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ABSTRACT 
 

Salinity has an adverse effect on plants particularly legumes.  The aim of the present study was to 
investigate the effect of saline stress on the grain legume soybean. Therefore many enzymatic, non-enzymatic 
scavengers and physicochemical parameters were estimated.  Hydroponic culture of 14 day old seedlings was 
carried out experimentally. The seedlings were further subjected to four levels of salt stress treatments of 50, 75, 
100, 200 mM concentrations. Enzymatic scavengers such as Superoxide Dismutase, Peroxidase resulted in the 
significant increase at 100 mM concentration whereas Catalase enzyme showed the significant decrease at the 
same level. Ascorbic Acid, Carotenoid content, Lipid Peroxidation level was remarkably increased. Physicochemical 
parameters such as Proline, Protein, and Chlorophyll significantly decreased at the highest salt level unlike Phenol 
which increased at 200 mM concentration. These results concluded that soybean is a salt tolerant plant which has 
an efficient scavenging system to work against the reactive oxygen species produced due to salinity.  
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INTRODUCTION 
 

Salinity is a major environmental problem caused mainly by the use of different 
chemical fertilizers and the agricultural practices performed on the fields. Most of the salt 
stresses in nature are due to Na+ salts particularly NaCl [1].High salinity lowers water potential 
and induces ionic stresses and results in generation of reactive oxygen species. These species 
drastically limits growth and development of plants by affecting different metabolic processes 
such as CO2 assimilation, oil and protein synthesis [2]. These molecules are highly damaging to 
lipids, nucleic acids, and proteins [3]. Antioxidants like superoxide dismutase, Guaiacol 
peroxidase, catalase, ascorbic acid, carotenoids, lipid peroxidase, phenolic compounds provide 
defense mechanism against the oxidative damage produced by ROS. Soybean plant is 
categorized as moderately salt tolerant [4] and therefore its antioxidant activities due to salt 
stress had been experimentally estimated. 

 
MATERIALS AND METHODS 

 
Plant material and Treatments 
 

The Glycine max (L.) Merr.seeds used in the experiment were obtained from Sam 
Higginbottom Institute of Agriculture, Technology and Sciences, Allahabad, India. Seeds 
obtained were surface sterilized with 1% sodium hypochlorite for 2 min and washed thoroughly 
with tap water and then rinsed with distilled water. The seeds were then germinated for 4 days 
in the dark in petridishes. Four day old seedlings were then  cultivated hydroponically and 
transferred to ¼ strength modified Hoagland nutrient solution [5] in the growth chamber at the 
light intensity of 4500 lux (16 hr light/8 hr dark) at 25ºC. After 10 days period of growth, the 
solutions were treated with 0(control) 50, 75, 100, 200 mMNaCl concentrations and the 
solution was renewed on alternate days. The root and shoot of the plants were taken for the 
antioxidants study. 
 
Assay of Enzymatic parameters 
 

Superoxide dismutase (SOD, EC 1.15.1.1) was assayed on the basis of its ability to reduce 
the photoreduction of nitrobluetetrazolium to blue formazone by 50% [6]. 3 mL of the reaction 
mixture contained 50 mM sodium phosphate buffer (pH 7.0), 10 mM methionine, 1.17 mM 
riboflavin, 56 mM NBT and 100 μL enzyme extract and the absorbance of the solution was 
taken at 560 nm with the help of Perkin Elmer Lambda 900 UV/Vis spectrophotometer.. SOD 
activity was expressed as Units/mg protein/hr. 
 

Catalase activity (CAT, EC 1.11.1.6) was determined by the decrease in the absorbance 
of the reaction mixture at 240 nm. 3 mL of the reaction mixture contains 50 mM (pH 7.0) of 
potassium phosphate buffer, 7.5mM of H2O2 and 50 μL of the crude extract. CAT activity was 
expressed as μmoL H2O2 decomposed/min/mg protein [7].  
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3 mL of the reaction mixture for peroxidase (POD, E.C. 1.11.1.7) contained 2.8 mL of 
guaiacol (3%), 0.1 mL H2O2 (2%), and 0.1 mL enzyme extract. POD activity was measured by the 
increase in the absorbance at 470 nm with the help of Perkin Elmer Lambda 900 UV/Vis 
spectrophotometer. Its activity was expressed as nmoLguaiacol oxidized/min/mg protein [8]. 
 
Assay of Physicochemical parameters 
 

Phenol estimation method  was described by Malick and Singh, 1980 [9].1 g of the root 
tissue was grounded with 10 mL of 80% ethanol and the homogenate was centrifuged at 10,000 
rpm for 20 min. The supernatant was evaporated to dryness and the residue was dissolved with 
5 mL of distilled water. This was then used as an extract. To 2 mL of the extract, 0.5 mL of 
Folin’s reagent was added. After 3 min, 2 mL of 20% Na2CO3 solution was mixed properly. The 
mixture was kept in boiling water for 1 min and then the absorbance was read at 650 nm with 
the help of Perkin Elmer Lambda 900 UV/Vis spectrophotometer 
 

Total soluble protein content in root tissues was quantified by the method of Lowry et 
al., (1951) [10] using bovine serum albumin as standard. 
 

Proline content in the root tissues of the plants were extracted with 3% aqueous 5- 
sulphosalicylic acid, centrifuged at 5000 rpm. The supernatant used for proline assay and its 
absorbance was measured at 520 nm. The proline content was expressed as μmol / g fresh 
weight. This method was described by Bates et al., 1973 [11]. 
 

Chlorophyll estimation was assayed by the method of Arnon and Stout (1939) [12] in the 
leaves samples with 80% acetone.  
 
Assay of non enzymatic parameters    
 

Lipid peroxidation was measured by the level of malondialdehyde which is the product 
of lipid peroxidation content determined by the thiobarbituric acid (TBA) according to the 
method of Heath and Packer (1968) [13]. 
Ascorbic acid content was assayed by the method of Omayeet al., (1979) [14]. 1 g of root tissue 
was grinded with 5 ml of 10% TCA, centrifuged at 3500 rpm for 20 min and the supernatant 
obtained was used for the assay. 1 ml of DTC reagent (2, 4- dinitrophenyl hydrazine-thiourea) 
was added to the 0.5 ml of the extract and incubated at 37ºC for 3 hour. To this extract 0.75 ml 
of ice-cold 65% H2SO4 was allowed to stand at 30ºC for 30 min and the resulting color was read 
at 520 nm by spectrophotometer.  
 
Statistical analysis 
 

The values shown in the tables and figures are the mean of five replicated treatments. 
The results were statistically evaluated using two way analysis of variance where significant 
differences (p ≤ 0.05) were obtained using Fisher (1936) *15+ technique. 
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RESULTS AND DISCUSSION 
 

The present study brings forth the effect of NaCl concentration on the enzymatic and 
non-enzymatic scavengers of the plant. SOD is the most significant enzymatic antioxidant found 
in all aerobic organisms. It has been well established that SOD is the first line of defense against 
oxidative stress. SOD activity was observed to be at the highest levels at 200mM concentration 
of NaCl. The values at 50, 75, 100, 200 mM concentration was found to be significantly 
increased at 7.48%, 24.02%, 41.01%, and 47.58% respectively as compared to control (Fig. 1). 
The increase in SOD activity in Anabaena doliolum under NaCl stress has been reported [16]. 
Significant increase in SOD activity under salt stress has been observed in plants like mulberry 
[17], C. arietinum[18] and Lycopersiconesculentum[19]. 

 
The Peroxidases make use of guaiacol as electron donor and use H2O2 in the oxidation of 

various organic and inorganic substrates [20]. The GPOX content was markedly increased with 
71.94% at the highest level of concentration (200 mM). The significant increase of 39%, 59%, 
70.98% was observed at 50, 75, 100 mM concentration respectively as compared to control 
(Fig. 2). A concomitant increase in GPOX activity in both the leaf and root tissues of 
Vignaradiata [21], O. sativa [22] had been reported under salinity stress. 

 
Catalase activity showed the significant decrease at the highest NaCl concentration (200 

mM). The significant decrease in CAT activity was observed at 50 mM (15.59%) and 75 mM 
(40.21%) concentration respectively as compared to control. However no significant difference 
was observed at 100mM and 200 mM concentration (Fig. 3). CAT enzyme is responsible for the 
dissociation of H2O2 into H2O and O2 and is important for ROS detoxification during stress 
condition. The response of CAT enzyme in different plant varies. Decreased activity is observed 
in Glycine max [23], Phragmitesaustralis [24], Capsicum annuum [25] and Arabidopsis thaliana 
[26], whereas its activity is increased in O.sativa [27], B. juncea[28], T. aestivum [29], 
C.arietinum [30] and Vignamungo roots [31] under Cd stress.  Furthermore, the response of 
CAT activity under osmotic stress has been frequently contradictory. Accordingly some workers 
have shown enhanced CAT activity [32], [33] whereas others have reported a salt induced down 
regulation [34], [35]. 

 
For the further assessment of this study, non-enzymatic scavengers such as LP, AsA, Car, 

NPT was also estimated. Changes in LP activity in the roots under salt stress was increased by 
about 9.15%, 10.44%, 18.76% and 46.01% at 50, 75, 100, 200 mM concentration with respect to 
control (Fig. 4). During severe stress conditions, peroxidation of membrane lipids occurs in 
every living organism. During LP process, compound such as malondialdehyde reacts with 
Thiobarbituric acid to form coloured products called Thiobarbituric Acid Reactive substances 
(TBARS) [13]. Further studies by Kukrejaet al., (2005) [18] revealed marked increase in lipid 
peroxidation in Cicerarietinum roots under salinity stress. 

 
Car protects photosynthetic apparatus of the plants against reactive oxygen species 

produced under stress conditions. Car content at 50, 75, 100, 200 mM concentration was 
estimated to increase significantly by 4.25%, 10.68%, 13.37% and 17.49% as compared to 
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control (Fig. 5). In plants like Phyllanthusamarus and V. mungo there is a reported decrease in 
carotenoid content [36] whereas the increase in carotenoid content was reported in Cd stress.   

 
Ascorbic acid is one of the most effective antioxidants in alleviating the damage caused 

by reactive oxygen species in plants [37, 38]. It has been reported by earlier that ascorbic acid 
plays an important role in the removal of H2O2.  AsA content in the roots of the soybean plant 
increased progressively as the salt concentration increases. The significant increase of 44.44%, 
68.01%, 78.78%, and 83.27% was observed at 50, 75, 100, 200 mM concentration as compared 
to control (Fig. 6).  

 
Salt stress on the physicochemical parameters was further studied. Chlorophyll content 

of the leaves decreased significantly as the salt concentration increases. The content in leaves 
at NaCl concentrations of 50, 75, 100, 200 mM was increased by 8.91%, 16.70%, 36.23%, 
41.27% respectively as compared to control (Fig. 7). Decrease in chlorophyll content of soybean 
leaves with increasing salinity could be related to increasing the activity of chlorophyll 
degrading enzyme, chlorophyllase [39], and the destruction of the chloroplast structure and the 
instability of pigment protein complexes [40]. Similar results were reported for pea [41], 
sunflower [42], sorghum [43], and wheat [44]. 
 

Phenols play an important role in the detoxification of ROS [45]. Phenol content was 
increased by about 24.61%, 35.11%, 42.89% and 50.89% at NaCl concentrations of 50, 75, 100, 
200 mM respectively with respect to control (Fig. 8). Synthesis and accumulation of phenolic 
compounds in plants can be attributed to the stress response [46]. 

 
The promotion of protein content loss in the roots of the soybean plants was observed 

at 50, 75, 100, 200 mM concentration with 17.06%, 23.09%, 42.91%, and 44.51% as compared 
to control (Fig. 9). It has been reported earlier by Kastoriet al., 1992 [47] that in Helianthus 
annus protein content is decreased at high concentration of heavy metals. This decrease might 
be attributed to the disturbance in nitrogen balance under stress conditions [48].  

 
Proline accumulation can be considered as indicator for the heavy metal stress. The 

significant increase in proline content was observed with 11.71%, 30.61%, 40.51%, 45.70% at 
50, 75, 100, 200 mM concentration as compared to control (Fig. 10). Much literature has been 
provided regarding proline acting as an osmoprotectant and is the efficient quencher of ROS 
under salt, metal, drought stress. Proline is described and evident in many research papers as 
an osmoprotectant, inhibitor of LP, OH and 1O2 scavenger [49, 50]. 
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  Fig 1                                                             Fig 2 
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Fig 7                                                            Fig 8 

 
 
 

 
    Fig 9                                                                 Fig 10   

 

 
CONCLUSION 

 
The present study revealed the effect of salt stress on the antioxidants in soybean plant. 

Antioxidants level in the soybean plants had been increased as shown in the results of the 
experimental study making it the salt-tolerant crop. The study throws the light on the defense 
mechanisms of the plant to alleviate the level of salt stress. 

 
ACKNOWLEDGEMENT 

 
Authors are grateful to DrVeeruPrakash, Associate professor, AAIDU for imparting 

guidance and encouragement during the research work. We wish to acknowledge Dr R.B. Lal, 
Vice Chancellor, Allahabad Agricultural Institute Deemed University (AAIDU) for providing us 
the lab facilities.  
 
 
 
 
 

0

10

20

30

40

50

50 75 100 200

%
 D

EC
R

EA
SE

TREATMENTS

Chl (mg/g FW)

0

10

20

30

40

50

60

50 75 100 200

%
 IN

C
R

EA
SE

TREATMENTS

Phenol(mg/g FW)

0

10

20

30

40

50

50 75 100 200

%
 D

EC
R

EA
SE

TREATMENTS

Protein( mg/g FW)

0

10

20

30

40

50

50 75 100 200

%
 IN

C
R

EA
SE

TREATMENTS

Proline (μmol/g FW)



          ISSN: 0975-8585 
 

April – June       2012           RJPBCS              Volume 3 Issue 2   Page No. 1184 
 

REFERENCES 
 
[1] Demiral T &Turkan L. Comparative lipid peroxidation, antioxidant defense systems and 

proline content in roots of two rice cultivars differing in salt tolerance. Env. Exp Bot 
2005; 53: 247-257. 

[2] Nasir Khan M, Siddiqui H, Masroor M, Khan A &Naeem M. World J AgricSci 2007; 3:  
685-695. 

[3] Grato PL, Polle  A, Lea PJ &Azevedo RA. Functional Plant Biol 2005; 32: 481-494. 
[4] Katerji N, Van Hoorn JW, Hamdy A &Mastrorilli M. Agric Water Management 2000; 43: 

99-109. 
[5] Pickering IJ, Prince RC, George MJ, Smith RD, George GN &Satt DE. Plant Physiol 2000; 

122: 1171-1177. 
[6] Beauchamp C &Fridovich I. Anal Biochem 1971; 44: 276-287. 
[7] Aebi M. MethodEnzymol 1984; 105: 121-126. 
[8] Abeles FB &Biles CL. Plant Physiol 1991; 95:269-273. 
[9] Mallick CP & Singh MB. Plant Enzymology and Histoenzymology 1980;Kalyani publishers, 

New Delhi, 286. 
[10] Lowry OH, Rosenbrough NJ, Farr AL & Randall RI. J BiolChem 1951; 193:  265-275. 
[11] Bates LS, Waldren RP &Teare ID. Plant and soil 1973; 39: 205-207. 
[12] Arnon DI & Stout PR. Plant Physoil. 1939; 14: 371-375. 
[13] Heath RL & Packer L. Arch BiochemBiophys 1968; 125: 180-198. 
[14] Omaye ST, Turnbull JD &Sauberilick HE. Methods Enzymol 1979; 63: 3-11. 
[15] Fisher RA. AnnEugen 1936; 7:179-188. 
[16] Srivastava AK, Bhargava P &Rai LC. WJ MicrobBiotechnol 2005; 22;  1291-1298. 
[17] Harinasut P, Poonsopa  D, Roengmongkol K &Charoensataporn R. Sci Asia 2003; 29: 109-

113. 
[18] Kukreja S, Nandval AS, Kumar N, Sharma SK, Unvi V & Sharma PK. Biol Plant 2005; 49: 

305-308. 
[19] Gapinska M, Sklodowska M &Gabara B. ActaPhysiol Plant 2008; 30: 11-18. 
[20] Asada K. CRC Press, Boca Raton.1994; pp. 77-104. 
[21] Panda SK.  Indian J Plant Physiol 2001; 6: 438-440. 
[22] Koji Y, Shiro M, Michio K, Mitsutaka, T & Hiroshi M. Plant Prod Sci 2009; 12: 319-326. 
[23] Balestrasse  KB, Gardey L, Gallego SM &Tomaro ML. Aust J Plant Physiol 2001; 28: 497-

504. 
[24] Iannelli MA, Pietrini F, Fiore L, PetrilliL  &Massacci A.  Plant PhysiolBiochem 2002; 40: 

977-982. 
[25] Leon AM, Palma JM, Corpas  FJ, Gomez M, Romero-Puertas  MC, Chatterjee D, Mateos  

RM, del Rio LA &Sandalio LM.  Plant PhysiolBiochem 2002; 40: 813-820 
[26] Cho U &Seo N.  Plant Sci 2005; 168: 113-120. 
[27] Hsu YT & Kao CH.  Plant Growth Regul 2004; 42: 227-238. 
[28] Mobin M & Khan NA. J Plant Physiol 2007; 164: 601-610. 
[29] Khan Samiullah NA, Singh S &Nazar R. J Agro Crop Sci 2007; 193: 435-444. 
[30] Hasan  SA, Hayat  S, Ali  B & Ahmad  A. EnvironPollut 2008; 151: 60-66 
[31] Singh S, Khan NA, Nazar R &Anjum NA. Am J Plant Physiol 2008; 3:  25-32. 



          ISSN: 0975-8585 
 

April – June       2012           RJPBCS              Volume 3 Issue 2   Page No. 1185 
 

[32] Grosset  DR,  Millhollon  EP & Lucas MC. Crop Sci 1994; 34: 706–714. 
[33] Vaidyanathan  H, Sivakumar  P, Chakrabarty R & Thomas G. Plant Sci 2003; 165: 1411–

1418. 
[34] Foyer CH &Noctor G. New Phytol 2000; 146:359–388. 
[35] Shim IS, Momose Y, Yamamoto A, Kim DW &Usui K. Plant Growth Regul 2003; 39: 285–

292. 
[36] Demirevska-Kepova K,Simova-Stoilova L, Stoyanova ZP & Feller U.  J Plant Nutr 2006; 29: 

451-468. 
[37] Smirnoff N. Ascorbate, tocopherol and carotenoids: metabolism, pathway engineering 

and functions. (In: N. Smirnoff (Ed.), Antioxidants and Reactive Oxygen Species in Plants. 
Blackwell Publishing Ltd .  2005. (pp. 53-86). Oxford, UK.) 

[38] Athar HR, Khan A &Ashraf  M. EnvExp Bot 2008; 63: 224-231. 
[39] Jamil  M, Rehman S, Lee K J, Kim JM , Kim H S &Rha  ES. SciAgric2007; 64: 1-10. 
[40] Singh AK &Dubey RS. Photosynthetica1995; 31: 489- 499. 
[41] Hamada AM & EL-Enany AE.BiologiaPlantarum. 1994; 36: 75-81. 
[42] Ashraf M.  Ann ApplBiol1999; 135: 509–513. 
[43] Netondo GW, Onyango JC & Beck E Sorghum and salinity: II. Crop Sci 2004; 44: 806-811. 
[44] El-Hendawy  SE, Hu Y &Schmidhalter U.  Aust J Agric Res 2005; 56:123–134. 
[45] Zheng W & Wang SY. J Agric Food Chem 2001; 49: 5165–5170. 
[46] Mamdouh M, Mahmoud Y, Omar E &Zeinab B. Soviet Plant Physiol 2002; 17: 394-397. 
[47] Kastori  K, Petrovic  M &Petrovic N. J Plant Nutr 1992; 15: 24-27. 
[48] Strogonov BP, Kabanov VV &Pakova MM. ActaPhysiol Plant 1970; 24(1): 19-27. 
[49] Ashraf M &Foolad MR. EnvExp Bot 2007; 59: 206-216. 
[50] Trovato M, Mattioli R &CostantinoPRendicontiLincei 2008; 19: 325-346. 
 


