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INTRODUCTION

A wide range of environmental stresses (such as high and low temperature, drought, salinity, UV stress and
pathogen infection) are potentially harmful to the plants [1,2]. Salt stress in soil or water is one of the major
stresses especially in arid and semi-arid regions and can severely limit plant growth and productivity [3-5]. Soil
salinity is one among the major abiotic stresses that adversely affects plant productivity and metabolism [6].
Saline conditions reduce the water absorption ability of plants, cause rapid reductions in growth, and induce
many metabolic changes similar to those caused by water stress [7, 8]. Cellular ionic imbalance in plant cells is
the first consequence of salt stress.

Salinity tolerance has been studied in relation to regulatory mechanisms of osmotic and ionic homeostasis
[11]. Salt stress, like other abiotic stresses, can also lead to oxidative stress through the increase in reactive
oxygen species (ROS), such as superoxide (O,"), hydrogen peroxide (H,0,) and hydroxyl radicals (OH"), which
are highly reactive and highly cytotoxic and can seriously react with vital biomolecules such as lipids, proteins,
nucleic acid, etc, causing lipid peroxidation, protein denaturing and DNA mutation, respectively [12,13].

Reactive oxygen species (ROS) are regarded as the main source of damage to cell under biotic and abiotic
stresses [2,13-15]. To minimize the effects of oxidative stress, plant cells have evolved a complex antioxidant
system, which is composed of low-molecular mass antioxidants (glutathione, ascorbate and carotenoids) as well
as ROS-scavenging enzymes, such as: superoxide dismutase (SOD), calatase (CAT), ascorbate peroxidase
(APX), guaiacol peroxidase (GPX), and glutathione reductase (GR) (Alscher et al., 1997; Apel and Hirt, 2004;
Tunc-Ozdemir et al., 2009). ROS-scavenging enzymes are present in different cellular compartments as
isoenzymes [12,16-18].

Evidence suggests that membranes are the primary sites of salinity injury to cells and organelles [14]
because ROS can react with unsaturated fatty acids to cause peroxidation of essential membrane lipids in
plasmalemma or intracellular organelles [19]. Peroxidation of plasmalemma leads to the leakage of cellular
contents, rapid desiccation and cell death. Intracellular membrane damage can affect respiratory activity in
mitochondria, causing pigment to break down and leading to the loss of the carbon fixing ability in chloroplasts
[20].

Fortunately, plants have developed various protective mechanisms to eliminate or reduce ROS, which are
effective at different levels of stress-induced deterioration [13,21].The enzymatic antioxidant system is one of
the protective mechanisms including superoxide dismutase (SOD: EC 1.15.1.1), which can be found in various
cell compartments and it catalyses the disproportion of two O2-- radicals to H,O, and O, [20]. H,0, is
eliminated by various antioxidant enzymes such as catalases (CAT: EC 1.11.1.6) and peroxidases (POX: EC
1.11.1.7) which convert H,O, to water [20,22].
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Moreover, ROS are inevitable byproducts of normal cell metabolism [23]. But under normal conditions
production and destruction of ROS is well regulated in cell metabolism [15]. When a plant faces harsh
conditions, ROS production will overcome scavenging systems and oxidative stress will burst. In these
conditions, ROS attack vital biomolecules and disturb the cell metabolism and ultimately the cell causes its own
death [24].

Peroxidation of lipids, commonly taken as an indicator of oxidative stress, disrupts the membrane integrity
of the plant cell [25,26]. This means that essential solutes leak out from the organelles and from the cell and
cause the damage of membrane function and metabolic imbalances [27]. In plants, there are many potential
places for generation of ROS, such as chloroplasts [28], mitochondria and peroxisomes [29, 30].

The seeds of Nigella sativa L., commonly known as black seed, are extensively studied, both
phytochemically and pharmacologically and they proved to have several biological activities [31]. The aqueous
and oil extracts of these seeds have been shown to possess beneficial effects; such as antioxidant, anti-
inflammatory, anticancer, analgesic and antimicrobial activities.

The aim of the present study was to investigate the effect of salinity (NaCl) on growth parameters, the
activity of some key antioxidant enzymes and protein content during germination of Faba bean plant and the
influence of Nigella sativa —treatment which may improve the salt tolerance of faba bean grown under different
levels of NaCl.

MATERIALS AND METHODS

Plant Material and Salt Treatments:

Seeds of faba bean (Vicia faba) obtained from Department of Agronomy, Faculty of Agriculture,
Alexandria University, were sterilized with 5% hypochlorite for 5 min washed extensively with distilled water
and were placed on a filter paper in 9 cm Petri dishes, moistured with distilled water, germinated for two days,
then seeds were transferred to plastic pots (15 cm3) filled with vermiculite soil. Pots were irrigated two days
intervals with 1/2 strength Hoagland's nutrient containing different regimes of NaCl (0, 50, 75,100 and 200
mmol/L NaCl) to achieve soil water field capacity level, and germinated in controlled conditions 25+2 °C.

Relative water content was calculated by drying the fresh weight of plant organs in an oven at 65 0C for 72
hours [32].

Recovery:

After 12 days uniformly germinated Seedlings were selected and transferred to aqueous solution of Nigella
sativa (powder of N. sativa were soaked for 3 days, then filtered to get a clear solution) for 3 days at the same
germination condition.

Photosynthetic Pigments:
Total chlorophyll (Chl) and carotenoids (Car) contents of plants were extracted in 80% water acetone and
determined spectrophotometrically [33]

Extraction of Protein:

The root, cotyledon, hypocotyls of seedlings were homogenized with ice in 0.1 mM sodium phosphate
buffer (pH 6.8). The homogenates were then centrifuged at 13,000 rpm for 30 min at 4 °C and supernatants were
used for determination of total soluble protein content and total peroxidase enzyme assays. Protein content of
the extracts were determined using bovin serum albumin as standard [34].

Determination of CAT Activity:

Catalase activity was determined according to the method of Chance et al. (1995). 0.5 g tissue was ground
with liquid nitrogen by using cold mortar and pestle and then suspended with suspension solution containing 50
mM Tris-HCI (pH 7.8). After filtering through 2 layers of cheesecloth, the suspensions were centrifuged at
12000 g for 20 minutes at 4°C. Supernatant was taken for the enzyme assay.

Enzyme extract containing 100 mg protein, was added into assay medium containing 50 mM potassium
phosphate buffer (pH 7.0), 25 mM H,0,. The reaction was started by the addition of enzyme extract. The
decrease in absorbance was recorded at 240 nm with Schimadzu double-beam spectrophotometer for 2 minutes.
The enzyme activity was calculated from the initial rate of the enzyme. (Extinction coefficient of H,O, = 40
mM™cm™ at 240 nm) [34].

Determination of SOD:

Activity was determined by measuring its ability to inhibit the photochemical reduction of nitroblue
tetrazolium chloride [22]. The assay mixture consisted of 50 pL of the enzyme extract, 50 mM phosphate buffer
(pH 7.8), 0.1 uM EDTA, 13 mM methionine, 75 uM nitroblue tetrazolium and 2 pM riboflavin in a total volume
of 1.5 mL. Riboflavin was added and tubes were shaken and placed under fluorescent lighting from two 20 W
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tubes. The reaction was allowed to proceed for 15 min, after which the lights were switched off and the tubes
covered with a black cloth. Absorbance of the reaction mixture was read at 560 nm, and one unit of SOD
activity (U) was defined as the amount of enzyme required to cause 50 % inhibition of the nitroblue tetrazolium
photoreduction rate. The results were expressed as U.mg " protein

Membrane Permeability:

Bean leaves were sliced into small discs 0.05 cm thick and washed three times with deionised water to
remove surface-adhered electrolytes. After drying with filter paper, 10 discs were placed in closed vials
containing 30 ml deionised water in closed vials containing 30 ml of deionised water and shaken at 25 C on a
rotary shaker for 30 min; subsequently electrical conductivity of the solution was determined, using a
conductivity meter (model DDSJ-308A, Shanghai Precision & Scientific Instrument Co., Ltd.,China). The vials
with solution were then boiled for 10 min, quickly cooled and the total electrical conductivity was obtained.
Relative leakage rate was expressed as percent of total electrolytes.

Statistical Analyses:
ANOVA was applied to test the significance of treatments using STATGRAPICS (Statisica 4). Data were
log transformed prior to analysis to ensure that they were normally distributed.
RESULTS AND DISCUSSION

Figure 1 showed that shoot and root growth were much higher in recovered plants (25 and 40%, respectively,
averaged between different NaCl levels).
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Fig. 1: Lengths of shoot (A) and roots (B) of treated and recovered bean seedlings (n = 20 + 1 SE).

The increase in length of shoot was reflected in a higher photosynthetic pigments, while Chl a and
carotenoids were increased in plants treated with Nigell sativa by 40, 32, 20, and 18% and by 1-fold, 20, 9 and
20% in plants treated with 25, 50, 75 and 200 mmol NaCl, respectively, while untreated plants had lower
concentrations of these pigments (P> 0.05) (Fig. 2).
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Fig. 2: Effects of Na Cl on photosynthetic pigments Carotenoid and Chlorophyll a contents (n = 10 + 1 SE).

It was found that treated plants had higher (P<0.05) RWC than recovered plants (averaged 10% in roots and
30% in shoots) (fig. 3).
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Fig. 3: Relative water content (RWC) of treated shoot (A) and roots (B). (Legends as Fig.2).

Figure 4 shows membrane permeability expressed as electrical conductance of shoot and root. It was found
that exposure to NaCl caused an increase in EC by about 35% (averaged between different NaCl treatments in
both shoot and root) compared to recovered plants.
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Fig. 4: Electrical conductivity (EC) of shoot (A) and root (B). Legends as Figure 1

Protein content of treated plants showed higher (P< 0.05) concentrations than recovered plants and
averaged by about 12% in both organs (Fig 5).
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Fig. 5: Protein content of Shoot (A) and Roots (B) of bean seedlings. Legends as Fig.2.

(B

SOD activity showed similar trend, where recovered plants had lower activity than treated ones and there
was no significant effect (P >0.05) between shots and roots (fig 6).
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Fig. 6: SOD activity in shoots (A) and roots (B) in bean seedlings.

On the other hand, CAT activity was lower in shoots and roots of recovered plants compared to that in
treated ones (Fig. 7). Moreover, Percentage of CAT activity in shoots of recovered plants were much lower
(averaged between NaCl concentrations about 50%) than that in roots (averaged about 10%) (Fig 7).
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Fig. 7: CAT activity in shoots (A) and roots (B) of bean seedlings. Legends as Fig.2.

There is a large body in the literature about the effects of salinity on plants, all indicate that growth and
other physiological parameters of plants were adversely affected by salt stress. [e.g. 23, 35 — 36]. Significant
diminution in the chlorophyll content of plants grown under NaCl salinity was found in the present study;
however, There was no changes in the chlorophyll content in 20-day salt stressed spinach (Spinacia oleracea L.)
plants [37]. Addition of Ca2+ to the growing solution decreased the inhibitory effect of NaCl on chlorophyll
content of the leaves. Consequently, a relatively higher photosynthetic rate was observed in NaCl-treated plants
when a higher concentration of Ca** was present in the test solution [36, 38].

The morphological development of plants was affected by salinity (Fig.1). Plant height, root length and area
of individual leaves were reduced with increasing stress level (data not shown). Altered morphology and
reduced growth rate are known to occur under salinity in many crops causing economic reductions in the yield.
Growth and development in a range of aromatic plants, including peppermint and spearmint [39], sage [40] and
Nigella sativa [41] were demonstrated as well to reduce under salinity conditions. In the present study, the
restricted development under salinity was accompanied by a progressive reduction of leaves, stems and root
biomass production with increased NaCl concentration (data discussed elsewhere) .Recently, similar results
were found on sweet basil [42]. It was found that growth of bean plants in extract of N. sativa significantly
decreased the inhibitory effect of NaCl on the activities of SOD, POD, and CAT.

However, plants grown alone treatment alone did not change the activities of the above enzymes. These
suggested that extract of N. sativa effectively controlled the activities of antioxidant enzymes only in stressed
plants [36]. There are several potential sources, such as chloroplasts, mitochondria, peroxisomes, and cytosols,
of ROS production in plants during normal cellular metabolism (13,15]. Many biotic and abiotic stresses
including salt stress disrupt the cellular homeostasis of cells and further enhance the production of ROS in the
plants cells [13, 43]. The production of ROS during stresses results from pathways, such as photorespiration,
from the photosynthetic apparatus and from mitochondrial respiration [15]. The increased rate of ROS
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production in chloroplasts of plants under salt stress is well-known [44, 45]. Salt stress is known to result in an
extensive lipid peroxidation that has often been used as an indicator of salt-induced oxidative damage in
membranes [46 - 48]. It has been shown that both osmotic and ionic effects are involved in NaCl salinity effect
and limit the photosynthesis and respiration, leading to an increase in ROS generation. The increased rate of
ROS generation and decreased scavenging of ROS contribute to overall oxidative stresses and damages like
peroxidation of membrane lipids and loss of membrane Permeability. However, contrary to the present study,
there are some reports [49, 50] showing an increased activity of antioxidant enzymes under stress conditions.
For example, salinity-induced increase in SOD activity is often observed in higher plants [e.g.51, 52]. Variable
responses of CAT, from a significant increase in CAT activity [52, 53] to no change [53, 54], have been found
in plants under salt stress. In addition, treatments with 50 mmol L™ NaCl did not alter the activities of
antioxidant enzymes of loquat [46, 54]. The inconsistency among various reports on the responses of antioxidant
enzymes to salt stress might be because of a large variability in genotype and adaptability of tested plant species
to salt stress and the different experimental conditions of different studies.

Conclusion:

The enrichment of the growth medium with extract of N. sativa prevented chlorophyll loss, maintained
optimum photosynthesis and growth, and preserved membrane permeability in bean plants grown under NaCl
stress. The above protective effects of enrichment with Extract of N. sativa could be related to the improved
activities of key antioxidant enzymes, and thereby their free radical scavenging in the stressed plants. The
present study did not discriminate between osmotic and ionic effects of NaCl stress but the obtained results
showed that calcium had a regulatory control over activities of antioxidant enzymes, and, thereby, salt stress
tolerance of plants. Although a distinct protective effect of N. sativa extract on antioxidant enzymes and,
thereby, overall better growth performance of the NaCl-treated plants were found, mechanism(s) involved in the
process are largely unknown and need to be elucidated.

ACKNOWLEDGEMENTS

We are thankful to Professor Salah Barakat and Professor Samir Khalil, Dept of Botany, Faculty of Science,
Alexandria University for their help and corrections.

REFERENCES

[1] Vaidyanathan, H.Z., Sivakumar, R. Chakrabarty, G. Thomas, 2003. Scavenging of Reactive Oxygen
Species in NaCl-Stressed Rice (Oryza sativa L.) Differential Response in Salt-Tolerant and Sensitive
Varieties, Plant Sci. 165: 1411-1418.

[2] Van Breusegem, F., E. Vranova, JF. Dat and D. Inze, 2001. The role of active oxygen species in plant
signal transduction. Plant Physiol, 127: 1002-1006.

[3] Allakhverdiev, S.I, A. Sakamoto, Y. Nishiyama, M. Inaba, N. Murata, 2000. lonic and osmotic effects of
NaCl induced inactivation of photosystems | and Il in Synechococcus sp. Plant Physiol, 123: 1047-1056.

[4] Koca, M., M. Bor, F. Ozdemir and |. Turkan, 2007 The effect of salt stress on lipid peroxidation,
antioxidative enzymes and proline content of sesame cultivars. Environ. Exp. Bot., 60: 344-351.

[5] Misra, AN., M. Misra and N. Das, 1990 Plant responses to salinity: Metabolic changes and the use of plant
tissue culture - a perspective. In Environmental Concern and Tissue Injury, Part-1 (Prakash R and Choubey
S M, eds.), Jagmandir Books, New Delhi, pp: 77-84.

[6] Bohnert’ H.J., D.E. Nelson and R.G. Jensen, 1995. Adaptations to environmental stresses. Plant Cell., 7:
099-111.

[7] Hasegawa, PM., RA. Bressan, KJ. Zhu and HJ. Bohnert, 2000. Plant cellular and molecular responses to
high salinity. Annual Review of Plant Physiology and Plant Molecular Biology, 51: 463-49.

[8] Barrett-Lennard, E.G., 2000. Salt of the Earth: time to take it seriously, Australian Centre for International
Agricultural Research, In: The Food and Environment Tightrope, (H. Cadman, Canberra, Eds.), pp: 135-
145.

[91 Nium, X., R.A. Bressanm, P.M. Hasegawa, J.M. Pardo, 1995. lon homeostasis in NaCl stress
environments. Plant Physiol, 109: 735-742.

[10] Zhu, J.K., P.M. Hasegawa and RA. Bressan, 1997. Molecular aspects of osmaotic stress in plants. Crit. Rev.
Plant Sci., 16: 253-277.

[11] Ashraf, M.Y., H. Mazhar, L. Nagvi and A.H. Khan, 1996. Effect of water stress on total phenols,
peroxidase activity, Growth and yield of tomato. Acta Hort., 516: 41-45.

[12] Apel, K., H. Hid, 2004. Reactive oxygen species: Metabolism, oxidative stress and signal transduction.
Ann. Rev. Plant Biol., 55(37): 3-399.



2446 Hanan. Abou Zeid1 and Ibrahim A. Hassan 2014

Advances in Environmental Biology, 8(7) May 2014, Pages: 2440-2447

[13] Tunc-Ozdemir, M., G. Miller, L. Song, J. Kim, A. Sodek, S. Koussevitzky, AN. Misra, R. Mittler and D.
Shintani, 2009 Thiamin confers enhanced tolerance to oxidative stress in Arabidopsis. Plant Physiol, 151:
421-432.

[14] Candan, N. and L. Tarhan, 2003. The correlation between antioxidant enzyme activities and lipid
peroxidation levels in Mentha pulegium organs grown in Ca2+, Mg2+, Cu2+, Zn2+ and Mn2+ stress
conditions, Plant Science, 163: 769-779.

[15] Mittler, R., 2002. Oxidative stress, antioxidants and stress tolerance. Trends Plant Sci., 7: 405- 410.

[16] Alscher, R.Z., J.L. Donahue and C.L. Cramer, 1997. Reactive oxygen species and antioxidants:
Relationship in green cells. Physiol. Plant, 100: 224-233.

[17] Alscher, R.G., N. Erturk, L.S. Heath, 2002. Role of superoxide dismutases (SODs) in controlling
oxidative stress in plants. J. Exp. Bot. 53: 1331-1341.

[18] Shigeoka, S., T. Ishikawa, M. Tamoi, Y. Miyagawa, T. Takeda, Y. Yabuta, Y. Yoshimura, 2002.
Regulation and function of ascorbate peroxidase isoenzymes. J. Exp. Bot., 53: 1305-1319.

[19] Karabal, AS., LS. Jahnke and AL. White, 2003 Long-term hyposaline and hypersaline stresses produce
distinct antioxidant responses in the marine alga Dunaliella tertiolecta. J. Plant Physiol. 160(1): 193-1
202.

[20] Scandalios, J.G., 1993. Oxygen Stress and Superoxide Dismutase, Plant Physiol. 101: 7-12.

[21] Beak, K.H., D.Z. Skinner, 2003, Alteration of antioxidant enzyme gene expression during cold
acclimation of near-isogenic wheat lines, Plant Science, 165: 1221-1227.

[22] Hassan, IA., 2006. Physiological and biochemical response of potato (Solanum tuberosum L. Cv. Kara) to
O3 and antioxidant chemicals: possible roles of antioxidant enzymes. Annals of Applied Biology, 146: 134
-142.

[23] Dat, J., S. Vandenabeele, E. Vranova, M. Van Montagu, D. Inze, F. Van Breusegen, 2000. Dual action of
the active oxygen species during plant stress responses. Cellular and Molecular Life Sciences, 57: 779—
995.

[24] Sakihama, FM., AR. Sakhabutdinova, MV. Bezrukova, RA. Fatkhutdinova, and DR. Fatkhutdinova, 2003
Changes in the hormonal status of wheat seedlings induced by salicylic acid and salinity. Plant Sci., 164:
317-322.

[25] Al-Ghamdi, M.S., 2001. The anti-inflammatory, analgesic and antipyretic activity of Nigella sativa, J.
Ethnopharmacol, 76: 45-48.

[26] Rajkapoor, BR. and B. Anandan, 2002. Anti-ulcer effect of Nigella sativa Linn. against gastric ulcers in
rats, Curr. Sci., 82: 177-179.

[27] Blokhina, O., E. Violainen, K.V. Fagerstedt, 2003. Antioxidants, oxidative damage and oxygen
deprivation stress: a review. Ann. Bot., 91: 179-194.

[28] Foyer, CH. and G. Noctor, 2003. Redox sensing and signalling associated with reactive oxygen in
chloroplasts, peroxisomes and mitochondria. Physiol. Plant, 119: 355-361.

[29] Liu, YG., D. Fiskum, 2002. Schubert, Generation of reactive oxygen species by mitochondrial electron
transport chain. J. Neurochem, 80: 780-787.

[30] Del Rio L.A., Corpas F.J., Sandalio L.M., Palma J.M., Gdmez M., & Barrosa ,J.B.2002. Reactive oxygen
species, antioxidant systems and nitric oxide in peroxisomes. J. Exp. Bot. 53,1255—1272.

[31] Ramadan, M.F., J.T. Morsel, 2004. Oxidative stability of black cumin (Nigella sativa L.), coriander
(Coriandrum sativum L.) and niger (Guizotia abyssinica Cass.) crude seed oils upon stripping, Eur. J.
Lipid. Sci. Technol, 106: 35-43.

[32] Al- Qurainy, F., 2007. Responses of bean and pea to vitamin C under salt stress. Res. J. Agric. & Biol. Sci,
3(6): 714-722.

[33] Lichtenthaler, H., A. Wellburn, 1983. Determination of total carotenoids and chlorophyll a and b of leaf
extracts in different solvents. Biochem. Soc. Trans, 603: 591-592.

[34] Bradford, M.M., 1976. A rapid and sensitive method for the quantitation of microgram quantities of
protein utilizing the principle of protein-dye binding. Anal Biochem, 72: 248-54.

[35] Hassan, IA., 2004, Effects of Salinity and ozone on growth and physiology of Triticum aestivum L.
Photosynthetica, 41: 34-54.

[36] Xue, Y.F., L. Yan-Feng, L. Ling, L. Zhao-Pu, Z. Geng-Mao, 2008. Protective Role of Ca Against NaCl
Toxicity in Jerusalem Artichoke by Up-Regulation of Antioxidant Enzymes. Pedosphere, 18: 766—774.

[37] Delfine, S., A. Alvino, MC. Villani, F. Loreto, 1999. Restrictions to carbon dioxide conductance and
photosynthesis in spinach leaves recovering from salt stress. Plant Physiology, 119: 1101-1106.

[38] Misra, AN., A. Srivastava and RJ. Strasser, 2001. Utilisation of fast Chlorophyll a fluorescence technique
in assessing the salt/ion sensitivity of mung bean and brassica seedlings. J. Plant Physiol., 158: 1173-1181.

[39] Abou El-Fadl, I1.A., M.K. Abd-Ella and E.H. Hussein, 1990. Effect of irrigation by saline water on the
growth and some principal compounds of peppermint and spearmint in two types of soil. Journal of
Agricultural Research Tanta University, 16: 276-295.



2447

Hanan. Abou Zeid1 and Ibrahim A. Hassan 2014

[40]
[41]

[42]

[43]

[44]
[45]
[46]
[47]
[48]
[49]
[48]
[49]
[50]
[51]
[52]

[53]

[54]

Advances in Environmental Biology, 8(7) May 2014, Pages: 2440-2447

Hendawy, SF. and A. Khalid 2005. Response of sage (Salvia officinalis L.) plants to zinc application under
different salinity levels. Journal of Applied Sciences Research, 1; 147-155.

Khalid, A., 2001. Physiological studies on the growth, development and chemical composition of Nigella
sativa L. plant, PhD Thesis, Faculty of Agriculture, Ain-Shams University, Cairo, Egypt., pp: 214-218.
Bernstein, N., M. Kravchik, N. Dudai, 2010. Salinity-induced changes in essential oil, pigments and salts
accumulation in sweet basil (Ocimum basilicum) in relation to alterations of morphological development.
Ann. App. Biol., pp: 167-177.

Polle, A., 2001. Dissecting the superoxide dismutase-ascorbate peroxidase-glutathione pathway in
chloroplasts by metabolic modeling: Computer simulation as a step towards flux analysis. Plant Physiol,
126: 445-462.

Gossett, DR., EP. Millhollon and MC. Lucas, 1994. Antioxidant response to NaCl stress in salt-tolerant
and salt-sensitive cultivars of cotton. Crop Sci. 34: 706-714.

Meneguzzo, S., F. Navarri-1zzo and R. 1zzo, 1999. Antioxidative responses of shoots and roots of wheat to
increasing NaCl concentrations. J. Plant Physiol, 155; 274-280.

Hern"andez, J.A. and MS. Almansa, 2002. Short-term effects of salt stress on antioxidant systems and leaf
water relations of pea leaves. Physiol. Plantarum, 115: 251-257.

Pastori, G.M. and C.H. Foyer, 2002. Common components, networks, and pathways of cross-tolerance to
stress. The central role of ‘redox’ and abscisic acid-mediated controls. Plant Physiol, 129: 7460-7468.
McKersie, BD. and YY. Leshem, 1994. Stress and stress coping in cultivated plants. Kluwer Academic
Publishes, London.

Diego, AM., AO. Marco, AM. Carlos and C. Jos, 2003 Photosynthesis and activity of superoxide
dismutase, peroxidase and glutathione reductase in cotton under salt stress. Environ. Exp. Bot., 49: 69-76.
Chen, L.Z., W.Q. Wang, P. Lin, 2005. Photosynthetic and physiological responses of Kandelia candel L.
Druce seedlings to duration of tidal immerion in artificial seawater. Environ. Exp. Bot., 54: 256-266.
Gueta-Dahan, YZ., BA. Yaniv and G. Ben-Hayyim, 1997. Salt and oxidative stress: Similar and specific
responses and their relation to salt tolerance in citrus. Planta, 203: 460-469.

Shalata, A.V. V. Mittova, M. Volokita, M. Guy and M. Tal, 2002. Response of the ,cultivated tomato and
its wild salt-dependent oxidative stress: The root oxidative system. Physiol. Plantarum, 112: 487-494.
Olmos, E., JA. Hern"andez, F. Sevilla and E. Hellin, 1994. Induction of several antioxidant enzymes in the
selection of a salt-tolerant line of Pisum sativum. J. Plant Physiol, 144: 594-598

Jahnke, LS. and AL. White, 2003. Long-term hyposaline and hypersaline stresses produce distinct
antioxidant esponses in the marine alga Dunaliella tertiolecta. J. Plant Physiol., 160(1): 193-1 202.
Muthamma, KS., D. Milan, K. Hemang, P. Vishveshwaraiah, 2008. Enhancement of digestive enzymatic
activity by cumin (Cuminum cyminum L.) and role of spent cumin as a bionutrient. Food Chemistry, 110:
678-683.

Chance, J., S.K. Machely, 1995. Assay of Catalase and peroxidase. Meth. Enzymo, 2: 764-775.



