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Thetwo high-yieldingrice BC,F, , (backcross populations of O. sativa (IR58025A/KMR3) x O. rufipogon) introgression lines (ILs) were used
to analyze biochemical changesin response to salinity stressfor 24 h on 10" day. Plants were grown in normal Hoagland’s media for 10 days,
treated with 150 mM NaCl for 24 h and were analyzed for chlorophyll, proline, antioxidant enzymes and sugar content. The results reveaed
~two folds reduced concentrations of chlorophyll and ~three folds increased level of proline in K198 (salt-sensitive) under salt stress
conditions. The salt-tolerant K478 showed chlorophyll reduction by ~onefold and proline increase by ~two foldsin salt treated samples. The
antioxidant enzyme activity in these contrasting introgression lines under short-term exposure to salt stress exhibited significant difference. An
increased activity of superoxide dismutase and ascorbate peroxidase was recorded under salt stress conditions whereas, a decreased trend of
catalase activity was observed in both the ILs. Peroxidase activity on the other hand, showed an increased trend in K478 (salt-tolerant) and
decreased in K198 (salt-sensitive) under 150 mM 24 h NaCl treatment. A highly significant result was noticed in the content of total and
reducing sugars and starch. The reduction over control in total sugar content waslessin K478 and high reduction wasrecorded in K198. This
further indicated possible salt tolerance of K478 in comparison to that of K198.
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INTRODUCTION contributes to t_he maj or part of the soil_ proplem_s(Sahi et al_.,
__ ] ] ] 2006) by causing considerable reductions in yield. Riceis
~ Rice is an important cereal crops with economic  gne of theimportant crops cultivated in these salinity affected
agricultural important staple food especially in developing  gijs, Salinity affects various stages of the rice plants like
countrieslikelndia(IRRI, 2011). Infact, riceisthe staplefood seed germination, seedling, vegetative and reproductive stages
of nearly half of theworld population. It ranksthird after wheat eventually causing economic and quality loss of rice yield
and maizein terms of worldwide production. Among therice (Sairam and Tyagi, 2004). Different mechanisms have been
growing countries in the world, India has the largest aréa  developed by the plants like rice to adopt or counteract the
under rice crop about 45 million ha and ranks second in adverse effects of salt stress like high accumulation of
production next to China. Rice is the most important crop of osmolytes, polyamines and antioxidant defensiveness,
India and it occupies 23.3 per cent of gross cropped area of The salt stress responses may depend on various
the country. The averagenceyleld inindiaisonly 2.09t/ha, as  factors like salt concentration, salt forms and mainly on the
compared to 6.58 t/hain Japan and world averageof 3.91/ha.  glite genotypes. In this regard, many rice cultivars and elite
The major inhibitors of increasing rice production are biotic lines characterized by tolerance to abiotic stresses have been
and abiotic stresses and also soil health. In order to meet the  developed through molecular breeding and transgenic
ever growing population and food demand, rice production  gpproaches. For instance, the codA gene for choline oxidase
needs to be increased. Statistically, around 8.6 million ha  from Arthrobacter globiformis, was transformed and the
cultivated land in India has been affected by salt, which  ranggenic plants exhibited the ability to synthesize betaine
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and confer enhanced toleranceto salt (Sakamoto and Murata,
1998). Many such genesidentified for abiotic stresstolerance
weretested in transgeni ¢ technol ogies and their role associated
with biosynthesis of osmolytes, antioxidants, carbohydrates
and ion homeostasis were reported (Kavi Kishor et al., 2005;
Sangam et al., 2005).

In this direction, some of the biochemical constituents
like chlorophyll, proline, soluble carbohydrates and antioxidant
enzymes were affected by increasing concentrations of salt
stress (Ali et al., 2004). Hakim et al. (2014) also reported that
the chlorophyll content, proline, sugar content, soluble protein
and free amino acid of many genotypes were significantly
influenced by different salinity levels. Report by Kura-Hotta
et al. (1987) on rice seedlings showed that the chlorophyll
content decreases during senescence. Potato leaves showed
a significant decline in chlorophyll content with increasing
water deficit (Nadler and Bruvia, 1998). A decreased
biosynthesis of chlorophyll and inefficiency in photosynthesis
was also reported (Munns, 2002; Lichtenthaler et al., 2005).
Like-wise, many reported on the role of proline in osmotic
adjustment and detoxification of ionsin plantsunder salt stress
conditions (Kavi Kishor et al., 2005; Ashraf and Foolad, 2007).
Interestingly, it has been reported in few studies that 50 per
cent of the total osmotic potential is contributed by sugars
under saline conditions (Cram, 1976).

Like-wise, an evidence of alleviation of oxidative damage,
an increased salinity tolerance and other abiotic stresses are
repeatedly correlated with anti-oxidative system (Acar et al.,
2001; Sato et al., 2001; Bor et al., 2003). Theantioxidant enzyme
activity gets expedited under saline conditions and its
influence on rice cultivars are well studied and reported
(Dionisio-Sese and Tohita, 1998). High salt concentration alters
the production of antioxidant enzymes such as superoxide
dismutase (SOD), ascorbate peroxidase (APX), catalase (CAT)
and peroxidase (POD) and these parameters would serve as
better indicators to understand the mechanism of salinity
tolerance.

However, the crop improvement for salt toleranceisstill
remained elusive due to the fact that salt stress affect the
plants biochemically (Murphy and Durako, 2003; Cuartero et
al., 2006) more intensely at cellular level. Hence, screening
the elite wild-type derived rice seedlings for salt-stress
tolerance through various biochemical parameterswould help
to facilitate the crop improvement. Biotic and abiotic stress
tolerance has been recorded in O. rufipogon and O. nivara
which are the wild genotypes and serve as important genetic
resources (Brar and Khush 2002; Fu and Xue, 2010). The
present study using wild introgression lines, various
biochemical parameterslike chlorophyll, proline, total sugars,
reducing sugars, starch and antioxidant enzyme activity were
investigated. The high-yielding KMR3 riceintrogression lines
(K478 - salt tolerant and K198 — salt sensitive) has revealed
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significant differences under short-term exposure to NaCl.

RESEARCH METHODOLOGY

Plant material and salinity treatments:

An advanced high-yielding backcross populations of
O. sativa (IR58025A/KMR3) with O. rufipogon (BC,F, ) viz,
K478 (salt-tolerant) and K 198 (salt-sensitive) were used. These
introgression lines (ILs) were analyzed for salt tolerance at
early seedling stage under control and short-term exposure
(24 h) to 150 mM NaCl treatments. The seedswere sown and
grown in normal Hoagland’s media for 10 days continuously
and exposed to 150 mM NaCl hydroponic solutionsfor 24 h,
by maintaining a separate control and salt treated batches.
The biochemical parameters like chlorophyll, proline, total
sugars, reducing sugars, starch and antioxidant enzyme
activity were measured in these samples.

Chlorophyll estimation :

Chlorophyll content was analyzed by using fresh leaf
samplesof K478 and K198 control and short-term NaCl (24 h)
treatments. The pigment was extracted using 80 per cent
acetone (Palta, 1990). Fresh samples of |eaves were analyzed
for pigment contents. The samples (1.0 g) wereground to fine
powder inliquid nitrogen in pestle and mortar. Around 3 ml of
chilled 80 per cent acetone was added and incubated
overnight. This extract was centrifuged at 3000 g for 10 min
after incubation and the supernatant was measured at an
optical density (OD) of 645 and 663 nm.

Prolineestimation :

The control and 150 MM NaCl treated samples of K478
and K198 were collected on 10" day after short-term exposure
for 24 h to estimate the proline content. The samples were
weighed (1.0 g) and homogenized in 1 ml of 3 per cent agueous
sulfo-salicylic acid and centrifuged at 7000 g for 12 min to
remove the debris. The supernatant was mixed with 1ml of
acid ninhydrinand 1 ml of glacial acetic acid. The mixturewas
then heated to 100°C in awater bath for 1 h. Thereaction was
stopped by removing the tubes from hot water bath and
placing them on ice bath immediately. An equal volume of
toluene was added to the mixture and vortex for 15t0 20 s. The
chromophore formed was aspirated from the agueous phase
and the absorbance was measured at 520 nm by using the
spectrophotometer (Bates et al., 1973).

Total, reducing sugarsand starch estimation :

The seedlings of control and short-term (24 h) 150 mM
NaCl treatment were ovendried at 70°C for 24 h, homogenized
in80 per cent ethanol and incubated in water bath at 80°C for
30 min. The homogenate was centrifuged at 3000 g for 5 min
and washed twice with H,O at room temperature. Each sample
was re-suspended with 3 ml H,O and boiled for 2 h. Total
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sugar content was estimated calorimetrically using phenol
sulphuric-acid method described by DuBoi%t al. (1956) and
reducing sugars, starch by Nelson-Somogyi method as
described by Oser (1979).

Antioxidant enzymeactivity :
Enzymes extraction :

Enzyme extracts for superoxide dismutase (SOD),
ascorbate peroxidase (APX), catalase (CAT) and peroxidase
(POX) were prepared by freezing the freshly weighed leaf
samples (1 g FW) of the K478 and K198 control and short-
term (24 h) 150 mM NaCl treated seedlingsin liquid nitrogen
to prevent proteolytic activity and grounded with 10 ml
extraction buffer (0.1 M phosphate buffer, pH 7.5, containing
0.5 mM EDTA in case of SOD, CAT and POX and 0.5 mM
EDTA and 1 mM ascorbic acid in case of APX. The mixture
was passed through four layers of cheesecloth, filtered and
centrifuged for 20 min at 15000 X g and the supernatant was
used as enzyme extract.

Superoxide dismutase (SOD) :

SOD activity was estimated by recording the decrease
in optical density of formazone made by superoxide radical
and nitro-blue tetrazolium dye by the enzyme (Dhindsaet al .,
1981). Three ml of the reaction mixture contained 13.33 mM
methionine (0.2 ml of 200 mM), 75 UM nitroblue tetrazolium
chloride(NBT) (0.1 ml of 2.25mM) 0.1 mM EDTA (0.1 ml of 3
mM), 50 mM phosphate buffer (pH 7.8) (1.5 ml of 100 mM), 50
mM sodium carbonate (0.1 ml of 1.5M), 0.05t0 0.1 ml enzyme
and 0.9to 0.95 ml of water (to make afinal volume of 3.0 ml).
Thereaction was initiated by the addition of 2 uM riboflavin
(0.1 ml) and placing the tubes under 15 W fluorescent lamps
for 15 min. A complete blank reaction mixture, which gavethe
maximal color served as control. Transferring the tubes to
dark stopped the reaction. A non-irradiated reaction mixture
served asablank (Yuand Rengel, 1999). The complete reaction
mixturewith KCN 3 mM (0.1 ml of 90 mM solution) was used
toinhibit Cu/Zn-SOD. The reaction mixturewith3 mM KCN
(0.1 ml of 90 mM solution) and 5 mM H,O, (0.1 ml of 150 mM
solution) inhibited both Cu/Zn-SOD and Fe-SOD activities.
The absorbancewasrecorded at 560 nm and one unit of enzyme
activity was expressed per min per g fresh weight.

Ascorbate peroxidase (APX) :

Ascorbate peroxidase was assayed by recording the
decrease in optical density due to ascorbic acid at 290 nm
(Nakano and Asada, 1981). The 3 ml reaction mixture contained
amixture of 50 mM potassium phosphate buffer (pH 7.0) (1.5
ml of 100 mM), 0.5 mM ascorbic acid (0.5 ml of 3.0 mM), 0.1
mM EDTA (0.1 ml of 3.0mM), 0.1mM H,O, (0.1 ml of 3.0mM),
0.1 ml enzymeand water 0.7 ml (to make afinal volumeof 3.0
ml). The reaction was initiated with the addition of 0.2 ml of

hydrogen peroxide. The absorbance was measured at 290 nm
in an UV-visible spectrophotometer. The initial and final
contents of ascorbic acid were calculated by comparing with
a standard curve drawn with the known concentrations of
ascorbic acid. Enzyme activity was cal cul ated as concentration
of ascorbic acid oxidized (initial reading — final reading =
guantity of ascorbic acid oxidized)/min/g fresh weight.

Catalase (CAT) :

The 3.0 ml reaction mixture consisted of potassium
phosphate buffer 50 mM (1.5 ml of 200 mM buffer, pH 7.0),
hydrogen peroxide 12.5mM (0.5 ml of 75mM H,O,), enzyme
50 ul and water to make up the volumeto 3.0 ml. Addition of
H,0O, initiated the reaction and decreased the absorbance at
240nm, which was recorded for 1min. The initial and fina
contents of hydrogen peroxide were calculated by comparing
with a standard curve drawn with the known concentrations
of hydrogen peroxide (Aebi, 1984). Enzyme activity was
calculated asreduction in concentration of hydrogen peroxide
(initial reading — final reading = quantity of hydrogen peroxide
reduced)/min/g fresh weight.

Peroxidase (POX) :

Reaction mixtureincluded phosphate buffer (50 mM, pH
6.1) 1.0ml of 100 mM, guaiacol (16 mM) 0.5ml of 96 mM H,O,
(2 mM) 0.5 ml of 12 mM, enzyme 0.1 ml and water 0.4 ml to
make final volume of 3.0 ml. Absorbance wasrecorded at 470
nm and enzyme activity was calculated as per extinction co-
efficient of itsoxidation product, tetra-guai acol 26.6/mM/cm.
Enzyme activity was expressed as umol tetra-guaiacol formed
per min per g freshweight (Castillo et al., 2004).

Satistical analysis:

Oneway analysis of variance (ANOVA) was performed
on all biochemical parameters of chlorophyll, proline, total-
reducing sugars, starch and antioxidant enzyme activity using
SAS 9.3 software and the statistical significance of the
parameter means were determined by performing the Fisher’s
LSD test.

RESEARCH FINDINGS AND ANALYSIS

Salt stress, one of the most serious problems in
agriculture, has the disruptive effect on crop production. To
overcome this constraint, improvement of crop for salt-
tolerance isimportant in addition to reclamation of such soils
through various methods. Many efforts has been attempted
in past decades and still continued to exert all possible ways
in crop improvement. In this direction, our study has
demonstrated a comparative biochemical analysis between
salt-tolerant and salt-sensitive introgression lines (ILs) to
determine the biochemical changes in response to salinity
stress.

Asian J. Bio i, 9 (1) April, 2014 : 1-8 \ 3
Hind Institute of Science and Technology N



G. PUSHPALATHA, ARCHANA GIRI, N. SARLA AND VANDNA RAI

In thisstudy, total chlorophyll was noticeably decreased
under short-term 150 mM NaCl treatment. The higher
chlorophyll content was recorded in K478 introgression line
and reduction over control was very less under short-term
exposure to salt stress. On the contrary, K198 showed
significantly lower chlorophyll content (Fig.1) under short-
term NaCl treatment. The chlorophyll content reduction is
due to loss of photosynthetic capacity and the inhibitory
effect of accumulated ions during salt stress conditions. In
rice, the chlorophyll pigmentswere more sensitiveto salt stress
in salt susceptible genotypes (Turan et al., 2009) not directly
due to accumulation of ions but because of the hyper-
sensitivity of chlorophyll-b to salinity than that of the
chlorophyll-a (Mitsuya et al., 2004; Doganlar €t al., 2010).
Present results are in agreement with such reports where
chlorophyll pigmentswere affected significantly under salinity
stress conditions. Hence, the total chlorophyll content
decreased with increased concentrations of salt in both the
introgression lines with less significant reduction in K478.
Like-wise, thechlorophyll a/b ratio was significant at P<0.001

for the short-term (24 h) 150 mM NaCl exposure on 10" day,
but no significant trend of variationswas observed. However,
the results finally indicated that there was a significant
influence of short-term salt stress on chlorophyll content in
salt-sensitive L K198.

Proline content increased with increasing salt
concentrations in both theintrogression lines. Similar results
were reported even in the stem and |eaves of tomato plants at
160 mM NaCl (Amini and Ali, 2005). The accumulation of
proline has been reported to occur for up to three days after
treatment with 200 mM NaCl in tobacco and up to 10 days
under 100 mM NaCl in rice. In the present study, the short
term exposure to NaCl stress exhibited ~two foldsincreasein
the salt-tolerance of K478 whereas~four foldsin K198 (Fig.2).
Proline accumulation is an important defense mechanism in
higher plants under salt stress and protects chlorophyll, a
photosynthetic pigment of the chloroplast. The free proline
accumulation in rice genotypes has been reported to be
significantly increased with increasing salinity levels
(Wanichananan et al., 2003; Moradi and Ismail, 2007;

rice introgression lines (ILs). Error bars represents
the data series with 5 per cent value and each value
represents mean of three replications
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Fig. 1 : Chlorophyll content (mg/g FW) in seedlings of two Fig. 2 : Proline content (pg/g FW) in seedlings of two rice

introgression lines (ILs). Error bars represents the data
series with 5 per cent value and each value represents

mean of three replications

Tablel: Total sugars, reducing sugarsand star ch content in salt-tolerant and salt-sensitive introgression lines (1L s) at seedling stage for short
term exposure to 150 mM NaCl (24 h) treatment. Each value represents mean of threereplicationsand the valuesin the same column
below the means represent significant difference according to Fisher's L SD test

Total sugars (mg/g DW) Reducing sugars (mg/g DW ) Starch (mg/g DW)
Genotypes Control Salt stress Mean Control Salt stress Mean Control Salt stress Mean
K478 0.230 0.253 0.241 0.080 0.048 0.064 0.147 0.107 0.127
K198 0.146 0.157 0.152 0.054 0.024 0.039 0.107 0.034 0.070
Mean 0.188 0.205 0.197 0.067 0.036 0.052 0.127 0.071 0.099
LSD treatments (T) 0.003 P<0.001 0.001 P<0.001 0.003 P<0.001
LSD genotypes (G) 0.003 P<0.001 0.001 P<0.001 0.003 P<0.001
LSD (TxG) 0.007 P<0.001 0.001 P<0.001 0.007 P<0.001
CV (%) 1.246 1.962 2.076
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Chutipaijit et al., 2009; Zahraet al., 2010; Hakimet al ., 2014).
Storey and Wyn Jones (1975) reported that the proline
accumulation was 10-folds in shoots grown under 100 mM
NaCl thanin control.

Some studies in rice have reported that the sugar levels
increased significantly under salinity stress conditions (Zahra
et al., 2010). Like-wise, few cultivars of tomato showed
significance difference in total and reducing sugars under
salt stress conditions (Amini and Ali, 2005). Present study
showed an increasing trend of total sugars under even short-
term exposure of introgression lines (ILs) to 150 mM NaCl.
The salt-tolerant K478 IL exhibited an increase of 10.11 per
cent and K198 with 7.43 per cent of total sugars under short-
term NaCl treatment (Table 1) with aco-efficient of variation
of 1.246 per cent. Conversely, reducing sugars showed
decreasing trend under salt-stress conditions, with 39.91 per
cent reduction over control (ROC) in K478 and 55.11 per cent
ROCinK198. Similar resultswerereported in tomato cultivars
under salt stress conditions (Amini and Ali, 2005). A different
trend of sugar content was observed in rice cultivarsi.e., an
increased pattern of total sugars at 8 dS/m and decreased
reducing sugarsat 12 dS/m, respectively (Hakimet al., 2014).
Highly significant differencesin reducing sugar content was
observed for salinity treatments, genotypes and treatments x
genotypesinteraction (P<0.001) with co-efficient of variation
of 1.962 per cent. The starch content was also measured in
both the ILs after a short-term 150 mM NaCl exposure. The
results inferred a decreased trend of starch content with
increasing salinity stress. Though, the decrease was 26.77
per cent in K478 whereas, adrastic ROC of 68.48 per cent was
recorded in K198 under short-term NaCl treatment (Table 1).
Amirjani (2011) also reported adecreased content of starchin
seedlings under NaCl stress conditions. Salinity treatments,
genotypes and treatments over genotypes for starch content
wasfound to behighly significant at (P<0.001) least significant
differences(LSD).

The antioxidative response of plants in response to

salinity stress has increased the activities of antioxidant
enzymeactivity (Leeet al., 2001; Rout and Shaw, 2001; Kim et
al., 2005; Noreen and Ashraf, 2009; Wang et al., 2009;
Tarchoune et al., 2010) while, Hernandez et al. (2010) have
reported decreased activities of antioxidant enzymes in
Brassica ol eracea upon short-term salt treatment. The current
study of short-term salinity treatment on rice introgression
lines hasrevealed significant differencein antioxidant enzyme
activities. Superoxide dismutase (SOD) activity increased
substantially at 24 h treatment of 150mM NaCl in both salt-
tolerant and salt-sensitive ILs but the amount was lesser in
K198 (salt-sensitive) in comparison to that of K478 (salt-
tolerant) IL, suggesting possible involvement of SOD in
salinity tolerance. Theincrease of SOD was 2.5 timesmorein
K478 whereas, only 1.5 times higher in K198 under short-term
salt treatment (Table 2).

The salt stress significantly increased ascorbate
peroxidase (APX) activity over control treatment in both the
ILs. TheAPX activity was higher in K478 with ~2.5times over
control andin K198 theincreasewas~1.5times(Table 2). The
higher APX activity wasreported intheleaves of salt-tolerant
genotype of foxtail millet (Mandhaniaet al., 2006). Elimination
of H,O, molecules and its steady-state |evelsin tomato plants
wasfound to be maintained by APX (Ngjami et al., 2008).

Catalase (CAT) also has the ability to reduce H,0,
molecules to water but it possesses lower affinity for H,0O,
than that of APX (Graham and Patterson, 1982). The CAT
activity reduction over control was very less and not highly
significant for short-term NaCl exposure, though some reports
are there on enhancement of CAT activity in salt-tolerant and
sensitive wheat cultivars under long exposure to salt stress
conditions(Sairamet al., 2002).

Peroxidase (POX) activity showed contrasting trend
under short-term salinity exposurein introgression lines. POX
activity increased significantly upon short-term exposure to
salt stressin IL K198 whereas an opposite trend of reduction
was observed in K478. However, the two ILs did not show

Table2: Antioxidant enzyme activity in salt-tolerant (K478) and salt-sensitive (K 198) introgression lines (ILs) at seedling stage for short term
exposure to 150 mM NaCl (24 h) treatment. Each value represents mean of three replications and the values in the same column
below the means represent significant difference according to Fisher'sL SD test

Superoxide dismutase activity ~ Ascorbate peroxidase activity Catalase activity Peroxidase activity
(units min™ g* FW) (unitsmin™*g* FW) (umol H,0, min g* FW) (? Ao min g FW)
Genotypes Salt Salt Salt Salt
Control Mean Control Mean Control Mean Control Mean
stress stress stress stress

K478 17971 36755  27.363 12433 32800 22616 13209 10.585 11.897 10.350 9.276 9.813

K198 17645 28008 22826 10986 24000 17.493  11.949 9.538 10.744 8.120 10.210 9.165

Mean 17808 32382 25095 11710 28400 20.055 12579  10.061 11.320 9.235 9.743 9.489

LSD Treatments 2191  P<0.001 1838  P<0.001 0152  P<0.001 0.014  P<0.001

LSD Genotypes 2191  P<0.001 1838  P<0.001 0.152  P<0.001 0.014  P<0.001

LSD Treatment x 3.098  P<0.001 2.600 P<0.001 0215  P<0.001 0.020  P<0.001

Genotypes

CV (%) 6.180 6.490 0.953 0.105
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much variation in the activity (Table 2). Dionisio-Sese and
Tobita (1998) reported aslight decreasein POX activity inthe
salt-tolerant rice cultivar upon increased salinity stress
whereas, some other studies reported increased antioxidant
enzymes in rice and cucumber in response to abiotic stress
(Leeetal.,2001).

Conclusion:

Biochemical analysisof twowild introgressionlines(ILs)
of rice for short-term (24 h) 150 mM NaCl treatment has
revealed noticeably significant differences. A higher
concentration of chlorophyll pigment in salt-tolerant K478
and reduction over control was distinctly less under salinity
stress conditionsin comparison to that of salt-sensitive K198.

Theaccumulation of osmolytei.e., prolinewasrelevantly high
in K198 under salt stress and indicated genotypic at most
effort to exhibit defense mechanism. Theresultsdemonstrated
that the antioxi dant enzyme activity getstriggered upon short-
term salinity exposure in both the introgression lines. An
induction in the activity of superoxide dismutase and
ascorbate peroxidase was significant. Catalase activity was
reduced in both the lines. In addition, the content of total
sugars was also stimulated just with short period exposure to
salt stress especially in K478. The reducing sugarsand starch
content was noticeably decreased with 24 h salt stress on the
introgression lines, though reduction was lessin K478. The
results further proved K478 as a salt-tolerant introgression
line and would be useful in molecular breeding programs

towards crop improvement.

LiTERATURE CITED

Acar, O., Tiirkan, |. and Ozdemir, F. (2001). Superoxide dismutase and peroxidase activites in drought sensitive and resistant barley
(HordeumvulgareL.) cultivars. Acta Physiologiae Plantarum, 23(3) : 351-356.

Aebi, H. (1984). Catalasein vitro. Methods Enzymol., 105 : 121-126.

Ali,Y.,Adam, Z.,Ashraf, M.Y. and Tahir, G.R. (2004). Effect of salinity on chlorophyll concentration, leaf area, yield and yield components
of rice genotypes grown under saline environment. Internat. J. Environ. Sci. & Technol., 1(3) : 221-225.

Amini, F. and Ali, A.E. (2005). Soluble proteins, proline, carbohydrates and Na+/K+ changesin two tomato (Lycopersicon esculentumMill.)
cultivarsunder in vitro salt stress. American J. Biochem. & Biotechnol., 1(4) : 204-208.

Amirjani, M.R. (2011). Effect of salinity stress on growth, sugar content, pigments and enzyme activity of rice. Internat. J. Bot., 7(1) : 73-81.

Ashraf, M. and Foolad, M .R. (2007). Roles of glycinebetaine and prolinein improving plant abiotic stresstolerance. Environ. Expt. Bot., 59:
206-216.

Bates, L.S., Waldren, R.P. and Teare, |.D. (1973). Rapid determination of free proline for water stress studies. Plant Soil, 39 : 205 -207.

Bor, M., Ozdemir, F. and Tiirkan, |. (2003). The effect of salt stresson lipid peroxidation and antioxidantsin |eaves of sugar beet Betavulgaris
L. and wild beet Beta maritima L. Plant Sci., 164 : 77-84.

Brar, D.S. and Khush, G.S. (2002).Transferring genes from wild speciesinto rice. In Kang, M.S. edQuantitative genetics, genomics and
plant breeding, pp. 197-217, Oxford, CABI.

Cadtillo, E., Tuong, T.P., Inubushi, K. and Ismail, A. (2004). Comparative effects of osmotic and ionic stresses on yield and biomass
accumulation in IR64 ricevariety. Soil Sci. & Pl. Nutri., 50 : 1313-1315.

Chutipaijit, S., Chaum, S. and Sompornpailin, K. (2009). Differential accumulations of proline and flavonoids in Indica rice varieties
against salinity. Pakistan J. Bot., 41(5) : 2497-2506.

Cram, W.J. (1976). Negative feedback regulation of transport in cells. The maintenance of turgor, volume and nutrient supply. Encyclopedia
Plant Physiol., 2: 284-316.

Cuartero, J., Bolaryn, M.C., Asins, M .J. and M oreno, V. (2006). Increasing salt tolerance in the tomato. J. Exp. Bot., 57 : 1045-1058.

Dhindsa, R.S., Plump-Dhindsa, P. and Thorpe, T.A. (1981). Leaf senescence: Correlated with increased level s of membrane permeability and
lipid peroxidation, and decreased level s of superoxide dismutase and catalase. J. Exp. Bot., 32: 93-101.

Dionisio-Sese, M .L. and Taobita, Satoshi (1998). Antioxidant responses of rice seedlings to salinity stress. Plant Sci., 135 : 1-9.

Doganlar, Z.B., Demir, K ., Basak, H. and Gul, |. (2010). Effects of salt stress on pigment and total soluble protein contents of three different
tomato cultivars. African J. agric. Res., 5(15) : 2056-2065.

Dubois, M ., Gilles, K.A., Hamilton, J.K ., Rebers, P.A. and Smith, F. (1956). Colorimetric method for determination of sugars and related
substances. Anal. Chem., 28 : 350-356.

Asian J. Bio Sci., 9 (1) April, 2014 : 1-8
A Hind Institute of Science and Technology



COMPARATIVE BIOCHEMICAL ANALY SIS OF WILD INTROGRESSION LINES IN RESPONSE TO SHORT-TERM EXPOSURE TO SALINITY
Fu, F.F. and Xue, H.W. (2010). Co-expression analysisidentifiesrice starch regul ator, arice AP2/EREBP family transcription factor, asanovel
rice starch biosynthesisregulator. Plant Physiol., 154 : 927-938.

Graham, D. and Patterson, B.D. (1982). Responses of plantsto |ow, nonfreezing temperatures: proteins, metabolism, and accumulation. Ann.
Rev. Plant Physiol., 33: 347-372.

Hakim, M.A., Juraimi, Abdul Shukor, Hanafi, M.M., Ismail, Mohd. Razi, Ahmad, Selamat, Rafii, M.Y. and Latif, M.A. (2014).
Biochemical and anatomical changes and yield reduction in rice (Oryza sativa L.) under varied salinity regimes. Bio. Med. Res.
Internat., Vol. 2014, 11 pages.

Hernandez, M ., Fernandez-Gar cia, N., Diaz-Vivancos, P. and OImos, E. (2010). A different rolefor hydrogen peroxide and the antioxidative
system under short and long salt stress in Brassica oleracea roots. J. Exp. Bot., 61 : 521-535.

Kavi Kishor, P.B., Sangam, S., Amrutha, R.N., Laxmi, P.S,, Naidu, K.R., Rao, K.R.S.S. Rao, S., Reddy, K.J., Theriappan, P. and
Sreenivasulu, N. (2005). Regulation of proline biosynthesis, degradation, uptake and transport in higher plants: Itsimplicationsin
plant growth and abiotic stress tolerance. Curr. ci., 88 : 424-438.

Kim, S.Y., Lim, J.H., Park, M.R., Kim, Y.J., Park, T.I., Seo, Y.W., Chai, K.G. and Yun, S.J. (2005). Enhanced antioxidant enzymes are
associated with reduced hydrogen peroxide in barley roots under saline stress. J. Biochem. Mol. Bial., 38 : 218-224.

Kura-Hotta, M., Satoh, K. and Katoh, S. (1987). Relationship between photosynthesis and chlorophyll content during leaf senescence of
riceseedlings: Plant Cell Physiol., 28 : 1321-1329.

Lee D.H., Kim, SK. and Leg, C.B. (2001). The inductive responses of the antioxidant enzymes by salt stressin therice (Oryza sativa L.).
J. Plant Physiol., 158 : 737-745.

Lichtenthaler, H.K ., Langsdorf, G, Lenk, S. and Bushmann, C. (2005). Chlorophyll fluorescence imaging of photosynthetic activity with
the flesh lamp fluorescence imaging system. Photosynthetica, 43 : 355-369.

Mandhania, S., Madan, S. and Sawhney, V. (2006). Antioxidant defense mechanism under salt stressin wheat seedlings. Biologia Plantarum,
50(2) : 227-231.

Mitsuya, S., Yamane, K ., Kawasaki, M ., Taniguchi, M. and Miyake, H. (2004). Light dependency of salinity-induced chloroplast damages,
in proceedings of the 4th International Crop Science Congress, 209-217, Brisbane, Australia.

Moradi, F. and Ismail, A.M. (2007). Responses of photosynthesis, chlorophyll fluorescence and ROS-scavenging systems to salt stress
during seedling and reproductive stagesin rice. Ann. Bot., 99(6) : 1161-1173.

Munns, R. (2002). Comparative physiology of salt and water stress. Plant Cell Environ., 25 : 239-250.
Murphy, K.S.T. and Durako, M .J. (2003). Physiological effectsof short-term salinity changes on Ruppia maritima. Aquat. Bot., 75 : 293-3009.
Nadler, A. and Bruvia, H. (1998). Physiological responses of potato plantsto soil salinity and water deficit. Pl. Sci., 137 : 43-51.

Najami, N., Tibor, J., Barriah, W., Kayam, G., Moshe, T., Guy, M. and Volokita, M. (2008). Ascorbate peroxidase gene family in tomato:
itsidentification and characterization. Mol. Genet. & Genomics, 279 : 171-182.

Nakano, Y. and Asada, K. (1981). Hydrogen peroxide is scavenged by ascorbate-specific peroxidase in spinach chloroplasts. Plant & Cell
Physiol., 22(5) : 867-880.

Nelson, N.A. (1944). Photometric adaptation of the Somogyi method for determination of glucose. J. Biol. Chem., 153(3) : 375-380.

Noreen, Z. and Ashraf, M. (2009). Assessment of variation in antioxidative defense systemin salt-treated pea (Pisum sativum) cultivarsand its
putative use as salinity tolerant markers. J. Plant Physiol., 166 : 1764-1774.

Oser, B.L. (1979). Hawks physiological chemistry. Mc-Grow Hill, NEW YORK, U.SA.

Palta, J. (1990). Leaf chlorophyll concentration In: Goel, N., Norman, J. (Eds.), Instrumentation for studying vegetation canopies for remote
sensing in optical and thermal infrared regions. Remote Sensing Rev., 5: 207-213.

Rout, N.P. and Shaw, B.P. (2001). Salt tolerance in aguatic macrophytes: possible involvement of the antioxidative enzymes. Pl. Sci., 160 :
415-423.

Sahi, C., Singh, A., Blumwald, E. and Grover, A. (2006). Beyond osmolytes and transporters. novel plant salt-stresstol erances-rel ated genes
from transcriptional profiling data. Physiol. Plant., 127 : 1-9.

Sairam, R.K., Rao, K.V. and Srivastava, G.C. (2002). Differential response of wheat genotypes to long-term salinity stress in relation to
oxidative stress, antioxidant activity and osmolyte concentration. PI. Sci., 163 : 1037-1046.

Asian J. Bio i, 9 (1) April, 2014 : 1-8 \ 7
Hind Institute of Science and Technology N



G. PUSHPALATHA, ARCHANA GIRI, N. SARLA AND VANDNA RAI

Sairam, R.K. and Tyagi, A. (2004). Physiology and molecular biology of sainity stress tolerance in plants. Curr. Sci., 86(3) : 407- 421.

Sakamoto, A. and Murata, N. (1998).Metabolic engineering of riceleading to biosynthesis of glycine betaine and toleranceto environmental
stress. In: Intern. Workshop on Breeding and Biotechnology for Environmental Stressin Rice, pp. 164-165. Sapporo, Japan.

Sangam, S., Jayasree, D., Reddy, K .J., Chari, P.V.B., Sreenivasulu, N. and Kavi Kishor, P.B. (2005). Salt tolerance in plants - transgenic
approaches. J. Plant Biotechnol., 7: 1-15.

Sato, Y., Murakami, T., Funatsuki, H., Matsuba, S., Saruyama, H. and Tanida, M. (2001). Heat shock-mediated APOX gene expression
and protection against chilling injury in rice seedlings. J. Exp. Bot., 52(354) : 145-151.

Smogyi, M. (1952). Notes on sugar determination. J. Biol. Chem., 195(1) : 19-23.
Sorey, R.and Wyn Jones, R.G. (1975). Betaine and cholinelevelsin plantsand their relationship to NaCl stress. Plant Sci. Lett., 4 : 161-168.

Tarchoune, |., Sgherri, C., 1 zzo, R., Lachaal, M ., Ouerghi, Z. and Navari-l zzo, F. (2010). Antioxidative responses of Ocimum basilicum
to sodium chloride or sodium sulphate salinization. Pl. Physiol Biochem., 48: 772-777.

Turan, M.A., Elkarim, A.H.A., Taban, N. and Taban, S. (2009). Effect of salt stress on growth, stomatal resistance, proline and chlorophyll
concentrations on maize plant. African J. agric. Res., 4(9) : 893-897.

Wang, W.B.,Kim,Y.H.,Lee, H.S.,Kim,K.Y., Deng, X.P. and Kwak, S.S. (2009). Analysis of antioxidant enzyme activity during germination
of alfalfaunder salt and drought stresses. Plant Physiol Biochem., 47 : 570-577.

Wanichananan, P., Kirdmanee, C. and Vutiyano, C. (2003). Effect of salinity on biochemical and physiological characteristicsin correlationto
selection of salt tolerance in aromatic rice (Oryza sativa L.). Science Asia, 29 : 333-339.

Yu, Q. and Rengdl, Z. (1999). Water-logging infuences plant growth and activities of superoxide dismutasesin narrow-leafed lupin and transgenic
tobacco plants. J. Plant Physiol., 155 : 431-438.

Zahra, S.,Amin, B.,Ali,V.SM . Ali,Y.and M ehdi, Y. (2010). The salicylic acid effect on the tomato (LycopersicumesculentumMill.) sugar,
protein and proline contents under salinity stress (NaCl). J. Biophys. & Structural Biol., 2(3) : 35-41.

B WEBLIOGRAPHY
IRRI (2011). International Rice Research Institute, Philippines. Available from the website: http:/Awww.irri.org.

TH
YEAR
* % % x x OF EXCELLENCE * % % % %

Asian J. Bio Sci., 9 (1) April, 2014 : 1-8
A Hind Institute of Science and Technology



