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Abstract Wheat seeds were pretreated with 0.01 lM
cysteine for 24 h and then exposed to salinity (300 mM

NaCl) or osmotic (1.8 MPa polyethylene glycol) stress for

2 weeks. The results showed that salinity stress reduced the

growth of seedlings and increased the oxidative damages.

Salinity increased the proline and soluble sugar content.

Salinity response could be attributed to more ion toxicity

than dehydration effect, as dehydration due to PEG showed

little response. According to the results of this investigation

pretreatment of seed with cysteine can be used as a method

to ameliorate salinity induced damages in plants. It can be

concluded that the maximum effect of cysteine on salinity

stress was to alleviate the oxidative damages through the

increase in activity of antioxidant enzymes, glutathione

content, and decrease the ion toxicity through increase in

K?/Na? ratio and inhibition of Na? uptake. However this

aspect requires further confirmation.

Keywords Cysteine � Osmotic stress � Oxidative stress �
Salinity stress � Triticum aestivum L.

Introduction

Salinity and drought are the most important environmental

factors that limit crop productivity, mainly due to alter-

ations in water relations, ionic imbalance, metabolic per-

turbations, generation of reactive oxygen species (ROS)

and tissue damage (Bartels and Sunkar 2005). An impor-

tant consequence of salinity stress in plants is the excessive

generation of reactive oxygen species (ROS) such as

superoxide anion (O2
�-), hydrogen peroxide (H2O2) and the

hydroxyl radicals (OH�), particularly in chloroplasts and

mitochondria (Masood et al. 2006). Reactive oxygen spe-

cies attack pigments, carbohydrates, proteins, lipids and

nucleic acids, and the degree of damage depends on the

balance between formation of ROS and its removal by the

antioxidative scavenging system (Noreen and Ashraf

2009). To maintain a high K?/Na? ratio in the cytosol,

plant cells employ primary active transport, mediated by

channels and co-transporters for Na? extrusion and/or the

intracellular compartmentalization of Na? into the vacuole

(Blumwald 2000). However, under salt stress, ion ratios are

altered by the uncontrolled influx of Na? through

K-channels/transporters.

A number of nitrogen-containing compounds accumu-

late in plants exposed to saline stress. The most frequently

accumulating compounds are amino acids, amides, imino

acids, proteins, quaternary ammonium compounds, and

polyamines, sugars and sugar alcohols. The specific com-

pound that accumulates under saline environments varies

with plant species (Robe 1990).

Accumulation of amino acids has been observed in

many studies on plants exposed to abiotic stresses (Lugan

et al. 2010). Cysteine is the only sulfide donor for all

reduced sulfur containing cell constituents in plants

(Leustek and Saito 1999). The level of free cysteine in
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plants is very low (\10 lM) but its production is quite high

due to high requirements, both under optimal and stress

conditions, and due to its fast utilization in subsequent

synthetic processes. Cysteine is required for the synthesis

of protein, glutathione, a tripeptide, and hydrogen sulfide

(Sekiya et al. 1982) and functions as an S-donor for

methionine and secondary metabolite biosynthesis (Leus-

tek and Saito 1999). As part of the cysteine-molecule, the

sulfur group called a ‘thiol’ is strongly nucleophilic,

making it ideally suitable for biological redox processes.

Redox control regulates enzymes and protects against

oxidative damage (Leustek and Saito 1999). The thiol

group of Cys and GSH is often involved in the redox cycle

by two thiol $ disulphide conversions. This interchange is

versatile for redox control and mitigation against oxidative

stress in nearly all aerobic organisms, including plants

(Leustek and Saito 1999). High demand for cysteine under

salinity stress is also in agreement with the role of sulfuric

compounds as osmolytes or antioxidants (Barroso et al.

1999).

It has been reported that seed priming (pre-sowing seed

treatment) is an easy, low cost and low risk technique, and

this approach has recently been used to overcome the

salinity problem in agricultural lands. There are few

researches on the effect of exogenous amino acids, par-

ticularly cysteine, in the possible antioxidative responses of

plants against abiotic stress such as salinity. The present

study was conducted to evaluate the effects of seed priming

with cysteine on growth and alleviation of oxidative

damages in shoot and root of wheat plant under salinity and

osmotic stresses at early stages of growth.

Materials and methods

Seeds of wheat (Triticum aestivum L.) cv. Moghan were

pretreated with 0.01 lM cysteine (concentration was

optimized in preliminary experiment). After 24 h, seeds

were grown in pots filled with perlite and transferred to

green house with day/night temperature of 22/18 �C and a

16 h photoperiod, with a relative humidity of 50 %. These

plants were irrigated with water and Hoagland nutrient

solution for 5 days, and thereafter plants were subjected to

salt stress by 300 mM NaCl and -1.8 MPa osmotic stress

using PEG-6000. After 2 weeks of treatment, root and

shoot of plants were harvested and immediately frozen in

liquid nitrogen and stored at -80 �C for future analysis.

Measurement of growth parameters

Fresh and dry weights of shoot and root of plants were

measured as growth parameters. For determination of dry

weight, samples were oven dried at 70 �C for 24 h and then

weighed.

Photosynthetic pigment estimation

Chlorophyll (Chl) and carotenoid (Car) were estimated by

extracting the leaf material in 80 % acetone. Absorbance

was recorded at 665, 645 and 470 nm. Chlorophyll and

carotenoid contents were estimated according to the

method of Lichtenthaler (1987).

Hydrogen peroxide content

Hydrogen peroxide (H2O2) content was measured colori-

metrically after reaction with potassium iodide (KI)

according to method of Alexieva et al. (2001).

Measurement of lipid peroxidation

The level of lipid peroxidation in plant tissues was mea-

sured by determination of malondialdehyde (MDA) content

(Heath and Packer 1968). For the calculation of MDA, an

extinction coefficient (e) of 1.55 9 105 M-1 cm-1 was

used at 532 nm. Results were expressed as nmol g-1 fresh

weight.

Antioxidant enzyme extraction and activity assay

Leaves (500 mg) were homogenized in 50 mM potassium

phosphate buffer (pH 7.0) containing 1 % soluble PVP,

1 mM EDTA and 1 mM PMSF. The homogenate was

centrifuged at 10,0009g for 20 min, and the supernatant

used for assay of the activity of enzymes and protein

content.

Catalase activity assay

Catalase (CAT) activity was assayed by measuring the

initial rate of H2O2 disappearance at 240 nm using the

extinction coefficient of 40 mM-1 cm-1 for H2O2

(Dhindsa et al. 1981).

Ascorbate peroxidase activity assay

Ascorbate peroxidase (APX) was determined spec-

trophotometrically according to the oxidation of ASA.

Hydrogen peroxide-dependent oxidation of ascorbic acid

(ASA) was followed by measuring the decrease in

absorbance due to ascorbic acid for 1 min at 290 using

extinction coefficient of 2.8 mM-1 cm-1 (Nakano and

Asada 1981).
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Peroxidase activity assay

Peroxidase (POX) activity was determined using the

method of Plewa et al. (1991) following the formation of

tetra guaiacol by measuring the absorbance at 470 nm and

using an extinction coefficient of 25.5 mM-1 cm-1.

Determination of glutathione and proline content

Reduced GSH contents were estimated using the method of

Ellman (1959), and determination of free proline content

was done according to Bates et al. (1973).

Determination of soluble sugar

Total soluble sugar content was determined using anthrone

reagent by using glucose as standard (Roe 1955).

Sodium and potassium content

For the determination of K? and Na? content, dry shoot

and root (0.02 g) material was treated with nitric acid, and

diluted with distilled water. Total K? and Na? contents

were directly measured by flame photometry.

Statistical analysis

Data were subjected to analysis of variance according to the

MSTATC software. In order to identify the significant dif-

ferences among the effects, LSD values were calculated for

main effects (Priming) as A, and treatment as B) and inter-

action effect respectively, the attributed differences higher

than the LSD value means significant difference (p\ 0.05).

Results

Growth parameters

Salinity stress decreased only the root fresh weight and

had no effect on other growth parameters in comparison

with control condition. Osmotic stress also had non-

significant effect on growth parameters of wheat seed-

lings. Pretreatment of seed with cysteine increased all

the growth parameters except chla and carotenoids in

control plants when compared with non-pretreatment

plants. Cysteine pretreatment increased the root fresh

and dry weight, and photosynthetic pigments under

salinity stress when compared with non treated plants

(Table 1). Under osmotic stress cysteine seed priming

increased only root fresh and dry weight and total

chlorophyll, while carotenoids content did not change

significantly under osmotic stress condition and cysteine

pretreatment also had non-significant effects on car-

otenoid content.

Hydrogen peroxide content

Salinity stress increased the hydrogen peroxide content in

both shoot and roots of seedlings (Table 2). However PEG

treatment caused an increase in H2O2 content only in shoot

tissue and had non-significant effect on root tissue when

compared with control plants. When seeds were pretreated

with cysteine, hydrogen peroxide content decreased in

shoot and roots of plant under both salinity and osmotic

stress condition when compared with cysteine untreated

plants.

Table 1 Effect of seed pretreatment with cysteine on growth parameters and photosynthetic pigments of wheat seedlings under salinity and

osmotic stress conditions

Parameters/treatments Tissue No cysteine Cysteine LSD (p B 0.05)

Control NaCl PEG Control NaCl PEG Stress

(S)

Cysteine

(C)

S 9 C

Fresh weight (mg plant-1) Root 0.6867b 0.578b 0.5567b 0.8833a 0.69b 0.653b 0.0881 0.1079 0.1526

Shoot 0.3933d 0.33e 0.3447de 0.6377a 0.56b 0.4933c 0.0329 0.0403 0.0570

Dry weight (mg plant-1) Root 0.1133bc 0.09bc 0.083c 0.1533a 0.1157b 0.1083bc 0.017 0.0208 0.0294

Shoot 0.1233c 0.1117c 0.12c 0.1867a 0.1467b 0.1773a 0.0121 0.0148 0.0209

Chlorophyll-a content

(mg g-1 fr. wt.)

1.2046abc 1.0105c 1.1028bc 1.4097a 1.2556ab 1.3334ab 0.1314 0.1609 0.2276

Chlorophyll-b content

(mg g-1 fr. wt.)

0.4797bc 0.4766c 0.4747c 0.6352a 0.529b 0.518bc 0.0281 0.0344 0.0486

Total chlorophyll content

(mg g-1 fr. wt.)

1.6843bcd 1.487d 1.5775 cd 2.0449a 1.7786bc 1.8514ab 0.1336 0.1637 0.2315

Carotenoids content (mg g-1 fr.

wt.)

0.2579a 0.2633a 0.2633a 0.2709a 0.2621a 0.2621a 0.0289 0.0354 0.0501

Means followed by the same letter in the same column are not significantly different
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Glutathione content

Following salinity and osmotic stresses, the contents of

glutathione (GSH) in root increased, while shoot

remained unchanged under both stresses (Table 2). Pre-

treatment of seed with cysteine increased the GSH content

in root and shoots of seedlings under both salinity and

osmotic stresses in comparison with non cysteine treated

seedlings.

Proline content

Results showed that salinity stress increased the proline

content in roots and shoot tissue, while osmotic stress

caused increase in proline content only in root tissue

(Table 2). Cysteine pretreatment of seed decreased the

proline content of shoot and roots in both stressed and non-

stressed plants.

Soluble sugar content

A significantly higher level of soluble sugar was observed

in root tissue of seedlings under salinity and osmotic

stresses in comparison with control seedlings, while sugar

content of shoot tissue was unchanged both in salinity and

osmotic stressed seedlings (Table 2). Cysteine pretreat-

ment of seed had no effect on soluble sugar content in

control and stressed seedlings.

Antioxidant enzyme activities

Salinity stress increased the activity of all the antioxidant

enzymes (Table 3). However, osmotic stress increased the

APX activity in both shoot and root tissue of seedlings,

while activity of POX and CAT increased only in root

tissue as compared to control seedlings. Cysteine pre-

treatment decreased the activities APX, POX and CAT in

root tissue of control seedlings, while only in shoot tissue

the activity of POX increased when compared with non

pretreated seedlings. Under salinity stress cysteine pre-

treatment increased the activity of all enzymes in root and

shoot tissues of seedlings. However under osmotic stress

condition, cysteine pretreatment increased the activity of

antioxidant enzymes in shoot, while decreased the activity

of all antioxidant enzymes in root tissues when compared

with non pretreated plants.

Sodium and potassium content

Results showed significant increase in Na? content and

decrease in K? content in root and shoots of plants under

salinity stress. Pretreatment of seeds with cysteine

decreased the Na? and increased the K? content in root and

shoot of stressed plants (Table 4). Potassium/sodium ratio

decreased under salinity stress both in shoot and root tissue

and pretreatment of seed with cysteine caused an increase

in K?/Na? ratio.

Table 2 Effect of seed pretreatment with cysteine on some oxidative and biochemical parameters of wheat seedlings under salinity and osmotic

stress conditions

Parameters/treatments Tissue No cysteine Cysteine LSD (p B 0.05)

Control NaCl PEG Control NaCl PEG Stress

(S)

Cysteine

(C)

S 9 C

Hydrogen peroxide content

(lmol g-1 fr. wt.)

Root 1.271b 1.403a 1.295b 0.540d 1.153c 1.120c 0.0485 0.0593 0.0839

Shoot 25.46b 27.87a 27.49a 14.02d 21.30c 15.35d 0.9748 1.1938 1.6883

Lipid peroxidation

(lmol MDA g-1 fr. wt.)

Root 0.0065b 0.012a 0.011a 0.003c 0.0084b 0.007b 0.0018 0.0022 0.0032

Shoot 0.0263de 0.0688a 0.0586b 0.0224e 0.0490c 0.0319d 0.0048 0.0058 0.0082

Glutathione content

(lmol g-1 fr. wt.)

Root 9.73c 21.50b 21.22b 20.11b 26.38a 26.45a 1.8246 2.2347 3.1604

Shoot 25.47b 31.25b 27.16b 31.83b 44.73a 51.59a 7.128 8.234 10.423

Proline content (lmol g-1 fr. wt.) Root 464.15d 1196.55a 875.59c 299.24e 1050.94b 393.63de 64.453 78.939 111.64

Shoot 677.59c 2574.48a 774.12c 286.88d 1857.34b 384.58d 145.97 178.78 252.83

Soluble sugar content

(mg g-1 fr. wt.)

Root 0.957c 2.008b 2.179ab 1.132c 2.060ab 2.417a 0.2055 0.2517 0.3559

Shoot 1.530b 1.82b 2.14ab 2.03ab 1.99ab 2.60a 0.3435 0.4207 0.5949

Means followed by the same letter in the same column are not significantly different
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Discussion

The deleterious effects of salinity on plant growth are

associated with low osmotic potential of soil solution, ion

imbalance, specific ion toxicity or a combination of these

factors. All of these cause adverse pleiotropic effects on

plant growth and development at physiological, bio-

chemical and at the molecular levels (Ashraf and Harris

2004). The inhibitory effects of salt stress on growth

parameters have also been reported by other investigators

in various plant species (Chaparzadeh et al. 2004). The

reduction in growth not only helps the plant in saving the

energy for defense purposes and reducing water use but

also limits the risk of heritable damage (May et al. 1998).

Pretreatment of seed with cysteine had non-significant

effect on shoot fresh and dry weights but increased root

fresh and dry weights. Similar results have been reported

by Sotiropoulos et al. (2005) who showed that cysteine

did not significantly alter growth of in vitro cultured

apple rootstock EM 26. Reactive oxygen species lead to

oxidative injuries and result in the reduction of plant

growth and development (Ogawa and Iwabuchi 2001). It

has been reported that role of GSH in ROS detoxification

starts at an early stage of plant development. Thus, cys-

teine’s role in improvement of growth parameters could

be attributed to GSH synthesis from cysteine. Decrease in

chlorophylls in salinized plants could be attributed to

increase in the activity of the chlorophyll-degrading

enzyme, chlorophyllase, and ion accumulation in leaves

(Sultana et al. 1999). Similar to our results Lu et al.

(2002) observation no change in chlorophyll and car-

otenoid contents in salinity stressed Sueda salsa plants.

Pretreatment of seed with cysteine increased content of

chla, chlb and total chl in seedlings under salinity stress.

Chen et al. (2011) has reported increase in chlorophyll

content in Spinacia oleracea when treated with l00 lM
NaHS (H2S donor).

Proline and soluble sugar content increased in roots of

plants under salinity and osmotic stresses, confirming the

findings of other researchers (Farouk, 2005; Kholova et al.

2009 Accumulation of organic compounds such as sugars

and amino acids, mainly proline has been reported to

contribute in maintaining the turgor pressure (Martinez

et al. 2004; Farouk 2005). Proline is also considered to be

involved in the protection of enzymes (Solomon et al.

1994) and cellular structures (Van Rensburg et al. 1993)

and to act as a free radical scavenger (Alia et al. 1995). Our

results showed that cysteine pretreatment alleviated stress

and caused a decrease in proline content.

Increase of H2O2 level in seedlings under salinity stress

compared to those seedlings which were under osmotic

stress could be attributed to the ion toxicity of salinity
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rather than its dehydration effect. Salt stress causes

oxidative stress, thus increasing the ROS formation in

chloroplasts (Parida and Das 2005). Malondialdehyde

(MDA) content, a product of lipid peroxidation, has been

considered as an indicator of oxidative stress, leading to

change in cell membrane permeability, which has been

widely used to differentiate salinity-tolerant and sensitive

plants (Azevedo Neto et al. 2006). Data of the present

investigation showed that MDA content increased in stress

condition, and pretreatment of seed with cysteine alleviate

the adverse effect of NaCl and PEG on MDA and H2O2

content in wheat plants. Beneficial effect of cysteine in

reduction of MDA and H2O2 contents also could be

attributed to its product, such as glutathione, which has

antioxidant activity. For example, it has been reported that

exogenous glutathione increased phenol peroxidase activity

with the reduction of deleterious effect of salinity in

(Brassica napus L.) as well as it directly scavenge H2O2

and maintain the membrane integrity (Kattab 2007). Li

et al. (2012) reported that H2S alleviated Cd toxicity in

alfalfa seedling by the alleviation of oxidative damage.

Under normal growth conditions, production of reactive

oxygen species (ROS), such as superoxide, hydrogen per-

oxide, and hydroxyl radicals, which are responsible for

cellular damage under stress conditions (Mitler 2002) is

generally at low level. Antioxidant enzymes CAT, POXX,

and APX are important H2O2 scavengers. Results showed

that activity of antioxidant enzymes were significantly

affected under salinity stress. Our results are in agreement

with Mandhania et al. (2006) and Xu et al. (2008) who

reported increase in the activity of antioxidant enzymes

under drought and salinity stress in wheat and barely

plants, respectively. Pretreatment of seed with cysteine

changed the antioxidant enzymes activity in plants. It has

been reported that NaHS (H2S donor) treatment differently

prevented the salinity induced decreases in APX, SOD,

POX and CAT activities in alfalfa seedling (Wang et al.

2012). Therefore, changes in antioxidant enzymes activity

in wheat plants pretreated with cysteine could be attributed

to glutathione and hydrogen sulfide (May et al. 1998; Chen

et al. 2011). In the present investigation, glutathione con-

tent increased in plants pretreated with cysteine.

Salt stress disturbs intracellular ion homeostasis of

plants, which leads to membrane dysfunction perturbations

of metabolic activity and the secondary effects that cause

growth inhibition (Véry et al. 1998). Under salinity stress

sodium influx may be facilitated by K? inward rectifying

channels, outward rectifying channels, high affinity K?

transporter (HKT), and low affinity cation transporter

(LCT) (Tester and Davenport 2003). Accumulation of Na?

results in ionic imbalance, specific ion effects, nutrient

deficiency symptoms and disturbed metabolism by the

toxic effects of accumulated ions (Tester and Davenport

2003). When seeds were pretreated with cysteine Na?

content decreased while K? content increased significantly

in shoot and root tissue of plants. Wang et al. (2012)

showed that NaHS (H2S donor) treatment resulted in a

higher K?/Na? ratio in root of alfalfa seedling 4 days after

salt stress.

Conclusion

Results of this investigation showed that pretreatment of

seed with cysteine can be used to ameliorate injurious

effects of salinity stress s in plants. It can be concluded that

the maximum effect of cysteine on salinity stress are

alleviation of oxidative damages through the increase in

antioxidant enzyme activity, and decrease in the ion toxi-

city through increase in K?/Na? ratio and inhibition of

Na? uptake. It seems that protective role of cysteine may

be attributed to either glutathione or H2S production, as

antioxidant roles of these molecules is widely known.

However this aspect requires further investigation.
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Table 4 Effect of seed pretreatment with cysteine on the contents of sodium, potassium and potassium/sodium ratio in shoot and roots of wheat

seedling under salinity stress condition

Parameters/treatments Tissue No cysteine Cysteine LSD (p B 0.05)

Control NaCl Control NaCl Salinity (S) Cysteine (C) S 9 C

Sodium content (mg g-1 dry wt. ) Root 1.1594b 6.3a 1.6414b 2.0202b 0.8617 0.8617 1.2186

Shoot 1.6834b 3.0303a 1.452b 1.6414b 0.9212 0.9801 1.0918

Potassium content (mg g-1 dry wt.) Root 1.4508b 1.0841d 1.6174a 1.2841c 0.1153 0.1153 0.1631

Shoot 2.1174b 1.6508c 2.8174a 2.3508b 0.2781 0.301 0.345

Potassium/sodium ratio Root 1.2134a 0.1887c 1.0626a 0.6831b 0.1674 0.1674 0.2368

Shoot 1.2654b 0.5448c 1.9459a 1.433b 0.1836 0.1836 0.2596

Means followed by the same letter in the same column are not significantly different
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