisms of
salt tolerance. Moreover, inconsistency in the performance
of rice varieties under saline conditions sets a limit on the
ability of any variety to be used in the field for successive
seasons and in practice only a few are found to be satis-
factory for adoption. Therefore, a proper unraveling the
pathways attributing tolerance to salt/salinity and the
resulting selection of better plant types is worthy of study.
This has led to the present investigation, which investigated
the effects of the induction of salinity on some physio-
logical and biochemical responses in two rice varieties
(viz. Nonabokra and Pokkali) at the seedling stage, and
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looked at their potential importance for producing reliable
indices for screening salt tolerance, as well as their possible
clarification.

Materials and methods

To satisfy the above objectives as proposed, an experiment
was conducted in the laboratory of Plant Physiology and
Plant Molecular Biology, Department of Botany, Univer-
sity of Kalyani, Kalyani, West Bengal, India. The seeds of
two rice varieties, namely Pokkali and Nonabokra (repor-
ted as tolerant and moderately sensitive, respectively;
110-120 days duration; photo insensitive; semi-dwarf and
nitrogen-responsive; Roychowdhury et al. 2007), were
collected from the farm of Bose Institute, Kolkata, India.
The viability of the seeds was tested by a germination test
as per Hong and Ellis (2004). Briefly, 100 g of seeds from
each variety were soaked for a prolonged period in distilled
water and allowed to germinate under laboratory condi-
tions of optimum temperature (27 = 1°C) and relative
humidity around 80% in a seed germinator. Seven-day-old
seedlings (seedling age was recorded from the day of
radical emergence) were transplanted into Hoagland’s
nutrient medium (Hoagland and Arnon 1950) on a metal
net in a polythene tray (2-2.5 1 capacity). In such condi-
tions, the seedlings were allowed to grow for 10 days in the
open air to attain their full growth under natural conditions
of day and night periods during the month of June (average
temperature = 30°C; relative humidity = 70-80%, pho-
toperiod = 14/10 h light/dark). Next, the entire set was
transferred into a fresh media as before, but containing salt
(sodium chloride) at 200 mM/1 concentration, i.e. equiva-
lent to electrical conductivity of 18 ds m™' as suggested by
Roy et al. (2005). For each variety, 30 plants were given
salt treatments in 3 replications following a randomized
block design. A controlled set was maintained in which salt
was withdrawn. Plants were allowed to grow up to 72 h, in
both cases under the conditions described above. Inter-
mittent destructive sampling (i.e. excision of all leaves
from the stems of seedlings) were carried out at intervals of
24, 48 and 72 h. Plant samples were immediately frozen in
liquid nitrogen and stored at —80°C in a deepfreeze
(Thermo, USA) for biochemical analysis. For each analy-
sis, equal amounts of fresh tissues were taken from both
control and treated plants and the following parameters
were measured under identical laboratory conditions.

Estimation of Nat/K™

The concentrations of sodium (Na™) and of potassium (K*)
were estimated from the leaf samples after the treatments.
The samples were dried at 80°C and digested with tri-acid

mixture (HCI:HNO3:HCIO4 = 1:1:1) and analyzed for
Na®/K™" concentration withan atomic absorption spectro-
photometer (Schimadzu, Model No. A6800) as described
by Liu et al. (2008).

Estimation of chlorophyll

The chlorophyll content was estimated from the harvested
leaf samples according to Arnon (1949). Fresh leaf samples
was crushed thoroughly with 80% acetone and centrifuged
at 3,000g for 10 min at 4°C (Hermle, Model No. Z323K).
Supernatant was taken as the source of chlorophyll and was
estimated by reading the absorbance at 645 and 663 nm
with a UV-V Spectrophotometer (Cecil, Model No.
CE7200).

Estimation of proline

Proline was extracted from 1 g of fresh leaf tissue in 3%
aqueous sulphosalicylic acid and reacted with acid-ninhy-
drin solution (0.8 g stannous chloride in 500 ml 0.2 M
citrate buffer, pH 5.4 and 20 g ninhydrin in 500 ml
2-methoxyethanol). Estimation of proline from the reaction
mixture was done according to Bates et al. (1973) and
expressed as micromole/gram of fresh tissue.

Total phenolics

For this analysis, 500 mg of tissue was crushed in 80% hot
ethanol and centrifuged at 10,000g for 15 min at 4°C. The
supernatant was evaporated to dryness in a water bath and
finally dissolved in a minimum volume of water. An ali-
quot of 0.5 ml was treated with 5 times diluted Folin—
Ciocalteu reagent followed by addition of 20% sodium
carbonate. The mixture was incubated in a boiling water
bath for 1 min. The colur was read at 650 nm and phenol
content was derived with gallic acid as standard according
to Mohsen and Ammar (2009).

Lipid peroxidation

For the lipid peroxidation, malondialdehyde (MDA) con-
tent was determined from leaf homogenate, extracted with
20% trichloroacetic acid (TCA) containing 0.5% thiobar-
bituric acid (TBA). MDA content was determined by
reading the absorbance at 532 nm and corrected for non-
specific absorbance at 600 nm (Heath and Packer 1968).

Estimation of protein
Extraction of protein from the frozen leaf samples was

done by grinding them in liquid nitrogen into a fine powder
which was homogenized with protein extraction buffer
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(50 mM Tris—Cl, pH 7.5; 250 mM sucrose; 25 mM KCl;
5 mM MgCl,; 3 mM EDTA; 1 mM PMSF as protease
inhibitor; 1 mM DTT; 0.5% [-mercaptoethanol (in 1:2
ratio). The homogenate was centrifuged at 15,000g for
20 min at 4°C. The supernatant was saved and bovine
serum albumin used as standard.

Separation of total protein by sodium dodecyl sulfate
polyacrylamide gel electrophoresis

The total protein was isolated from 1 g of tissue crushing in
10 ml buffer containing 1.5 mM Tris—HCI, pH 6.8; 1 mM
sucrose; 3 mm MgCl,; 1.0 mM bovine serum albumin;
0.1% PVPP; 0.1 mM DTT; 1.0 mM PMSF under cold
condition. The homogenate was centrifuged at 10,000g at
4°C for 15 min. The supernatant was concentrated by
lyophilization at —40°C. The protein was quantified with
Bradford reagent (Bradford 1976). A protein sample of
50 pg was loaded into a denaturing polyacrylamide gel
containing 10% sodium dodecyl sulfate (SDS). The gel was
casted as 10% and 5% as resolving and stacking gel,
respectively (Sambrook and Russell 2001). The protein
was run at constant voltage (10 V/lane) under cold condi-
tion. The protein was visualized by staining the gel with
Coomassie brilliant blue (G-250; Bio-Rad) and viewed in a
gel Doc system (Bio-Rad Gel Doc™ XR).

Enzyme assays

Steady state measurements for the activity of guaiacol per-
oxidase or GPX (EC 1.11.1.7) were assayed spectrophoto-
metrically using O-dianisidine as electron donor and
hydrogen peroxide (H,0,) as substrate. The enzyme extract
was prepared by thoroughly homogenizing the tissues in
liquid nitrogen followed by 0.1 M potassium phosphate
buffer (pH 7.0) under cold condition. The homogenate was
centrifuged at 15,000g, at 4°C for 15 min. The protein
content of the supernatant was concentrated using 80%
ammonium sulphate (NH,4),SO, precipitation followed by
dialysis and lyophilization (Sambrook and Russell 2001).
The protein was measured as per Bradford (1976). The
concentrated protein samples were used as the source of
enzyme and incubated in an assay mixture containing
(0.1 M phosphate buffer, pH 6.5; 1.5 mM O-dianisidine;
0.2 M H,0,; 50 pg of protein) at 37°C. The absorbance was
recorded at 430 nm using an extinction coefficient of
O-dianisidine (26.2/mM/cm). One unit of enzyme activity
was determined as the amount of enzyme required to change
the absorbance by 0.1 per unit time (Hu et al. 2009). For
detection of isoenzymic profiles of GPX, the enzymatic
protein was extracted from 1 g of tissue ground in liquid
nitrogen and extracted with 5.0 ml buffer containing
1.0 mM Tris—HCI (pH 7.7), 10 mM MgCl,, 1.0 mM DTT,
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0.1 mM PMSF, 0.1 mM EDTA, 0.1 mM leupeptin, 0.1 mM
BSA and 2% PVP under cold condition. The extract was
centrifuged at 20,000g, for 15 min at 4°C and the superna-
tant was dialyzed in a cellulose acetate bag against a dialysis
buffer containing 10 mM KCl, 0.1 mM EDTA, 1 mM
PMSF, 1 mM S-ME under 4°C for 6-8 h. The protein was
concentrated under vacuum and dissolved in 0.5 ml of the
dialysis buffer. The protein was run in a non-denaturing 10%
polyacryl amide gel at 5 V/lane under cold condition (Am-
mar et al. 2008). For detection of polypeptides, the gel was
incubated in an assay mixture containing 50 mM Potassium
phosphate buffer, 0.5 mM O-dianisidine and 0.5% H,0,
until orange-brown bands were visualized.

Polyamine determination

Polyamine determination was done according to Zhao and
Yang (2008). A leaf sample was homogenized with 5%
perchloric acid (HCIO,4) under cold condition followed by
centrifugation at 26,000g for 15 min at 4°C. The super-
natant and reference polyamines (Spd, Put, Spm) were
dansylated and extracted with benzene. The polyamines
were separated from the extract on a HPTRC silica gel 60
plate (E-Merck) with chloroform:triethylamine (100:20) as
solvent. The spots of dansylated polyamines were identi-
fied from the R; values with respect to those of the stan-
dards. The spots were identified under UV and scraped off
and eluted with ethyl acetate (Botella et al. 2000). The
polyamines were quantified from the fluorescence mea-
sured at 337 nm excitation and 495 nm emission by a
fluorescence spectrophotometer (Perkin-Elmer, MmPF
44B) and expressed as pM/g of FW.

Determination of endogenous H,O, concentrations

Hydrogen peroxide (H,0O,) concentration was determined
according to the method by Loreto and Velikova (2001).
Leaf samples of 0.5 g were homogenized in 3 ml of 1%
(W/V) TCA. The homogenate was centrifuged at
10,000g for 10 min at 4°C. Subsequently, 0.75 ml of
supernatant was added to 0.75 ml of 10 mM K-phosphate
buffer (pH 7.0) and 1.5 ml of 1 M potassium iodide (KI)
solution freshly prepared. H,O, concentration of the
supernatant was evaluated by comparing its absorbance at
390 nm to a standard calibration curve. The concentration
of H,O, was calculated from a standard curve plotted in the
range from 100 to 1,000 pM/ml H,0, and expressed as
uM/g FW.

Statistical analysis

All the observations were recorded with three replications
(n=3) and data were expressed as mean £ SE.
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The statistical analysis was performed by one-way
ANOVA analysis, taking P < 0.05 as significant.

Results

From the performances of the plants under the salinities
used in the present experiment, some important findings
regarding the physiological and biochemical changes were
found which might be useful to justify and analyze the
varietal difference in tolerance to salt stress. Irrespective of
varieties, the plants recorded significant changes in their
physiological attributes as a function of the duration of salt
exposure, i.e. 24, 48 and 72 h. Since salinity in this
experiment was experienced by the plants in the form of
sodium chloride (concentration of 200 mM), so sodium
(Na™) uptake in the tissues would be the preliminary
concern for the plants. Thus, the results with respect to Nat
uptake are significantly (P < 0.05) variable between the
two rice cultivars, Nonabokra and Pokkali, for different
durations (Fig. 1). Notably, Pokkali had nearly 1.7 times
more accumulation of Na™ than the control, compared with
that of Nonabokra which was 1.2 times over the control
(Fig. 1). Furthermore, the tissue-specific accumulation of
sodium ions (Na™) was also statistically correlated with the
duration of stress exposure (r = 0.872). Accumulation of
Na™, secondarily induces the membrane injury which
manifests as the loss of electrolytes and potassium ion (K*)
which is the most important cationic osmolyte. Thus, the
loss of K™ was also recorded in the present experiment.
The loss under salinity of K*, the most important ion for
osmo-regulation in leaf tissues, in this experiment was also
significantly (P < 0.05) variable between the two varieties
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70 | B
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10 |

Concentration of [Na*](ug/mg DW)

24 48 72
Duration of treatment in h

Fig. 1 Concentration of Na' in leaves of Pokkali and Nonabokra
under normal and 200 mM salinity at different durations of treatment
(24, 48 and 72 h). NN Nonabokra under normal condition, NS
Nonabokra under salinity (200 mM), PN Pokkali under normal
condition, PS Pokkali under salinity (200 mM)

as compared to control (Fig. 2). The loss of K* was noticed
in both cases throughout the period of stress: Pokkali was
the highest being 2.0 times that of the control at 72 h, while
in Nonabokra it was 1.8 times. Thus, Nonabokra showed a
higher tolerance to salinity with a smaller loss of K™.
Regardless of the varieties, the maximum accumulation of
Na' and loss of K™ had both taken place at 72 h of the
stress period (Figs. 1 and 2). Salinity otherwise induces the
perturbation of osmotic status of the tissues and, to combat
this, plants tend to accumulate some osmolytes, of which
proline is the most important. Likewise, estimation of
proline recorded significant (P < 0.05) variations irre-
spective of the rice varieties when exposed to salt com-
pared with the control (Fig. 3). Although varietal
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Fig. 2 Concentration of K* in the leaf of Pokkali and Nonabokra
under normal and 200 mM salinity at different durations of treatment
(24, 48 and 72 h). NN Nonabokra under normal condition, NS
Nonabokra under salinity (200 mM), PN Pokkali under normal
condition, PS Pokkali under salinity (200 mM)
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Fig. 3 Proline content of Pokkali and Nonabokra under normal and
200 mM salinity at different durations of treatment (24, 48 and 72 h).
NN Nonabokra under normal condition, NS Nonabokra under salinity
(200 mM), PN Pokkali under normal condition, PS Pokkali under
salinity (200 mM)
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differences were non-significant in proline content, even
so, on average, Nonabokra recorded higher values in pro-
line content than did Pokkali during the stress period.

Admittedly, both the varieties had higher proline con-
centration under stress, Nonabokra (3.2 times) and Pokkali,
(3.5 times), when both were compared with the control
condition at 72 h (Fig. 3). Salinity otherwise is impacted
with the generation of free oxygen radicals which target the
cellular membrane. So, when lipid peroxidation, an effect
of salinity exposure, was considered in terms of MDA
content, a significant (P < 0.05) variation of the plants was
recorded under stress compared with the control throughout
the stress period. However, in Pokkali, an almost steady
increase of MDA content was recorded which reached a
peak at 72 h duration. However, in Nonabokra, the lipid
peroxidation was more moderate with a lower value of
MDA content recorded at least up to 48 h, while it reached
a peak thereafter (Fig. 4). However, maximum MDA
content was recorded at 72 h in Nonabokra (2.4 times) and
in Pokkali (1.5 times) as compared to the control (Fig. 4).

Denaturing the native structure of membranes or
increasing their permeability often induces loss of chloro-
phyll content in salt-affected plant tissues. Thus, it was
found that the chlorophyll content was also reduced sig-
nificantly irrespective of the varieties when exposed to
salinity at different durations. Both the varieties sustained
their chlorophyll content at 24 h, i.e. no significant
(P < 0.05) loss of chlorophyll was detected, while maxi-
mum loss of chlorophyll content was recorded in Pokkali
(2.5 times) as well as in Nonabokra (2.6 times) at 72 h, as
compared to control (Fig. 5).

An increase in total phenolics irrespective of the varie-
ties of the stressed plants over the control was another
interesting observation of the response of plants to salinity.

45 PS
40
35 4 —F NS

30 PS NS PN
25 NS

20 4 PN
15 4 NN

10 4 NN

MDA content (pM/g FW)
o
P

24 48 72
Duration of treatment in h

Fig. 4 MDA content of Pokkali and Nonabokra under normal and
200 mM salinity at different durations of treatment (24, 48 and 72 h).
NN Nonabokra under normal condition, NS Nonabokra under salinity
(200 mM), PN Pokkali under normal condition, PS Pokkali under
salinity (200 mM)
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A consistent trend in phenol accumulation was recorded
from 48 h onward reaching a peak at 72 h (Fig. 6). The
increase in total phenolics content in all varieties was
significant as indicated by a two-sided ¢ test at P < 0.05,
and was maintained as an inductive response to salinity. As
recorded, the maximum accumulation of phenolics under
salinity was in Nonabokra (1.6 times) while it was much
less in Pokkali (1.0 times) compared to the control. On the
other hand, the plants apparently recorded some variations
in protein content irrespective of variety even under control
conditions, though it was not significant (P < 0.05). This
could simply be interpreted as varietal differences. How-
ever, this was more pronounced, as it revealed a significant
loss in protein content when the plants were exposed to
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Fig. 5 Chlorophyll content of the leaf of Pokkali and Nonabokra
under normal and 200 mM salinity at different durations of treatment
(24, 48 and 72 h). NN Nonabokra under normal condition, NS
Nonabokra under salinity (200 mM), PN Pokkali under normal
condition, PS Pokkali under salinity (200 mM)
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Fig. 6 Total phenol content of Pokkali and Nonabokra under normal
and 200 mM salinity at different durations of treatment (24, 48 and
72 h). NN Nonabokra under normal condition, NS Nonabokra under
salinity (200 mM), PN Pokkali under normal condition, PS Pokkali
under salinity (200 mM)
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salinity through 24, 48 and 72 h, being maximum in
Pokkali and minimum in Nonabokra. Interestingly, Pokkali
recorded a steady decline in protein content from 24 h
onward, while it was at a maximum at 72 h (2.8 times)
compared with control. Where Pokkali showed its higher
sensitivity to salinity, Nonabokra tended to be less vul-
nerable since no significant loss of protein was found even
at 48 h, but thereafter it was at a maximum (1.3 times) at
72 h (Fig. 7).

When buffer soluble protein from plants under both
control and treatment was run on a denaturing SDS-poly-
acrylamide gel electrophoresis (PAGE), it showed some
variations in polypeptides as band numbers and intensities
(Fig. 8). The larger differences were in the intensities of

400 NN
NN PN

NSPN NS
300 - PS

250 P

3504 NN

200
150 PS
100
50

0 1 T T
24 48 72
Duration of treatment in h

Protein content (pg/ml of extract)

Fig. 7 Total buffer soluble protein content of the leaves of Pokkali
and Nonabokra under normal and 200 mM salinity at different
durations of treatment (24, 48 and 72 h). NN Nonabokra under normal
condition, NS Nonabokra under salinity (200 mM), PN Pokkali under
normal condition, PS Pokkali under salinity (200 mM)

Fig. 8 Separation of proteins by PAGE from leaves of Pokkali and
Nonabokra under normal and 200 mM salinity at different durations
of treatment (24, 48 and 72 h). NN Nonabokra under normal
condition, NS Nonabokra under salinity (200 mM), PN Pokkali under
normal condition, PS Pokkali under salinity (200 mM)

bands of low molecular weights in the treated plants
compared to those of the control.

Since salinity induces oxidative stress, the activity of
one of the anti-oxidizing enzymes like GPX showed sig-
nificant (P < 0.05) variations in both of the varieties as
compared to the control plants. The increase in activity of
GPX is proportionate to the duration of the stress, with the
maximum activity recorded in Nonabokra, which was
greater than in Pokkali, compared to the control, both of
them at 72 h (Fig. 9). This result is also supported by the
varietal difference in enzyme activity when measured
under varying concentrations of substrate (i.e. hydrogen
peroxide) for GPX (Fig. 10). From the kinetics of GPX
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Fig. 9 Activity of GPX from the leaves of Pokkali and Nonabokra
under normal and 200 mM salinity at different durations of treatment
(24, 48 and 72 h). NN Nonabokra under normal condition, NS
Nonabokra under salinity (200 mM), PN Pokkali under normal
condition, PS Pokkali under salinity (200 mM)
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Fig. 10 Enzyme kinetics of GPX with increasing concentration of
substrate H,O, (100, 300 and 500 mM) from the leaves of Pokkali
and Nonabokra under normal and 200 mM salinity at different
durations of treatment (24, 48 and 72 h). NN Nonabokra under normal
condition, NS Nonabokra under salinity (200 mM), PN Pokkali under
normal condition, PS Pokkali under salinity (200 mM)
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Fig. 11 The [V and [Ky]
values for Pokkali and
Nonabokra under normal and
200 mM salinity at different
durations of treatment (24, 48
and 72 h). NN Nonabokra under
normal condition, NS
Nonabokra under salinity

(200 mM), PN Pokkali under
normal condition, PS Pokkali
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Table 1 Effect of salinity on the kinetic behaviour of GPX activity in
Nonabokra and Pokkali

Variety Km Vinax (HM/min/mg Catalytic efficiency
(mM™ 1) protein l) Vinax/Km (mg/protein)

NN 300 8.4 0.0280

NS 750 14.4 0.0192

PN 100 3.6 0.0360

PS 500 12 0.0240

Values are mean (£SE) (n = 3)

NN Nonabokra under normal condition, NS Nonabokra under salinity
(200 mM), PN Pokkali under normal condition, PS Pokkali under
salinity (200 mM)

activity of both the varieties, it was shown that [V,,.x] and
[Knm] both are affected under salinity (Fig. 11). A com-
parison of [V ,..] and [K)y] values as well as the catalytic
efficiency of the two varieties are documented in Table 1.
Interestingly, the [Ky] values was more liable to change
significantly (P > 0.05) in both the varieties under salinity
compared to the control. On the other hand, catalytic effi-
ciency (which otherwise ensures the maximum activity per
unit amount of protein) of GPX became more affected in
both the varieties under stress conditions. Still, the change
in [Vyax] remained non-significant. Thus, Nonabokra
appeared more efficient in sustaining the enzyme activity
even under stress conditions. For detection of isoenzymic
profiles of plants under both control and salt stress, equal
amounts of protein were run in a non-denaturing/native
polyacrylamide gel followed by incubation in a reaction
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Fig. 12 Separation of peroxidase on a non-denaturing gel from the
leaves of Pokkali and Nonabokra under normal and 200 mM salinity
at different durations of treatment (24, 48 and 72 h). NN Nonabokra
under normal condition, NS Nonabokra under salinity (200 mM), PN
Pokkali under normal condition, PS Pokkali under salinity (200 mM)

mixture for GPX activity. Four distinct isoenzymic bands
for GPX (GPX 1, GPX 2, GPX 3 and GPX 4) were
resolved from the samples concerned (Fig. 12). The most
stable forms were GPX 1 and GPX 3; however, intensities
of other bands also varied for the two varieties in response
to salinity. It is interesting to note that in comparison to the
control, the activity of the forms GPX 2 and GPX 3 was
notably enhanced under stress conditions.

Total polyamine content showed significant variations in
both the cultivars, particularly when exposed to salinity
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throughout the stress period (Fig. 13). Both the varieties
recorded over-folded polyamine activity under each dura-
tion of treatment, and became maximum at 72 h. However,
polyamine content under normal conditions was not sig-
nificantly variable (P < 0.05) between the two cultivars.
Under stress, it was significantly variable and Nonabokra
recorded a higher total polyamine content than normal
whereas Pokkali recorded a comparatively smaller amount.

It is interesting to note that individual polyamine content
was not consistent in accumulation.

Likewise, in Nonabokra, Put and Spm, for example,
were recorded to be the highest at 48 h, but for Spd it was

80
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Total polyamine content (uM/g FW)

Fig. 13 Total polyamine content of the leaves of Pokkali and
Nonabokra under normal and 200 mM salinity at different durations
of treatment (24, 48 and 72 h). NN Nonabokra under normal
condition, NS Nonabokra under salinity (200 mM), PN Pokkali under
normal condition, PS Pokkali under salinity (200 mM)

Table 2 Content (umol/g FW) of different polyamine in Nonabokra

72 h (Table 2), whereas in Pokkali, Put and Spm were
highest at 72 h and Spd at 48 h (Table 3). So it appears, at
least from the present experiment, that polyamine profiles
are a function of the duration of salt treatment to the tissue
as well as of the genotypic variability of plants concerned.

Hydrogen peroxide is one of the potent and common
reactive oxygen intermediates and occurs in significant
amounts in plant tissues under stressful conditions. The
accumulation of H,O, content is more interesting to note,as
it reveals that there was a consistent rise of peroxide con-
tent in the plants (P < 0.05) in accordance with the dura-
tion of salinity exposure (Fig. 14). Furthermore, comparing
the two varieties, Pokkali registered as being more sensi-
tive to producing H,0, at different durations which peaked
at 72 h (1.2 times) as compared to the control. Unlike
Pokkali, however, the rise in H,O, was less pronounced in
Nonabokra (1.0 times) under salinity than the control at
72 h (Fig. 14).

Discussion

Abundant salt accumulation in soil creates a bottleneck for
plants’ normal growth and development in two ways: pri-
marily, by perturbing the osmotic relationship of tissues
and, secondarily, by specific ion effects. Specifically, in
rice, a semi-aquatic plant usually cultivated in turbid
swampy lowland, particularly close to coastal areas or even
in freshwater lowland conditions, salt deposition in dif-
ferent amounts and durations limits the normal growth and
development of the plants and consequently leads to sub-
stantial losses of average yield in many areas of South-east

Polyamine types 24 h 48 h 72 h

Control Stress Control Stress Control Stress
Putrescine 31 £ 0.11 50 £ 0.10 24 + 0.13 72 £ 0.26 30 £ 0.13 61 £+ 0.36
Spermine 26 £ 0.13 40 £ 0.11 31 £0.10 97 £+ 0.35 47 + 0.10 70 £ 0.26
Spermidine 36 £ 0.15 49 4+ 0.21 39 £ 0.11 89 + 0.21 40 + 0.12 131 £ 0.15
Values are mean (£SE) (n = 3)
Table 3 Content (umol/g FW) of different polyamine in Pokkali
Polyamine types 24 h 48 h 72 h

Control Stress Control Stress Control Stress
Putrescine 41 £ 0.12 114 + 0.16 59 + 0.14 156 + 0.36 58 +£0.21 190 + 0.32
Spermine 40 £+ 0.15 73 £ 0.36 55 +£0.13 123 + 0.41 55 £ 0.15 135 + 0.26
Spermidine 26 £ 0.10 50 £+ 0.26 40 £ 0.11 110 + 0.52 39 £ 0.11 90 £+ 0.21

Values are mean (£SE) (n = 3)
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Fig. 14 Endogenous H,0, concentration of the leaves of Pokkali and
Nonabokra under normal and 200 mM salinity at different durations
of treatment (24, 48 and 72 h). NN Nonabokra under normal
condition, NS Nonabokra under salinity (200 mM), PN Pokkali under
normal condition, PS Pokkali under salinity (200 mM)

Asia (Chao et al. 2008). This is caused by the inherent
sensitivity of rice plants to salt stress with substantial
modulation of different phenological and physiological
responses at sub-lethal levels of salinity. There exists a
wider variability in the sensitivity of the rice genotypes to
such conditions which is exploited in the selection of plant
types resistant to such harsh conditions. Even so, salt stress
appears to be a constraint on rice greater than on other crop
species since both soil moisture stress and oxidative
exposure are simultaneously operating under such
conditions.

It is obvious from the results of the present experiment
that salinity has a conspicuous effect, obviously detri-
mental in nature, regardless of the rice cultivars, i.e.
Pokkali and Nonabokra. Furthermore, these effects are in
proportion to the duration of salinity exposure under a
particular concentration of NaCl (i.e. 200 mM). Since salt
tolerance is the concerted action of some altered cellular
and physiological events, varietal performances under such
conditions predominantly depend upon the unfolding of the
genetic potentials to up- and/or down-regulate them to
alleviate the salt effects within threshold values (Cheeseman
2006). Thus, in Nonabokra, the local check of salt toler-
ance showed its performances to be well ahead of the other
variety, i.e. Pokkali, in withstanding salinity as recorded
using different physiological parameters. Primarily, the
results indicate a lesser accumulation of sodium ion (Na™)
content in Nonabokra compared with Pokkali which may
characterize the former as more resistant to Na™ acquisi-
tion than the latter. It is also evident that Pokkali recorded a
greater sensitivity to salinity by Na® accumulation in
excess than did Nonabokra all through the duration of the
salinity period. So, the results show the differential
responses of the rice varieties for Na* content in the leaves
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and thus agrees with the view that there is an inverse
relationship between Na™ accumulation and salt tolerance.
The exclusion of Na™ thus becomes an essential function
for a species regarded as tolerant (Reddy et al. 2004).
Interestingly, the putative salt sensitive variety, Pokkali,
recorded a rapid loss of potassium ion (K™ under salinity
that might lead to its fall in osmotic turgidity (Lee et al.
2001). In fact, Na* may hinder the cellular ion homeostasis
affecting the osmotic balance in several ways, most pre-
dominantly through binding the transporter protein for K™
or through some other intercellular processes yet to be
confirmed (Sairam and Tyagi 2004). The loss of K from
Pokkali also thus supports its limitation for sustaining K™
under salinity, and thus suffering from inadequate ion
balance for osmotic turgidity in tissues, particularly in
photosynthetic organs or foliage. Quite naturally, plants
have to frame strategies for replenishing the loss of K™ by
development of a number of compatible solutes, proline
being one of those (Parveiz and Satyawati 2008).

Therefore, to combat the loss of K, over-accumula-
tion of proline has possibly been a feature of both the
varieties when exposed to salinity, as was also recorded in
the present study. Moreover, Nonabokra had a several-
fold increase in proline content, which was higher than in
the other variety, Pokkali. This is in agreement or in
conformity with one of the cellular responses to water-
deficit stress from salinity which also indicates one of the
osmotic adjustments by over-folded accumulation of
compatible solutes like proline (Alia et al. 2001). Proline,
the amino acid, is the most readily available moiety for
maintaining the osmotic balance as accumulated in plants
under diverse forms of abiotic stresses, particularly those
involved in water-deficit stress (Liu et al. 2007). Inter-
estingly, al though Pokkali could efficiently compete with
Nonabokra in proline accumulation at least at the initial
phases of salinity, Nonabokra was more efficient in
maintaining osmotic balance even at prolonged periods of
exposure (i.e. 72 h under salinity duration) and thus is
likely to be more tolerant. Supposedly, the over-accu-
mulation of proline in plants under stress might be the
manifestation of some gene induction committed to the de
novo synthesis of some enzymes at rate-limiting steps of
its own biosynthetic pathways. This is an entirely geno-
typic adaptability or plasticity of the plants concerned and
also depends on doses and duration of salinity (Lejocka
and Kluk 2005). The impaired osmotic balance in the leaf
tissues, although adjusted by plants, still leaves almost all
the cellular and physiological responses affected or even
modulated.

Chlorophyll content becomes a first indication of
responses in different plants subjected to salinity stress
(Roy Choudhury and Basu 2008). Thus, in the present
experiment, the results revealed a considerable variation in



Plant Biotechnol Rep (2011) 5:89-103

99

the total chlorophyll content and its different fractions in
plants. Interestingly, both the varieties sustained their
chlorophyll content with the threshold duration of salinity,
but thereafter gradually declined. Nonabokra, however,
recorded less loss of chlorophyll than Pokkali and this
might be due to its genetic potential to accommodate the
impact of salinity. The loss of chlorophyll in plants under
salinity is better clarified with both the impairment or
down-regulation of its biosynthetic pathways as well as
hydrolysis of chlorophyll by enzymes like chlorophylase
(Gill et al. 2003). However, degradation of chlorophyll
under salinity irrespective of varieties could possibly be
attributed at least partially by the sensitivity of the chlo-
roplast membrane to oxidative stress. Since this situation
induces exuberated reactive oxygen species (ROS), which
are well recognized for lipid peroxidation on the membrane
of the chloroplast, and thus disintegrating the thylakoid
membrane might be obvious. Consequently, plants are
severely devoid of adequate chlorophyll content under
salinity (Ashraf et al. 2005). The cellular membrane is the
first site of perception of signals as well as the primary
defense against any abiotic stresses with salinity being no
exception. The integration of membrane structure and its
proportionate functioning both remain in a non-sustainable
state under salt stress, particularly in a state of excessive
fluidity (Mittler 2002). The salinity-induced ROS as men-
tioned is otherwise validated with its potential for lipid
peroxidation of cellular and organellar membranes (cellular
or of either chloroplastic). Thus, the variation in lipid
peroxidation can be used to measure the extent of damage
of membranes by the salt exposure. Since lipids (particu-
larly of the unsaturated fatty acid layer) are the predomi-
nant structural moiety in varying forms and proportions
constituting cellular/organellar membrane, they form the
most vulnerable target for free radicals to oxidize
(Chutipaijit et al. 2009). The volatile aldehyde like MDA
content, the common marker for lipid peroxidation, is very
much contextual for measuring the salinity- induced
membrane damage. Thus, it is evident from the results that
Nonabokra tended to consistently maintain a low content of
MDA than did Pokkali throughout the stress period which
measured its tolerance to lipid peroxidation under condi-
tions of salinity. The aggravation of lipid peroxidation in
plants as a function of salt concentration is more circum-
vented by the higher degrees of LOX activity, as was
documented from other studies also in rice (Gama et al.
2007). In the present study, the sensitivity of oxidative
stress from salinity by both the varieties became evident
when substantial accumulations of H,0O, were recorded
throughout the duration of the stress period. Thus, irre-
spective of varieties, accumulation of H,O, in significant
amounts under salinity might be ascertained as a pre-
liminary indication of oxidative stress which, moreover,

was significantly higher in Nonabokra than in Pokkali. The
variability of H,O, content in the tissues affected by salt or
any other abiotic stress is involved in a wide array of
metabolic reactions in the cells. H;O, mostly becomes an
impairment to cellular membranes due to its greater
mobility through both apoplastic and symplastic paths in/
within the tissues. Furthermore, it is not actually a free
radical. However, it is quite reactive with those molecules
containing transition metals (like Fe™ 2, Cu™/"2, etc.)
mostly in the proteins and other macro-molecules
(Bhattacharya 2005). In most abiotic stresses, as for
example in salinity, the majority of the regular metabolic
pathways are modified in hyper- or hypo-expression and
some of those may circumvent the evoking of the anti-
oxidation system in plants. Likewise, secondary metabo-
lites, particularly phenolics and phenylpropanoid deriva-
tives, are most important as they are highly required as
non-enzymatic antioxidant moieties (Muthukumarasamy
et al. 2000). So, mechanisms relating to the down-regula-
tion of the oxidative injury of salinity might also have been
considered as an index to justify the varietal performances
in the present study. Thus, Pokkali was recorded as salt
sensitive at least as is evident from its higher loss of
chlorophyll, loss of protein, and higher values of MDA
under salinity. Interestingly, Nonabokra recorded marginal
and non-significant increases in H,O, content than did
Pokkali under salinity. In general, H,O,, the two electron
reduction product of O, ™, is regarded as a less potent ROS,
but must not be the free radical. Moreover, in terms of
oxidizing potential, H,O, appears rather safe in plants as
compared to super oxide, O, , OH™, etc. Thus, Nonabokra
posed some confusing discrepancies when it showed some
other activities antagonizing the salinity-induced oxidative
stress. This suggests a differential attitude of H,O, accu-
mulation in tissues that may circumvent alternative paths
related to stress adoption in a way that recognizes normal
activities. This is supposedly supporting the turning of
H,O, as non-reactive, sensing the oxidative perception at
its sub-optimum concentration which, otherwise, may also
induce anti-oxidation systems in plants (Cheeseman 2006).
Still, it is questionable what that means in terms of tissue
level H,O, concentration having an oxidative stress or
acting as an inducer responding to salinity or to other
abiotic stress. This is further compounded by the rapidity of
H,0O, turnover both in vivo and also after tissue harvesting
(Pearse et al. 2005). Hence, higher H,O, content in Non-
abokra (marginally greater than that of Pokkali) might be
speculated as a smaller turnover of H,O, in the former
variety. It could be better understood that accumulation of
H,0, in Nonabokra was sub-adequate in concentration and
thus sensed by plants as having a lesser oxidative potential.
Rather, it might be involved in signaling and in some sort
of downstream processes in stress response as reported
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earlier (Sagi and Fluhr 2006). Salinity in this present
experiment also regulated the variable accumulation of
phenol content in Nonabokra and Pokkali. Interestingly,
Pokkali maintained higher but non-significant phenol
content than Nonabokra at least in the initial period of
stress, but Nonabokra proved its efficiency to over-express
the phenolics content more than Pokkali at extreme dura-
tion, i.e. 72 h. This is indeed interesting and could be
hypothesized as an inherent property of Nonabokra for
unfolding its full potential under maximum exposure or
induction of salinity. This is in agreement with other
reports, including in rice, where plant varieties had been
variable in differential phenol accumulation as a function
of degrees and duration of exposure to drought stress (Basu
et al. 2009). In rice, reports on phenol accumulation under
stress, at least as revealed from the present study, are in
conformity with others showing that it can be used as a
stress indicator. Thus, Nonabokra in the present experiment
might be regarded as tolerant since it recorded significant
amounts of total phenol content as compared to Pokkali.
Additionally, other predominant pathways of antioxidation
along with the phenolic compounds in plants under salinity
remain operative which is accomplished by some anti-
oxidative enzymes (Jayaprakasha et al. 2001). This was
well supported when enzymatic antioxidation efficiency
was recorded in both of the varieties. The increased
capacity to catabolize H,O, under salinity all through the
period was evident from the observations as more induc-
tion in GPX activity in Nonabokra compared to Pokkali
over the values of the control. The changes in buffer sol-
uble protein both in quantitative and qualitative (banding
pattern) are likely the most affected under salt treatment.
Nonabokra as expected recorded significantly higher pro-
tein content than Pokkali under salinity. This seems to be
an adaptive feature for Nonabokra to sustain the greater
protein content or a lesser degradation of the same
throughout the period. Supposedly, the reduction of protein
concentration in Pokkali might be due to down-regulation
of de novo synthesis of the protein or denaturing of the
protein under salt conditions. Protein turnover is an irre-
versible oxidation process and encompasses almost all the
proteins for cellular machineries being disrupted, even cell
walls containing proteins once considered to be of lesser
biological importance. Many of these become the target of
oxidative injury from salinity; however, some proteins are
also over-expressed under the same conditions (Zeid and
Shedeed 2006). Protein carbonylation, an irreversible oxi-
dation process leading to the loss of protein, is predomi-
nantly attributed to the generation of free radicals under
salinity and thus it has also been documented as a reliable
marker of oxidative stress in plants.

Furthermore, protein profiles from leaves of treated plants
indicated a reduction in band intensities, particularly for
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those having low molecular weights; in Pokkali, the reduc-
tion is more than in Nonabokra. Therefore, there is a possible
involvement of alternation in some sets of genes which might
have been less expressed than others under salt induction and
thus manifested into synthesis of proteins. The latter is also
evident from the comparative protein profile on SDS-PAGE
of the two varieties in the present study.

Plants becomes most vulnerable to salinity with the
exposure of some highly reactive chemical species, com-
monly called ROS, being generated in the tissues, partic-
ularly when the stomata are closed under moisture deficit in
soil and intense illumination.

Essentially, salinity reduces the water potential of tis-
sues around the critical value and thereby stomatal closure
is the most immediate response that subsequently leads to
spillage of electrons from the normal path (i.e. from
NADH/NADPH + H' to oxygen). Thus, the more reduced
oxygen emerges in different forms (07, 0,, H,0,, OH™
and similar other free radicals) and becomes the most
potent reactant agents for lipid peroxidation (Jung 2004). It
is a well-established fact that the ability of plants to control
or disintegrate ROS levels is highly correlated with salt/
stress tolerance. The lysis of these free radicals is a
sequential event with concerted action of some antioxida-
tive enzymes which have the ability to reduce free anionic
superoxides, and thereby terminate the free-radical reac-
tions. Peroxidase has several isoforms contributng pre-
dominantly to the lysis of peroxide and allied free radicals.
GPX, with its smaller number of isoforms brings out
[OH "] from H,0, in the presence of [O, ] and NADH in
salt-induced tissues and thus NADH/NADPH-GPX
becomes a primary concern in contributing to oxidative
burst for [0, ], [H,0,], and [OH"]. Thus, significant
variation was also recorded in GPX functioning in the leaf
tissues of the two varieties in the present experiment. It
showed over-folded activity of GPX regardless of variety
in this experiment under salt stress as compared to normal.
In general, the tolerant species recorded over-folded
activity in a consistent manner as a function of stress which
could catabolize the superoxide into less reactive moieties;
thus, Nonabokra appeared to be more tolerant by signifi-
cant over-expression in activity throughout the period than
did Pokkali. The isozymic forms appearing as a function of
salt and other stresses have also been reported frequently in
rice (Maribel et al. 1998). Interestingly, in the present
study, in-gel assay of GPX activity hardly recorded any
significant changes in band numbers in either of the vari-
eties when exposed to salt concentration. Still, the inten-
sities of those bands, particularly those of low molecular
weight, are variable in comparison to those of others under
control conditions. It is logical to speculate that the salt
induced an increase in GPX activity which was in con-
formity with the corresponding increase in some particular
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mRNA level followed by synthesis of polypeptides for a
specific isoenzyme. The salinity-induced changes are
otherwise manifested into altered cellular pH and probably
this leads to the alteration of the affinity of the enzyme to
the substrate for binding and thus changing the [V,.x] or
and [Ky] as also recorded in the present experiment.

This also holds the possibility that ionic imbalance
might be inducing the distortion of the native structure of
each isozymic form so as to reduce the affinity of the
enzyme as a whole for the substrate, and thus ensuring
the possible shifting of [V,.x] and [Ky] values as was the
result in the present experiment.

Polyamine, the secondary metabolites in plant systems
and its accumulation is involved as an integral component of
plant responses to abiotic stress (Tang and Newton 2005).
Nevertheless, a decrease in polyamine contents has also
been frequently described, particularly in relation to the
change of free putrescine, which might be hypothesized as
salt stress influencing polyamine metabolism in various
ways. It remains elusive for the occurrence of contradictory
changes in polyamine content under stress, which is the
function of plant species, types and developmental stages of
tissue as well as duration of stress (Ding et al. 2010). Thus,
we also find in the current work that salt induction had
changed the nature of polyamine content differentially for
Putrescine (Put), Spermidine (Spd) and Spermine (Spm).
Still, a significant increase in total polyamine content was
recorded from the present experiment regardless of variety
under salinity as compared to that of control. Moreover,
there was no consistency in the trends of concentrations of
individual polyamines (like Put, Spm and Spd) in either of
the varieties. Thus, Spd content was higher in Nonabokra at
72 h than for the other polyamines (i.e. Spm and Put) but in
Pokkali the Put content was the highest. This trend was
changed in the duration of 48 h, when Spm content was the
highest in Nonabokra, while in Pokkali, it was Put for both
control and salinity. Again this trend was changed in case of
the duration of 24 h when Put content was the highest in both
varieties compared with the control. So, it is rather incon-
sistent to characterize the response of plants in terms of an
individual polyamine/polyamines accumulation and its
abundance. Reports available so far to clarify this non-pre-
cise nature of polyamine under salt induction are based on
the partial understanding so far revealed from the studies. In
most cases, it is stated that polyamine fractions and their
function are highly variable in the tissues beyond a threshold
concentration and depend on the age and metabolic status of
tissues (Kumaran and Karunakaran 2006). In general
agreement, polyamines are highly protonated and can bind
electrically to negatively charged functional groups of
membranes, nucleic acid, amino acid residues of protein,
etc., and thus probably influencing the stability of mem-
branes and other organelles, which are more sensitive to free

radicals or ROS attack (Lejocka and Kluk 2005). It could be
worth mentioning in several cases that polyamine accumu-
lation is detectable in early phases of salt treatment, there-
after sharply declining with the progress of the duration of
stress, and this is highly variable for different polyamine
profiles (Tonon et al. 2004). However, on average, we found
an increase only in Put content under salt stress which was
more pronounced in Pokkali than the Nonabokra. So,
Nonabokra could be hypothesized as salt tolerant if Put
appears to be linked with salt induction in any way.

In conclusion, this study has demomnstrated that there
were substantial differences between the physiological and
anti-oxidation responses of two varieties of rice to salinity
exposure. During salt stress, the two varieties, Nonabokra
and Pokkali, had unfolded their genetic plasticity to combat
both salt and salt-induced oxidative stresses. With the elu-
cidation of physiological responses to salt stress there is
evident a clear demarcation between the two varieties in
their sensitivity and tolerance. Pokkali was sensitive to
salinity by characterization of high accumulation of Na™
and maximum loss of K*, more lipid peroxidation, rapid
loss of chlorophyll, low content of phenols, smaller con-
centration of proline accumulation, etc. On the other hand,
Nonabokra appeared as a better performer by warding off
the irreversible damage of over-oxidation of tissues by de-
folding the physiological features as evidenced by a greater
induction of phenolics and proline, low lipid peroxidation,
moderate free radical accumulation and sustaining the high
GPX activity, etc. And probably these confirmed the variety
as less prone to oxidative damage by peroxide and free
radicals. So, the differential responses of these two varieties
in the present experiment could be deciphered as the tol-
erance to salinity depending upon its minimizing of salt
accumulation coupled with up-regulation of an anti-oxida-
tion system. In contrast, a declining or subdued fate of this
system is linked to sensitivity or susceptibility to such
oxidative impairment. Admittedly, it is important to note
that a merely short-term exposure to salinity under simu-
lated conditions and only at seedling stages might not
necessarily be sufficient assess the full potential for toler-
ance when compared to a long-term salt exposure in prac-
tice in rice fields. However, on the plus side, the present
study may actually be more informative for understanding
the pathways or mechanisms of salinity tolerance in rice.
Thus, this information could also be used to set the selective
pressures or indices under salinity at least at initial phases of
plant growth and also with brief periods of exposure to salt.
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