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ABSTRACT

Aim: To determine the role of hydrogen peroxide (H,O,) in the alleviation of salt stress in
wheat (Triticum aestivum L.).

Design of the Study: Wheat plants were grown with or without 100 mM NaCl and were
treated with 0, 50 or 100 nM H,0, treatments.

Place and Duration of Study: The experimental work was carried out in the naturally
illuminated green house at the Department of Botany, Aligarh Muslim University, Aligarh,
India between November to December, 2012.

Methodology: Plants were sampled at 30 days after seed sowing to determine
physiological, biochemical and growth parameters.

Results: Treatment of plants with H,O, significantly influenced the parameters both under
non saline and salt stress. The application of both 50 and 100 nM H,O, reduced the
severity of salt stress through the reduction in Na* and CI content; and the increase in
proline content and N assimilation. This resulted in increased water relations,
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photosynthetic pigments and growth under salt stress. However, maximum alleviation of
salt stress was noted with 100 nM H,O, and 50 nM H,O, proved less effective. Under non
saline condition also application of H,O, increased all the studied parameters.

Conclusion: The treatment of 100 nM H,O, maximally benefitted the wheat plants under
non saline condition and alleviated the effects of salt stress. The treatment of H,0O,
increased proline content which might help increased photosynthetic pigments and growth
under salt stress. The mechanism of proline metabolism by which H,O, treatment may
protect against salt stress will be investigated further.
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1. INTRODUCTION

Salt stress is one of the abiotic stress factors that adversely affect crop production in
different regions, particularly in arid and semi-arid regions. It has been estimated that over
800 million hectares of land in the world is affected by salinity [1]. High salt concentration
causes ion toxicity and osmotic stress, leading to the excessive generation of reactive
oxygen species (ROS), which causes damage to lipids, proteins and DNA [2]. Salt stress
caused osmotic stress (drought problem), ion imbalance and the direct toxic effects of ions
on the metabolic processes are the most important and widely studied physiological
impairments [3]. These effects under salt stress are usually caused by elevated Na" and CI’
concentration in the soil. Salt stress changes the morphological, physiological and
biochemical responses of plants [4-5]. Salt stress decreases photosynthetic attributes [6-7]
and plant growth and development [8]. Plants develop several mechanisms to induce
tolerance to overcome salt stress effects. The osmotic adjustment by proline is considered
as of great significance. The role of proline in cell osmotic adjustment, membrane
stabilization and detoxification of toxic ions in plants exposed to stress has been
documented [9].

Research works have shown that H,O, is a signalling molecule in plants [10-12] and acts as
a second messenger in response to wounding, heat, chilling, drought stress, salt stress in
plants [13-17]. H,O, has been shown to act as a key regulator in a broad range of
physiological processes including photosynthesis [18], growth and development [19]. It plays
dual role in plants under optimal and stressful environments [10]. At high concentration, it
initiates programmed cell death [10], whereas at low concentration, it acts as a signal
molecule and involved in acclamatory signalling molecule triggering tolerance against salt
stress [17,20]. The present study was carried out to evaluate the potential of exogenously
applied H,O, in alleviation of salt stress in wheat (Triticum aestivum L.) and study proline
accumulation, photosynthetic pigments, nitrogen metabolism, and growth in the presence of
salt and H,0O, treatments.

2. MATERIALS AND METHODS

2.1 Plant Materials and Growth Condition

Seeds of wheat (Triticum aestivum L.) cultivar “711” were sown in 23-cm diameter earthen
pots filled with 5 kg of reconstituted soil (sand: clay: peat; 70:20:10; EC: 8.8 dS m ™ pH: 6.8)

in the net house of Botany Department, Aligarh Muslim University, Aligarh, India under
natural day/night conditions with a photosynthetically active radiation (PAR), 960 umol/m?/s.
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Day and night temperatures were 24/18 + 3°C, and relative humidity 68 + 5%. After seedling
establishment, three plants per pot were maintained. Treatments of 0, 50 or 100 nM H,0, in
the presence or absence of 100 mM NaCl were given to pots after one week of the seed
germination. The sampling was done at 30 days after sowing. The experiment followed a
factorial randomized complete block design and the number of replicates for each treatment
was three. Among three replicates, first plant from each treatment was used for
determination of ions and proline content, while another plant was used for estimation of
water relations, N assimilation and photosynthetic parameters. The third plant was used for
determination of growth parameters. Sampling of plants was done at 30 d after sowing
(DAS) to record physiological and growth parameters.

2.2 Determination of Na® and CI" Content

The content of Na®, CI” and K" was determined in the digested plant samples using Tri acid
mixture (TAM), which is a mixture of nitric acid, sulphuric acid and perchloric acid in the ratio
of 10:5:4. The content of Na* and K* was estimated using flame photometer (Khera-391:
Khera Instruments, New Delhi), whereas CI” content was determined by titration against
0.02 N silver nitrate solution using 5% K>CrO, as indicator.

2.3 Estimation of Proline Content

Proline content was determined spectrophotometrically by adopting the ninhydrin method of
Bates et al. [21]. Fresh leaves (300 mg) were homogenized in 3 ml of 3% sulphosalicylic
acid. The homogenate filtrate was reacted with 1 ml each of acid ninhydrin and glacial acetic
acid for 1h in a test tube placed in a water bath at 100°C. The mixture was extracted with
toluene and the absorbance was measured at 520 nm using L-proline as a standard.

2.4 Water Potential and Osmotic Potential

Leaf water potential was measured on the second leaf from top (fully expanded youngest
leaf) of the plant by using water potential system (Psypro, WESCOR, USA). The leaf used
for water potential measurement was frozen in liquid nitrogen in sealed polythene bags
which was thawed and cell sap was extracted with the help of a disposable syringe. The
extracted sap was used for the determination of osmotic potential using a vapour pressure
osmometer (5520, WESCOR, USA).

2.5 Nitrate Reductase Activity and Leaf Nitrogen Content

Nitrate reductase (NR) activity in leaves was measured by preparing an enzyme extract
using the method of Kuo et al. [22]. Leaf tissue (1.0 g) was frozen in liquid N,, ground to
powder with a chilled mortar and pestle, and then stored at -80°C. The powder was thawed
for 10 min at 4°C and was homogenized in a blender in 250 mM Tris—HCI buffer, pH 8.5,
containing 10 mM cysteine, 1 mM EDTA, 20 M FAD, 1 mM DTT, and 10% (v/v) glycerol. The
homogenate was centrifuged at 10,000 x g for 30 min at 4°C. NR activity was assayed as
the rate of nitrite production at 28°C adopting the procedure of Nakagawa et al. [23]. The
assay mixture contained 10 mM KNO3, 0.065 M HEPES (pH 7.0), 0.5 mM NADH in 0.04 mM
phosphate buffer (pH 7.2) and enzyme in a final volume of 1.5 ml. The reaction was initiated
by adding NADH. After 15 min the reaction was terminated by adding 1 ml of 1 N HCI
solution containing 1% sulfanilamide followed by the addition of 1 ml of 0.02% aqueous N-1-
napthylethylene-di-amine-dihydrochloride (NED). The absorbance was read at 540 nm after
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10 min. Leaf N content was determined in acid—peroxide digested material using the method
of Lindner [24].

2.6 Net Photosynthesis and Photosynthetic Pigments

Net photosynthesis was measured in fully expanded uppermost leaves of plants in each
treatment using infra red gas analyzer (CI-340, Photosynthesis System, CID Bio-Science,
USA). The measurements were done between 11.00 and 12.00 h at light saturating intensity
and at 370 £ 5 ymol mol™ atmospheric CO, concentrations. Total chlorophyll and carotenoid
content was extracted by using the method of Hiscox and Israelstam [25] by using dimethyl
sulphoxide as an extraction medium and estimated and calculated by the method of Arnon
[26].

Fresh leaves (100 mg) were cut into small pieces and collected in the test tube containing 7
ml of DMSO. The test tubes were covered with black paper and incubated at 45°C for 40
min. for the extraction. The content was transferred to a graduated tube and the final volume
was made to 10 ml with DMSO. Extract measuring 3 ml was transferred to cuvette and
absorbance was read at 645 and 663 nm for chlorophyll content and at 480 and 510 nm for
carotenoid content on Spectrophotometer (SL 164, Elico, Hyderabad, India).

2.7 Determination of Growth Parameters

Shoot length and root length were measured by a meter scale. After recording fresh weight,
plants were dried in an oven at 80°C for 48 h till constant weight dry weight of plants was
determined. Leaf area was measured by a leaf area meter (LA 211 Systronics, New Delhi,
India).

2.8 Statistical Analysis

Data were analyzed statistically using analysis of variance (ANOVA) by SPSS 17.0 for
Windows, and presented as treatment mean + SE (n=3). Least significant difference (LSD)
was calculated for the significant data at P < 0.05. Bars showing the same letter are not
significantly different by LSD test at P < 0.05.

3. RESULTS AND DISSCUSSION

Salt stress affects processes from seed germination to growth and flowering that ultimately
cause decrease of plant productivity [8]. Saline soil possesses high concentration of Na* and
CI' content and thus exerts adverse effects on physiological and metabolic processes, finally
diminishing growth and yield.

Plants adopt several strategies to avoid salt stress effects at all levels of organisation, such
as ion homeostasis, osmotic adjustment, and enhancement of antioxidant defense system
and increase of the photosynthetic ability [27]. Both the concentrations of H,O, promote
defense system in plants under salt stress and improve growth and photosynthetic ability of
plants. The evidences have shown dual role for H,O, during biotic and abiotic stresses. As
an element of oxidative stress, it deleteriously influences cell components on the excess
accumulation; and simultaneously it induces protective mechanisms, especially at the early
stage of plant stress response. H,O, can act as a signalling molecule for stress adaptation
and programme cell death and regulates plant development [28].
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3.1 H,0, Retarded lons Accumulation under Salt Stress

Salt treatment resulted in higher leaf Na*, CI” content and Na'/K" ratio in comparison to
control. Plants treated with 50 or 100 nM H,O, exhibited leaf Na*, CI” content and Na'/K"
ratio lesser than the control. Maximum reduction in the content of leaf Na* and CI” was
recorded with 100 nM H,0,. Application of 100 nM H,O, resulted in reduction of leaf Na*, CI”
content and Na'/K" ratio by 23.4%, 31.2%, and 20.1% and 13.3%,19.5% and 9.4% with 50
nM H,O, in comparison to control (Fig. 1). The reduction in photosynthesis, NR activity, N
content and growth of salt treated mungbean plant has been associated with the disturbance
in homeostasis of Na” and CI” ions [29], but the reduction in accumulation of ions with H,O,
may be related to the regulation of the expression and activity of Na* transporters and H"
pumps that generate the driving force for transport [30]. It has been shown that salinity-
induced ROS formation can lead to programmed cell death, and a high cytosolic K’/Na" ratio
is essential for triggering salinity-induced PCD [31]. Enhanced uptake of K™ at the cost of
reduced uptake Na' in the cells of salt stressed plants is considered vital for maintaining high
cellular K'/Na"* ratio [32]. Exogenous application of H,O, showed ameliorating effects in
terms of lowering the levels of Na” and thereby maintaining lower Na®/ K* ratio as compared
to that in salt stressed plants. The most distinctive effect on ion homeostasis could be
observed when 100 nM H,O, was applied under saline condition.

3.2 Application of H,O, Improves Proline content and Water Relations

Proline content increased with the H,O, application under non saline and salt stress
compared to control. Maximum increase of about 2-times in proline content was noted with
the 100 nM H,O, under salt stressed plants compared to control (Fig. 2). Proline can protect
plants from stress through different mechanisms, including osmotic adjustment,
detoxification of ROS, protection of membrane integrity, and stabilization of
proteins/enzymes [9]. Exogenous H,O, may increase the proline content in Nitraria
tangutorum, which could be alleviated by H,O, scavengers [33]. Exogenous H,0, treatment
has been shown to prevent the increase of oxidative stress and endogenous H,0O,
concentration in plants and enhance tolerance of plants to salt stress by enhancing the
production of enzymatic and non-enzymatic antioxidants which can quench the ROS and
decrease lipid peroxidation [17,34]. In the present study, accumulation of proline content
under salt stress was increased by the application of H,O, and reversed the deleterious
effects of salt stress. The reversal of adverse effects of salt stress on photosynthesis by
H,O, may be attributed to the accumulation of proline which maintained the cellular osmotic
adjustments by increasing osmotic potential and water potential and protected
photosynthetic machinery from salt stress by acting as an oxygen radical scavenger. It has
been documented that proline helps in detoxification of toxic ions and protects cell from ROS
damages [9]. Yang et al. [35] suggested that H,O, might be involved in signal transduction
events, leading to proline accumulation in maize seedlings, and that the H,O,-induced
proline accumulation. In contrast, Lv et al. [36] have shown higher ion leakage and higher
ROS levels with the increased activity of proline metabolizing enzymes and proline
accumulation under heat treatment in Arabidopsis seedlings.
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Fig. 1. Leaf Na*, CI' content and Na*/K" ratio in wheat (Triticum aestivum L.) cv. 711
plants grown with or without 100 mM NaCl and treated with 0, 50 or 100 nM H,0,. Data
are presented as treatments mean * SE (n=3). Data followed by the same latter are not

significantly different by LSD test at p<0.05
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Fig. 2. Proline content in wheat (Triticum aestivum L.) cv. 711 plants grown with or

without 100 mM NaCl and treated with 0, 50 or 100 nM H,O,. Data are presented as

treatments mean * SE (n=3). Data followed by the same latter are not significantly
different by LSD test at p<0.05

Reduction of water potential by 40.1% and osmotic potential by 64.1% was observed with
NaCl treatment compared to control plants. Application of 100 nM H,O, improved water
potential and osmotic potential by 33.3% and 14.1%, respectively of salt stressed plants
compared to control. The treatment of 50 nM H,O, to NaCl treated plants could increase
water potential by 15.8% and osmotic potential by 8.4% compared to control (Fig. 3).

Salt stress decreases water potential and osmotic potential of crop plants [35,37-38]. The
decrease in water potential in salt stressed plant results from decreased water use efficiency
[39]. Effect of salinity on water content has been reported by many crops including alfalfa,
cotton, pea, tomato, mentha, balm etc. [40]. Under salt stress, osmotic stress is triggered by
an excess of salt in the soil, and ionic stress is caused by the over-accumulation of salt in
the cells. These stresses individually affect the physiological status of plant [41]. Low
concentration of H,O, (50 nM) reduced the effects of salt stress, but 100 nM H,O, was most
beneficial in alleviating salt stress. It may be said that increased proline accumulation by 100
nM H,O, in salt stressed plants increased osmotic potential, thereby increasing water
potential of plants and resulted in the reversal of water deficiency. This increase in water
potential and osmotic potential might helped stabilization of protein and increase in
photosynthesis. H,O, alleviates water uptake-reductive effect under salinity stress [42].
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Fig. 3. Leaf water potential and leaf osmotic potential in wheat ( Triticum aestivum L.)
cv. 711 plants grown with or without 100 mM NaCl and treated with 0, 50 or 100 nM
H,0,. Data are presented as treatments mean * SE (n=3). Data followed by the same

latter are not significantly different by LSD test at p<0.05

3.3 Effect of H,O, on Nitrate Reductase Activity and Leaf Nitrogen Content
under Salt Stress

In the present study, NR activity and N content were decreased under salt stress. However,
H,O, application significantly enhanced these characteristics under non saline and salt
stress. Application of 100 nM H,O, under salt stress maximally increased NR activity by
16.5% and N content by 11.3% compared to control (Fig. 4). Nitrate reductase is a primary
enzyme in the nitrate assimilation pathway and a limiting factor in plant growth and
development. Its activity is negatively influenced by salt stress [35], but H,O, may alleviate
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the adverse effects of salt stress on N assimilation. Fontaine et al. [43] proposed that H,O,
would activate the oxidative Pentose Phosphate Pathway resulting in promotion of
germination. The alleviation of salt-induced effects on net photosynthesis by H,O, may be
attributed to the allocation of nitrogen to leaves. Higher allocation of N to leaf through the
increase in the activity of NR with 100 nM applications under salt stress increases
photosynthesis to a greater extent in wheat plants and this nitrogen may influence the
structure and composition of photosynthetic apparatus.
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Fig. 4. Nitrogen content and nitrate reductase activity in wheat (Triticum aestivum L.)
cv. 711 plants grown with or without 100 mM NaCl and treated with 0, 50 or 100 nM
H,0,. Data are presented as treatments mean * SE (n=3). Data followed by the same

latter are not significantly different by LSD test at p<0.05
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3.4 H,0, Treatment Increases Net Photosynthesis and Photosynthetic
Pigments

Under salt stress, net photosynthesis, content of chlorophyll and carotenoid decreased by
24 1%, 40.5% and 44.2%, respectively compared to control. Application of 50 and 100 nM
H>O, increased net photosynthesis by 36.6%, and 50.1%, total chlorophyll content by 20.5%
and 28.7%, carotenoid content by 24.3% and 35.7%, respectively compared to control under
non saline condition. Under salt stress, supplementation of 100 nM H,O, proved better than
50 nM H,0, in alleviation of salt stress. Treatment of 100 nM H,O, increased net
photosynthesis by 30.3%, chlorophyll content by 17.4% and carotenoid content by 21.4%,
whereas 50 nM H,0O, could increase net photosynthesis by 11.7% chlorophyll content by
9.7% and carotenoid content by 11.4% compared to control plants under salt stress (Fig. 5).
Despite the recognition of H,O, as the central signalling molecule in stress responses little is
known about how it affect photosynthetic machinery [44]. The alleviation of salt stress-
inhibited photosynthesis by H,O, application may be associated with the H,O,-mediated
increase in proline content which acted as an antioxidant and protected photosynthetic
machinery from salt-induced ROS. Moreover, higher water potential was responsible for
maintaining enzyme integrity under salt stress and increased N allocation to the
photosynthetic machinery helped increase in photosynthetic potential of plants. It has been
shown that pre-treatment of seeds with H,O, increase the net photosynthetic rate in wheat
seedlings [45]. In the present study, chlorophyll content decreased under salt stress through
the decrease in intermediates of chlorophyll biosynthesis [46], leading to a decreased
absorption of light by the chloroplast and thus indirectly impairing photosynthesis. The
decrease in chlorophyll content might have been due to salt induced increase in the activity
of chlorophyll degrading enzyme chlorophyllase [47].

3.5 H,0; Improves Growth under Salt Stress

Plant growth monitored as shoot length, root length, leaf area, fresh mass and dry mass
reduced under salt stress, but the decrease in growth was ameliorated by H,O, application.
Root length, shoot length, fresh mass, dry mass and leaf area were increased with the
application of both concentration of H,O, under non saline and saline conditions compared
to control, but maximum increase was noted with the application of 100 nM H,O, Salt stress
decreased plant root length, shoot length, leaf area, fresh mass and dry mass as compared
to control. Exogenously sourced 100 nM H,O, was better than 50 nM H,O, in alleviation of
salinity stress. Application of 100 nM H,O, increased shoot length, root length, leaf area,
fresh mass and dry mass by 30.1%, 42.2%, 37.1%, 27.3% and 36.3 % respectively,
compared to control (Figs. 6-7). Li et al. [17] observed that exogenous H,O, treatment
decreased the deleterious effect of salt stress on growth of wheat. Present study suggested
that application of 100 nM H,O, was involved in greater salt tolerance than 50 nM H,0,, and
increased growth characteristics and photosynthetic pigments. Amjad et al. [48] suggested
the multiple effects of H,O, on root system, leaf and coleoptiles growth of wheat seedlings.
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Fig. 5. Net photosynthesis, total chlorophyll content and carotenoids content in wheat
(Triticum aestivum L.) cv. 711 plants grown with or without 100 mM NaCl and treated
with 0, 50 or 100 nM H,O0,. Data are presented as treatments mean * SE (n=3). Data
followed by the same latter are not significantly different by LSD test at p<0.05.
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Fig. 6. Plant shoot length and plant root length in wheat ( Triticum aestivum L.) cv. 711

plants grown with or without 100 mM NaCl and treated with 0, 50 or 100 nM H,0,. Data

are presented as treatments mean * SE (n=3). Data followed by the same latter are not
significantly different by LSD test at p<0.05.
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4. CONCLUSION

It may be said that H,O, induces salt tolerance by avoiding the risk of ion toxicity by
improving proline accumulation to maintain water relations of plants which helped in
maintaining enzyme integrity and improving nitrate assimilation and photosynthetic ability of
plants. It may be employed in inducing defense against salt stress and reducing stress-
induced damage to crops.

COMPETING INTERESTS

Authors have declared that no competing interests exist.

REFERENCES

1.

2.

10.

11.

12.

13.

14.

Munns R. Genes and salt tolerance: bringing them together. New Phytol.
2005;167:645-663.

Yasar F, Kusvuran S, Elialtio§lu S. Determination of antioxidant activities in some
melon (Cucumismelo L.) varieties and cultivars under salt stress. J Hort Sci Biotech.
2006;81:627-630.

Munns R, James R, Lauchli A. Approaches to increasing the salt tolerance of wheat
and other cereals. J Exp Bot. 2006;53:39-47.

Nazar R, Igbal N, Masood A, Syeed S, Khan NA. Understanding the significance of
sulphur in improving salinity tolerance plants. Environ Exp Bot. 2011;70:80-87.

Khan MIR, Mughal A, Igbal N, Khan NA. Potentiality of sulphur containing compounds
in salt stress tolerance. In: Parvaiz A; Azooz MM, Prasad MNV, editors. Ecophysiology
and responses of plants under salt stress. Springer; 2013.

Khan NA, Nazar R, Anjum NA. Growth, photosynthesis and antioxidant metabolism in
mustard (Brassica juncea L.) cultivar differing in ATP-sulfurylase activity under salinity
stress. Sci Hort. 2009;122:455-460.

Saha P, Chatterjee P, Biswas AK. NaCl pre-treatment alleviates salt stress by
enhancement of antioxidant defense system and osmolyte accumulation in mungbean
(Vigna radiata L. Wilczek). Ind J Exp Biol. 2010;48:593-600.

Sairam RK, Tyagi A. Physiology and Molecular Biology of salinity stress tolerance in
plants. Curr Sci. 2004;86:407-421.

Kavi Kishor PB, Sangam S, Amrutha RN, Laxmi PS, Naidu KR, Rao KRSS, Rao S,
Reddy KJ, Theriappan P, Sreenivasulu N. Regulation of Proline Biosynthesis,
Degradation, Uptake and Transport in Higher Plants: Its Implications in Plant Growth
and Abiotic Stress Tolerance. Curr Sci. 2005;88:424-438.

Dat JF, Vandenabeele S, Vranova E, Montagu MV, Inze D, Breusegem FV. Dual
action of active oxygen species during plant stress response. Cell Mol Life Sci.
2000;57:779-795.

Overmyer K, Brosche H, Kangajarvi J. Reactive oxygen species and hormonal control
of cell death. Trends Plant sci. 2003;8:335-342.

Hung SH, Yu CW, Lin CH. Hydrogen peroxide function as a stress signal in plants. Bot
Bull Acad Sin. 2005;46:1-10.

Prasad TK, Anderson MK, Martin BA, Stewart CR. Evidence for chilling-induced
oxidative stress in maize seedlings and a regulatory role for hydrogen peroxide. Plant
Cell 1994;6:65-74.

Uchida A, Jagendorf AT, Hibino T, Takabe T. Effect of hydrogen peroxide and nitric
oxide on both salt and heat stress tolerance in rice. Plant Sci. 2002;163:515-523.

118



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

33.

34.

35.

Annual Research & Review in Biology, 4(1): 105-120, 2014

Wang Y, Li JL, Wang JZ, Li ZK. Exogenous H,O, improves the chilling tolerance of
manila grass and mascarene grass by activating the antioxidative system. Plant
Growth Regul. 2010;6:195-204.

Li SW, Xue LG, Xu SJ, An LZ. Hydrogen peroxide acts as a signal molecule in
adventitious root formation of mungbean seedlings. Environ Exp Bot. 2009;65:63-71.
Li JT, Qui ZB, Zhang XW, Wang LS. Exogenous hydrogen peroxide can enhance
tolerance of wheat seedlings to salt stress. Acta Physiol Plant. 2011;33:835-842.
Noctor G, Foyer CH. Ascorbate and glutathione: keeping active oxygen under control.
Annu Rev Plant Physiol Plant Mol Biol. 1998;49:249-279.

Foreman J, Bothwell JH, Demidchik V, Mylona P, Miedema H, Torres MA. Reactive
oxygen produced by NADPH-oxidase regulate plant cell growth. Nature.
2003;422:442-446.

De Azevedo Neto AD, Prisco JT, Enéas-Filho J, Medeiros JV, Gomes-Filho E.
Hydrogen peroxide pre-treatment induces salt-stress acclimation in maize plants. J
Plant Physiol. 2005;162:1114-1122.

Bates LS, Walden RT, Tearse ID. Rapid determination of free proline for water stress
studies. Plant Soil. 1973;39:205-207.

Kuo TM, Somers DA, Kleinhofs A, Warner RL. NADH-nitrate reductase in barley
leaves. Phytochemistry. 1982;21:531-533.

Nakagawa H, Poulle M, Oaks A. Characterization of nitrate reductase from corn
leaves (Zea mays cv W64A W182E): two molecular form of the enzyme. Plant physiol.
1984;75:285-2809.

Lindner RC. Rapid analytical methods for some of the more common inorganic
constituents of plant tissues. Plant Physiol 1944;19:70-89.

Hiscox JD, Israelstam GF. A method for the extraction of chlorophyll from leaf tissue
without maceration. Can J Bot. 1979;57:1332—-1334.

Arnon DI. Copper enzymes in isolated chloroplast polyphenol oxidase in Beta vulgaris.
Plant physiol. 1949;24:1-15.

Xiong L, Zhu JK. Molecular and genetic aspects of plant responses to osmotic stress.
Plant Cell Environ. 2002;25:131-139.

Apel K, Hirt H. Reactive oxygen species: metabolism, oxidative stress and signal
transduction. Annu Rev Plant Biol. 2004;55:373-399.

Nazar R, Igbal N, Syeed S, Khan NA. Salicylic acid alleviates decrease in
photosynthesis under salt stress by enhancing nitrogen and sulphur assimilation and
antioxidant metabolism differentially in two mungbean cultivars. J Plant Physiol.
2011;168:807-815.

Zepeda-Jazo |, Shabala S, Chen Z, Igor |. Pottosin. Na’-K" transport in roots under
salt stress. Plant Signal Behav. 2008;3:401-403.

Wang M, Zheng Q, Shen Q, Guo S. The Critical Role of Potassium in Plant Stress
Response. Int J Mol Sci. 2013;14:7370-7390.

Kavitha PG, Miller AJ, Mathew MK, Maathuis FJM. Rice cultivars with differing salt
tolerance contain similar cation channels in their root cells. J Exp Bot. 2012;63:3289-
3296.

Yang YL, Zhang YY Lu J, Zhang H, Liu Y, Jiang Y Shi RX. Exogenous H,0, increased
catalase and peroxidise activities and proline content in Nitraria tangutorum. Biol
Plant. 2012;56:330-336.

Talukdar D. Exogenous calcium alleviates the impact of cadmium-induced oxidative
stress in Lens culinaris Medic. Seedlings through modulation of antioxidant enzyme
activities. J Crop Sci Biotech. 2012;15:325-334.

Yang SL, Lan SS, Gong M. Hydrogen peroxide-induced proline and metabolic
pathway of its accumulation in maize seedlings. J Plant Physiol. 2009;166:1694-1699.

119



36.

37.

38.

39.

40.

4,

42.

43.

44.

45.

46.

47.

48.

Annual Research & Review in Biology, 4(1): 105-120, 2014

Lv WT, Lin B, Zhang M, Hua XJ. Proline accumulation is inhibitory to Arabidopsis
seedlings during heat Stress. Plant Physiol. 2011;156:1921-1933.

Burman U, Garg BK, Kathju S. Water relations, photosynthesis and nitrogen
metabolism of Indian mustard (Brassica juncea Czern & Coss) grown under salt and
water stress. J Plant Biol. 2003;30:55-60.

Khan MIR, Igbal N, Masood A, Khan NA. Variation in salt tolerance of wheat cultivars:
Role of glycinebetaine and ethylene. Pedosphere. 2012;22:746-754.

Cha-um S, Kirdmanee C. Effect of salt stress on proline accumulation, photosynthetic
ability and growth characters in two maize cultivars. Pak J Bot. 2009;41:87-98.

Ozturk A, Ukara A, Ipek A, Gurbez B. Effect of salt stress and water deficit on plant
growth and essential of Lemon balm (Melissa officinalis L.). Pak J Bot. 2004;36:787-
792.

Ueda A, Yamamoto-Yamane Y, Takabe T. Salt stress enhances proline utilisation in
the apical region of barley roots. Biochem Bryophys Res Comm. 2007;355:61-66.
Chien CT, Lin TP. Mechanism of hydrogen peroxide in improving the germination of
Cinnamonum camphora seed. Seed Sci Tech. 1994;22:231-236.

Fontaine O, Huault C, Pavis N, Billiard JP. Dormancy breakage of Hordeum vulgare
seeds:effect of hydrogen peroxide and scarification on glutathione level and
glutathione reductase activity. Plant Physiol Biochem. 1994,32:677-683.

Xiao Z, Dong FC, Gao JF, Song CP. Hydrogen peroxide induced changes in
intracellular pH of guard cells precede stomatal closure, Cell Res. 2001;11:37-43.

He L, Gao Z, Li R. Pretreatment of seed with H,O, enhances drought tolerance of
wheat (Triticum aestivum L.) seedlings. Afr J Biotechnol. 2009;8:6151-6157.

Khan NA. NaCl-inhibited chlorophyll synthesis and associated changes in ethylene
evolution and antioxidative enzymes in wheat. Biol Plant. 2003;47:437-440.

Rao GG, Rao GR. Pigment composition and chlorophyllase activity in pigeon pea
(Cajanus indicus Sprenz) and Gingelley (Sesamum indicum L.) under salinity. Ind J
Exp Biol. 1981;19:768-770.

Amjad H, Salman AM, Nayyer |, Rubina A, Shafqat F. Influence of hydrogen peroxide
on initial leaf and coleoptiles growth in etiolated wheat seedlings (Triticum aestivum
L.). Asian J Plant Sci. 2003;2:1121-1125.

© 2014 Ashfaque et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php ?iid=287&id=32&aid=2133

120




