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ABSTRACT

A pot culture experiment was conducted in mung gana radiata (L.) Wilczek.) genotype PUSA Baisa test
the effect of sodium arsenate and thiourea (TUjeAic at 25 UM caused significant inhibition of @th as
indicated by reduced shoot and root dry weight aaduction in photosynthetic capacity. Significarckihe in
ascorbate peroxidase, dehydroascorbate reductasg glotathione reductase coupled with high superexid
dismutase seriously impeded scavenging of reaottygen species and led to reduction in glutathicrdox state.
This resulted in overaccumulation of®} in leaves of arsenate-treated mung bean genotydecansequently, high
level of lipid peroxidations, as the marks of onsétarsenic-induced oxidative stress. Priming oédse and
application of TU at 6.5mM and 13 mM was found higdfective not only in countering of oxidativeess but also
in significant enhancement of shoot and root drygiMeeven under As exposure. Significant elevaimohi,O»-
scavenging capacity accompanied by high GSH-regdioer though stimulated glutathione reductase dtgtiin
presence of TU certainly helped mung bean seedlimgounter As-induced oxidative stress and maarea of
normal to even better plant growth and photosyrithesder As exposure.
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INTRODUCTION

Mung bean Yigna radiata(L.) Wilczek] also known as green gram, is on¢haf important grain legumes of India.
Seeds are rich in digestible protein (approximagdy28 %). It is extensively grown in tropical asabtropical
Asia because of its wider range of adaptabilititinfg well in multi-cropping systemi]. In India, mung bean is
grown in two seasons: during summer and winter. él@w, its large-scale adoption is affected by laeidy
potential accompanied with various biotic and dbitactors [2,3].

Arsenic (As) is a wide-spread toxic metalloid, dinsing the biggest abiotic stress factors for kiad.
Groundwater contamination by As and its entry igtops through water-soil-plant system has causegtgr
environmental concern. The bioaccumulation of Asrimp plants has huge negative impact for publathdassues
[4], and this is of great environmental concerndase As is known to be a carcinogen and a powegfuhutagen
[5,6]. Besides rice and vegetables, quite alaripjndys is gradually entering into pulse food systémough its
accumulation in major legumes like chickpea, peatil, beans, fenugreek and grasspea [7-13]. Asimduce
severe oxidative stress in legume plants throutgradlon in cellular and metabolic redox homeostaseverely
jeopardizing plant growth and inflicting damageyteld and nutritional quality of grain, and may @lsender the
crops vulnerable to other biotic and abiotic stessf3,10, 14-16]. Being grown in aerobic fieldsgumes are
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exposed to arsenate forms of As which may eithegcti/ or through conversion to highly toxic argenfAs'")
adversely affects plant growth by generating exé®$ and consequent oxidative damage to lipidspaotkins
through alterations in antioxidant defense compgsof non-enzymatic components, ascorbate-glutaghioycle
enzymes, and components outside this cycle [14,1T}, Accumulating evidences indicate that As expes
seriously jeopardizes plant thiol-redox status, #mel glutathione (GSH) and GSH-mediated antioxidiefense
plays key roles in determining As-tolerance in elfint plants [18-21]. As-induced oxidative damagel a
consequent growth inhibition has primarily beenorégd in chickpea, pea, grass pea, lentils, combeans, and
fenugreek [8-12, 14-16]. In mung bean, As-induceddative stress was attributed to oxidative daméme
membrane and consequent inhibition of plant grd&®&]. In the background of As-toxicity in edibledid legumes,
development of safe crop with high yield and nigmnial quality in contaminated soil may be one af tmportant
strategies to counter the detrimental impacts of28s 21] for which understanding of mechanisti¢aile of As-
induced stress and inducible tolerance is extreingbprtant.

Grain priming and foliar pretreatment has been e@d progressively in many plant species and igroin
improving yield quality and amounts [23, 24]. Amotigg mitigation strategies and improving crop piciolity
under stressful environments, use of sulfhydrykigigulator like thiourea (TU), a ROS-scavenger, tsn found
highly effective in ameliorating salt as well as difess irBrassica juncepand maize, and in tuberization of potato
through alterations in antioxidant defense andiok granslocations and modulations of gene expoessiat
transcriptional levels [25-29]. The concept behihd use of TU is based upon the fact that it i®a-tnansgenic
approach and acts as Sulfur-containing defense congs during adaptations of plants to biotic anidtabstress
by strengthening the planttaiilt-in mechanisms through priming mediated physiologicel molecular tuning. TU
was primarily found to increase productivity in ngubean [30], but despite high sensitivity of mureaib to As-
stress, no study, is carried out to test the piatieaf TU in inducing tolerance to As-induced oxiga stress in
mung bean. The present study was therefore catietb reveal the potential of TU in inducing ta@ece of mung
bean to As-toxicity through assessing alteration®morpho-physiological and biochemical charactiesst

MATERIALS AND METHODS

Plant materials, treatment protocols and culturedibions

Fresh and healthy seeds of mung béégr(a radiata(L.) Wilczek. cv. PUSA Baisakhi) were surface-gieed with
NaOCI (0.1 %, w/v), continuously washed under ragrtiap water followed by distilled water, and walewed to
germinate in the dark in two separate sets on ewést filter paper at 25 °C. Germinated seedlingsewe
immediately placed in polythene pots (8 plants Pptsontaining 300 ml of Hoagland’s No 2 nutrient rized
following earlier protocol [31], and were alloweanlgrow for 10 d. The plants were, then, subjectetthé¢ following
treatment protocols as: (a) untreated control,2MuM sodium arsenate (As, MW 312.01 g/mol; technicaldg,
purity 98.5 %, Sigma-Aldrich), (c) 26M As+ 6.5 mM thiourea (TU), and (d) 2oM As+13 mM TU. Each
treatment was replicated four times. TU (Sigma-i&shir Bangalore, India), a sulfhydryl bio-regulateras used to
presoak the seeds and then in foliar spray inaketo protocols. Pilot experiments were carrigtlito determine
the effective doses of TU and As without causingdity to seedlings. Control and treated plantsevaitowed to
grow for another 10 d. Nutrient solution was reffied every alternate day to prevent depletion ofients, TU as
well as As in the course of the plant’s exposuréhto metalloid. The experiment was carried out itompletely
randomized block design manner in an environmagntalhtrolled growth chamber under a 14 h photopker28/18
(+ 2 °C), relative humidity of 70 + 2 % and a pt®fothesis photon flux density of 2@@nolm s *. Plants were
harvested after stipulated period, parts were ségdy thoroughly washed and oven dried at 72 °Gl&oh to take
dry weights of shoots and roots.

Determination of chlorophyll and total carotenoids

Leaf chlorophyll (Chl) and carotenoid contents weetermined by the method of Lichtenthaler [3af tissue (50
mg) was homogenized in 10 ml chilled acetone (80 Phe homogenate was centrifuged at 4,000 g fomik2
Absorbance of the supernatant was recorded at 643,and 470 nm for chlorophyll a, chlorophyll b and
carotenoids, respectivelyhe contents were expressed as mg chl or caraegbdiresh weight (FW).

Assay of antioxidant enzyme activity

Fresh leaf tissue of 250 mg was homogenized in bfnd0 mM K-phosphate buffer (pH 7.8) containingnM
EDTA, 1 mM dithiothreitol and 2 % (w/v) polyvinylyprolidone (PVP) using a chilled mortar and pekget in an

ice bath. The homogenate was centrifuged at 15,80@FC for 20 min. Clear supernatant was used for enzyme
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assays. For measuring APX activity, the tissue sggmrately ground in homogenizing medium contaiiigmM
AsA in addition to the other ingredients. All assayere done at 25C, as detailed earlier [31,33, 34]. Soluble
protein content was determined using Bovine Serbuiin as standard [35].

SOD (EC 1.15.1.1) activity was determined by nittae tetrazolium (NBT) photochemical assay [36] avak
expressed as U (unit) mtrmg? protein. One unit of SOD was equal to that amaantsing a 50 % decrease in
SOD-inhibited NBT reduction. APX (EC 1.11.1.11)igity (nmol AsA oxidized mift mg® protein) was assayed
following Nakano and Asada [37] with,B8,-dependent oxidation of AsA followed by a decreiasthe absorbance
at 290 nm £ = 2.8 mM-1 cm-1)DHAR (EC 1.8.5.1) activity was measured followitng tprotocol of Nakano and
Asada [37]. Enzyme activity was expressecuam| ascorbatdormed min® mg™ protein. Glutathione reductase
(GR, EC 1.6.4.2) activity was determined by mormitgrthe glutathione dependant oxidation of NADPH, as
describedby Carlberg and Mannervik [38]. Reaction was at@d byadding 0.1 ml enzyme extract to the cuvette
and the decreasa absorbance at 340 nm was monitored for 2 min.sp&ific activity was expressed as nmol
NADPH oxidizedmin™ mg™* protein.CAT (EC 1.11.1.6)-specific activity (nmol,®, degraded miti mg* protein)
was calculated using the molar absorptivity of 4818 cm® for H,O, at 240 nm [39]. Foliar total and reduced
glutathione (GSH) was estimated following Griff[#0]. GSH redox was calculated as [GSH/(GSH+GSSG)].

Determination of HO, Content and lipid peroxidation level

Fresh leaf tissue of 0.1 g was powdered with liguitdtogen and blended with 3 ml acetone for 30 atirt °C.
Then, the sample was filtered through eight lagérgauze cloth. After the addition of 0.15 g ofiaetcarbon, the
sample was centrifuged twice at 3,@Pfbr 20 min at 4 °C, and then 0.2 ml 20 % TiCI4HEI and 0.2 ml ammonia
were added to 1 ml of the supernatant. After reactthe compound was centrifuged at 3,000g for 1@ the
supernatant was discarded, and the pellet waslhdgssm 3 ml of 1 M HSQ,. H,O, content was measured from the
absorbance at 410 nm using a standard curve, fiolfpWang et al. [41]. Lipid peroxidation rate wastetrmined by
mleasuring the malondialdehyde (MDA) equivalenttofeing Hodges et al. [42] and was expressed as A

g Fw.

Statistical analysis

The results are the mean values + standard erfaast least four replicates. Multiple comparisonsnoéans were
performed by ANOVA (SPSS Inc. v. 10), and the meaese separated by Duncan’s multiple range tesh wit
significance level at P <0.05.

RESULTS AND DISCUSSION

Mung bean genotype PUSA Baisakhi exhibited seveosvtlp inhibition as manifested by significantly texd

shoot and root dry weight under 25 uM As exposGampared to control, shoot dry weight was reduged-fold

whereas root dry weight was reduced by about 3db{fbable 1). Decrease in seed germination andtteafplant
parts was observed as concentration dependent wather mung bean genotypes subjected to arseroite

solution [43]. Inhibition of biomass production svalso observed in edible legumes like common hdeansls,

grass pea and chick pea under arsenic exposurks, [B4-17]. Growth inhibition was might be due tgnificant

reduction in plant photosynthetic capacity as nestédd by significant reduction in chl a, chla/bicand total
carotenoid contents in the present mung bean geestynhibition of photosynthesis has been consitlene of the
single most factor for reduction of plant growttdayield in different plants exposed to arsenic [16, 17].

Significant reduction of growth traits and photohetic apparatus was accompanied with severe tdtesain
primary antioxidant defense capabilities in mungrbgenotypes under As treatment. Compared to dpig€aD
activity was increased by about 3-fold whereasviigs of APX, DHAR and GR were reduced by neary3l2,
and 2-fold, respectively (Table 1). SOD constitutes first line of defense against reactive oxygpacies (ROS)
[44]. Thus, increase in its activity in As-treateding bean genotype indicates generations of exagssroxide
radicals under As-exposures and increased disrantédi counter it. However, SOD activity generate®©Has
byproducts of dismutations [44]..,8, is a prominent ROS in plant cell and can diffusedamage cellular
constituents particularly when thiol-containing ymes are functioning. The dual roles 0§04 as a signaling
molecule for stress perception and an inducer afative stress has been well documentedrabidopsisand in
several crop plants like cereals, and legumes 43346]. Within ascorbate-glutathione cycle, APXtlie most
prolific enzymes to scavenge,®, using ascorbate as an exclusive co-factor [44w IDHAR activity may
jeopardize the regeneration of reduced ascorbate flehydroascorbate, generated by APX action, va@tzeased
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GR level may hamper regeneration of reduced glisia¢h(GSH) from its oxidized form, the GSSG. GSHlis
most important low-molecular weight thiol bufferthin plant cells, participate in numerous cellidad metabolic
functions in plants [44, 47, 48]. Declining reddate of GSH in the leaves of present mung beanisgathder As-
exposure was mainly due to decrease in GSH lexa#l€T1) which coupled with low APX might be respibies for
enhanced ROS generation in leaves, despite thetfattCAT activity was as per the control leavesl(€ 1).
Certainly, mung bean seedlings suffered oxidatitress as rising ¥D, level may trigger membrane lipid
peroxidation, as evidenced by significantly hightDA content in treated mung bean leaves (Table 1).

Use of TU at two different concentrations had digant reversal of As-induced growth inhibition mung bean
seedlings. While 6.5mM was found effective to ceurthe growth reduction, use of 13 mM TU was highly
effective to enhance plant growth. Both shoot arat dry weights were very close to control at 68 MU + As
treatment but even significantly higher than contedues in 13 mM TU + As treatment (Table 1). Lehf a, chla/b
ratio and total carotenoids were also marginallsiechin relation to control (Table 1). TU applicati was found
highly effective in improvement of plant photosyesiis, growth, and yield in different crop plantsls as mung
bean, wheat, Brassica, and maize.Brassica juncea TU application improved the plant growth potehtia
photosynthetic efficiency, and yield which wasibatited to capacity of TU to maintain redox homesist§49, 50].
Increase in plant height, yield components and gshtthetic capacity was found in mung bean genstype
supplemented with bioregulators like salicylic aaid glutathione [51].

TU has the ability to maintain broad range of R@8venging within plant cell by altering the intiimsnetabolic
events and signaling molecule [50]. In the pres&ndy, activities of all the primary antioxidantzgmes and GSH-
redox state was marginally varied in As + 6.5 mM ffehated leaves of mung bean seedlings (Tableugjgesting
significant improvement of antioxidant defense @ipes. Remarkably enough, APX, DHAR and GR adtgit
were enhanced at 13 mM TU + As treated seedlingsGBH-redox state was hovered around 0.8 (Tabl@&Hi3.
stimulated defense capabilities under the influesic€U effectively scavenged As-generated ROS dfetively
countered oxidative damage due to membrane lipidxqi#ations, as suggested by quite normal (closeotdrol)
level of both HO, and MDA in mung bean leaves. A reversal of As-tetlioxidative stress through reduction in
lipid peroxidation and kD, level and stmulation in antioxidant defense maehjmwas also observed in germinating
seeds of mung bean by applying nitric oxide asqutote agents and in hydroponically grown mung besedlings
supplemented with selenium [52, 53].

TABLE 1 Growth traits and leaf biochemical parameteas in mung bean Vigna radiata (L.) Wilczek.] genotype PUSA Baisakhi subjected
to 25 pM sodium arsenate (As), As + 6.5 mM thioure@fU) and As + 13 mM TU treatments

Traits Control As As+65mMTU | As+13mMTU
Shoot dry weight plafit(g) 0.17 £0.080 0.08 +0.02c 0.15 + 0.04h 0.2B%a
Root dry weight plart (g) 0.19+0.08b] 0.05+0.02c 0.18 + 0.04h| 0.28a
Chlorophyll a (mg § FW) 2.98+0.128 2.08+0.10b 2.93+0.114 3.@B18a
Chlorophyll b (mg g FW) 1.32+0.07a] 1.33+0.10a 1.33+0.119 1.8418a
Chlorophyll a/b rati 225+19 | 1.56+1.6 2.22+2.1 227422
Carotenoids (mg™ FW) 1.58+0.11 | 1.03+0.07 1.49+0.11 161 +0.11.
GSH (nmol g DW) 33.9+1.7b 17.8 +1.1g 30.9+1.5b 40.9 4al.6
GSSG (nmol § DW) 10.2+0.9b| 15.9+1.04 11.4+1.1b 8.0+1.1b
GSH redox [GSH/GSH+GSSG)] 0.770+1/3 0531+13 .73D0+1.8 0.841+1.8
SOD (Unit mir® mg? protein’ 103.6+3.8¢ | 310.1+4.7 110.6 £3.3 105.3+2.9
APX (nmol AsA oxidized mi"* mg? proteir 134.7+48 | 334+1.1 135.1+4.7 156.8+5.1
DHAR (umol AsA formed mift mg* protein) | 1.53 £0.6b| 0.49 + 0.09c 1.47 £0.7b 16Y9a
GR (nmol NADPH oxi min® mg? protein) 30.3+2.8a] 155+1.1¢ 23.7+1.8b 3BBla
CAT (nmol HO, degraded mifmg™ protein) | 29.7 +4.6b] 28.8+4.4 28.3 +4.6¢C 2087a
H,0, (umol g* FW) 3.3+0.9c 12.8+1.39 4.6 +0.9b 3.5+0.8¢c
MDA (nmol g* FW) 2.9+0.8c 10.7 £0.94 3.7+0.9b 3.1+0.9c

Data presented here are means +standard errorfeBgint small letters followed by means indicatgsificant differences at P < 0.05. DW-dry
weight, FW-fresh weight, GSH-reduced glutathion8SG-glutathione disulfide, SOD-superoxide dismyt&aB&X-ascorbate peroxidase, DHAR-
dehydroascorbate reductase, GR-glutathione redect@éT-catalases, MDA-malondealdehyde

In the present study, powered by favorable reddarize of GSH and elevated antioxidant defensepltdna growth
traits and photosynthesis were maintained as nodaspite the exposure of seedlings to As. The itapoe of
GSH redox rather than total GSH content have atsmiobserved in the hardy leguireghyrus sativud.. during
leaf rolling and stem fasciation events and condidnthe central role of GSH as a down-stream thiefatmolites
during cellular events [44, 54]. The results sutggshat As can induce oxidative stress in mung tseeedlings,
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and that application of TU is effective not onlydounter the As-induced oxidative damage but alsmprove the
plant growth traits and antioxidant defense cafi#sleven over control levels.

CONCLUSION

For the first time, effectiveness of TU has beextete in mung bean seedling exposed to moderatentrations of
As. As induced oxidative stress in mung bean lebwutdhe effect was effectively countered by TU lagggion. TU
has also improved the performance of genotype evthre presence of As.

REFERENCES

[1] AK Singh; P kumar; N Chandrd. Environ. Biol, 2013 34, 1007-1011.

[2] M Sindhu; B. Vijayakumari; RH YadaZent. Euro. J. Exp. Bio2014 3, 1-4.

[3] MA Hossain; M FujitaPhysiol. Mol. Biol. Plants201Q 16 (3), 259-272.

[4] P Bhattacharya ; AC Samal; J Majumdar; SC Sawder Air Soil Pollut, 201Q 213:3-13.

[5] S Norra; ZA Berner; P Agarwala; F Wagner; D Chasdkaaram; D Stibepplied Geochemistyy2005 20,
1890-1906.

[6] M Patra; N Bhowmik; B Bandopadhyay; A Sharrgav. Exp. Bot.2004 52, 199-223.

[7]1 DK Gupta; RD Tripathi; S Mishra; S Srivastava; Siedi; UN Rai; XE Yang; H Huanj; M Inouhd. Environ.
Biol.,2008 29(3), 281-286.

[8] D. Talukdar.Curr. Res. J. Biol. Sgi2011, 3(2), 116-123.

[9] D. Talukdar; T TalukdarBioMed Research Internationa013 2013, Article ID 782450, 11 pages, doi:
http://dx.doi.org/10.1155/2013/782450

[10]D. Talukdar.Russ. J. Plant PhysigR013 60(5), 652-660.

[11]D. Talukdar.International Journal of Botany and resear@®13,3(1), 1-18.

[12] D Talukdar.Biochemistry & Molecular Biology2014 2(1), 7-16.

[13]D. Talukdar.Int. J. Pharma Bio Sci2013,4(1), (B) 694 — 701.

[14]R Mascher; B Lippmann; S Holzinger; H BergmaRtant Sci, 2002 163, 961-969.

[15]A Gunes; D Pilbeam; A InaRlant Soi| 2009 314 (1-2), 211-220.

[16]D TalukdarJ. Plant Sci. Mol. Breed2013 2, 12 pages, dohttp://dx.doi.org/10.7243/2050-2389-2-4
[17]1PM Finnegan; W Chen. Arsenic toxicity: the effeaitsplant metabolisntront. Physio, 2012 3, 182.

[18]A Rai; P Tripathi; S Dwivedi; S Dubey; M Shri; S Kuar; PK Tripathi; R Dave; A Kumar; R Singh; B
Adhikari; M Bag; RD Tripathi; PK Trivedi; D Chakrahty; R Tuli. Chemosphere£011, 82, 986—995

[19]S Srivastava; AK Srivastava; P Suprasanna; SF X&JuExp. Bot, 2009 60, 3419-3431

[20]RD Tripathi; P Tripathi; S Dwivedi; S Dubey; S Cteajee; D Chakrabarty; PK Trivedtront. Physio.2012
3:275.

[21] D Talukdar.Protoplasma2014 251,doi: 10.1007/s00709-013-0586-8.

[22]HP Singh; DR Batish; RK Kohli; K Aror&lant Growth Regul 2007, 53, 65-73.

[23] RA Hassanein; AF Abdelkader; AH Bakr; AA El-Said;BAS RashadAus. J. Crop Sci2012 6, 121-129.
[24]D. TalukdarAnnual Review and Research in Biolpg913 3(3), 195-212.

[25]U Burman; BK Garg; S KathjuBiol. Plant.2004 48, 61-65.

[26] AA Amin; AA Abd El-Kader; MAF Shalaby; FAE GharilESM Rashad; et aCommun. Soil Sci. Plant Anal
2013 44,1141-1155.

[27]M Pandey; AK Srivastava; P Suprasanna; SF D’'salZalant Interact.2012 2, 143-150.

[28] AK Srivastava; NK Ramaswamy; P Suprasanna; SF X&@nn. Bot, 201Q 106, 663-674.

[29]F Mani; T Bettaieb; K Zheni; N Doudech; C HannadhiStress Physiol. Bioche20]12 8, 61-71.

[30]N Mathur ; J Singh; S Bohra; A Bohra; A Vya§orld J. Agric. Scj 2006 2, 185-187.

[31] D Talukdar.Physiol. Mol. Biol. Plants2013 19 (1), 69-79.

[32]HK LichtenthalerMethods Enzymql1987, 148, 350-382.

[33]D Talukdar.J. Crop Sci. BiotechnoR012 15(4), 325-334.

[34]D Talukdar.Agric. Res, 2013 2(4), 330-339.

[35]MM Bradford.Ann. Biochem 1976 72, 248-254.

[36] WF Beyer; | Fridovich Anal. Biochem 1987, 161, 559-566.

[37]1Y Nakano; K AsadaPlant Cell Physial 1981, 22, 867-880.

[38]1 Carlberg; B Mannervik. Glutathione reductase, iftoA M (ed) Methods in enzymology, Academic, San
Diego,1985484—490.

17
Scholars Research Library



Dibyendu Talukdar Cent. Euro. J. Exp. Bio., 2014, 3(2):13-18

[39]B Chance; AC MaehlyMethods Enzymql1955 2, 764-817.

[40]OW Griffith. Anal. Biochem1,98Q 106, 207-212.

[41]CQWang; M Chen; BS Wanglant Sci, 2007, 172, 1-7.

[42]DM Hodges, JM Delong, CF Forney, RK Prangkanta 1999 207, 604-611.

[43]S Bhattacharya; S Mukherjee; A Ganguli; R Das; Dat@padhyay; A Mukhopadhyayl. Biotechnol
Biomater, 2012 2, 6.

[44] G Noctor; A Mhamdi; S Chaouch; Y Han; J Neukermd@h$farquez-Garcia; G Queval; CH FoyBtant Cell
Environ, 2012 35, 454- 484.

[45]SJINeill; R Desikan; A Clarke; RD Hurst; JT Hancodk.Exp. Bot, 2002 53, 1237-1247.

[46]D. TalukdarBiochemistry & Molecular Biology2013 1(2), 34-43.

[47]D. TalukdarJ. Nat. Sc. Biol. Med2013 4(2), 396-402.

[48]D. Talukdar.Plant Gene & Trait2014 5(5), 33-39.

[49]AK Srivastava; S Srivastava; P Suprasanna; SF X&dUant Physiol. Biochen2011, 49, 676-686.

[50]M Pandey; AK Srivastava; SF D'Souza; P SuprasaPbaS one2013 8(9), e73921.

[51] MA Bekheta; IM TalaatJ. Appl. Bot. Food Qual2009 83, 76-84.

[52]GSM Ismail.Acta Physiol. Plant 2012 34, 1303-1311.

[53]JA Malik; S Goe] N Kaur, S Sharma; | Singh; H NayydEnv. Exp. Bat 2012 77, 242-248.

[54]D Talukdar. BioMed Research International 2014 2014, Article ID 479180, 21 pages,
http://dx.doi.org/10.1155/2014/479180

18
Scholars Research Library



