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ABSTRACT. The effects of NaCl on plant growth, oxidants production, antioxidant 
activity and ion accumulation were analysed in both pretreated [plants treated with 
sublethal (50mM) dose of NaCl before subjecting to lethal dose (lOOmM) NaCl]and non-
pretreated [plants directly subjected to lethal dose (JOOmM) NaCl] rice seedlings. A 
significant reduction in shoot length, root length, leaf area and total dry matter production 
was observed in non-pretreated plants than pretreated plants. The pretreated plants had 
reduced contents of superoxide radical (0{), hydrogen peroxide (HjO^, malondialdehyde 
(TBARS contents) coupled with lipoxygenase (LOX) activity over non-pretreated plants. The 
antioxidant enzymes viz., superoxide dismutase (SOD), catalase (CAT), peroxidase (POX) 
and ascorbate peroxidase (A POX) had shown a significantly higher activity in pretreated 
plants over non-pretreated plants. The pretreated plants showed improved ionic regulation 
than non-pretreated plants as evidenced from lower Na , Ct and higher K contents. The 
roots of both pretreated and non-pretreated plants had lower Na' and Ct contents than 
leaves. Our results suggest that pretreatment of rice seedlings with sublethal dose of NaCl 
enabled the plants to acclimatize to lethal NaCl stress by enhanced antioxidant enzyme 
activity and reduced oxidants production, membrane deterioration, sodium and chloride 
contents. 

INTRODUCTION 

Rice is a main staple crop around the world, feeding and providing the necessary 
daily calories for millions of people. Major environmental limitations on rice production are 
salinity and drought. Soil salinity is a complex and harmful threat faced by plants, due to 
disruption of ionic, osmotic and cell-water homeostasis. Further consequences are 
disturbance of membrane integrity, nutrient imbalance, altered levels of growth regulators, 
and disturbances on general metabolic activities. 

Aerobic oxidative metabolism i.e., the use of molecular oxygen as the final electron 
acceptor posed a risk of oxidative damage due to production of partially reduced 
intermediates, known as reactive oxygen species (ROS). ROS have the potential to interact 
with many cellular components, triggering peroxidative reactions and causing significant 
damage to proteins, lipids and nucleic acids. Therefore, their levels must be carefully 
monitored and controlled in cells. To cope with, plants have evolved both enzymatic and 
non-enzymatic mechanisms for ROS scavenging (Asada, 1994). For instance, they use a 
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diverse array of enzymes like superoxide dismutase (SOD), catalase (CAT) and peroxidase 
(POX) to scavenge different types of ROS. 

Researchers have made numerous attempts to clarify plant response to salt stress. However, 
most of these studies have been, based on the assumption that salt tolerance is due only to the 
expression of'preexisting genetic information' that counteracts the effect of the stress. It is a 
general understanding that response of plants to stress agents is particularly of adaptive 
nature when the stress is sublethal. On the other hand, response shown may be biased 
towards senescence or cell death if the stress is lethal. Application of sublethal stress 
regimes in experimentation has thus emerged as an effective approach for unveiling the 
fundamentals of stress responses (Grover et al., 2001). Strognov (1964) conducted a 
pioneering experiment in which he showed that salt tolerance of plants increased by 
presowing salt treatment. Amzallag et al. (1993) also showed that sorghum treated with 150 
mM NaCl at the seedling stage for over 20 days could survive and produce seeds even in the 
presence of 300 mM NaCl a concentration that was lethal for normal plants. Same type of 
result was also observed by Umezawa et al. (2000) in soybean. Analysis of the physiological 
changes associated with such acclimation may be useful for advancing the study of plant 
tolerance to environmental stresses, in that it may suggest the strategies by which plants 
acquire stress tolerance. 

Djanaguiraman et al. (2003), earlier showed that rice plants could also acclimate to 
salt stress by pretreatment with sublethal dose of NaCl which recorded an increased yield 
(18%) over non-pretreated plants. Therefore, better understanding of biochemical 
mechanisms involved in adaptation will help in development of transgenics or better 
breeding program. In rice, salt tolerance is correlated with antioxidant enzymes activity 
(Davenport et al., 2003). Modulation of the activities of antioxidant enzymes might be 
important in the resistance of a plant to salt stress. However, it remains to be clarified, 
whether pretreated rice acclimates to salt stress by enhanced antioxidant enzyme activity. 
Our objective was to determine, whether salt stress acclimation during exposure to sublethal 
NaCl concentration in rice is by altered oxidants production, antioxidant enzymes activity 
and membrane damage. 

MATERIALS AND METHODS 

Plant material 

Rice (Oryza saliva L.) cv. IR 20 seeds were obtained from the Department of Rice, 
Tamil Nadu Agricultural University, Coimbatore, India. 

Growth conditions and salinity treatment 

Rice seeds were sterilized with 70% of ethanol for 5 min and with 10% H 2 0 2 for 10 
min. They were then washed thoroughly, soaked in distilled water for 
48 h and then incubated for 24 h at 30° C under moist, dark conditions. The germinated 
seeds were grown hydrophonically; four plants per container of 8 L aerated half strength 
Hoagland nutrient solution containing (mM): 2.4 Ca(N0 3 ) 2 , 1.0 K H 2 P 0 4 , 3.0 KN0 3 , 1.0 
M g S 0 4 and (uM) 23.1 H 3 B 0 3 , 4.6 MnCl 2, 0.38 ZnS0 4 , 0.16 CuS0 4 , 0.052 H 2 M o 0 4 and 
44.8 F e S 0 4 (as ferric sodium ethylene diamine tetra acetate (EDTA) complex) in three sets 
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in completely randomized block design up to 40 days. In each set, a minimum of 20 
containers were maintained. 

One set served as control. In the second set, salinity treatment was started on 2 2 n d 

day after sowing (DAS). Uniform seedlings that had complete third leaf and fourth leaf of 1 -
2 cm length were used. Plants were exposed to sublethal dose of NaCl (SO mM) added to the 
half strength Hoagland solution for one week. This constitutes pretreatment (Djanaguiraman 
et al., 2003). After one week of treatment, the plants were transferred to half strength 
Hoagland solution containing 100 mM NaCl and maintained for one week. In the third set, 
plants of 29 days old were directly transferred to half strength Hoagland solution containing 
100 mM NaCl, and maintained for one week. The nutrient solution was renewed every two 
days. The photoperiod was 14 h and the day/night temperatures were 28/22°C. The light source 
was fluorescent incandescent lamps with a PAR of 4S0 uM m' 2 s"1 and the relative humidity was 
70%. The plants of all three sets were analysed for growth, lipid peroxidation, ROS assay, 
lipoxygenase and antioxidant enzymes activity at 29 t h DAS and 36 t h DAS in 2 n d and 3 r d leaves. A 
minimum of ten plants per treatment were analysed. 

Growth parameters 

Shoot length (cm), root length (cm) and leaf area (cm 2 plant' 1) was measured and 
then samples were oven dried at 80°C for 24 h and weighted for determining total dry matter 
production (g plant' 1) from all three sets. 

Lipid peroxidation and ROS assay 

The lipid peroxidation was determined by malondialdehyde (MDA) content 
produced by thiobarbituric acid (TBA) reaction at low pH as described by 
Behra et al. (1999). Lipid peroxidation was expressed as malondialdehyde content in uM g' 1 

dry weight (DW). The H 2 0 2 level was colorimetrically measured as described by Okuda et 
al. (1991) and expressed in nM g' 1 DW. Superoxide anion was estimated according to 
Chaitanya and Naithani (1994) and expressed as AOD 540 nm min' 1 g' 1 DW. 

Lipoxygenase (LOX) (EC 1.13.11.12) and membrane stability index (MSI) 

LOX (1.13.11.12) was measured spectrophotometrically at 234 nm (Gallego et al., 
1996) and expressed as the absorbance increase per mg of protein per minute. Membrane 
stability index (MSI) was determined by recording the electrical conductivity of leaf 
ieachates in double distilled water at 40 and 100°C (Chaudhuri and Choudhuri, 1992) and 
expressed as percentage. 

Antioxidant enzymes activity 

Extraction and assay 

For superoxide dismutase, catalase and peroxidase enzymes activity estimations, 
frozen tissue was homogenized in ice-cold 0.1M Tris-HCI buffer at pH 7.8 containing ImM 
EDTA, ImM dithiotreitol and 5ml of 4% polyvinyl pyrrolidone per gram fresh weight. For 
the measurement of ascorbate peroxidase (APOX) activity, 2 mM ascorbate was added 
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(Vaidyanathan et al., 2003). The homogenate was filtered through a nylon mesh and 
centrifuged at 20,000xg at 4°C. The supernatant was used for measuring enzyme activity. 

SOD (EC 1.15.1.1) was determined by nitroblue tetrazolium (NBT) method of 
Beyer and Fridovich, (1987) by measuring the photoreduction of NBT at 560 nm. One unit 
of SOD activity equaled to the amount required to inhibit photoreduction of NBT by 50%. 
CAT (EC 1.11.3.6) was estimated according to Teranishi et al. (1974) and the enzyme 
activity was expressed as uM H 2 0 2 reduced min"' mg"1 protein. POX (1.11.1.7) activity was 
determined in the homogenate by measuring the increase in absorption at 470 nm due to 
formation of tetraguaiacol (Racusen and Foote, 1965). APOX (EC 1.11.1.11) enzyme 
activity was measured according to Gerbling et al. (1984), following the oxidation of 
ascorbate to dehydroascorbate spectrophotometrically. Activity was expressed in uM ascorbate 
oxidised min"1 mg"1 protein. 

Ion analysis 

After collecting the plant samples, they were dissected into roots, and leaves for ion 
analysis. Na + and K + were. quantified by atomic absorption spectrometry (Perkin-Elmer, 
5500), and CI" was quantified by titration method, according to Ross, (1984), and expressed 
as mmole g' 1 DW. Leaf nitrogen content was determined by microkjeldhal method according 
to Humphries (1956) and expressed in percentage on dry weight basis. 

Statistical analysis 

Duplicate sample from at least six replications were taken for all the enzyme assays 
and non-enzymatic analysis (n=12). The mean values ±S.E. are given in all tables. The data 
were analysed statistically using a general linear model for analysis of variance (repeated 
measures Anova). Significance between control and treatment was compared at 0.05 
probability level by Duncan's Multiple range Test. 

RESULTS 

The effect of NaCl pretreatment on growth, oxidants production, lipoxygenase 
enzyme activity, membrane stability, antioxidant enzymes activity, ion analysis results are 
presented hereunder. 

Growth 

The effect of NaCl pretreatment on shoot and root length were found to be non­
significant at 29 t h DAS over control, whereas leaf area and total dry matter production were 
significantly decreased in pretreatment, by 16 and 13.4% respectively, over control. 
However, at 36 , h DAS both pretreated and non pretreated plants showed a significant 
reduction in shoot length, leaf area and total dry matter production over control (Table I). 
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Table 1. Effect of NaCl pretreatment on shoot length, root length, leaf area and 
total dry matter production in rice variety IR 20 

Parameters 29 t h DAS 3 6 t h DAS 
100 mM 

Parameters 
0 mM 50 mM OmM 50/100 mM 100 mM 

Shoot length 14.9" 14.4" 29.0" 19.6" 15.5C 

(cm) (±0.80) (±0.98) (±0.86) (±0.98) (±1.02) 
Root length 4.53" 4.18' 4.65° 5.17 b 4.9 C 

(cm) (±0.18) (±0.19) (±0.14) (±0.23) (±0.13) 
Leaf area 14.3" 12.0 b 30.2° 24. l b 16.7' 
(cm 2 plant*1) (±1.0) (±0.95) (±1.6) (±1.8) (±1-5) 
Total dry matter 

3.63" 3.14 b 5.45" 4 .05 b 3.8° 
production 
(g plant"1) 

(±.12) (±0.19) (±0.14) (±0.18) (±0.10) 

Within a row, means followed by a same letter are not significantly different by the Duncan's Multiple range Test 
at p=0.05. Values in parenthesis indicate S.E.M 

Oxidant production, LOX activity and membrane stability 

NaCl pretreatment at 29 t h DAS significantly increased oxidants namely superoxide 
radical and hydrogen peroxide production (Table 2). Increased 0 2 ' and H 2 0 2 contents 
resulted in momentous increase of lipoxygenase activity and TBARS content (Table 2). 
NaCl pretreated and nonpretreated plants at 36 t h DAS showed a significant increase in LOX 
activity and TBARS content over control. However, the pretreatment reduced the 0" 2 and 
H 2 0 2 production by 18 and 20% respectively, over non-pretreatment. Higher lipoxygenase 
enzyme activity and malondialdehyde formation (TBARS content) was observed in 
nonpretreated plants than pretreated plants. Under non-pretreatment, lipoxygenase and 
malondialdehyde recorded significant increase of 1.9 and 2.5 change in OD min"1 mg' 1 

protein and 7.8 and 9.1 nM g' 1 DW over pretreatment and control, respectively. The 
membrane stability analysis indicated that at both 29 t h and 36 l h DAS the pretreated and non­
pretreated plants had a lower stability than control plants (Table 2). Maximum reduction in 
MSI due to non-pretreatment was observed at 36 l h DAS. 

Antioxidant enzymes 

NaCl pretreatment at 29 , h DAS and 36* DAS significantly increased the antioxidant 
enzyme activity viz., superoxide dismutase, catalase, peroxidase and ascorbate peroxidase 
activity (Table 3). Pretreatment at 29 , h DAS, recorded a maximum increase in peroxidase 
activity (80.6%) followed by catalase (65.5%), ascorbate peroxidase (61.1%) and superoxide 
dismutase (50%) over control, respectively. Though an increase in antioxidant enzymes 
activity over control was observed in nonpretreated plants at 36 t h DAS, maximum increase 
was observed in pretreated plants. The pretreatment at 36 t h DAS increased the activity of 
peroxidase, catalase, superoxide dismutase and ascorbate peroxidase by 73.1, 70.3, 69.1, and 
61 .1% over non-pretreatment, respectively. 
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Table 2. Effect of NaCl pretreatment on superoxide radical, hydrogen peroxide 
contents, LOX activity, TBARS content and membrane stability index in rice 
variety IR 20 

Parameters 
29 t h 

OmM 
DAS 

50 mM OmM 
3 6 , h DAS 

50/100 mM 100 mM 
Superoxide radical 

0.74" 1.02b 0.98* 1.24b 1.52c 

(AOD 540 nm min"1 g"1 

DW) 
(±0.023) (±0.029) (±0.024) (±0.035) (±0.029) 

Hydrogen peroxide 0.84" 1.24b 0.93' 1.34b l .68 c 

(uM g"1 DW) (±0.042) (±0.039) (±0.052) (±0.062) (±0.035) 
Lipoxygenase activity 

3.7" 4.1" 4.2° 4 .8 b 6.7C 

(AOD 234 min"1 mg"1 

protein) 
(±0.12) (±0.15) (±.0.18) (±0.16) (±0.15) 

TBARS content 18.5" 21.8 b 24.9" 29.0 b 34.5 C 

(nM g.'DW) (±1.2) (±1.4) (±1.0) (±1.1) (±1.9) 
Membrane stability 93.0' 81.0 b 92.0° 84.0 b 70.0C 

index (%) (±2.1) (±1-6) (±2.6) (±2.1) (±1.8) 

Within a row, means followed by a same letter are not significantly different by the Duncan's Multiple range Test 
at p=0.05. Values in parenthesis indicate S.E.M 

Ion analysis 

Pretreatment with NaCl at 29 t h DAS, the leaf and root Na + contents 
increased significantly (Table 4), when compared to root, leaf accumulated more of Na + . In 
leaf, Na + accounted for a raise of 85% to that of control, while root showed a boost of 27.7% 
only. At 36 t h DAS, the pretreatment had a lower percent increase (85%) than non-
pretreatment (141%) in leaf Na + content, over control. The reverse trend was followed in 
potassium i.e., nonpretreated recorded a lower K + content than pretreated and control plants. 

Table 3 . Effect of NaCl pretreatment on SOD, CAT, POX and APOX activity in 
rice variety IR 20. 

Parameters 29 l h DAS 7 36'" DAS 

SOD (Enzyme units 
min'1 mg'1 protein), 
CAT(uM H 2 0 2 

reduced min*1 

mg'1 protein), 
POX (nM . 
tetraguaiacol 
formed min'1 mg"' 
protein) 
APOX (uM 
ascorbate oxidised 
min'1 mg'1.protein) 

OmM 50 mM OmM 50/100 mM 100 mM 
3.2* 
(±0.21) 

4.8" 
(±0.31) 

3.5* 
(±0.41) 

6.8" 
(±0.35) 4.7C (±0.29) 

2.9* 
(±0.10) 

4.8 b 

(±0.15) 
3.2' 
(±0.18) 

5.8 b 

(±0.19) 
4 .1 c 

(±0.14) 

•0.93' 
(±0.04) 

1.68b 

(±0.02) 
1.20* 
(±.0.03) 

l.88 b 

(±0.04) 
1.38° 
(±0.04) 

0.18* 
(±0.12) 

0.29 b 

(±0.016) 
0.2 r 
(±0.018) 

0.38 b 

.(±0.15) 
0.27 c 

(±0.18) 

Within a row. means followed by a same letter are not significantly different by the Duncan's Multiple range Test 
at p=0.05. Values in parenthesis indicate S.E.M 
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Table 4. Effect of NaCl pretreatment on leaf sodium, root sodium, leaf potassium, 
root potassium contents, leaf chloride, root chloride, leaf nitrogen and root 
nitrogen contents in rice variety IR 20. 

Parameters 
2 9 u . DAS 36 , h DAS Parameters 

0 mM SO mM 0 mM 50/100 mM 100 mM 
Leaf sodium 0.21" 0.39" 0.28* 0.52° 0.68c (±0.03) (mmole g"1 DW) (±0.02) 

0.18* 
(±0.03) (±0.02) (±0.03) 0.68c (±0.03) 

Root sodium 
(±0.02) 
0.18* 0.23b 0.21' 0.38" 0.57c 

(mmole g'1 DW) (±0.012) (±0.016) (±0.015) (±0.016) (±0.013) 
3.1 c Leaf potassium 5.2" 3.6b 5.4' 3.8" 
(±0.013) 
3.1 c 

(mmole g ' DW) (±0.12) 
3.6* 

(±013) (±.0.18) (±0.16) (±0.15) 
2.0C Root potassium 

(±0.12) 
3.6* 2.3 b 3.3' 2.8" 

(±0.15) 
2.0C 

(mmole g'1 DW) (±0.12) 
0.98' 

(±0.20) (±0.18) (±0.11) (±0.14) 
Leaf chloride 

(±0.12) 
0.98' 1.42" 1.2' •2.1" 3.8C 

(mmole g'1 DW) (±0.15) (±0.19) (±0.20) 
0.80" 

(±0.17) (±0.13) 
Root chloride 0.71" 1.03b 

(±0.20) 
0.80" 1.30" 2.90c 

(mmole g"' DW) (±0.10) 
1.13' 

(±0.15) (±0.20) (±0.16) (±0.15) 
1.04° Leaf nitrogen 

(±0.10) 
1.13' l.02b 1.24' 1.16" 

(±0.15) 
1.04° 

(mmole g'1 DW) (±0.01) 
1.04' 

(±0.02) (±.0.02) (±0.02) (±0.01) 
0.93c Root nitrogen 

(±0.01) 
1.04' 0.95b 1.15* 1.02" 

(±0.01) 
0.93c 

(mmole g'1 DW) (±0.01) (±0.02) (±0.01) (±0.02) (±0.02) 
Within a row, means followed by a same letter are not significantly different by the Duncan's Multiple range 'lest 
at p=0.05. Values in parenthesis indicate S.E.M 

The leaf and root chloride content revealed that both pretreated and no-pretreated 
plants had a higher content at 29 , h and 36 l h DAS over control (Table 4). However, pretreated 
plants had lower chloride content than non-pretreated plants in both leaf and root. Leaves 
had more chloride content than roots. The leaf nitrogen content at 36 t h DAS recorded a 
decrease of 6.5 and 16.1% over control by pretreatment and non-pretreatment, respectively. 
The similar trend was also observed in root nitrogen content. Ion analysis revealed a 
significant difference in Na + , K + , CI" and nitrogen content in both leaf and root by NaCl 
treatment. 

DISCUSSION 

Growth 

Salt stress has been generally considered to be made up of both osmotic and ionic 
effects. The accumulation of toxic ions, Na + and CI' in plants is often claimed to be toxic and 
the main cause of growth inhibition induced by salinity (Muscolo et al., 2003). Improved 
growth rate under salinity is essential for salt acclimation (Amzallag et al., 1993). This 
might be accomplished by maintenance of optimum level of Na f and K" concentrations 
under salinity (Boursier and Lauchli, 1990). Plants pretreated with sublethal level of NaCl 
showed a good degree of accumulation of K + in roots and shoots. Hence, the stimulation of 
growth under pretreatment than nonpretreated plants could have been due to enhanced K* 
accumulation. In addition, the decreased contents of Na* and CI' ions in pretreatment would 
definitely lessen the cellular toxicity, which further augments the growth under pretreatment 
condition. Increased concentration of Na + in the leaves of non-pretreated plants may be due 
to increased transport of this ion from root to shoot and/or high influx. The growth reduction 
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in non-pretreatment might be due to the toxic effect created by the presence of excess 
amount of salt coupled with low K + concentration. 

Both pretreated and non-pretreated plants showed decreased shoot length, leaf area 
and total dry matter production over control at 36 l h DAS. However, enhanced growth was 
observed in NaCl pretreated plants over non-pretreated plants. This indicated that the low 
concentration of NaCl pretreatment had a stimulative effect in acclimation process as 
reported by Umezawa et al. (2000) in soybean. Salinity causes increase in root length of 
pretreated plants at 36 t h DAS, whereas, at 29 t h DAS the pretreated plants did not showed any 
variation over control, indicating that roots were more sensitive than the shoots to lethal 
dose of salinity as reported by Sharma (1996). 

Active oxygen species, membrane stability and antioxidant enzymes activity 

Salt stress could increase the oxygen-induced damage to cells by increased 
generation of reactive oxygen species. Reactive oxygen species (ROS) bring about 
peroxidation of membrane lipids, which lead to membrane damage. The resistance to 
environmental stress may therefore depend, atleast partially on the inhibition of ROS 
production or the enhancement of antioxidant enzymes activity. Salt tolerance has been 
correlated with an increased SOD, CAT, POX and APOX enzymes activity (Davenport et 
al., 2003). 

Salinity treatments caused significant increase in H 2 0 2 and superoxide radical 
content, which were higher in non- pretreated plants than pretreated and control plants. 
Increased H 2 0 2 accumulation and lipid peroxidation due to salt stress resulted in significant 
decrease in membrane stability index (MSI). MSI was higher in pretreated plants than non-
pretreated plants. Lower H 2 0 2 accumulation and lipid peroxidation and higher membrane 
stability have been reported in salt tolerant genotypes of wheat (Sairam et al., 2002). Since, 
the pretreated plants had lower H 2 0 2 j 0 2 ", MDA content, lipoxygenase activity and higher 
MSI indicates that, it has adapted well to higher concentration of NaCl than non-pretreated 
plants. 

Sairam and Srivastava (2002) reported the enhancement of lipid peroxidation and 
membrane damage in the leaves subjected to higher degree of salt stress than mild stress. 
Parallel to these observations, we also noticed an increase in lipid peroxidation in non-
pretreated rice leaves. On the other hand, pretreated rice leaves exhibited a decrease in lipid 
peroxidation. The occurrence of lipid peroxidation is an indication of the prevalence of free 
radical reactions and a change in the balance between 0 2 7 H 2 0 2 in leaves (Hsu and Kao, 
2003). Increased SOD activity was correlated with increased protection from damage 
associated with oxidative stress (Asada, 1994). It is generally expected that the SOD activity 
of salt-tolerant cultivars would be substantially higher as compared to the sensitive ones. It 
has been demonstrated that salt tolerant rice (Djanaguiraman et al., 2003), wheat (Sairam 
and Srivastava, 2002) exhibited higher levels of SOD activity as compared to their salt 
sensitive counter parts. 

A higher activity of SOD in NaCl pretreated plants as compared with non-
pretreated plants was observed in the present study. The better protection in NaCl pretreated 
plants seems to depend on SOD activity for detoxification of 0 2 " to H 2 0 2 . Apart from having 
higher SOD activity, pretreated plants also exhibited nearly steady state level of H 2 0 2 under 
lethal dose. This does not mean that pretreated plant is experiencing little or no oxidative 
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stress, since it showed elevated activities of antioxidant enzymes activity like CAT, POX 
and APOX upon exposure to lethal stress. The enhanced activities of these antioxidant 
enzymes in pretreatment indicates de novo synthesis of SOD, POX, CAT and APOX 
proteins probably as an adaptive mechanism to protect the leaves against oxygen radical 
damage (Graver et al., 2001). Hsu and Kao (2003) also observed the same phenomenon in 
rice under sorbitol induced antioxidant enzyme activity. 

The enhanced activities of CAT and POX in pretreated plants helped in the rapid 
detoxification of H 2 0 2 thus produced, so that a steady state level of this ROS is maintained 
even under high NaCl stress. High levels of H 2 0 2 in non-pretreated plants could also 
accelerate processes like Haber-Weiss reaction, resulting in the formation of hydroxyl 
radicals that can cause lipid peroxidation. This is reflected in the greater extent of lipid 
peroxidation in non-pretreated plants upon exposure to lethal dose of NaCl. 

Peroxidase decomposes H 2 0 2 by oxidation of co-substrates such as phenolic 
compounds and/or antioxidants. The pretreated plants have higher POX activities than non­
pretreated and control plants, showing that POX is involved in reducing the effects of 
oxidative stress. In plants, an alternative and more effective detoxification mechanism 
against H 2 0 2 also exists through the operation of the ascorbate-glutathione cycle. In plant 
cells, APOX, which specifically makes use of ascorbate as a physiological reductant is 
considered a crucise component in the metabolic defense against oxidative stress. It acts 
through a series of coupled redox reactions, both in photosynthetic (Asada, 1994) and non-
photosynthetic tissues (Arrigoni, 1994). In pretreated plants the increase in the activity of 
APOX over non-pretreated and control plants suggests that this enzyme has a higher ability 
to eliminate H 2 0 2 . This is in accordance with the finding of Muscolo et al. (2003) in kikuyu 
grass, that APOX activity is enhanced at 100 mM than 200 mM NaCl concentration. 

Apart from causing peroxidation of membrane lipids, high levels of H 2 0 2 have 
been reported to cause a net reduction in photosynthesis in plants by over 50% (Kaiser, 
1979). By channeling most of the photoreductants for the detoxification of H 2 0 2 produced 
under stress, C 0 2 fixation is compromised (Vaidyanathan et al., 2003) which leads to poor 
growth of the crop plant. This effect was highly evident in non-pretreated plants than 
pretreated plants. 

CONCLUSIONS 

Efficient detoxification of both 0 2 " and H 2 0 2 is required to combat salinity induced 
oxidative stress in rice. Thus, the adaptation of the plant to lethal dose of NaCl is modified 
by pretreatment with sublethal dose of NaCl through enhanced antioxidant enzymes activity 
and ion regulation. 

REFERENCES 

Amzallag, G. N., Seligmann, H. and Lerner, H. R. (1993). A developmental window for salt 
adaptation in Sorghum bicolor. J. Exp. Bot. 44: 645 - 652. 

191 



Djanaguiraman etal., 

Arrigoni, O. (1994). Ascorbate system in plant development. J. Bioenerg. Biomembr. 26: 
4 0 7 - 4 1 9 . 

Asada, K. (1994). Production and action of active oxygen species in photosynthetic tissues. 
In: Causes of Photooxidative Stress and Amelioration of Defense System in Plants. 
Ed. C. H. Foyer and P. M . Mullineaux, CRC Press, Boca Raton, FL, pp. 77 - 104. 

Behra, T. H., Panda, S. K. and Patra, H. K. (1999). Chromium ion induced lipid peroxidation 
in developing wheat seedlings: role of growth hormones, Indian J. Plant Physiol. 4: 
236 - 238. 

Beyer, W . F. and Fridovich, I. (1987). Assaying for superoxide dismutase activity: some 
large consequences of minor changes in conditions. Anal. Biochem. 161: 559 - 566. 

Boursier, P. and Lauchli, A. (1990). Growth responses and. mineral nutrient relations of salt 
stressed sorghum. Crop Sci. 30: 1226 - 1233. 

Chaitanya, K. S. K. and Naithani, S. C. (1994). Role of superoxide, lipid peroxidation and 
superoxide dismutase in membrane perturbation during loss of viability in seeds of 
Shorea robusta Gaertn. f. New Phytol. 126: 623 - 627. 

Chaudhuri, K. and Choudhuri, M. A. (1992). Effects of short-term NaCl salinity stress on 
free radical mediated membrane damage in two jute species. Indian J. Exp. Biol. 
3 1 : 3 2 7 - 3 3 1 . 

Davenport, S. B., Gallego, S. M., Benavides, M . P. and Tomaro, M. L. (2003). Behaviour of 
antioxidant defense system in the adaptive response to salt stress in Helianthus 
annuus L. cells. Plant Growth Regul. 40: 81- 88. 

Djanguiraman, M., Ramadass, R, Senthil, A. and Durga Devi, M. (2003). Effect of salinity 
induction on yield and yield components in rice cultivars. JARM, 2, 1 - 7. 

Gallego, S. M . , Benavides, M. P. and Tomaro, M. L. (1996). Effects of heavy metal ion 
excess of sunflower leaves; evidence for involvement of oxidative stress, Plant Sci. 
121: 151 - 159. 

Gerbling, K. P., Graham, J. K., Fischer, K. H. and Latzio, E. (1984). Partial purification and 
properties of soluble ascorbate peroxidases from pea leaves, J. Plant Physiol. 115: 
59 - 67. 

Grover, A ., Kapoor, A., Satya, O., Sangeeta, L., Sahi, A. C , Agarwal, S. K., Agarwal, M. 
and Dubey, H. (2001). Understanding molecular alphabets of the plant abiotic stress 
response. Curr. Sci. 80:206 - 216. 

Hsu, S. Y. and Kao, C. H. (2003). Differential effect of sorbitol and polyethylene glycol on 
antioxidant enzymes in rice leaves. Plant Growth Regual. 39: 83 - 90. 

Humphries, E. C. (1956). Modern methods of plant analysis. 1: 468 - 502. 

Kaiser, W . M . (1979). Reversible inhibition of the Calvin cycle and activation of oxidative 
pentose phosphate cycle in isolated intact chloroplast by hydrogen peroxide, Planta 
145:377-382 . 

192 



Salinity induction response and antioxidant mechanism in rice 

Muscolo, A., Sidari, M. and Panuccio, M. R. (2003). Tolerance of kikuyu grass to long term 
salt stress is associated with induction of antioxidant defences. Plant Growth Regul. 
4 1 : 5 7 - 6 2 . 

Okuda, T., Matsuda, Y., Yamanaka, A. and Sagisaka, S. (1991). Abrupt increase in the level 
of hydrogen peroxide in leaves of winter wheat is caused by cold treatment, Plant 
Physiol. 97: 1265-1267. 

Racusen, D. and Foote, M. (1965). Protein synthesis in dark grown bean leaves, Can. J. Bot. 
4 3 : 8 1 7 - 8 2 4 . 

Ross, C. W. (1984). Plant Physiology Laboratory Manual. Wordsworth Publishing 
Company, Belmont. 

Sairam, R. K. and.Srivastava, G. C. (2002). Changes in antioxidant activity in sub-cellular 
fractions of tolerant and susceptible wheat genotypes in response to long term salt 
stress. Plant Sci. 162: 897 - 904. 

Sairam, R. K., Rao, V. K. 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. Plant Sci. 163: 1037-1046. 

Sharma, S. K. (1996). Effects of salinity on uptake and distribution of N a \ CI" and K' in 
two wheat cultivars. Biol. Plant. 38:261 - 267. 

Strognov, B. P. (1964). Practical means for increasing salt tolerance of plants as related to 
type of salinity in the soil. Physiological basis of salt tolerance of plants. Ed. A. 
Poljakoff Mayber and A. A. Meyer, Israel program for scientific translations Ltd., 
Jerusalem, pp. 218 - 244. 

Teranishi, A. M., Tanaka, S. and Osumi Fukui, S. (1974). Catalase activity of hydrocarbon 
utilizing Candida yeast, Agric. Biol. Chem. 38:1213 -1216. 

Umezawa, T., Shimizu, K., Kato, M. and Ueda, T. (2000). Enhancement of salt tolerance in 
soybean with NaCl pretreatment. Physiol. Plant. 110: 59 - 63. 

Vaidyanathan, H., Sivakumar, P., Chakrabarty, R. and Thomas, G. (2003). Scavenging of 
reactive oxygen species in NaCI-stressed rice (Oryza saliva L.) - differential response in 
salt-tolerant and sensitive varieties. Plant Sci. 165: 1411 -1418. 

193 


