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eC

The present study illustrates the phytotoxic effect of As on wheat seedlings and pre-application of salicylic
acid in alleviating toxic effect of arsenic. Wheat seedlings treated with different concentrations (50-400µM)
of arsenic decreased the germination rate (34.7% and 86.9%), root and coleptile length, fresh and dry
weight of roots and coleoptile, chlorophyll (67%) and protein content (27.1%), while increased proline and
MDA content. However, pretreatment with 1mM saliycilic acid partially alleviated the toxic effect of arsenic
on germination parameters and significantly reduced the proline (181.2%) and MDA (80%) content thereby
increasing chlorophyll and protein content in As stressed wheat plants (p<0.01 or p<0.05). The data
suggests that saliycilic acid reduced the damaging effects generated by As and enhanced the tolerance of
wheat plants to arsenic toxicity.
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plant death (Carbonell-Barrachina et al., 1998; Abedin and
Meharg, 2002).
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Introduction

Arsenic (As) is a toxic metalloid widely distributed in the
environment. The source of arsenic in groundwater is primarily
geogenic through dissolution of arsenic compounds absorbed
onto pyriteores into water by geochemical factors. Earlier,
inorganic As compounds such as calcium arsenate, lead
arsenate, sodium arsenate and many others were used as
insecticides/pesticides, for debarking trees, in cattle and sheep
dips to control ticks, fleas, lice and also in controlling aquatic
weeds. However, application of inorganic As compounds in
agriculture has gradually reduced since 1960s due to greater
understanding of As toxicity and awareness regarding food safety
and environmental contamination (Smith et al., 1998).
Groundwater arsenic contamination is a widespread problem due
to leaching of naturally occuring arsenic into drinking water (Garg
and Singh, 2011). This has caused a global epidemic of As
poisoning, especially in Bangladesh and West Bengal (India),
with skin lesions, cancers and other symptoms (Mondal et al.,
2006). Several studies carried out in different plant species have
reported that As toxicity hampers normal growth of plants,
interfers with normal metabolic functions, induces oxidative stres
by generating reactive oxygen species and eventually results in
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Salicylic acid (SA) is a well known naturally occurring
signaling molecule that affects various physiological and
biochemical activities of plants. It is an endogenous plant growth
regulator and has been found to regulate growth and productivity
of plants. SA not only helps in establishing and signaling defense
response against various pathogenic infections, but also play an
important role in mediating plant response to some abiotic
stresses such as salinity, temperature, UV radiation, ozone and
heavy metal stress (Hayat et al., 2010). Recenly, SA has been
found to alleviate heavy metal induced toxicity in barley
(Metwallyet et. al., 2003), rice (Panda and Patra, 2007) and maize
seedlings (Krantev et al., 2008). Most of the studies have reported
the role of SA in provoking resistance to heavy metal in plant
seedlings, however not much has been emphasised on its effect
on seed germination. Seed represents the most protective stage
in the life cycle of plants and is well-protected against various
environmental stresses. However, soon after imbibition and
protrusion of embryonic axis, seeds in general become stress
sensitive (Liu et al., 2005).
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determination, root and coleoptile were separated from seeds and
oven-dried at 70°C for 72 hr before weighing (Kacar, 1972).

In light of the above, the present study was carried out to
examin the ameliorative effect of SA on As induced toxicity on
growth and biochemical parameters of wheat plants.

Chlorophyll pigment from treated and control leaves were
extracted in 80% acetone following the method of Arnon (1949).
Chlorophyll a and b content were calculated by the equation given
by Graan and Ort (1984). Proline content in leaf tissues were
estimated by acid ninhydrin method (Bates et al., 1973). Lipid
peroxidation was measured in terms of malondialdehyde (MDA)
content by TBARS method (Heath and Packer, 1968). Protein
was extracted from the fresh leaves following the method of
Larson and Beevers (1965), while protein content was
determined according to the method of Lowry et al. (1951).
Statistical analysis was carried out by SPSS program. In order to
detect the significance of differences (p<0.01 or p<0.05) of
variables, a multiple comparison (LSD) test was performed. All
values were expressed as mean ±SE. The experiment was
carried out in triplicate.
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Materials and Methods
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Seeds of wheat (Triticum aestivum L.) were used for
experiment. Application of salicylic acid (SA) was 1mM. Eight
different concentrations of arsenate were used at concentrations
50-400 µM (8 different concentrations). All preparations were
made in distilled-deionized water. For experiment, 30 seeds were
soaked in different test concentrations in plastic beakers, for 4 hrs
at 24 oC, and further germinated in petri dishes for 72 hr in a plant
growth cabinet. Germination rate was noted every 24 hr. A 1-mm
radicle emergence from seeds was considered as seed
germination. However, root elongation and coleoptile growth of
germinated seeds were analyzed at 72 hr of incubation
(Munzuroglu and Zengin, 2006), a duration required for studying
physiological and biochemical parameters. The roots of the
seedlings were washed with deionized water, and the seedlings
were divided into eighteen groups, each consisting of 10
seedlings. Eight groups were placed into jars containing different
concentrations of arsenate (50-400 µM), eight groups into jars
containing 1mM SA+ different concentrations of arsenate (50-400
µM), one group into jar containing only 1mM SA and one group
into jar containing Hoagland solution that served as control and left
for ten days under laboratory conditions. After 10 days seedlings
were analyzed for various growth and biochemical parameters.
Root and coleoptile fresh weight were determined. For dry weight
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Wheat seedlings treated with different concentrations of
As inhibited seed germination, coleoptile and root length in a dose
dependent manner. Seed germination after 72 hr of As treatment
was reduced by 34.7%, 51.7%, 62.1% and 86.1% in 100, 200,
300 and 400 µM As. However, pretreatment of seeds with 1 mM
SA induced seed germination by 24.1%, 34.4%, 58.5% and
86.1% in 100, 200, 300 and 400 µM As treated seeds,
respectively (Fig. 1).
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Results and Discussion

Fig. 1 : Germination rate in wheat seedlings treated with different doses of arsenic alone and in combination with salicylic acid. Values are mean of three
replicates ±SD
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As compared to control seedlings, protein content in As
treated seedlings decreased in a dose dependent manner
showing maximum reduction of 27.1% at 400 µM As treated
seeds (Fig. 5D). Whereas combined treatement of 1 mM SA with
different concentrations of As significantly lowered (24.5%)
protein content in wheat seedlings as compared to individual As
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Chlorophyll content (a+b) in leaves of wheat seedlings
decreased significantly with increase in As concentration with
respect to control. Maximum reduction of 67% in chlorophyll
content was noted in 400 µM As treated seeds. However, 1 mM
SA pretreatment prevented reduction in chlorophyll content in As
stressed wheat seedlings (Fig. 5A). As shown in Fig. 5B and C,
wheat seedlings treated with different concentrations of As
significantly increased proline and MDA content in a dosedependent manner. Maximum increase in proline (181.2%) and
MDA (80%) content was noted in 400 µM As treatment. In
contrast, proline and MDA content increased under different
combined treatment of As+1 mM SA treatment (Fig. 5B and C)
showing maximum reduction of 147.9% in proline and 49.5% in
MDA content in 400 µM As +1m MSA treatment.

eC

Root length decreased significantly by 28.8%, 59.4%,
79.4% and 86.8% in 100, 200, 300 and 400 µM As treated seeds
(Fig. 2A). However, 1 mM SA pretreatment considerably reduced
the inhibitory effect of As on root length by 24.3, 48.9, 70 and
83.4% in 100, 200, 300 and 400 µM As treated seeds. As induced
inhibitory effect on coleoptile length (p<0.05) (Fig. 2B) by 12.9,
47.8, 65.7 and 72.9% in 100, 200, 300 and 400 µM treated seeds,
while in 1 mM SA pretreated seeds decrease was only 1.6, 39.7,
62.4 and 69.6%, respectively. Root fresh and dry weight
decreased significantly by 27.1, 34.5, 57.6, 75.2% (Fig.3A) and
by 12.4, 26.5, 47.2, 69.6% (Fig 3B) in 100, 200, 300 and 400 µM
As treated seeds. While in SA pretreated seeds, root fresh and dry
weight decreased by 19.3, 24.9, 53.3, 72.5% (Fig.3A) and 4.8,
20.4, 44.1, 68.4% (Fig.3B) in 100, 200, 300 and 400 µM As
treated seeds, respectively. Similarly, fresh weight of coleoptile
was reduced by 18.7, 33.8, 50.8 and 69.8% and dry weight by
10.1, 24.7, 46.7 and 67% in 100, 200, 300 and 400 µM As treated
seeds (Fig. 4A). Combined treatment of 1 mM SA with different As
doses however, reduced coleoptile fresh weight by 11.2, 27.7,
47.2 and 67.8% and dry weight by 2.9, 19.9, 41.3 and 66.8%,
respectively (Fig. 4B).
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Fig. 2 : Root length (A) and Coleoptile lenght (B) of As treated wheat seedlings with (+SA) with and without (-SA) salicylic acid pre-treatment. Vertical bars
indicate mean ±SE
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Fig. 3 : Root fresh weight (A) and root dry weight (B) of As treated wheat seedlings with (+SA) with and without (-SA) salicylic acid pre-treatment.
Vertical bars indicate mean ±SE
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Results of the present study revealed that arsenate
adversely inhibited the fresh and dry weight of root and coleoptile
in wheat seeds. L. leucocephala seedlings showed gradual
decrease in dry weight with increase in Pb and Cd concentrations
(Shafio et al., 2008). Maheshwari and Dubey (2009) reported that
SA pre-application significantly relieved the retarding effect of
high concentration of Ni on growth, fresh weight and leaf dry
weight in rice seedlings. Kazemi et al. (2010) and El Tayep et al.
(2006) reported that dry weight of roots and shoots decreased in
Brassica napus and Helianthus annus due to Ni and Cu
treatment, however SA pretreatment relieved the toxic effects of
Cu on the growth parameters of Helianthus annus. Rofkar and
Dwyer (2013) showed that high concentration of arsenic (25 mg
L−1), plant biomass, leaf area, and total chlorophyll were all lower
than values in control plants.

eC

Yadav et al. (2014) reported decrease in all the growth
parameters, viz., fresh mass, shoot length and root length of
Helianthus annu L. var. DRSF-113 seedlings due to As toxicity.
Similarly 30% decrease in biomass production and increase in
anthocyanin concentration was observed in As treated Azolla
caroliniana (Rofkar et al., 2014).

MDA content, lesser production of H2O2, reduction in generation
of superoxide radicals and stability of membranes.
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treatment. Seed germination is one of the most sensitive process
to metal pollution because of lack of defense mechanisms and
hence is an important consideration while studying the effect of
heavy metals on seedling growth (Liu et al., 2005). In the present
study, SA pretreatment ameliorated As phytotoxicity in wheet
seedlings. The results of the present study are consistent with the
previous reports regarding As toxicity in plants. Mishra and
Choudhuri (1996) reported that SA (Raskin, 1992) alleviated the
inhibitory effect of Pb and Hg on seed germination of Oryza sativa.
In addition, treatment with exogenous SA caused H2O2
accumulation in Arabidopsis, tobacco and mustard (Rao et al.,
1997).
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Proline accumulation in response to As toxicity and its
alleviation due to exogenous application of SA has been reported
in several plants (Mishra and Dubey, 2006; Matysik et al., 2002).
Proline accumulation in plants is usually observed under various
stressed conditions. Although, its mechanism is not fully
understood, proline accumulation is suggested to be an adaptive
response against various abiotic stresses. SA inhibited Asinduced increase of MDA in this study, indicated that SA alleviated
the As induced oxidative stress in wheat. Benhamdi et al. (2014)
reported that MDA level in (Hedysarum pallidum and Lygeum
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In the present study, chlorophyll content decreased
significantly with increase in As concentrations which might be
due deterioration of chlorophyll pigments that eventually led to
decrease in photosynthetic efficiency in plants and ultimate
reduction in plant growth (Upadhyay and Panda, 2005).
Dehabadi et al. (2013) showed that toxic effects of As was
reflected by reduction in growth parameters and photosynthetic
pigments.
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A significant reduction in root length was observed as
compared to shoot length due to the fact that plant roots are the
first site of contact with these toxic arsenic species. Reduced root
length growth in response to arsenic treatment has been reported
by Hartley-Whitaker et al. (2001) and Liu et al. (2005) Holcus
lanatu and Triticum aestivum. Peralta et al. (2001) tested the
effect of five heavy metals on root and plant growth of alfalfa and
reported that exogenous application of SA ameliorated the
damaging effect of these heavy metals. Drazic et al. (2006)
reported that pretreatment with low concentrations of salicylic
acid enhanced root and shoot growth in alfalfa plants, which was
otherwise inhibited due to Cd toxicity. Choudhury and Panda
(2004) investigated the ameliorative role of SA on Cd induced
oxidative stress in roots of O. sativa. Their study revealed that Cd
treatment led to resulting in concomitant accumulation of Cd loss
of root elongation, growth and biomass of roots, thereby,
generating oxidative stress in plants. However, SA pretreatment
decreased the toxic effects generated by Cd as observed by low
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Fig. 4 : Coleoptile fresh weight (A) and coleoptile dry weight (B) of As treated wheat seedlings with (+SA) with and without (-SA) salicylic acid pretreatment. Vertical bars indicate mean ±SE
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Fig. 5 : Chlorophyll (a+b) content [µmol l-1 f.wt.] (A); Proline content [µmol g-1 f.wt.] (B); MDA content [nmol g-1 f.wt.] (C); Protein content [mg g-1] (D) of
untreated SA (–SA) and SA-pretreated (+SA) in the leaves wheat seedlings at various As concentrations. Vertical bars indicate mean ±SE
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spartum), increased significantly with increase in soil Sb and As
concentrations.

SA treatment has been found to reduce MDA
concentrationin many plants under heavy metal stress (Wang et
al., 2011; Popova et al., 2009). Decreased oxidative damage may
partially be ascribed to the antioxidant attribute of SA and to the role
of SA in activation of antioxidant responses (Popova et al., 2009).

In the present study, SA pretreatment inhibited MDA
content in As stressed plants indicating reduced oxidative stress
in wheat seedlings. Similar results have earlier been reported in
Vallisneria natans and Pisum sativum (Wang et al., 2011; Popova
et al., 2009). Increased oxidative damage may be partially
ascribed to the role of SA in activating antioxidant response
(Popova et al., 2009). These results suggests that exogenous
application of SA improved plant tolerance towards As
phytotoxicity.
Acknowledgment

I am greatful to Dr. Sevda Kirbag (Firat University,
Science Faculty) for her critical reading of the manuscript, editing
and suggestions.

Arnon, D.I.: Copper enzyme in isolated chloroplast polyphenoloxidase in
Beta vulgaris L. Plant Physiol., 24, 1-15 (1949).
Abedin, M.J. and A.A. Meharg: Relative toxicity of arsenite and arsenate
on germination and early seedling growth of rice (Oryza sativa L.).
Plant Soil, 243, 57–66 (2002).
Bates, L.S., R.P. Waldern and I.D. Teare: Rapid determination of free
proline for water-stress studies. Plant and Soil, 39, 205–207
(1973).
Benhamdi, A., A. Bentellis, O. Rached, G.D. Laing and A. Mechakra:
Effects of antimony and arsenic on antioxidant enzyme activities of
two steppic plant species in an old antimony mining area. Biol.
Trace Element Res, 158, 96-104 (2014).
Carbonell- Barrachina, A., M.A. Aarabi, R.D. DeLaune, R.P. Gambrell
and W.H. Patrick: The influence of arsenic chemical form and
concentration on Spartina patens and S. alterniflora growth and
tissue As concentration. Plant Soil, 198, 33–43 (1998).
Choudhury, S. and S.K. Panda: Role of salicylic acid in regulating
cadmium induced oxidative stress in Oryza sativa L. roots. Bulg. J.
Plant Physiol., 30, 95–110 (2004).
Dehabadi, S.Z., A. Shoushtari and Z. Asrar: Modulation of arsenic
toxicity-induced oxidative damage by coronatine pretreatment in
sweet basil (Ocimum basilicum) seedlings. Botany Botanique, 91,
442-448 (2013).
Drazic, G., N. Mihailovic and M. Lojic: Cadmium accumulation in

Journal of Environmental Biology, January 2015

254

F. Zengin

op
y

132, 272–281 (2003).
Mishra, S. and R.S. Dubey: Inhibition of ribonuclease and protease
activities in As exposed rice seedlings: Role of proline as enzyme
protectant. J. Plant Physiol.,163, 927-936 (2006).
Mishra, A. and M.A. Choudhuri: Possible implication of heavy metals (Pb
and Hg) in the free radical- mediated membrane damage in to rice
cultuvars. Ind. J. Plant Physiol., 1, 43- 47 (1996).
Mondal, P., C.B. Majumder and B. Mohanty: Laboratory-based
approaches for As remediation from contaminated water: Recent
developments. J. Hazard Mater., 137, 464–479 (2006).
Munzuroglu, O. and F.K. Zengin: Effect of cadmium on germination,
coleoptile and growth of barley seeds in the presence of gibberellic
acid and kinetin. J. Environ. Biol., 27, 671-677 (2006).
Panda, S.K. and H.K. Patra: Effect of salicylic acid potentiates cadmiuminduced oxidative damage in Oryza sativa L. leaves. Acta Physiol.
Plant., 29, 567–575 (2007).
Peralta, J.R., J.L. Gardea-Torresdey, K.J. Tiemann, E. Gomez, S.
Arteaga, E. Rascon and J.G. Parsons: Uptake and effects of five
heavy metals on seed germination and plant growth in alfalfa. Bull.
Environ. Contam. Toxicol.,66, 727–734 (2001).
Popova, L., L.T. Maslenkova, R.Y. Yordanova, A.P. Ivanova, A.P. Krantev,
G. Szalai and T. Janda: Exogenous treatment with SA attenuates
cadmium toxicity in pea seedlings. Plant Physiol. Biochem.,47,
224–231 (2009).
Raskin, I.: Role of SA in plants. Annu. Rev. Plant Physiol. Plant Mol.
Biol.,43, 439-463 (1992).
Rofkar, J.R. and D.F. Dwyer: Irrigation of three wetland species and a
hyperaccumlating fern with arsenic-laden solutions: Observations
of growth, arsenic uptake, nutrient status, and chlorophyll content.
Inter. J. Phytore., 15, 561–572 (2013).
Rofkar, J.R., D.F. Dwyer and D.M. Bobak: Uptake and toxicity of arsenic,
copper, and silicon in Azolla caroliniana and Lemna minor. Inter. J.
Phytore., 16, 155–166 (2014).
Rao, M.V., G. Paliyath, D.P. Ormrod, D.P. Murr and C.B. Watkins:
Influence of SA on H2O2 production, oxidative stress, and H2O2
metabolizing enzymes. Plant Physiol.,115, 137–149 (1997).
Shafio, M., I.M. Zafar and M. Athar: Effect of lead and cadmium on
germination and seedling growth of L. leucocephal. J. Appl. Sci.
Environ. Manage.,12, 61–66 (2008)
Smith, E., R. Naidu and A.M. Alston: As in the soil environment: A review.
Adv. Agron., 64,149–95 (1998).
Upadhyay, R.K. and S.K. Panda: Biochemical changes in Azolla pinnata
L. under Cr toxicity. J. Plant Biol.,32, 49–52 (2005).
Wang, C., S. Zhang, P. Wang, J. Hou, J. Qian, Y. Ao, J. Lu and L. Li: SA
involved in the regulation of nutrient elements uptake and oxidative
stress in V. natans Hara under Pb stress. Chemosphere, 84,
136–142 (2011).
Yadav, G., P.K. Srivastava, V.P. Singh and S.M. Prasad. Light intensity
alters the extent of arsenic toxicity in Helianthus annuus L.
seedlings. Biolo. Trace Element Res., 158, 410-421 (2014).

On
lin

eC

Medicago sativa seedling treated with salicylic acid. Biol. Plant.,
50, 239–244 (2006).
El-Tayeb, M.A., A.E. El-Enany and N.L. Ahmed: Salicylic acid-induced
adaptive response to copper stress in sunflower. Plant Growth
Regul., 50, 191–199 (2006).
Garg N. and P. Singh: Arsenic toxicity in crop plants: Physiological effects
and tolerance mechanisms. Environ. Chem. Lett., 9, 303-321
(2011). Graan, T. and D.R. Ort: Quantitation of the rapid electron
donors to P700, functional plastoquinone pool, and the ratio of the
photosystems in spinach chloroplasts. J. Biol. Chem., 259, 14003140010 (1984).
Graan, T. and D.R. Ort: Quantitation of the rapid electron donors to P700,
functional plastoquinone pool, and the ratio of the photosystems in
spinach chloroplast. J. Biol. Chem., 259, 14003-140010 (1984).
Hartley-Whitaker, J., G. Ainsworth and A.A. Meharg: Copperand
arsenate-induced oxidative stress in Holcus lanatus L. Clones with
differential sensitivity. Plant Cell Environ., 24, 713–722 (2001).
Hayat, Q., S. Hayat, M. Irfan and A. Ahmad: Effect of exogenous salicylic
acid under changing environment: A review. Environ. Exp. Bot.,68,
14–25 (2010).
Heath, R.L. and L. Packer: Photoperoxidation in isolated chloroplasts. I.
Kinetics and stoichiometry of fatty acid peroxidation. Arch.
Biochem. Biophys., 125, 189–198 (1968).
Kacar, B.: Chemical analysis of soil and plant. Ankara Univ., Faculty of
Agriculture,Publication No. 53, A.U. Press, Ankara (1972).
Kazemi, N., R.A. Khavari-Nejad, H. Fahimi, S. Saadatmand and T.
Nejad-Sattari: Effects of exogenous SA and nitric oxide on lipid
peroxidation and antioxidant enzyme activities in leaves of B.L.
under Ni stres. Sci. Horticul., 126, 402–407 (2010).
Krantev, A., R. Yordanova, T. Janda, G. Szalai and L. Popova: Treatment
with SA decreases the effect of Cd on photosynthesis in maize
plants. J. Plant Physiol.,165, 920–931 (2008).
Larson, L.A. and H. Beevers: Amino acid metabolism in young pea
seedlings. Plant Physiol., 40, 424–432 (1965).
Liu, X.L., S.Z. Zhang, X.Q. Shan and Y.G. Zhu: Toxicity of arsenate and
arsenite on germination, seedling growth and amylolytic activity of
wheat. Chemosphere, 61, 293–301 (2005).
Lowry, O.H., N.J. Rosebrough and R.J. Randall: Protein measurement
with Folin phenol reagent. J. Biol. Chem., 193, 265–275 (1951).
Maheshwari, R. and R.S. Dubey: Nickel-induced oxidative stres and the
role of antioxidant defence in rice seedlings. Plant Growth Regul.,
59, 37–49 (2009).
Matysik, J., B. Alia Bhalu and P. Mohanty: Molecular mechanisms of
quenching of reactive oxygen species by proline under stress in
plants. Curr. Sci., 82, 525–532 (2002).
Meharg, A.A. and J. Hartley-Whitaker: Arsenic uptake and metabolism in
arsenic resistant and non-resistant plant species. New Phytol.,
154, 29–43 (2002).
Metwally, A., I. Finkemeier, M. Georgi and K.J. Dietz: Salicylic acid
alleviates the cadmium toxicity in barley seedlings. Plant Physiol.,

Journal of Environmental Biology, January 2015

