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The combined effect of cadmium stress (0,5 mM Cd(NO;),) and salt stress (100 mM
NaCl) on growth, lipid peroxidation and activities of some antioxidant enzymes were
studied in soybean (Glycine max L. Merr.) leaves. Shoot lenghts were not changed under
all groups. But fresh and dry weight were decreased under salt treatment alone and Cd
treatment alone. The decrease was more in the group of combined of Cd and salt
treatment. Although APX activity increased under salt treatment alone and combined of
Cd and salt treatment, GR activity increased under Cd treatment alone and combined of
Cd and salt treatment. Nevertheless DHAR activity increased only in combined of Cd and
salt stress. MDA content increased under all groups but it was more in the combined of
Cd and salt stress which indicates that salinity is more harmful with cadmium stress in
soybean plants. Thus, it was concluded that some of antioxidant enzymes (APX, GR,
DHAR) increased their activity under combined of Cd and salt treatment but they were
not efficient to protect oxidative damage from soybean plants by alleviating the lipid
peroxidation.
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Salinity is one of the most important
environmental stress in the world which inhibits
growth and productivity of crops. It has been
estimated that more than 20 % of all cultivated
lands around the world contain salt levels high
enough to cause salt stress to crop plants (Moud &
Maghsoudi, 2008). Neverthless, the problem of

salinity becomes more toxic when plants are

exposed to Cd (CdNO;) stress by inducing
physiological disturbes (Shafi et al., 2009). Also it
was known that salt stress can enhance Cd content
in soil and promotes the uptake of this metal by
formating the CI-Cd complex in plants (Weggler et
al., 2000). Cadmium (Cd) is a toxic, non- essential
metal rapidly taken up by roots and accumulated in

various plant tissues which also hamper the crop
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growth and productivity worldwide like salinity (Gill
et al., 2011). This metal disrupts the uptake of
macro and micro elements and carbohydrate
metabolism (Gussarson et al., 1996; Moya et al.,
1993) and this causes to chlorosis and reduction in
photosynthetic rate. Thus it is important that to
investigate both of these stress factors in plants
reveal a threat for agricultural areas for increasing

the crop yield and growth.

Previous studies demonstrated that both Cd and
NaCl produces oxidative stress by generating free
radicals and reactive oxygen species (ROS) as
superoxide radicals (O, ), hydrogen peroxide (H,0,)
and hydroxyl radicals (Muhling & Lauchli, 2003; Xu
et al.,, 2010). This molecules react with proteins,
lipids and nucleic acids and lead to lipid
peroxidation. Increase in the production of ROS are
scavenged by antioxidant system which includes
superoxide dismutase (SOD EC, 1.15.1.1) peroxidase
(POX EC, 1.11.1.7) catalase (CAT EC, 1.11.1.6),
ascorbate peroxidase (APX EC, 1.11.1.11),
glutathione reductase (GR EC, 1.8.1.7) and
dehydroascorbate reductase (DHAR EC, 1.8.5.1)
enyzmes in plants. There are many studies that
there is a correlation with increasing antoxidant
enzyme activities with coping oxidative stress in
plants. Siripornadulsil (2002) and Wu et al. (2003)
also mentioned the plants can reduce cadmium
toxicity through the production of ROS scavengers.
Similarly, it is well known that salt stress can also
enhance the antioxidant enzyme activities in plants
for alleviating the oxidative damage (Azevedo- Neto

et al., 2006).

Soybean is important crop in our world because
of it’s high protein and oil content. Salinity and cd
toxicity inhibits productivity in this plant such as
others (wheat, barley and rice). Balestrasse et al.

(2004) reported that Cd toxicity caused senescence
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in soybean nodules by increasing protease activity
and ethylene production. Moreover, synergistic
effects of Cd and salt stress were determined that
inhibition on photosynthesis and growth in soybean
(Wei et al., 2007). In aggrement with this results,
Ferreira et al. (2002) were reported that some of
antioxidant enzymes increased in soybean plants
under Cd stress by increasing the lipid peroxidation.
In wheat plants, it was observed that cd and salt
stress effected more than salt stress alone (Shafi et
al.,, 2009). But there is no report on antioxidant
enzyme activities under Cd and salt stress in
soybean seedlings. Therefore, in the present study,
changes in some physiological parametres and
activities of some antioxidant enzymes (APX, GR,
DHAR) were determined under both Cd and salt

stress in soybean (Glycine max L. Merr.) leaves.
MATERIALS AND METHODS
Plant material and experimental design

Seeds of soybean (Glycine max L. Merr.) were
obtained from the seed company is called May,
from Bursa, Turkey. The seeds were sterilized in % 5
hypocloride solution for 15 minutes and then rinsed
three times in distilled sterile water. Than they
were sown in plastic trays (10 cm x 14cm),
containing soil. After germination, seedlings were
grown in a growth room, at 25 °C, (16h day/8h night
photoperiod), light intensity of 500 pmol m s * and
watered with Hoagland solution (Hoagland and
Arnon, 1950). 21 days old plants were exposed to
0,5 mM Cd(NOs),.4H,0, 100 mM NaCl, and 0,5 mM
Cd(NOs),.4H,0 + 100 mM NaCl in Hoagland solution
for 5 days. After that plants were harvested and

stored at - 20 °C for further analysis.
Analyses: Physiological analysis
Determination of fresh and dry weight

6 plants were taken at random divided into
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seperate root and leaf fractions. The fresh weights
(FW) of shoots were determined. The samples were
dried in a forced draft oven at 70 °C for 72 h and

then dry weights of shoots (DW) were determined.

Fresh weight of leaves were determined. The
leaves were floated on dIH,O water for 4h under
low irradiance and then the turgid tissue was
quickly blotted to remove excess water and their
turgid weights (TW) were determined. DW was

determined after leaves were dried in the oven.
Determination of relative water content (RWC)

After harvest on 5d of all treatment, six leaves
were obtained from soybean plants for each
species and their FW was determined. The leaves
were floated on de-ionised water for 5h under low
irradiance and then the turgid tissue was quickly
blottedto remove excess water and their turgid
weights (TW) were determined. DW was
determined after leaves were dried in the oven.
Relative water content was calculated by (Smart &
Bingham, 1974).

Determination of malondialdehyde content (MDA)

The level of lipid peroxidation in leaf samples
was determined in terms of malondialdehyde
(MDA) content according to the method of
Madhava Rao and Sresty (2000). Content of MDA,
which is an end product of lipid peroxidation, was
determined using the thiobarbituric acid reaction.
MDA concentration was calculated from the
absorbance at 532 nm and measurements were
corrected for non-specific turbidity by subtracting
the absorbance at 600 nm. The concentration of
MDA was calculated using an extinction coefficient

of 155 mM™*cm™.
Estimation of protein content

All operations were performed at 4 'C. For

protein and enzyme extractions, 0.5 g of fresh leaf

samples were homogenized in 1.5 ml of 50 mM
sodium phosphate buffer (pH 7.8) containing 1 mM
ethylenediaminetetraacetic acid (EDTA).Na, and 2%
(w/v) polyvinylpolypyrrolidone (PVPP). Samples
were centrifuged at 14,000xg for 30 min, and
supernatants were used for the determination of
protein content and enzyme activities. Total soluble
protein contents of the enzyme extracts were
determined according to Bradford (1976) using
bovine serum albumin as a standard. All
spectrophotometric analyses were conducted on a

Shimadzu (UV visible) spectrophotometer.
Ascorbate peroxidase (APX) activity

APX (EC 1.11.1.11) activity was measured
according to Nakano and Asada (1981). The assay
depends on the decrease in absorbance at 290 nm
as ascorbate was oxidized. The reaction mixture
contained 50 mM Na-phosphate buffer (pH 7.0), 50
mM ascorbate, 0.1 mM EDTA.Na,, 1.2 mM H,0, and
0.1 ml of enzyme extract in a final assay volume of
1 ml. The concentration of oxidized ascorbate was
calculated by using extinction coefficient of 2.8
mM™ cm™. One unit of APX was defined as 1 mmol

ml™ ascorbate oxidized min™.
Glutathione reductase (GR) activity

GR (EC 1.6.4.2) activity was measured according
to Foyer and Halliwell (1976). The assay medium
contained 25 mM Na - phosphate buffer (pH 7.8),
0.5 mM GSSG, 0.12 mM NADPH.Na, and 0.1 ml
enzyme extract in a final assay volume of 1 ml.
NADPH oxidation was followed at 340 nm. Activity
was calculated using the extinction coefficient of
NADPH (6.2 mM™ cm™). One unit of GR was defined
as Immol ml* GSSG reduced min™. The specific
enzyme activity for all enzymes was expressed as in

unit mg™* protein.
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Dehydroascorbate reductase (DHAR) activity

For the DHAR (EC 1.8.5.1) assay, a reaction
mixture containing phosphate buffer (pH 7.0) 0.7
ml, reduced glutathione (GSH) 20 mmol/L 0.1 ml in
the phosphate buffer (pH 7.0), 2 mmol/l DHA 0.1
mL, and crude enzyme 0.1 ml was used. DHA was
freshly prepared and kept on ice until it was added
to the reaction mixture in the cuvette to prevent its
fast oxidation at room temperature. The reduction
of DHA to ASA was monitored by the increase in
absorbance at 290 nm, taking 2.8 (mmol/l)* cm™ as
the absorbance coefficient (Krivosheeva et al.,

1996).
Statistical analysis

Each pot was treated as one replicate and all the
treatments were repeated three times. The data
were analyzed statistically with non- parametric test
Mann-Whitney U. Each data point was the mean of
six replicates (n=6) and comparisons with p values

<0.05 were considered significantly different.

RESULTS

In general cadmium alone, salt alone, and
combined of Cd and salt treatment did not change
the lenght of (Glycine max L. Merr.) seedlings as
compared to control group. But there were some
differences in the leaves of dry and fresh weight
and relative water content under three different
stress treatment. Fresh weight of leaves were
decreased by 20,46 % and 12,18 % under combined
of Cd and salt treatment and cd treatment alone as
compared to control group respectively. Similarly
dry weight of leaves were decreased under same
groups, but it was more remarkable in combined of
Cd and salt treatment by 35,2 % and 15,50 % in the
group of Cd treatment alone. On the other hand,
fresh weight and dry weight of leaves were

reduced by 10,79 % and 13,63 % in the group of salt
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treatment alone (100 mM NaCl) according to

control group respectively.

Relative water content was decreased under
combined effect of Cd and salt and Cd treatment
alone as compared to control group. Also it was
decreased under salt treatment alone (100 mM
NaCl) by 13,31 %. The combination of Cd and salt
treatment led to significiant reduction in 23, 58 %
when compared with Cd treatment alone ( 15,86
%).

APX activity was enhanced in (Glycine max L.
Merr.) leaves under combined of Cd and salt and
salt treatment alone as compared to control group.
But it was more pronounced in combined of Cd and
salt treatment by 47,61 %. This increase was also
significiant by 28,57 % under salt treatment alone
(100 mM NacCl). Otherwise cd treatment alone did
not change the APX activity in the leaves of this
plant. In contrast to APX enzyme activity, GR
activity was not changed in (Glycine max L. Merr.)
leaves under salt treatment alone (100 mM NaCl).
Otherwise it was significiantly enhanced in
combined effect of Cd and salt stress by 20 % like
APX activity. In addition to that, cd treatment alone
increased the GR activity by 13,33 % according to

control group.

Similar to GR, DHAR activity was not changed in
the leaves of this plant under salt treatment alone.
Beside this, differently from GR; it was also
unchanged in the group of Cd treatment alone.
Otherwise DHAR activity was increased only in
combined of Cd and salt treatment as compared to
control group like APX and GR activities, but this
increase (18,18 %), was lower when compared with
APX and GR activity. MDA content was increased in
the leaves of this plant under all groups as
compared to control group. This increase was

remarkable in cd stress alone by 43,39 %.
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Otherwise, this increase was 17,45 % by salt and salt treatment MDA content was enhanced by

treatment alone. In the group of combined of Cd 54,61 % as compared to control group.
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Figure 1. Changes in a) APX b) GR c) DHAR activities in leaves of (Glycine max L. Merr.) under stress
treatment for 5 days (C, S, Cd, S+Cd). C: control; S: 100 mM NaCl, Cd: 0,5 m M Cd(NOs),,
S+Cd: (100 mM NaCl + Cd(NOs),. The different letters are significantly different (p < 0.05)
values.

MDA (nmol gr FW 7Y

HC

mcd
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Figure 2. Changes in MDA content (nmol gr FW™) in leaves of (Glycine max L. Merr.) under stress
treatment (C, S, Cd, S+Cd). C: control; S: 100 mM Nacl, Cd: 0,5 mM Cd(NO3), S+Cd: (100 mM
NaCl + Cd(NOs),. The different letters are significantly different (p < 0.05) values.
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Table 1. Changes in relative water content (% ), fresh and dry weight (gr), shoot lenght (cm) in leaves
of (Glycine max L. Merr.) under stress treatment for 5 days (C, S, Cd, S+Cd). C: control; S:
100 mM NacCl, Cd: 0,5 mM Cd(NO;), S+Cd: (100 mM NaCl + Cd(NOs),. The different letters
are significantly different (p < 0.05) values.

Groups Relative water Fresh weight Dry weight Shoot lenght
content (%) (gr) (gr) (cm)
(C) 54,58 +0,56 ° 1,76+ 0,07° 0,19 £ 0,03° 50,1+ 0,52°
(S) 47,23+ 0,88° 1,55+0,05° 0,17+0,05° 50,47+ 0,68"
(cd) 45,92+ 0,34° 1,57+ 0,03° 0,16 +0,07° 50,40 + 0,69°
(Cd+S) 41,71 +0,57¢ 1,40 £ 0,04° 0,12+ 0,08° 50,46 £ 0,70°
DISCUSSION plants by disturbing the photosynthesis and

In the present study, lenght of soybean (Glycine
max L. Merr. ) shoots were not changed under all
stress treatments (Table 1). In contrast to our
results, Shafi et al (2009) reported that Cd and NaCl
treatment decreased in shoot lenght of wheat
species. Also in the previous studies, it was shown
that a inhibition of shoot lenght of soybean plants
was in hydroponic treatments under Cd (Ferreira et
al., 2002) and salt stress (Kang et al., 2007). In our
study, it can be suggested that Cd (0,5 mM) and salt
treatment (100 mM NaCl) for 5 days were short
time to inhibit shoot lenght in soil experiment when
compared to other studies. These results are in
aggrement with Drazic et al. (2004) reported that
growth of plants under stress conditions were
related with concentration, kind of treatment,
duration and plant species. So our results being
different from the others were probably due to

growth conditions, duration and concentrations.

In the present study, fresh and dry weight of
leaves in soybean plant, were decreased under all
groups but it was remarkable in the group of both
Cd and salt treatment. In parallel with our results,
Shafi et al. (2011) mentioned that Cd treatment
inhibited dry weight of wheat plants. Moreover
observed excess Cd

Raziuddin et al. (2011)

accumulation in soil can reduce the growth of

chlorophyll synthesis. So it can be suggested that

both of this stress factors affected the soybean

plants more negatively by disturbing the
physiological and biochemical parameters. In
aggrement with our results, Smykalova and

Zamecnikova (2003) observed that NaCl + Cd
treatment inhibited the fresh and dry weights of
barley plants. Otherwise it's well known that
salinity also inhibits fresh and dry weights of plants.
As (Farhoudi and Tafti, 2011) mentioned, fresh
weight of soybean seedlings significiantly decreased
with the increase of salinity levels. Similarly, there
was a reduction of this parameters in soybean
under salt treatment alone in

leaves our

experiments (Table 1).

Inhibition of growth can be related with
decreasing water content in plants under stress
conditions (Mittler, 2002). In the present study,
relative water content was decreased under all
groups. (Table 1). This is consistent with the
findings in Brassica sp (Raziuddin et al., 2011). Salt
treatment alone reduced the relative water content
of soybean leaves but it was higher in the group of
Cd treatment alone in our experiment. These
findings are in aggrement with previous report in
Atriplex plants (Levefre et al., 2009). It can be

suggested that, decrease in relative water content

is related with osmotic stress. Moreover it has been
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reported that in Arabidopsis plants, proline content
was increased under combined of Cd and salt stress
(Xu et al., 2010). According to this results, it’s clear
that Cd toxicity can also tigger the osmotic stress

like salinity in soybean plants.

Malondialdehyde (MDA) as the decomposition
product of polyunsaturated fatty acids of
biomembranes, showed greater accumulation
under stress condition (Gossett et al., 1996). In the
present study, MDA content was increased in the
leaves of soybean plant under all groups as
compared to control group (Figure 2). In additional
this, combined Cd and salt treatment had a higher
than either salt or Cd treatment alone. In
aggrement with our results, Shafi et al. (2010)
reported that MDA content was increased under
salt and Cd stress in wheat plants. Our results are
suggested that the enhanced in MDA content under
Cd and salt treatment can be related with
increasing reactive oxygen species. In literature,
there are many reports changing MDA content
under salinity in plants (Hernandez and Alamansa,
2002; Yu and Liu, 2003). However as Hegedus et al.
(2001) mentioned Cd toxicity also increased MDA
content of barley plants. Also it's well known that
salt stress may occur oxidative damage, but from
this results, it is more toxic when plants are

exposed to Cd treatment.

APX plays vital role in plant defence against
oxidative stress by scavenging H,0, in chloroplast,
ctyosol, mitochondria and peroxisome of plant cells
(Asada, 2006). Different reports have shown
increased activity of APX in response to stress
treatments (Hernandez et al., 1995). In the present
study, APX activity was enhanced by 28,57 % in the
leaves of soybean under salt stress alone as
compared to control group (Figure 1a). In paralel to

our results, Yu and Liu (2003) reported that APX

activity was enhanced in the leaves of salt tolerant
cultivar of soybean plants under salt stress.
Otherwise Cd treatment alone did not change the
APX activity in the leaves of this plant. Similarly,
Ferreira et al. (2002) observed CAT activity did not
change under Cd stress in soybean plants. CAT
enzyme is also plays role by detoxifying the H,0..
The combined of Cd and salt stress had a higher
APX activity as compared to control group than
either salt or Cd treatment alone (47,61 %). It’s
clear that salinity induces the APX activity in the
leaves of soybean plants with lower MDA content
compared to combined of Cd and salt treatment, Cd
treatment alone may not be efficient to increase
this enzyme activity. The increase of MDA content
in the group of Cd treatment alone can be related

with unchanged APX activity.

GR is a potential enzyme of the ASC-GSH cycle
which plays an essential role in the plant’s defence
against ROS by maintaining the GSH level (Madhavo
Rao et al., 2000). In our experiment, GR activity did
not change under salt treatment alone in the leaves
of soybean plants (Figure 1b). In agrement with our
results, Meloni et al. (2003) mentioned that GR
activity did not change under salt stress in cotton
plants. In te present study, although APX activity
was higher under salt treatment alone, unchanged
GR activity can be related with increase MDA
content as compared to control group under salt
treatment alone. However, combined effect of Cd
and salt treatment increased the GR activity by 20
%. Ferreira et al. (2011) observed GR activity in
soybean plants did not change under Cd treatment.
In contrast to this result, we found that GR activity
increased with Cd treatment alone but it was lower
than combined Cd and salt stress. Similar with our
results, GR activity increased in Phaseolus vulgaris

plant under Cd treatment (Chaoui et al. 1997).
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Because of the unchanged activity of APX in the
group of Cd treatment alone, APX and GR enzymes

can not complete the ascorbate-glutathione cycle.

In ascorbate-glutathione cycle,
monodehydroascorbate is regenerated by NADPH
in a reaction catalyzed by MDAR and DHAR catalysis
the reduction of DHA to AsA by oxidizing GSH. The
oxidative form of glutathione (GSSG) is reduced by
GR (Noctor & Foyer, 1998). In addition, GR
regulates GSH/GSSG ratio and supplies GSH for
DHAR, which convert H,0, to H,O and reduce
oxidized ascorbate, respectively. Although GR also
increases NADP*/NADPH ratio. DHAR is thought to
play an important role in the oxidative stress
tolerance of plants by regenerating ascorbate from

dehydroascorbate (Foyer & Mullineaux, 1998).

In our results, DHAR activity was not changed
under salt treatment and Cd treatment alone. It
was only increased in the group of Cd and salt
treatment by (18,8 %) (Figure 1c). In literature there
are some reports that DHAR activity increased
under salt stress (Mittova et al., 2003; Amor et al.,
2006). Nevertheless, Gallego et al. (1999) reported
that DHAR activity decreased in the leaves of
sunflower plant under Cd treatment. However, it
increased in the root of soybean plants under Cd
stress (Balestrasse et al. 2001). In our experiment,
under salt treatment alone, both GR and DHAR
activity were not changed. So it can be said that
APX activity was not efficient alone for decreasing
MDA content. Otherwise, Cd treatment alone
increased only GR activity, not the APX and DHAR.
Increase in MDA content in this group can be
related with this results. Neverthless, the combined
of Cd and salt stress treatment had higher APX, GR
and DHAR activity as compared to control group.

The MDA content was increased according to
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control group although this enzyme activity was

increased significiantly.
CONCLUSIONS

In the present study, cd and salt treatment
alone decreased the physiological parameters (dry
and fresh weight, relative water content) but the
combined effect of cd and salt treatment was more
negative in the leaves of soybean plants.
Nevertheles, it’s clear that some of antioxidant
enzymes (APX, GR, DHAR) increased their activity
under combined of cd and salt treatment but they
were not efficient to protect oxidative damage from
soybean plants by alleviating the lipid peroxidation.
Further biochemical and molecular studies are
required to clarify the effects of cd and salt stress in

the leaves of soybean (Glycine max L. Merr.) plants.
REFERENCES

Asada, K. (2006) Production and scavenging of
reactive oxygen species in chloroplasts and

their functions. Plant Physiol., 141:391-396.

Azevedo, N., Prisco, J.T., Eneas-Filho, J., Abreu,
C.E.B. and Filho, E.G. (2006) Effect of salt stress
on antioxidative enzymes and lipid

peroxidation in leaves and roots of salt

tolerant and salt-sensitive maize genotypes.

Environ. Exp. Bot., 56: 87-94.

Balestrasse, K.B., Gallego, S.M. and Tomarol, M.L.
(2004) Cadmium-induced senescence in
nodules of soybean (Glycine max L.) plants.
Plant and Soil., 262: 373-381.

Ben Amor, N., Ben Hamed, K., Debez, A., Grignon, C.
and Abdelly, C. (2005) Physiological and
antioxidant responses of the perennial
halophyte Crithmum maritimum to salinity.
Plant Sci., 68: 889— 899.

Bradford, M.M. (1976) A rapid and sensitive

method for the quantization of microgram

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 8 No. 42012



188 Changes in Physiological Parameters...

quantities of protein utilizing the principle of
the protein-dye binding. Analytical Biochem.,
72:248-254.

Chaoui, A., Mazhoudi, S., Ghorbal, M.H. El and
Ferjani, E. (1997) Cadmium and Zinc Induction
of Lipid Peroxydation and Effects on
Antioxidant Enzyme Activities in Bean
(Phaseolus vulgaris L). Plant Sci.,, 127: 139-
147.

DraZi¢, G., Mihailovi¢, N. and Stojanovi¢, Z. (2004)
Cadmium toxicity: the effect on macro- and
micro-nutrient contents in soybean seedlings.

Biologia Plantarum 48(4): 605-607.

FAO (2008). Land and Plant Nutrition Management
Service.

http://www.fao.org/ag/ag/agll/spush

Farhoudi, R. and Tafti, M. (2011) Effect of Salt Stress
on Seedlings Growth and lons Homeostasis of
Soybean (Glycine Max) Cultivars. Advances in

Environ. Biol., 5(8): 2522-2526.

Ferreira, R.R., Francisco, F.R., Pierre, V.A., Lea, P.J.,
and Antunes, A.R (2002) Changes in
antioxidant enzyme activities in soybean under

cadmium stress. J Plant Nutr., 25: 327-342.

Foyer, C.H. and Halliwell, B. (1976) The presence of
glutathione and glutathione reductase in
chloroplasts: a proposed role in ascorbic acid

metabolism. Planta 133: 21-25.

Foyer, C.H. and Mullineaux, P.M. (1998) The
presence of dehydroascorbate and
dehydroascorbate reductase  in plant

tissues. FEBS Letters 425:528-529.

Gallego, S.M., Benavides, M.P. and Tomaro, M.L.
(1999) Effect of Cadmium lons on Antioxidant
Defense System in Sunflower Cotyledons. Biol.

Plant., 42: 49-55.

Gill, S.S., Khan, N. and Tuteja, N, (2011) Differential

cadmium stress tolerance in five indian
mustard (Brassica juncea L.) cultivars. Plant

Signal Behav., 6: 293-300.

Gossett, D.R., Banks, S.W., Millhollon, E.P. and
Lucas, M.C. (1996) Antioxidant response to
NaCl in a control and an NaCl tolerant cell line
grown in the presence of paraquat, butathione
sulfoximine, and exogenous glutathione. Plant

Physiol., 112:803-809.

Gussarson, M., Asp, H., Adalsteinsson, S. and
Jensén, P. (1996) Enhancement of Cd effects
on growth and nutrient composition of birch
(Betula pendula) by buthionine sulphoxinine

(BSO). J Exp Bot., 47: 211-215.

Hegedus, A., Erdei, S., and Horvath, G. (2001)
Comparative studies of H,0, detoxifying
enzymes in green and greening barley
seedlings under cadmium stress. Plant Sci.,

160:1085-1093.

Hernandez, J.A. and Alamansa, M.S. (2002) Short-
term effects of salt stress on antioxidant
systems and leaf water relations of pea leaves.

Physiol Plant., 115: 251- 257.

Hernandez, J.A., Olmos, E., Corpas, F.J., Sevilla, F.
and Rio del, L.A. (1995) Salt induced oxidative
stress in chloroplast of pea plants. Plant Sci.,

105 151-167.

Hoagland, D.R. and Arnon, D.l. (1950) The water
culture method for growing plants without

soil. Calif. AES Bull., 347 : 1-32

Huang, Y.Z., Kang, W., Yang, J., Fei, D. and Zhang,
G.P. (2007) Interaction of salinity and
cadmium stresses on mineral nutrients,
sodium, and cadmium accumulation in four
barley genotypes . Zhejiang Univ Sci., B 8:476-
485.

Kang, W., Shamsi, I.LH. and Zhang, G.P. (2007)

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 8 No. 42012


http://www.fao.org/ag/ag/agll/spush

Aksoy, Segkin Dinler

Synergistic interaction of NaCl and Cd on
growth and photosynthetic parameters in
soybean genotypes differing in salinity
tolerance. J Zhejiang Univ. Sci., B 8(4): 266-
271.

Krivosheeva, A., Tao, D.L., Ottander, C., Wingsle, G.,
Dube, S. and Oquist, G. (1996) Cold
acclimation and photoinhibition of

photosynthesis in Scots pine. Planta 200: 296-

305.

Levefre, I.,, Marchal, G., Edmond Ghanem, M.,
Correal, E. and Lutts, S. (2010) Cadmium has
contrasting effects on polyethylene glycol-
sensitive and resistant cell lines in the
Mediterranean halophyte species Atriplex

halimus L. J Plant Physiol., 167(5):365-74.

Madhava, R. K.\V. and Sresty, T.V.S. (2000)
Antioxidative parameters in the seedlings of
pigeon pea (Cajanus cajan L. Millspaugh) in
response to Zn and Ni stresses. Plant Sci.,

157:113-128.

Meloni, D.A., Oliva, M.A.,, Martinez, C.A. and
Cambraia, J. (2003) Photosynthesis and activity
of superoxide dismutase, peroxidase and
glutathione reductase in cotton under salt

stress. Environ. Exp. Bot., 49: 69- 76.

Mittler, R. (2002) Oxidative stress, antioxidants and

stress tolerance. Trends Plant Sci., 7, 405-410.

Mittova, V., Theodoulou, F.L., Kiddle, G., Gomez, L.,
Volokita, M., Tal, M., Foyer, C.H. and Guy, M.
(2003) Coordinate induction of glutathione
biosynthesis and glutathione-metabolizing
enzymes is correlated with salt tolerance in

tomato. FEBS Lett., 554: 417-421.

Monteiro, C.C., Carvalho, R.F., Gratdo, P.L.,
Carvalho, G., Tezotto, T., Medici, L.O., Peres,
L.E.P. and Azevedo, R.A. (2011) Biochemical

189

responses of the ethylene-insensitive Never
ripe tomato mutant subjected to cadmium and

sodium stresses. Environ Exp Bot., 71: 306-320.

Moud, M. and Maghsoudi, K. (2008) Salt Stress
Effects on Respiration and Growth of
Germinated Seeds of Different Wheat
(Triticum aestivum L.) Cultivars. World Journal

of Agricultural Sciences. 4: 351-358.

Moya, J.L., Ros, R. and Picazo, I. (1993) Influence of
cadmium and nickel on growth, net
photosynthesis and carbohydrate distribution

in rice plants. Photosynth Res., 36: 75-80.

Mihling, H.K. and Lauchli, A. (2003) Interaction of
NaCl and Cd stress on compartmentation
pattern of cations, antioxidant enzymes and
proteins in leaves of two wheat genotypes
differing in salt tolerance. Plant and Soil

253:219-231.

Nakano, Y. and Asada, K. (1981) Hydrogen peroxide
is scavenged by ascorbate-specific peroxidase
in spinach chloroplasts. Plant Cell Physiol., 22:
867-880.

Noctor, G. and Foyer, C.H. (1998) Ascorbate and
glutathione: keeping active oxygen under
control. Annu Rev Plant Physiol Plant Mol Biol.,
49:249-279.

Raziuddin Farhatullah, Hassan, G., Akmal, M., Shah,
S.S., Mohammad, F., Shafi, M., Bakht, J. and
Zhou, W. (2011) Effects of cadmium and
salinity on growth and photosynthesis
parameters of Brassica species. Pak. J. Bot.,
43(1): 333-340.

Shafi, M., Bakht, J., Raziuddin, H.Y. and Zhang, G.
(2011) Genotypic differences in theinhibition
of photosynthesis and chlorophyll

fluorescence by salinity and cadmiumstresses

on stresses in wheat. J. Plant. Nut., 34: 315-23.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 8 No. 42012



190 Changes in Physiological Parameters...

Shafi, M., Bakht, J., Jaffar, H.M., Raziuddin, M. and
Guoping, Z. (2009) Effect of Cadmium and
Salinity Stresses on Growth and Antioxidant
Enzyme Activities of Wheat (Triticum aestivum

L.). Bull Environ Contam Toxicol., 82:772-776.

Shafi, M., Zhang, G.P., Bakht, J., Khan, M.A. and
Islam, M.K.(2010) Dawood and Raziuddin.
Effect of cadmium and salinity stresses on root
morphology of wheat. Pak. J. Bot., 42(4): 2747-
2754.

Siripornadulsil, S., Traina, S., Verma, D.P..S and
Sayre, R.T. (2002) Molecular mechanisms of
proline-mediated tolerance to toxic heavy
metals in transgenic microalgae. Plant Cell 14:
2837-2847.

Smart, R.E. and Bingham, G.E. (1974) Rapid
estimates of relative water content. Plant
Physiol., 53: 258-260.

Smykalova, |. and Zamecnikova, B. (2003) The
relationship between salinity and cadmium

stress in barley. Biol. Plant 46(2): 269-273.

Weggler-Beaton, K., Mclaughin, M.J. and Graham,
R.D. (2000) Salinity increases cadmium uptake
by wheat and swiss chard from soil amended

with biosolids. Aust. J. Soil Res., 38: 37-45.

Wei, K., Shamsi, I.H. and Zhang, G. (2007)
Synergistic interaction of NaCl and Cd on
growth and photosynthetic parameters in
soybean genotypes differing in salinity

tolerance. J Zhejiang Univ. Sci. B 8: 266-271.

Wu, F.B., Zhang, G. and Dominy, P. (2003) Four
barley genotypes respond differently to
cadmium: lipid peroxidation and activities of
antioxidant capacity. Environ Exp Bot., 50: 67—
78.

Xu, J., Yin, H., Liu, X. and Li, X. (2010) Salt effects
plant Cd- stress responses by modulating
growth and Cd accumulation. Planta 231:449—-
459.

Yu, B.J. and Liu, Y.L. (2003) Effects of salt stress on
the metabolism of active oxygen in seedlings

of annual halophyte Glycine soja. Acta Bot

Boreal-Occident. Sin., 23: 18-22.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 8 No. 42012



