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1. Introduction
An important aspect of agriculture is the cultivation of plants 
for food, fiber, biofuel, medicine, and other products used to 
sustain and enhance human life. Agriculture was the key 
development in the rise of sedentary human civilization, 
whereby farming of domesticated species created food 
surpluses that nurtured the development of civilization 
(Ercisli, 2009; Erturk et al., 2010; Tahtamouni et al., 2016; 
Yeşil and Kara, 2016).

It is estimated that the high salinity affects 20% of 
the total arable land and 33% of irrigated agricultural 
land in the world. Furthermore, areas of saline soil are 
continuously increasing at a yearly rate of 10% for various 
reasons, including low rainfall, high temperatures, and 
the use of saline water for irrigation. In addition, it is 
estimated that by 2050 more than 50% of the arable land 
will be saline (Jamil et al., 2011).

Depending on the total concentration of soluble salts 
(electrical conductivity), the pH of the soil solution, and 
the exchangeable sodium percentage, saline soil includes 
three different types: saline, saline-alkali, and alkaline soils 
(Rasool et al., 2012). Slatinas are saline and/or alkaline 

soils, with adverse physical and chemical properties, 
exposed to frequent ground water moistening (Ćirić et al., 
2012).

In optimal environmental conditions, each cell contains 
an appropriate balance between intercellular generation 
and neutralization of reactive oxygen species (ROS) 
(Dutilleul et al., 2003). However, under stressful situations, 
there is an imbalance between the production and the 
removal of ROS in specific cell compartments (Vellosillo et 
al., 2010; Karuppanapandian et al., 2011). It is considered 
that the increased production of toxic oxygen derivatives is 
a common characteristic of a stressful situation.

A large amount of cell ROS causes the inactivation 
of enzymes, cell organelle damage, cell membrane 
destruction, and degradation of pigments, proteins, 
lipids, and nucleic acids, which may eventually lead to 
cell death (Karuppanapandian et al., 2011). This situation 
in a cell leads to oxidative stress. In order to defend 
themselves against such conditions, plants developed 
various biochemical and molecular mechanisms (Mantri 
et al., 2012), which include activation of antioxidant 
enzymes, synthesis of certain compounds, changes in 
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photosynthesis, and selective accumulation or exclusion 
of ions by the root system. There are numerous studies on 
the effects of salinity on plants’ development, whereby salt 
stress conditions are simulated in the laboratory. On the 
contrary, very few authors used soil of the saline type in 
their experiments as a source of natural salt stress.

Oilseed rape (Brassica napus) does not require specific 
soil conditions, and many authors consider that this species 
is moderately salt-tolerant and can be grown in soils with 
a higher salt content. For this reason, it is often called the 
culture of the marginal land. However, salt tolerance of 
oilseed rape depends on many factors, primarily on the 
genotype and stage of development.

In order to provide an accurate understanding of 
physiological and biochemical processes in nature, this 
paper studies the effects of different types of soil on 
antioxidant status of oilseed rape in semicontrolled field 
conditions.

2. Materials and methods
The experiment was conducted on four oilseed rape 
genotypes, Banacanka, Jasna, Kata, and Zlatna, at the 
Institute of Field and Vegetable Crops, Novi Sad, Serbia, in 
semicontrolled conditions. Plants were grown in medium 
size Mitscherlich pots using 5–6 kg of soil in each pot. Three 
types of soils were used as a growing medium: chernozem, 
solonetz, and solonchak. Basic chemical properties and 
salinity indicators of the soils are shown in the Table.

In the first half of September, 20 seeds of oilseed 
rape were planted in each of the pots, and the number 
of seedlings was reduced to six per pot after emergence. 
During the growing season, the plants were exposed to 
environmental influences, without additional irrigation. In 
February plants were treated with an insecticide from the 
group of neonicotinoids. Samples were collected separately 
from leaves and from roots at three developmental stages: 
the phase of rosettes forming and leaf preparations for the 
winter cold, after the winter dormancy, and during the 
flowering stage. Samples were collected from each plant 
and constituted one group sample per pot. All analyses 
were conducted in three replicates.

2.1. Antioxidant enzymes and reduced glutathione
The superoxide dismutase (SOD) activity was measured 
according to Giannopolitis and Ries (1977), by 
measuring the ability of the enzyme extract to inhibit the 
photochemical reduction of nitro-blue tetrazolium. Glass 
test tubes containing the mixture were illuminated with a 
fluorescent lamp (Philips MLL 5000W). Identical tubes, 
which were not illuminated, were used as blanks. After 
the illumination for 15 min, the absorbance was measured 
at 560 nm. One unit of SOD was defined as the enzyme 
activity that inhibited the photoreduction of nitro-blue 
tetrazolium to blue formazan by 50%, and SOD activity of 
the extracts was expressed as SOD units per mg of protein. 

The guaiacol peroxidase (GPx) activity was measured 
using the method of Kato and Shimizu (1987). The activity 
was calculated using the extinction coefficient of 26.6 
mM–1 cm–1 at 470 nm for oxidized tetraguaiacol polymer. 
One unit of GPx activity was defined as the amount of 
the enzyme extract that consumes 1 µmol of H2O2 min–1 
mg protein–1. The content of GSH was determined with 
Ellman reagent at 412 nm according to the procedure of 
Punitha and Rajasekaran (2011).
2.2. Lipid peroxidation 
Lipid peroxidation (LP) was estimated by TBA test, 
measuring malondialdehyde production using a 
spectrophotometric assay. The color intensity of the 
malondialdehyde–thiobarbituric acid complex in the 
supernatant was measured. The extinction coefficient at 
532 nm of 153,000 mol–1 cm–1 for the chromophore was 
used (Ng et al., 2000).
2.3. Ferric reducing antioxidant power (FRAP)
Ferric reducing antioxidant capacity was estimated 
according to the FRAP assay (Benzie and Strain, 1999). 
The FRAP reagent was prepared by mixing acetate buffer 
(300 mM, pH 3.6), 2,4,6-tripyridyl-s-triazine reagent (10 
mM in 40 mM HCl), and FeCl3•6H20 (20 mM) in the 
ratio of 3:1:1. A sample of 100 µL was mixed with 3 mL 
of working FRAP reagent and absorbance (593 nm) was 
measured after 4 min. The test was performed at 37 °C. The 
FRAP value was calculated using the following formula:

Table. Basic chemical properties and salinity indicators of the soils.

Soil type

Basic chemical soil 
properties Indicators of salinity

CaCO3% Humus % Water-soluble salts 
%

ECe 25 °C 
dS/m

pH water 
extract

Chernozem 11.68 2.15 0.06 1.27 7.84

Solonetz 0.25 3.14 0.15 1.40 7.87

Solonchak 12.09 1.54 0.69 11.90 9.94
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FRAP value = ΔAsample (0–4 min)/ΔAstandard (0–4 
min).

The 100 µM Fe2+ solution was used as a standard; 1 
FRAP unit = 100 µM Fe2+.

Total antioxidant capacity was expressed in FRAP 
units.
2.4. Statistical analysis
Statistical significance was performed using one-way 
ANOVA followed by comparisons of means using Duncan’s 
multiple range test (P < 0.05). This analysis was done using 
the statistical software Statistica version 10 (StatSoft).

3. Results
The germination failed on solonchak, but results were 
shown for plant material obtained on chernozem and 
solonetz.
3.1. SOD enzyme
SOD activity in oilseed rape leaves grown on chernozem 
ranged from 124.24 to 186.7 U/mg of protein depending 
on the growth phase, while the activity on solonetz ranged 

from 132.2 to 202.3 U/mg of protein (Figure 1). During 
the examination at the stage of leaf rosettes (phase I), only 
in genotype Banacanka was leaf SOD activity higher on 
chernozem than on solonetz, while the other genotypes’ 
activity was greater on solonetz. In all of the genotypes, 
except in genotype Banacanka, maximum activity of 
this enzyme was observed during the test after winter 
dormancy (phase II) in both soil types. SOD activity 
in oilseed rape roots grown on chernozem ranged from 
69.79 to 104.7 U/mg of protein depending on the growth 
phase, while the activity on solonetz ranged from 66.8 to 
100.3 U/mg of protein (Figure 1). In all of the genotypes, 
except genotype Kata, root SOD activity in the first phase 
was higher on solonetz than on chernozem. Similar results 
were observed in the second phase in all genotypes, 
except genotype Banacanka. In the final phase of testing, 
in genotypes Kata and Zlatna, the activity was higher on 
solonetz than on chernozem. Correlation analysis showed 
that the activity of this enzyme is directly related to plant 
parts (the leaf and the root) in all tested genotypes.
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Figure 1. Activities of SOD in the leaves (top) and roots (bottom) of selected genotypes of oilseed rape grown on 
chernozem and solonetz at various development stages 
I - Phase of formation of leaf rosettes and preparing for winter hibernation; II - phase after the winter hibernation, 
III - phase of flowering; each value with the same letter is at the same level of significance for the 95% interval 
compared by Duncan’s multiple comparison test. 
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3.2. GPx enzyme
The activity of GPx in the oilseed rape leaves grown on 
chernozem ranged from 4.81 to 6.98 U/mg of protein 
depending on the growth phase, while the activity of 
plants grown on solonetz ranged from 4.87 to 7.18 U/
mg of protein (Figure 2). The highest leaf GPx activity 
in all of the tested genotypes, regardless of the soil type, 
was observed in the second phase of testing. Genotype 
Zlatna showed the least difference between plants grown 
on these two soil types. GPx activity in the roots grown on 
chernozem was 15.52 to 18.00 U/mg of protein depending 
on the phase of growth, while the activity of plants grown 
on solonetz ranged from 15.65 to 19.92 U/mg of protein 
(Figure 2). In all genotypes, in all tested phases, except 
for genotype Jasna in phase III, the GPx activity in the 
oilseed rape leaves grown on solonetz was higher than on 
chernozem. As well as SOD activity, correlation analysis 
showed that the activity of this enzyme is directly related 
to plant parts (the leaf and the root) in all tested genotypes

3.3. GSH amount
The GSH amount in the leaves of oilseed rape grown on 
chernozem ranged from 8.50 to 10.40 µmol GSH/mg of 
protein depending on the growth phase, while the GSH 
amount in the leaves of oilseed rape grown on solonetz 
ranged from 9.08 to 11.36 µmol GSH/mg of protein 
depending on the growth phase (Figure 3). In all of the 
tested genotypes at all stages, except for genotype Kata in 
the third stage, the GSH amount in the leaves grown on 
the solonetz was higher compared to the values obtained 
on chernozem. The highest values in both soil types were 
identified in the second testing phase. The GSH amount 
in the roots grown on chernozem ranged from 10.84 to 
14.49 µmol GSH/mg of protein depending on the growth 
phase, while the GSH amount in the roots grown on 
solonetz ranged from 11.74 to 14.90 µmol GSH/mg of 
protein depending on the phase (Figure 3). In all tested 
genotypes at all stages of the test, except for genotypes 
Jasna and Kata in the second phase, the GSH amount in 
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Figure 2. Activities of GPx in the leaves (top) and roots (bottom) of selected genotypes of oilseed rape grown on 
chernozem and solonetz at various development stages.
I - Phase of formation of leaf rosettes and preparing for winter hibernation; II - phase after the winter hibernation, 
III - phase of flowering; each value with the same letter is at the same level of significance for the 95% interval 
compared by Duncan’s multiple comparison test. 



467

JOVIČIĆ et al. / Turk J Agric For

the roots on solonetz was higher than the values obtained 
on chernozem. In the roots, the same as in the leaves, the 
greatest values of GSH were obtained in the second stage 
on both soil types. A strong correlation was observed 
between the GSH amount and the plant part in all the 
tested genotypes.
3.4. Lipid peroxidation intensity 
The LP intensity in oilseed rape leaves grown on 
chernozem ranged from 86.32 to 179.49 nmol MDA/mg 
of protein depending on the phase, while the LP intensity 
in the leaves grown on solonetz ranged from 108.55 to 
219.66 nmol MDA/mg of protein (Figure 4). In all of the 
tested genotypes at all stages, the LP intensity in the leaves 
grown on the solonetz was higher compared to the values 
obtained on chernozem. The LP intensity in the plant roots 
grown on chernozem ranged from 114.53 to 186.32 nmol 
MDA/mg of protein depending on the growth phase, while 
the LP intensity in the roots grown on solonetz ranged 
from 146.17 to 217.95 nmol MDA/mg of protein (Figure 
4). In all genotypes at all tested stages, the LP intensity 

in the roots grown on the solonetz was higher compared 
to the values obtained on chernozem. In all genotypes, 
irrespective of the soil type, the highest values were in 
the second phase of testing, after the winter period. The 
correlation between LP intensity and plant parts, soil type, 
and testing phase was not significant in any of the tested 
genotypes.
3.5. Total antioxidant activity
Total antioxidant activity in the leaves of oilseed rape 
grown on chernozem ranged from 0.91 to 1.91 FRAP 
units depending on the growth phase, while the total 
antioxidant activity in the leaves grown on solonetz ranged 
from 0.93 to 2.31 FRAP units depending on the phase of 
growth (Figure 5). In the leaves of all genotypes in all 
growth phases, except for genotype Zlatna in the first and 
the last stages, the value of FRAP was higher on solonetz 
compared to chernozem. The highest values of total leaf 
antioxidant levels were observed in the first phase on 
both soil types. The total antioxidant activity in the roots 
grown on chernozem ranged from 0.83 to 1.91 FRAP 

 

 

Note. I - phase formation of leaf rosettes and preparing for winter hibernation; II - 

phase after the winter hibernation, III -  phase of flowering; each value with the same 

letter is at the same level of significance for 95% interval compared by Duncan’ s 

multiple comparison test.  

j i 
k 

i f 
j k 

cd  
j j 

g 
j 

ef  b 
j 

f de  gh  de  a 

j 
cd  bc  

i 

0
2
4
6
8

10
12
14
16

I II III I II III I II III I II III

Banacanka Jasna Kata Zlatna

 G
SH

 (µ
m

ol
G

SH
/m

g 
pr

ot
ei

n)
 

Chernozem Solonetz

k 
f 

l m 

bc  

m l 

cd  

k j 

b 

m 

g e 
j i 

ef  
k 

h de  
i i 

a 

i 

0
2
4
6
8

10
12
14
16

I II III I II III I II III I II III

Banacanka Jasna Kata Zlatna

G
SH

 (µ
m

ol
 G

SH
/m

g 
pr

ot
ei

n)
 

Chernozem Solonetz

Figure 3. The amount of GSH in the leaves (top) and roots (bottom) of selected genotypes of oilseed rape grown 
on chernozem and solonetz in various development stages.
I - Phase of formation of leaf rosettes and preparing for winter hibernation; II - phase after the winter hibernation, 
III - phase of flowering; each value with the same letter is at the same level of significance for the 95% interval 
compared by Duncan’s multiple comparison test. 
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units depending on the phase of growth, while the total 
antioxidant activity in the roots grown on solonetz ranged 
from 1.13 to 2.00 units depending on the phase (Figure 
5). Compared to chernozem, the values of FRAP in the 
roots of all genotypes in all phases of testing were higher 
on solonetz. The highest values of total antioxidant levels 
were observed in the first stage of examination. Significant 
correlation between the total antioxidant activity and 
testing phase for Jasna and Zlatna, as well as between this 
parameter and the soil type for Banacanka, was observed.

4. Discussion
Defense mechanisms against oxidative stress include 
preventive mechanisms, mechanisms for recovering 
from damage, physical defense, and antioxidant defense 
(Kaminski et al., 2012). Many studies have shown that 
major abiotic stresses such as salinity, acidity, and heavy 
metals increase the levels of free radicals and reactive 
oxygen species in the plant cells, which is directly related 
to changes in the activity of antioxidant enzymes.

Therefore, it is very important for cells to control the 
level of ROS, but at the same time not to eliminate them 
completely. Many studies have shown that increased 
activity of these enzymes is positively correlated with plant 
tolerance under stress conditions. Changes in enzyme 
activity also depend on the genotypes and the level of 
stress (Chen et al., 2007). It is known that antioxidant 
enzyme activities such as SOD, CAT, and Px influence the 
removal of ROS. For example, in species relatively tolerant 
to salinity, increased activity of some antioxidant enzymes 
was observed (Hernandez et al., 2000), while in susceptible 
species, Na+ ions create a powerful inhibitory effect on 
certain forms of SOD (Hernandez et al., 1994). The role 
of antioxidant enzymes in the scavenging of ROS caused 
by salinity was determined as the main part of the defense 
mechanisms in halophytes (Shabala, 2013).

Increased activity of the enzyme SOD, intensity of LP, 
GSH content, and total antioxidant activity in plants grown 
in solonetz soil compared to plants grown in chernozem 
indicate the significant level of stress that the plants were 
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Figure 4. The LP intensity in the leaves (top) and roots (bottom) of selected genotypes of oilseed rape grown on 
chernozem and solonetz in various development stages.
I - Phase of formation of leaf rosettes and preparing for winter hibernation; II - phase after the winter hibernation, 
III - phase of flowering; each value with the same letter is at the same level of significance for the 95% interval 
compared by Duncan’s multiple comparison test. 
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exposed to. The values of GPx in leaves and roots were 
approximate in chernozem and solonetz, indicating that 
the activity of this enzyme was not a significant part of 
the plant defense mechanism against salt stress. The same 
situation is observed in the Zlatna genotype when it comes 
to SOD activity on both soil types and in all tested stages. 
By examining the effect of NaCl on the growth of wheat 
cultivars, Bhutta (2011) concluded that the scavenging of 
superoxide radicals by SOD had not been done perfectly. 
However, there are numerous studies that prove that this 
enzyme directly affects the reduction of oxidative damage 
during salt stress (Jalali-e-Emam et al., 2011; Muchate et 
al., 2016).

In some genotypes, particularly in the Zlatna genotype, 
significant differences of SOD and GPx activity between 
the leaves and roots of plants grown in these two soil 
types were observed. Zlatna showed the highest activity of 
these enzymes in the leaves, which indicates a high level 
of stress, but the difference in values between soil types 
was not significant. The differences in the activity of these 

enzymes in the roots between chernozem and solonetz 
were more apparent. Excessive salt concentration in the soil 
causes the accumulation of the salt in the root of the plant 
(Schuch and Kelly, 2008). In relation to the existence of 
different ways of plant response in the leaves and the roots 
to inadequate environmental conditions, Kaminski et al. 
(2012) stated that one of the plant strategies to combat salt 
stress is inhibition in the root: Kaspari’s strips prevent the 
passage of ions through the xylem, so they do not move 
from the apoplast to symplast through the membrane. 

In addition to the large quantities of salt in solonetz, 
which certainly has an effect on the activity of antioxidant 
enzymes, an increased level of oxidative stress in plants 
grown on marginal lands affects the level of availability 
of chemical elements that depend on a number of 
environmental characteristics of soil: pH, water 
potential of the soil solution, and organic matter content 
(Sundareshwar et al., 2003). This is supported by the 
fact that on the solonchak, whose pH and EC values are 
several times higher than those of chernozem and solonetz 
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Figure 5. The total antioxidant activity (FRAP) in the leaves (top) and roots (bottom) of selected genotypes of 
oilseed rape grown on chernozem and solonetz in various development stages.
I - Phase of formation of leaf rosettes and preparing for winter hibernation; II - phase after the winter hibernation, 
III - phase of flowering; each value with the same letter is at the same level of significance for the 95% interval 
compared by Duncan’s multiple comparison test. 
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(Table), the seed did not even germinate. Unfavorable 
physicochemical properties and the accumulation of 
sodium salts in solonetz make it unsuitable for the growth 
and development of plants (Dimitrijević et al., 2011), 
increasing the oxidative stress in all tested genotypes.

The increased amount of sodium in soil of this type 
also affects the ion balance, especially in metabolic 
processes. Moreover, the SOD and CAT activity is related 
to the concentration of the elements Na, Ca, Fe, Zn, Cu, 
Mn, Pb, and Cd, which indicates the complexity of the 
antioxidant system with the simultaneous involvement 
of chemical elements in the stimulation and modification 
of lipid peroxidation and the activity of these enzymes 
(Kaminski et al., 2012). 

LP has major implications on the normal functioning 
of the cells, such as reducing the permeability of 
membranes, damage to membrane protein molecules that 
occurs through specific channels with increased leakage of 
transmission under normal conditions, and inactivation 
of receptors, enzymes, and ion channels (Gill and Tuteja, 
2010). Damage to the membrane leads to an increase in 
cell loss, rapid desiccation, and death of the cell (Repetto 
et al., 2012). Lower LP intensity in different genotypes and 
species that are salt-tolerant indicates that the plants are 
better protected against oxidative stress in saline conditions 
(Tayefi-Nasrabad et al., 2011). On both soil types, in both 
leaves and roots, genotype Banacanka was distinguished 
with the lowest intensity of LP. Furthermore, the highest 

intensity of LP in all genotypes on both soil types was in 
the second phase, confirming that low temperature is a 
significant factor that increases oxidative stress in plant 
cells.

The activity of all the tested parameters of antioxidant 
status in all genotypes, both in leaves and roots, was higher 
in plants grown on solonetz soil compared to plants grown 
on chernozem. Additionally, the activity of all the tested 
parameters on both soil types was highest in the second 
phase of testing, at the stage after the winter hibernation, 
because the plants were exposed to low temperatures in 
addition to salt stress. The vital thing to note is that GPx 
activity is important for the defense at the initial stages of 
growth, while in the later growth stages SOD takes over 
this role.

Based on the analyzed parameters, it can be concluded 
that salinity as the primary stress factor and low 
temperature stress as a secondary factor cause different 
biochemical reactions in genotypes. The differences show 
that there was an activation of the antioxidant defense 
system, emphasizing its importance in stressful conditions.

Acknowledgment 
This research is a result of research project TR 31025, 
“Development of new varieties and production technology 
improvement of oil crops for different purposes”, funded 
by Ministry of Education, Science, and Technological 
Development of the Republic Serbia.

References

Benzie IFF, Strain JJ (1999). Ferric reducing antioxidant power assay: 
direct measure of total antioxidant activity of biological fluids 
and modified version for simultaneous measurement of total 
antioxidant power and ascorbic acid concentration. Methods 
Enzymol 299: 15-27.

Bhutta WM (2011). Antioxidant activity of enzymatic system of two 
different wheat (Triticum aestivum L.) cultivars growing under 
salt stress. Plant Soil Environ 57: 101-107.

Chen C, Tao C, Peng H, Ding Y (2007). Genetic analysis of salt 
stress responses in asparagus bean (Vigna unguiculata (L.) ssp. 
sesquipedalis Verdc.). J Hered 98: 655-665.

Ćirić V, Manojlović M, Belić M, Nešić Lj, Šeremešić S (2012). 
Aggregate stability and sealing risk of solonetz under different 
land use regimes. Ratar Povrt 49: 243-249 (in Serbian with 
abstract in English).

Dimitrijević M, Petrović S, Belić M, Banjac B, Vukosavljev M, 
Mladenov N, Hristov N (2011). The influence of solonetz soil 
limited growth conditions on bread wheat yield. J Agric Sci 
Technol 5: 194-201.

Dutilleul C, Garmier M, Noctor G, Mathieu C, Chetrit P, Foyer CH, 
Paepe R (2003). Leaf mitochondria modulate whole cell redox 
homeostasis, set antioxidant capacity, and determine stress 
resistance through altered signalling and diurnal regulation. 
Plant Cell 15: 1212-1226.

Ercisli S (2009). Apricot culture in Turkey. Sci Res Essays 4: 715-719.

Erturk Y, Ercisli S, Haznedar A, Cakmakci (2010). Effects of 
plant growth promoting rhizobacteria (PGPR) on rooting 
and root growth of kiwifruit (Actinidia deliciosa) stem cuttings. 
Biol Res 43: 91-98.

Giannopolitis CN, Ries SK (1977). Superoxide dismutases: I. 
Occurrence in higher plants. Plant Physiol 54: 309-14.

Gill SS, Tuteja N (2010). Reactive oxygen species and antioxidant 
machinery in abiotic stress tolerance in crop plants. Plant 
Physiol Biochem 48: 909-930.

Hernandez JA, del Rio LA, Sevilla F (1994). Salt stress induced 
changes in superoxide dismutase isozymes in leaves and 
mesophyll protoplasts from Vigna radiate (L.) Walp. New 
Phytol 126: 37-44.

http://dx.doi.org/10.1016/S0076-6879(99)99005-5
http://dx.doi.org/10.1016/S0076-6879(99)99005-5
http://dx.doi.org/10.1016/S0076-6879(99)99005-5
http://dx.doi.org/10.1016/S0076-6879(99)99005-5
http://dx.doi.org/10.1016/S0076-6879(99)99005-5
http://dx.doi.org/10.1093/jhered/esm084
http://dx.doi.org/10.1093/jhered/esm084
http://dx.doi.org/10.1093/jhered/esm084
http://dx.doi.org/10.1105/tpc.009464
http://dx.doi.org/10.1105/tpc.009464
http://dx.doi.org/10.1105/tpc.009464
http://dx.doi.org/10.1105/tpc.009464
http://dx.doi.org/10.1105/tpc.009464
http://dx.doi.org/10.1016/j.plaphy.2010.08.016
http://dx.doi.org/10.1016/j.plaphy.2010.08.016
http://dx.doi.org/10.1016/j.plaphy.2010.08.016
http://dx.doi.org/10.1111/j.1469-8137.1994.tb07527.x
http://dx.doi.org/10.1111/j.1469-8137.1994.tb07527.x
http://dx.doi.org/10.1111/j.1469-8137.1994.tb07527.x
http://dx.doi.org/10.1111/j.1469-8137.1994.tb07527.x


471

JOVIČIĆ et al. / Turk J Agric For

Hernandez JA, Jimenez A, Mullineaux P, Sevilia F (2000). Tolerance 
of pea (Pisum sativum L.) to long term stress is associated with 
induction of antioxidant defences. Plant Cell Environ 23: 853-
862.

Jalali-e-Emam SMS, Alizadeh B, Zaefizadeh M, Zakarya RA, 
Khayatnezhad M (2011). Superoxide dismutase (SOD) activity 
in NaCl stress in salt-sensitive and salt-tolerance genotypes 
of colza (Brassica napus L.). Middle-East Journal of Scientific 
Research 7: 7-11.

Jamil A, Riaz S, Ashraf M, Foolad MR (2011). Gene expression 
profiling of plants under salt stress. Crit Rev Plant Sci 30: 435-
458.

Kaminski P, Koim-Puchowska B, Puchowski P, Jerzak L, Wieloch 
M, Bombolewska K (2012). Enzymatic antioxidant responses 
of plants in saline anthropogenic environments. In: Dhal NK, 
Sahu SC, editors. Plant Science. Rijeka, Croatia: InTech, pp. 35-
64.

Karuppanapandian T, Jun-Cheol M, Changsoo K, Kumariah M, 
Wook K (2011). Reactive oxygen species in plants: their 
generation, signal transduction and scavenging mechanisms. 
Aust J Crop Sci 5: 709-725.

Kato M, Shimizu S (1987). Chlorophyll degradation in senescing 
tobacco leaves; phenolic dependent peroxidative degradation. 
Can J Bot 65: 729-735.

Mantri N, Patade V, Suprasanna P, Ford R, Pang E (2012). Abiotic 
stress responses in plants—present and future. In: Parvaiz 
A, Prasad MNV, editors. Abiotic Stress Responses in Plants: 
Metabolism, Productivity and Sustainability. Berlin, Germany: 
Springer, pp. 1-19.

Muchate NS, Nikalje GC, Rajurkar SN, Suprasanna P, Nikam TD 
(2016). Physiological responses of the halophyte Sesuvium 
portulacastrum to salt stress and their relevance for saline soil 
bio-reclamation. Flora 224: 96-105.

Ng TB, Liu F, Wang ZT (2000). Antioxidative activity of natural 
products from plants. Life Sci 66: 709-723.

Punitha SC, Rajasekaran, M (2011). Antioxidant mediated defence 
role of Wedelia calendulacea herbal extract against CCl4 
induced toxic hepatitis. J App Pharm Sci 1: 111-115.

Rasool S, Hameed A, Azooz MM, Rehman M, Siddiqi TO, Ahmad 
P (2012). Salt stress: causes, types and responses of plants. In: 
Ahmad P, Azooz MM, Prasad MNV, editors. Ecophysiology 
and Responses of Plants under Salt Stress. New York, NY, USA: 
Springer, pp. 1-24.

Repetto M, Semprine J, Boveris A (2012). Lipid peroxidation: 
chemical mechanism, biological implications and analytical 
determination. In: Catala A, editor. Lipid Peroxidation. Rijeka, 
Croatia: InTech, pp. 3-30.

Shabala S (2013). Learning from halophytes: physiological basis and 
strategies to improve abiotic stress tolerance in crops.  Ann 
Bot 112: 1209-1221. 

Schuch UK, Kelly JJ (2008). Salinity Tolerance of Cacti and 
Succulents. The 2007-2008 Turfgrass, Landscape and Urban 
IPM Research Summary, Cooperative Extension, Agricultural 
Experiment Station, The University of Arizona. Tucson, AZ, 
USA: US Department of Agriculture.

Sundareshwar PV, Morris JT, Koepfler EK, Fornwalt B (2003). 
Phosphorus limitation of coastal ecosystem processes. Science 
299: 563-565.

Tahtamouni R, Shibli R, Al-Abdallat A, Al-Qudah T (2016). Analysis 
of growth, oil yield, and carvacrol in Thymbra spicata L. after 
slow-growth conservation. Turk J Agric For 40: 213-221.

Tayefi-Nasrabadi H, Dehghan G, Daeihassani B, Movafegi A, Samadi 
A (2011). Some biochemical properties of guaiacol peroxidases 
as modified by salt stress in leaves of salt-tolerant and salt-
sensitive safflower (Carthamus tinctorius L.) cultivars. Afr J 
Biotechnol 10: 751-763.

Vellosillo T, Vicente J, Kulasekaran S, Hamberg M, Castresana 
C (2010). Emerging complexity in reactive oxygen species 
production and signaling during the response of plants to 
pathogens. Plant Physiol 154: 444–448.

Yeşil M, Kara K (2016). The effects of different nitrogen 
and phosphorus doses on essential oil components of 
some Mentha genotypes. Turk J Agric For 40: 882-893.

http://dx.doi.org/10.1046/j.1365-3040.2000.00602.x
http://dx.doi.org/10.1046/j.1365-3040.2000.00602.x
http://dx.doi.org/10.1046/j.1365-3040.2000.00602.x
http://dx.doi.org/10.1046/j.1365-3040.2000.00602.x
http://dx.doi.org/10.1080/07352689.2011.605739
http://dx.doi.org/10.1080/07352689.2011.605739
http://dx.doi.org/10.1080/07352689.2011.605739
http://dx.doi.org/10.5772/51003
http://dx.doi.org/10.5772/51003
http://dx.doi.org/10.5772/51003
http://dx.doi.org/10.5772/51003
http://dx.doi.org/10.5772/51003
http://dx.doi.org/10.1139/b87-097
http://dx.doi.org/10.1139/b87-097
http://dx.doi.org/10.1139/b87-097
http://dx.doi.org/10.1007/978-1-4614-0634-1_1
http://dx.doi.org/10.1007/978-1-4614-0634-1_1
http://dx.doi.org/10.1007/978-1-4614-0634-1_1
http://dx.doi.org/10.1007/978-1-4614-0634-1_1
http://dx.doi.org/10.1007/978-1-4614-0634-1_1
http://dx.doi.org/10.1016/j.flora.2016.07.009
http://dx.doi.org/10.1016/j.flora.2016.07.009
http://dx.doi.org/10.1016/j.flora.2016.07.009
http://dx.doi.org/10.1016/j.flora.2016.07.009
http://dx.doi.org/10.1016/S0024-3205(99)00642-6
http://dx.doi.org/10.1016/S0024-3205(99)00642-6
http://dx.doi.org/10.5772/45943
http://dx.doi.org/10.5772/45943
http://dx.doi.org/10.5772/45943
http://dx.doi.org/10.5772/45943
http://dx.doi.org/10.1093/aob/mct205
http://dx.doi.org/10.1093/aob/mct205
http://dx.doi.org/10.1093/aob/mct205
http://dx.doi.org/10.1126/science.1079100
http://dx.doi.org/10.1126/science.1079100
http://dx.doi.org/10.1126/science.1079100
http://dx.doi.org/10.3906/tar-1404-54
http://dx.doi.org/10.3906/tar-1404-54
http://dx.doi.org/10.3906/tar-1404-54
http://dx.doi.org/10.1104/pp.110.161273
http://dx.doi.org/10.1104/pp.110.161273
http://dx.doi.org/10.1104/pp.110.161273
http://dx.doi.org/10.1104/pp.110.161273
http://dx.doi.org/10.3906/tar-1604-4
http://dx.doi.org/10.3906/tar-1604-4
http://dx.doi.org/10.3906/tar-1604-4

