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SUMMARY 

In this study, the combined effects of salt and cadmium 
stresses on the enzymes of the antioxidative defence system 
were investigated in two Lycopersicon esculentum (Ly-
copersicon e.) genotypes, namely, salt-sensitive Rhein-
lands Ruhm and salt-tolerant var. cerasiforme. Plants were 
grown under salt (100 mM and 200 mM NaCl), cadmium 
(100 µM and 200 µM CdCl2), and their combinations for 
eight weeks in controlled environmental conditions. Chlo-
rophyll a and chlorophyll a/b ratio significantly increased 
under salt stress in salt-tolerant var. cerasiforme, but de- 
creased in salt-sensitive Rheinlands Ruhm. Chlorophyll 
contents were decreased under cadmium and salt stress 
combinations in both genotypes. Superoxide dismutase 
(SOD) activity almost remained unchanged in both culti-
vars. Ascorbate peroxidase (APX) activity in Lycopersicon 
e. var. cerasiforme was found to be higher than in Rhein-
lands Ruhm, whereas glutathione reductase (GR) activities 
decreased in Rheinlands Ruhm under all stress treatments. 
In cerasiforme variety, CAT activity significantly increased 
under single and combined stress treatments, and it seems 
that APX and CAT may play a more important role than 
SOD and GR in this salt-tolerant tomato variety at com-
partments affected from salt and cadmium stresses. Also, 
cadmium contents were higher in roots of salt-sensitive 
Rheinlands Ruhm, compared to the tolerant cerasiforme. 
We concluded that the genotype cerasiforme has higher 
tolerance to cadmium stress than that of Rheinlands Ruhm, 
and may be cross-tolerant to both salt and cadmium stresses. 
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INTRODUCTION 

Soil contamination with heavy metals has become a 
world-wide problem, leading to losses in agricultural yield, 
but also hazardous health effects when they enter the food 
chain [1]. The main sources of contamination in agricul-
tural soils are fertilizer impurities (Cd+2), and the use of 
refuge-derived compost and sewage sludge. Disposal of 
household, municipal and industrial wastes has given rise 
to even more widespread cadmium soil concentrations [2]. 
Cadmium is a toxic trace pollutant for plants, animals and 
humans. It has been revealed that Cd is strongly phyto-
toxic and causes growth inhibition, and even plant death 
due to its interaction with photosynthesis, respiration and 
nitrogen assimilation in plants [3, 4]. 
 

Tomatoes are important greenhouse crops in semi-
arid regions of the Mediterranean countries. In these re-
gions, soil and ground water salinity are serious problems 
that affect both tomato yield and quality [5]. Water is also 
a limited resource that must be conserved, and high salin-
ity may cause ionic imbalance and toxicity in plants [6]. 

 
Aerobic oxidative metabolism represented a major evo-

lutionary step for living organisms, allowing a more effi-
cient utilization of the energy stored in chemical bonds. 
On the other hand, the use of molecular oxygen as the final 
electron acceptor posed a risk of oxidative damage due to 
the production of partially reduced intermediates, known 
as reactive oxygen species (ROS) [7]. ROS are partially 
reduced forms of atmospheric oxygen (O2). They typically 
result from the excitation of O2 to form singlet oxygen 
(O2

1), or from the transfer of one, two or three electrons to 
O2, respectively, a superoxide radical (O2

-), hydrogen per-
oxide (H2O2) or a hydroxyl radical (HO.). ROS are capa-
ble of unrestricted oxidation of various cellular components, 
and can lead to the oxidative destruction of the cells [8, 
9]. The cells are normally protected against these ROS by 
the operation of intricate antioxidative enzymatic (super-
oxide dismutase, SOD; EC 1.15.1.1, ascorbate peroxidase, 
APX; EC 1.11.1.11, glutathione reductase GR; EC 1.6.4.2 
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and catalase CAT; EC 1.11.6) and non-enzymatic (ascor-
bate, tocopherol, carotenoids, glutathione and phenolic com-
pounds) systems [10, 11].  

 
Under field conditions, multiple stress factors, such as 

combined salt and cadmium stresses act simultaneously 
on the plant. In plant cells, these stress conditions promote 
the formation of harmful ROS, which may initiate destruc-
tive oxidative processes, such as chlorophyll bleaching, 
lipid peroxidation, protein oxidation, and damage of nucleic 
acid [9, 13]. Heavy metal [3, 13], salt [9, 14] and drought 
[15] stresses in different crop plants have been observed. 
However, no information is available on the relationship 
between salt tolerance and the level of antioxidant en-
zymes under Cd stress. 

 
Much of the previously evidenced effects is based on 

the response of plants under a single stress factor. In the 
current study, the effects of salt and Cd, singly and com-
bined, on the activity of the antioxidant enzymes, pigment 
content and the lipid peroxidation of two different salt-
tolerant tomato cultivars were investigated, based on two 
hypotheses (relationship between salt tolerance and Cd 
stress, and cross tolerance between salt and Cd stress). 

 
 
MATERIALS AND METHODS 

Plant materials and stress applications 

In this study, the relatively salt-tolerant Lycopersicon 
esculentum var. cerasiforme (LA 1310) and non-tolerant 
Lycopersicon esculentum cv. Rheinlands Rhum (LA 0535) 
were used. The seeds were obtained from the Tomato Ge-
netic Resource Center, Department of Vegetable Crops, 
University of California, Davis, USA. Seeds were applied 
to 3 % sodium hypochlorite for 30 min to sterilize the sur-
face, rinsed in distilled water and treated with 0.1 M H2SO4 
for 1 h and embedded for 24 h with aerated water. After 
imbibitions, the seeds were planted into plastic pots con-
taining perlit (3000 g). Plants were grown at 26/22 °C (day/ 
night) temperatures at 65 ± 5 % relative humidity (RH) in 
a growth chamber with 480 µmol.m2.s-1 light (16/8 h day/ 
night cycle). Pots were watered with 0.5N Hoagland solu-
tion [16], containing CdCl2 (M0 control, M1 100 µM, M2 
200 µM Cd2+ as CdCl2) and NaCl (S0 control, S1 100 mM 
and S2 200 mM NaCl), and their combinations were ap-
plied at the end of eight weeks. Seedlings were grown under 
cadmium and salt stress for one week, and then harvested. 
Samples of leaves used for biochemical analyses were flash- 
frozen in liquid N2 and stored at -50 ºC. 

 
Cadmium analysis 

The heavy metal content was determined by atomic 
absorption (Hitachi 180-80). The dried root tissues were 
digested in perchloric acid and nitric acid (1:3), and then 
dry-ashed overnight at 400 °C. The residues were dissolved 
in nitric acid (0.1 % v/v).  

Extraction and analysis of chlorophylls 

The extraction of chlorophylls was carried out ac-
cording to Porra et al. [17], and leaves were homogenized 
with acetone (80 %). Chlorophyll a and b were measured 
at 647 and 664 nm with a Perkin Elmer Lambda EZ 200 
spectrophotometer), and then chl a/b ratio and total chlo-
rophyll content were determined.  

 
Lipid peroxidation 

Lipid peroxidation was determined by measuring the 
amount of malondialdehyde (MDA), according to Karabal 
et al. [18]. Aliquots (0.2 g) of leaf tissues from control 
and treated plants were cut into small pieces, and homoge-
nized by adding 1 ml of 5 % trichloroacetic acid (TCA) 
solution. The homogenates were then transferred into fresh 
tubes and centrifuged at 12,000 g at room temperature for 
15 min. 

 
Equal volumes of supernatants and 0.5 % thiobarbituric 

acid (TBA) in 20% TCA solution (freshly prepared) were 
added into a new tube, and incubated at 96 °C for 25 min. 
The tubes were transferred into an ice-bath, and then centri-
fuged at 10,000 g for 5 min. The absorbance of the super-
natants was recorded at 532 nm, and corrected for non-
specific turbidity by subtracting the absorbance at 600 nm 
using 0.5 % TBA in 20% TCA solution as the blank. MDA 
content was determined using the extinction coefficient of 
155 mM-1 cm-1. 

 
Enzyme assays 

Frozen leaves (1 g) were homogenized in 5 ml of 0.1 M 
potassium phosphate buffer (pH 6.8) containing 100 mg 
PVP and 0.1 mM EDTA. The homogenate was centrifuged 
at 16,000 g for 5 min at 4 ºC, and the supernatant was im-
mediately used for the following enzyme assays. Total SOD 
(superoxide dismutase; EC 1.15.1.1) activity was assayed 
by monitoring the inhibition of photochemical reaction of 
nitro blue tetrazolium (NBT), according to the method of 
Beyer and Fridowich [19]. One unit of SOD activity was 
defined as the amount of enzyme required to cause 50 % 
inhibition of the reduction of NBT, monitored at 560 nm. 
To determine APX (ascorbate peroxidase; EC 1.11.1.11) 
activity, fresh leaf tissue (1 g) was homogenized in 1.5 ml of 
extraction medium containing HEPES 200 mM (pH 7.8), 
EDTA 2 mM, MgCl2 5 mM, DTT 1 mM, and sodium ascor- 
bate 4 mM. The crude extract was centrifuged at 16,000 g 
for 5 min at 4 oC, and the supernatant was used for the meas-
urements according to the method of Bonnet et al. [20]. A 
decrease in absorbance at 290 nm was observed, when 
ascorbate was oxidized. APX activity was calculated using 
an extinction coefficient of 2.8 mM-1 cm-1 at 290 nm. CAT 
(catalase; EC 1.11.1.6) activity was assayed by measuring 
the rate of decomposition of H2O2 at 240 nm, as described 
by Aebi [21],and activity was determined by the reduction 
of the absorbance in 30 seconds. GR (glutathione reduc-
tase; EC 1.6.4.2) activity was measured by following the 
change of glutathione (GSSG)-dependent oxidation of 
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NADPH at 340 nm, according to the method of Carlberg 
and Mannervik [22].  

 
Statistical Evaluation 

At least, duplicate measurements of three replicates 
were used to determine the effects of four independent 
variables (control, salt, Cd and salt+Cd combination) on 
antioxidative response, lipid peroxidation and pigment 
composition. Data were evaluated by analysis of vari-
ance (ANOVA) using the Statistica for Windows software 
package. 

 
 
RESULTS 

The difference between the Cd content in roots of two 
cultivars was found to be statistically significant (P<0.001). 
The accumulation of Cd was approx. three-fold higher in 
Rheinlands Ruhm than that in cerasiforme (Fig. 1). In cera-
siforme, the increase of Cd accumulation was related to 
both increase of salt and Cd level. However, this relation 
was not observed in Rheinlands Ruhm. 

 
The effect of salt, Cd and salt+Cd treatments on the 

total chlorophyll content between cerasiforme and Rhein-
lands Ruhm was also found to be statistically significant 
(P<0.001). Chlorophyll a (chl a) contents in cerasiforme in-
creased with increasing NaCl concentration in the nutrient 
solution (Table 1). In contrast, chl a and chl b contents de-
creased significantly in Cd- and NaCl-treated- Rheinlands 
Ruhm and Cd-treated cerasiforme. Chl a content decreased 
in salt+Cd combinations, mainly in S1M2-treated cerasi-
forme. Besides, chl a and chl b concentrations decreased 
considerably depending on the Cd increase in Rheinlands 

Ruhm, whereas chl a/b ratio increased in cerasiforme under 
salt stress. Small but significant increase in this ratio was 
observed mainly in Cd- and salt+Cd-treated Rheinlands 
Ruhm, whereas that in cerasiforme was decreased. 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

FIGURE 1 - Cd accumulation in L. esculentum var. cerasiforme and 
Rheinlands Ruhm, treated with Cd and combined salt+Cd. The data 
represent the means ±SE of three replicates (M0 control, M1 100 µM, 
M2 200 µM Cd, and S0 control, S1 100 mM, S2 200 mM NaCl).  

 
The difference between cerasiforme and Rheinlands 

Ruhm MDA contents was found to be statistically signifi-
cant (P<0.001). Membrane lipid peroxidation in the leaves 
of the two tomato cultivars, measured as the content of 
MDA, is given in Fig. 2. MDA content was almost the 
same in both cultivars without stress conditions (control). 
All stress treatments increased MDA content in Rheinlands 
Ruhm more than in cerasiforme.  

 
 
 

TABLE 1 - Effect of separate and combined salt and Cd stresses on chlorophyll contents of L. esculentum,  namely, tolerant genotype cera-
siforme and sensitive genotype Rheinlands Ruhm (M0 control, M1 100 µM, M2 200 µM Cd and S0 control, S1 100 mM, S2 200 mM NaCl).  

L. esculentum var. cerasiforme 
Chlorophyll a 

(mg/g) 
Chlorophyll b  

(mg/g) 
Chlorophyll a/b ratio Total Chlorophyll  

(mg/g) 
S0M0 1.45  ± 0.001 0.58 ± 0.06 2.50 ± 0.30 2.03 ± 0.07 
S0M1 0.41  ± 0.05 0.55 ± 0.02 0.73 ± 0.10 0.96 ± 0.06 
S0M2 0.57  ± 0.05 0.42 ± 0.04 1.35 ± 0.04 0.99 ± 0.08 
S1M0 1.56  ± 0.12 0.61 ± 0.08 2.58 ± 0.20 2.16 ± 0.20 
S1M1 0.36  ± 0.003 0.46 ± 0.04 0.78 ± 0.05 0.82 ± 0.07 
S1M2 0.18  ± 0.02 0.27 ± 0.01 0.68 ± 0.10 0.45 ± 0.01 
S2M0 1.64  ± 0.002 0.58 ± 0.01 2.87 ± 0.30 2.21 ± 0.06 
S2M1 1.03  ± 0.116 0.41 ± 0.09 2.65 ± 0.90 1.44 ± 0.13 
S2M2 0.96  ± 0.08 0.47 ± 0.06 2.04 ± 0.30 1.43 ± 0.10 

L. esculentum cv. Rheinlands Ruhm     

S0M0 1.47 ±0.12 0.89 ± 0.06 1.65  ± 0.05 2.37  ± 0.2 
S0M1 1.00 ±0.04 0.67 ± 0.07 1.51  ± 0.2 1.68  ± 0.04 
S0M2 1.18 ±0.06 0.63 ± 0.02 1.89  ± 0.08 1.81  ± 0.08 
S1M0 1.05 ±0.03 0.53 ± 0.06 2.01  ± 0.3 1.57  ± 0.04 
S1M1 1.60 ±0.13 0.89 ± 0.06 1.79  ± 0.2 2.49  ± 0.2 
S1M2 1.02 ±0.11 0.62 ± 0.06 1.56  ± 0.2 1.63  ± 0.2 
S2M0 1.03 ± 0.07 0.63 ± 0.03 1.66  ± 0.2 1.65  ± 0.06 
S2M1 
S2M2 

1.85 ± 0.07 
0.65 ± 0.03 

0.80 ± 0.01 
0.57 ± 0.06 

2.29  ± 0.08 
1.16  ± 0.2 

2.65  ± 0.08 
1.22  ± 0.06 
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FIGURE 2 - Effect of single and combined salt and Cd stresses on 
MDA content of L. esculentum var. cerasiforme and Rheinlands 
Ruhm. The data represent the means ± SE of three replicates.  

 
 
The effects of salt (P<0.05), Cd (P<0.05), and salt+ 

Cd (P<0.001) treatments on SOD activity were again 
statistically significant between the two cultivars. Their 
SOD activities remained significantly unaffected by these 
stress treatments (Fig. 3), but enzyme activity under salt+ 
Cd combinations was more inhibited in Rheinlands Ruhm 
variety.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 3 - Effect of single and combined salt and Cd stresses on 
SOD activity of L. esculentum var. cerasiforme and Rheinlands 
Ruhm. The data represent the means ±SE of three replicates.  

 
The effects of all treatments on APX activity between 

the two varieties were also statistically significant (P<0.001). 
APX activity increased significantly in cerasiforme and 
Rheinlands Ruhm under all stress treatments (Fig. 4). A 
direct correlation was observed between increase of salt 
levels and that of APX activity in cerasiforme. However, 
APX activity decreased depending on Cd concentration 
in Rheinlands Ruhm. This enzyme activity was generally 

lower in Rheinlands Ruhm under salt, Cd and combined 
salt+Cd stresses. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 4 - Effect of single and combined salt and Cd stresses on 
APX activity of L. esculentum  Cerasiforme and Rheinlands Ruhm. 
The data represent the means ±SE of three replicates. 

 
The CAT activity difference between the two cultivars 

proved to be statistically significant (P<0.001). CAT activ-
ity in cerasiforme significantly increased in all stress treat-
ments, mainly salt+Cd combinations (Fig. 5). The highest 
CAT activity was found in cerasiforme under S2M2 combi-
nation. In contrast, CAT activity decreased in Rheinlands 
Ruhm under stress conditions. An approx. five-fold reduc-
tion was observed in S2M1 combination of Rheinlands 
Ruhm, compared with its control.  

 
 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 5 - Effect of single and combined salt and Cd stresses on 
CAT activity of L. esculentum var. cerasiforme and Rheinlands 
Ruhm. The data represent the means ± SE of three replicates. 

 
All stress treatments significantly inhibited GR activ-

ity of both cultivars (P<0.001). The increase of CdCl2 con-
centration caused a significant decrease of this enzyme 
activity in both cultivars. However, GR activity in Rhein-
lands Ruhm decreased more than that in cerasiforme, espe-
cially under salt stress (Fig. 6). 
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FIGURE 6 - Effect of single and combined salt and Cd stresses on 
GR activity of L. esculentum  var. cerasiforme and Rheinlands 
Ruhm. The data represent the means ± SE of three replicates. 

 
 
DISCUSSION AND CONCLUSION 

Chlorophyll a and total chl in cerasiforme increased 
under salt stress, while both pigments remarkably decreased 
in Rheinlands Ruhm, possibly due to their degradation or 
inhibition of biosynthesis [23, 24]. Chl a and chl b contents 
in Cd and salt+Cd combinations decreased, mainly in cera-
siforme. This may be due to Cd toxicity. Decrease of chl a/b 
ratio in cerasiforme might show better protection of PSII 
under Cd and salt+Cd combinations. However, low chl b 
levels in cerasiforme and Rheinlands Ruhm cultivars might 
be a result of PSII sensitivity to these stress conditions 
[25, 26]. 

 
MDA is the final product of membrane lipids` per-

oxidation, and accumulates when plants are subjected to 
oxidative stress. Therefore, MDA concentration is com-
monly considered to be a general indicator of lipid per-
oxidation as well as the stress level [27]. The enhanced 
MDA content in Rheinlands Ruhm indicated that combined 
stress factors induced membrane damage.  

 
SOD activities remained significantly unaffected by 

stress treatments, because the potential oxidative damage 
could be avoided by the activity of other antioxidant en-
zymes. Various researchers have reported an increase in 
SOD activity, when investigating tolerant tomato [28] and 
beet [9] cultivars under salt stress. In contrast, salinity [29] 
and Cd stress [4] in various plants decreased or did not 
significantly change SOD activity [3, 13]. In this study, the 
nearly unchanged SOD activity may be an in vivo effect of 
Na+ ions, according to Dionisio-Sese and Tobita [29].  

 
APX activity in the relatively salt-tolerant cerasi-

forme tomato variety increased more than in Rheinlands 
Ruhm under all stress treatments. A direct correlation was 
observed between the salt concentrations, in agreement to 

Bor et al. [9] and Mittova et al. [28]. APX is well-known 
to be important in detoxification of H2O2 [30], because it 
easily permeates membranes, thus dedrading leaking H2O2 
in the mitochondrial and peroxysomal membranes. This 
study also suggests that H2O2 in the leaves of cerasiforme 
is more efficiently eliminated by APX. 

In contrast to the results obtained with APX, all stress 
treatments decreased GR activity in both cultivars. Salt, 
Cd and salt+Cd combinations-induced GR activities were 
lower in Rheinlands Ruhm than in cerasiforme, mainly 
under salt stress. In cerasiforme, GR activity remained 
unaffected under S1M2 stress combination, not aggreeing. 
with the results of Bor et al. [9], Shalata et al. [14] and Leon 
et al. [31], who found high GR activity in more tolerant 
tomato and beet varieties under salinity, and pepper under 
Cd stress, respectively. Similarly, Bailly et al. [32] reported 
higher activities of GR in wild drought-tolerant Phaseolus 
species compared to drought-sensitive ones. However, in 
pea plants no significant changes in GR activity were ob-
served at 40 and 50 µM Cd [24]. The level of GR may 
vary with tolerance degree, genotype, and concentration of 
Cd or salt. 

Highest CAT activities in cerasiforme were observed 
under S2M1 and S2M2 combinations. CAT is the most effec-
tive antioxidant enzyme in preventing cellular damage by 
H2O2 [9, 24]. CAT activity increased significantly in all 
stress-treated cerasiforme cultivars, but decreased remarka-
bly in Rheinlands Ruhm under these conditions. Our find-
ings support those of Bor et al. [9] and Shalata et al. [14], 
who also found high CAT activity in tolerant beet and to-
mato under salt stress, respectively. Similarly, Wu et al. [4] 
and Vitoria et al. [33] observed Cd-induced activity of CAT 
in barley and radish, respectively. 

In cerasiforme, it seems that APX and CAT may play a 
more important role in H2O2 detoxification than SOD and 
GR. However, Bor et al. [9] and Benavides et al. [34] re-
ported that APX was more effective than CAT in disposi-
tion of H2O2 cytotoxicity. Our results are in accordance with 
[14, 28], showing that cerasiforme known as stress-tolerant 
genotype cultivar exhibited higher antioxidant enzyme 
activities than Rheinlands Ruhm under separate or com-
bined salt+Cd stress. Salt-tolerant and non-tolerant cultivars 
exhibited different behaviors with regard to APX or CAT 
activities, and pigment compositions. However, they show 
similar tendencies concerning SOD and GR activities.  

Our results suggest that there are relationships between 
Cd uptake level and salt stress. The salt-tolerant cerasi-
forme took up less Cd ions, and, thus, especially Rhein-
lands Ruhm lipid peroxidation may be enhanced by com-
bined stress conditions. 

Therefore, we concluded that salt-tolerant genotype 
cerasiforme had higher tolerance to cadmium stress than 
salt-sensitive genotype Rheinlands Ruhm, and a cross tol-
erance between salt and cadmium stress may exist. 



© by PSP Volume 15 – No 7. 2006   Fresenius Environmental Bulletin    

638 

ACKNOWLEDGEMENTS 

We thank Dr. Yüksel Keleş, Dr. Erşan Karababa and 
Dr. Güzide Yücebilgiç for their contributions. 

 
 
 
REFERENCES 

[1] Schickler, H. and Caspi H. (1999) Response of antioxidative 
enzymes to nickel and cadmium stress in hyperaccumulator 
plants of the genus Alyssum.  Physiologia Plantarum 105, 39-
44. 

[2] Alloway, B.J. (1995) The origin of heavy metals in soils. In: 
Alloway B.J. (Ed.) Heavy metals in Soils. Blackie Academic 
& Professional, London, 6, 39-57. 

[3] Milone, M.T., Sgherri, C., Clijters, H. and Navari-Izzo, F. 
(2003) Antioxidative responses of wheat treated with realistic 
concentration of cadmium. Environmental and Experimental 
Botany. 50 (3), 265-276. 

[4] Wu, F., Zhang, G. and Dominy, P. (2003) Four barley geno-
types respond differently to cadmium: lipid peroxidation and 
activities of antioxidant capacity. Environmental and Ex-
perimental Botany 50, 67-78. 

[5] Romero-Aranda, R., Soria, T. and Cuartero, J. (2001) Tomato 
plant-water uptake and plant-water relationships under saline 
growth conditions. Plant Science 160, 265-272. 

[6] Houle, G., Morel, L., Reynolds, C.-E. and Siegel, J. (2001) 
The effect of salinity on different developmental stages of an 
endemic annual plant, Aster laurentianus (Asteraceae). 
American Journal of Botany  88 (1), 62-67. 

[7] Scandalios, J.-G. (1993) Oxygen stress and superoxide dis-
mutase. Plant Physiol. 101, 7-12. 

[8] Mittler, R. (2002) Oxidative stress, antioxidants and stress 
tolerance. Trends in Plant Science 7 (9), 405-410. 

[9] Bor, M., Özdemir, F. and Türkan, I. (2003) The effect of salt 
stress on lipid peroxidation and antioxidants in leaves of 
sugar beet Beta vulgaris L. and wild beet  Beta maritime L. 
Plant Science 164, 77-84. 

[10] Shigeoka, S., Ishikawa, T., Tamoi, M., Miyagawa, Y., Ta-
keda, T., Yabuta, Y. and Yoshimura, K. (2002) Regulation 
and function of ascorbate peroxidase isoenzymes. Journal of 
Experimental Botany 53 (372), 1305-1319. 

[11] Tewari, K.R., Kumar, P., Nand S.P. and Bisht S.-S. (2002) 
Modulation of oxidative stress responsive enzymes by excess 
cobalt. Plant Science 162, 381-388. 

[12] Menezes-Benavente, L., Karam, T.-F., Alvim Kamei, C.-L. 
and Margis-Pinheiro, M. (2004) Salt stress induces altered 
expression of genes encoding antioxidant enzymes in seed-
lings of an Brazilian indicia rice (Oryza sativa L.). Plant Sci-
ence 166, 323-331. 

[13] Guo, T., Zhang, G., Zhou, M., Wu, F. and Chen, J. (2004) Ef-
fects of aluminum and cadmium toxicity on growth and anti-
oxidant enzyme activities of two barley genotypes with dif-
ferent Al resistance. Plant and Soil 258, 241-248. 

[14] Shalata, A., Mittova, V., Volokita, M., Guy, M. and Tal, M. 
(2001) Response of cultivated tomato and its wild salt-
tolerant relative Lycopersicon pennellii to salt-dependent 
oxidative stress: The root antioxidative system. Phsiologia 
Plantarum 112, 487-494. 

[15] Keleş, Y. and Ünyayar, S. (2004) Responses of antioxidant 
defense system of Helianthus annuus to abscisic acid treat-
ment under drought and water logging. Acta Physiol. Plant. 
26 (2), 149-156. 

[16] Hoagland, D.-R. and Arnon, D.-I. (1938) The water culture 
method for growing plants without soil. Circ. Agr. Exp. Sta. 
347, 461. 

[17] Porra, R.J., Thompson, R.A. and Kriedemann P.E. (1989) 
Determination of accurate extinction coefficients and simul-
taneous equations for assaying chlorophylls a and b extracted 
with four different solvent verification of the concentration of 
chlorophyll standards by atomic absorption spectroscopy. 
Biochem. and Biophys. Acta 975, 384-394. 

[18] Karabal, E., Yücel, M. and Öktem, H.-A. (2003) Antioxidant 
responses of tolerant and sensitive barley cultivars to boron 
toxicity. Plant Science 164, 925-933. 

[19] Beyer, W.F. and Fridowich, I. (1987) Assaying for superox-
ide dismutase activity: Some large consequences of minor 
changes in conditions. Anal Biochem. 161, 559-566. 

[20] Bonnet, M., Camares, O. and Veisseire, P. (2000) Effects of 
zinc and influence of Acremonium lolii on growth parame-
ters, chlorophyll a fluorescence and antioxidant enzyme ac-
tivities of ryegrass (Lolium perenne L.cv Apollo) Journal of 
Experimental Botany 51(346), 945-953. 

[21] Aebi, H.E., Bergmeyer, J. and Grabl, M. (1983) Catalase. In: 
Methods of enzymatic analysis. Eds. Verlag Chemie, Wein-
heim, 3, 273-286. 

[22] Carlberg, I. and Mannervik, B. (1985) Glutathion Reductase. 
Methods in Enzymology 113, 484-490. 

[23] Öncel, I., Keleş, Y. and Üstün, A.S. (2000) Interactive effects 
of temperature and heavy metal stress on the growth and 
some biochemical compounds in wheat seedlings. Environ-
mental Pollution 107, 315-320. 

[24] Sandalio, L.M., Dalurzo, H.C., Gomez, M., Romero-Puertas, 
M.C. and del Rio, L.A. (2001) Cadmium-induced changes in 
the growth and oxidative metabolism of pea plants. Journal 
of Experimental Botany 52 (364), 2115-2126. 

[25] Chaitanya, K.V., Sundar, D., Masilamani, S. and Ramachandra, 
R.-A. (2002) Variation in heat stress-induced antioxidant en-
zyme activities among three mulberry cultivars. Plant Growth 
Regulation 36, 175-180. 

[26] Caretto, S., Paradiso, A., D’Amico, L. and De Gara, L. 
(2002) Ascorbate and glutathione metabolism in two sun-
flower cell lines of differing α-tocopherol biosynthetic capa-
bility. Plant Physiol. Biochem. 40, 509-513. 

[27] Chaoui, A., Mazhoudi, S., Ghorbal, M.H. and El Ferjani, E. 
(1997) Cadmium and zinc induction of lipid peroxydation 
and effects on antioxidant enzyme activities in bean (Phaseo-
lus vulgaris L.). Plant Science 127, 139-147. 



© by PSP Volume 15 – No 7. 2006   Fresenius Environmental Bulletin    

639 

[28] Mittova, V., Tal, M., Volokita, M. and Guy, M. (2002) Salt 
stress induces up-regulation of an efficient chloroplast anti-
oxidant system in the salt-tolerant wild tomato species Ly-
copersicon pennellii but not in the cultivated species. Physi-
ologia Plantarum 115, 393-400. 

[29] Dionisio-Sese, M.-L. and Tobita, S. (1998) Antioxidant re-
sponses of rice seedlings to salinity stress. Plant Science 135, 
1-9. 

[30] Hernandez, J. and Almansa, M.-S. (2002) Short-term effects 
of salt stress on antioxidant systems and leaf water relations 
of pea leaves. Physiologia Plantarum 115, 251-257. 

[31] Leon, A.-M., Palma, J.-M., Corpas, F.-J., Gomez, M., Ro-
mero-Puertas, M.-C., Chatterjee, D., Mateos, R.-M., del Rio, 
L.-A. and Sandalio, L.-M. (2002) Antioxidative enzymes in 
cultivars of pepper plants with different sensitivity to cad-
mium. Plant Physiol. Biochem. 40, 813-820. 

[32] Bailly, C., Audigier, C., Ladonne, F., Wagner, M.-H., Coste, 
F., Corbineau, F. and Come, D. (2001) Changes in oligosac-
charide content and antioxidant enzyme activities in develop-
ing bean seeds as related to acquisition of drying tolerance 
and seed quality. Journal of Experimental Botany 52 (357), 
701-708. 

[33] Vitória, P., Lea, J. and Azevedo, R.A. (2001) Antioxidant en-
zymes responses to cadmium in radish tissues. Phytochemis-
try 57, 701-710. 

[34] Benavides, M.-P., Marconi, P.-L., Gallego, S.-M., Comba, 
M.-E. and Tomaro, M.-L. (2000) Relationship between anti-
oxidant defense systems and salt tolerance in Solanum tube-
rosum. Aust. J. Plant Physiol. 27, 273-278. 

 

 

 

 

 
 

 
 
 
 

Received: July 07, 2005 
Accepted: October 21, 2005 
 
 
CORRESPONDING AUTHOR 

Özlem F. Çekiç 

Mersin University 
Art and Science Faculty 
Department of Biology 
33343 Mersin 
Turkey 
 
e-mail: ozlemcekic@mersin.edu.tr 
 

 FEB/ Vol 15/ No 7/ 2006 – pages  633 - 639 

 


