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Abstract

Given the importance of cadmium in the ecosystem
pollution, the remediation of soils contaminated
with this heavy metal in particular through
phytoremediation is necessary and inevitable. This
research was aimed to investigate the toxicity effects
of Cadmium Chloride on the function of antioxidant
enzymes in Vetiveria zizianoides. The experiment
was performed in plastic pots in the Baghou nursery,
affiliated to the Department of Natural Resources. At
the beginning of the experiment, irrigation was done
two times a day and then, due to the moisture in the
environment, irrigation was administered once daily.
Treatments included 0, 20, 40 and 60 mg/l Cadmium
Chloride, arranged in a randomized complete blocks
design with four treatments and five replications. The
root growth of the plant is high; therefore, after the
initial growth of the plant, they were transferred to the
field and irrigated with the treatments for two months.
At the end of the period, samples were taken and
Cd content in root, stem and leaves and the activity
of antioxidant enzymes were measured. According
to the obtained results, with increasing concentration
of Cadmium Chloride, a significant increase was
observed for the enzyme activity of Catalase,
Peroxidase, Superoxide dismutase, Glutathione
reductase, Polyphenol oxidase,  Ascorbate
peroxidase and Guaiacol peroxidase. In addition, Cd
absorption and accumulation was higher in roots as
compared to the shoots. The results clearly showed
the high capability of Vetiver for the remediation of
soils contaminated with Cd. Thus, this plant could
be considered as one of the suitable candidates for
cultivation in industrial areas.
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1. Introduction

Heavy metals at concentrations above the threshold
are among the environmental pollutants found
especially in the soils of all parts of industrial and
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agricultural communities [1]. Toxicity of heavy
metals and their accumulation in food chains is one
of the main environmental and health problems of
modern societies [2]. However, these heavy metals
contaminated soils can be purified by chemical,
physical and biological methods [3]. Investigating the
history of research indicates that some cultivars such
as barley, alfalfa, mustard, radish, sunflower, peanut,
castor, corn and...are modifying the contaminated
soils. Certain plant species can transfer heavy metals
to the limb [4]. Therefore, harvesting of heavy metals
from polluted sites can be effective in extracting
heavy metals from the soil without any high costs
such as landing, transport and extraction of surface
soils from the area [5].

Phytoremediation is a low and simple technology
for depleting soil from heavy metals that has been
considered in recent years. This technology is used
by plants to remove pollutants from soil, water and
sediment as a relatively new technology through
root refinement, stabilizing plant, absorbent plant,
substrate and degrading plant, which causes
removal, decomposition or blockage of pollutants [6].
Cadmium is a heavy metal, usually found in the form
of anionic compounds, hydrated ions, or complex
compounds such as carbonate, hydroxide, chloride,
sulfate and organic compounds with humic acid [1];
Due to its high motility and soil absorption by the plant,
significant toxicity and biological half-life of about
20 years and the complications of liver and kidney
failure, cardiovascular disease, bone, pulmonary,
and other diseases in humans are very important [7].
According to Mishra et al. [8] the cadmium content
of the plant is 1 to 0.1 mg/L. Most non-contaminated
soils contain cadmium less than 1 mg/L [9]. The
use of sewage sludge, urban waste and chemical
fertilizers containing cadmium (such as phosphorus
fertilizers) increases the concentration of cadmium in
the soil [10]. When the concentration of cadmium in
soil is high, the processes that microorganisms do in
the soil are disrupted and the whole ecosystem of the
soil is in danger. In the meantime, as the examples of
its effects mention, plants are completely exposed to
pollution due to lack of mobility. Therefore, they are
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more vulnerable to pollutants and other environmental
stresses than other living organisms [10]. High
concentrations of cadmium lead to a reduction in
the absorption of nutrients, preventing enzymatic
activity and inducing oxidative stress, which includes
alterations in the enzymes of the antioxidant defense
system [10,11]. It has also been reported that the
cadmium content of 3 mg/kg of plant growth will
be stopped; Photoconductive pigments have an
inhibitory effect on the electron transfer system and
interferes with ATP synthase and NADH oxidase
enzymes [4]. Cadmium causes leaf tubing, chlorosis
and reduced root and stem growth [12]; he process
of germination and growth of seedlings can be limited
[13]. Also, acute toxicity to cadmium may cause death
of animals and birds and severe poisoning in aquatic
animals [14]. Therefore, given the importance of
cadmium in contamination of ecosystems, providing
methods to reduce contamination, especially
contaminated soil contamination, is unavoidable [7].
Early studies indicate that cadmium absorption is
different among genotypes of plants. Therefore, it is
possible to identify low-cadmium absorbing varieties
and species. Differences in root cadmium uptake and
the rate of transmission and accumulation in aerial
parts are the main factor in explaining the differences
between different genotypes in tolerance to cadmium
toxicity. Vetiveria zizanioides is a forage germinaceae,
a herb that is used to repair and regenerate lands that
have been degraded; It has a lot of talents to absorb
soluble elements such as nitrogen, phosphorus and
significant absorption capacity of heavy and toxic
metals and solutions in contaminated waters [15].
In this study, the function of this plant in absorbing
soil Cd in different organs (leaves, stems, roots) and
enzymatic changes caused by cadmium uptake in
plants were investigated.

Das et al. [16] showed that cadmium affects
cells division and growth, overall growth of plant,
meristematic zone cell division and regulating plant
growth and development and its impact varies
depending on the type of plant. Vitéria et al. [17]
showed that after 13 h of exposure to cadmium,
the activity of catalase and glutathione reductase in
the roots and leaves of radish increased. Xu et al.
[18] showed that cadmium and other heavy metals
caused GSH depletion and suppressed the GR
(glutathione reductase) activities. Polle et al. [19]
during the autopsy through superoxide dismutase -
ascorbate-glutathione, showed that cadmium inhibits
the activity of antioxidant enzymes such as catalase,
glutathione peroxidase and ascorbate peroxidase
by glutathione depletion in the plant. According
to Lamattina et al. [20], GSH and its metabolism
enzymes provide an effective protection against the
damages of ROS through chelating heavy metals
and ward off toxicity. Bergmann [21] investigated the
role of integrating signals in the development of plant
stomata and showed that cadmium stress reduced
the number of stomata on the upper and lower surface
of leaves. According to Kumar et al. [22], the activity
of catalase and peroxidase in wheat was increase

ISSN 1860-3122

Electronic Journal of Biology. 2017, Vol.13(4): 320-329

against oxidative stress. Tegelberg et al. [23] showed
that there was a relationship between the amount of
phenol present in the plant and polyphenol oxidase
activity so that polyphenol oxidase activity increased
by increasing of total concentration of soluble phenol.
Furthermore, Ashraf et al. [24] indicated that cadmium
inhibited enzymes activities directly by reaction with
-SH groups or indirectly by disrupting the balance of
ions at the cellular level.

2. Materials and Methods
2.1 Study area

All cultivation operations were performed at a five-
hectare nursery, called Baghou, affiliated to the
Department of Natural Resources, Hormozgan
Province.

2.2 Preparation and planting method

Vetiveria zizanioides, a forage species belonging to
the Gramineae family, grows naturally in many parts
of the world. Vetiver grass has a tendency to social life
and lives in groups. It is a fast-growing species used
for restoration of degraded lands due to the specific
features in roots, shoots and leaves. Plant roots were
obtained from the Department of Natural Resources,
Hormozgan province. It is worth mentioning that plant
roots have been imported from the Genetic Research
Center of the UAE. The experiment was performed
in plastic pots in the Baghou nursery, affiliated to
the Department of Natural Resources Hormozgan
province. Overall, 100 pots were planted of which 85
pots were selected and 15 pots were excluded from
the experiment in which planting was unsuccessful
for unknown reasons including climate factors or root
infection.

Early planting was in April and the initial plant growth
reached normal by June. In the first two weeks,
irrigation was done two times a day and then, due
to the moisture in the environment, irrigation was
administered once daily. Since the root growth of
the study species is high, they were transferred
to the field and the study was performed with the
same statistical method expressed. The plants were
irrigated with four treatments (0, 20, 40 and 60 mg/L
cadmium chloride) for two months and they were
harvested eight weeks later.

2.3 Treatments

Treatments included 0, 20, 40 and 60 mg/L cadmium
chloride, arranged in a randomized complete blocks
design. Each treatment was randomly applied to 21
pots from 15 June. Experiments were conducted at
two stages.

In the first stage of the experiment, soil analysis
was performed at planting time (15 April). Physical
and chemical properties of soil were determined as
follows: pH, electrical conductivity (EC), soil organic
matter content, Cd concentration, extractable by
Diethylene Diamine Penta-acetic acid (DTPA). At the
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second stage, On 15 August, cadmium content in
soil, roots, stems and leaves with 5 replications per
treatment was again measured randomly.

In total, 20 samples of soil, roots, stems, and leaves
were transferred to the research lab of Bandar Abbas
Branch, Islamic Azad University. All samples were
read by atomic absorption. Different plant organs
including roots, stems and leaves were dried at
80°C (for 48 h) to be prepared for biochemical and
physiological measures.

After harvesting and removing the shoots from the
roots, five replicates of each treatment were kept in
the freezer of the Research Laboratory at -80°C for
the experiments requiring fresh tissue.

2.4 Soil physical and chemical properties

Soil physical and chemical properties were
determined in two stages (15 March-15 August) as
follows: Soil pH and EC were measured using pH
meter and EC-meter in the saturation extract. Soil
organic matter content was determined by Walkley
and Black (1934) method. The hydrometer method
also was used to determine soil texture based on the
percentage of clay, silt, and sand.

2.5 Determining Cd concentration in the plant

To measure extractable cadmium in plant tissues
(roots, stems and leaves), DTPA-TEA method was
used Lindsay and Norvell (1978).

2.6 Measurement of antioxidant enzymes

For the enzymatic extraction, at first, 0.25 g of
powdered leaves and roots was immediately
weighted by liquid nitrogen and was poured in 1.5
ml Eppendorf. Then, one ml of 50 mM potassium
phosphate buffer (pH=7.5), containing 11% triton was
added to each Eppendorf. All stages of extraction
were performed on the ice. The samples were then
placed in the refrigerator for one hour. Extracts were
centrifuged for 15 min at 15000 g and 4°C.

The supernatant was used to measure enzyme
activity. Measurement of Peroxidase and Polyphenol
oxidase activity was performed using the Kar et al.
[25] method. Measurement of Catalase activity was
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performed by the method of Aebi [26]. Superoxide
dismutase, APX, and Guaiacol peroxidase activity
were assayed by the Gianopolitis et al. [27], Nakano
et al. [28] and Updhyaya et al. [29] methods,
respectively. Glutathione reductase activity was
assayed by oxidation of NADPH at a wavelength of
340 nm [30].

2.7 Data analysis

The experiment was conducted in a completely
randomized design with four treatments and
five replications. Data were analyzed using SAS
10.3 statistical software. For all data, means and
standard errors were calculated and ANOVA was
used to compare the significance of changes in the
experimental group with the control group at P<0.05
and P<0.01. Additionally, the mean comparison of
data was performed at P < 0.01 and P < 0.05 using
LSD test. Means with at least one common letter
designation are not different, at P<0.05.

3. Results
3.1 Results of soil analysis

Soil analysis at the start of planting (15 April) and
harvesting (15 August) showed that the pH value was
fixed at 6.5, EC increased from 2.6 to 2.7 ds/m and
the concentration of cadmium increased from 0.13 to
5.7 Mg/kg of soil. The soil texture was loam-loamy
clay (Table 1).

3.2 Cadmium content of leaf, shoot and root in
vetiver

The leaf cadmium content was calculated to be 0.90
+0.27,1.72 £ 0.3, 3.80 + 0.37 and 6.36 + 0.29 mg/
kg dw with increasing concentrations of Cd chloride
(0, 20, 40 and 60 mg/L), respectively. As well, the
root and shoot cadmium content was calculated to
be 1.25 + 0.06, 3.68 + 0.25, 8.25 + 0.34 and 13.38
+ 1.20 mg/kg dw and 0.08 + 0.06, 0.53 + 0.08, 1.84
+ 0.15 and 2.52 + 0.18 mg/kg dw with increasing
concentrations of Cd chloride, respectively (Table 2).

The results of measuring Cd content in leaves,
shoots and roots showed that the uptake and
accumulation of Cd in the plant increased with

Table 1. Soil analysis during the experiment.

Properties pH EC Soil organic Soil Cd Soil Texture (%)
(ds/m) matter (mg/kg DW) Clay Sand Silt
Experiment stage
Planting (15 April) 6.5 2.6 9.29 0.13 21 36 42
Harvesting (15 August) 5.7 2.7 9.4 5.7 20 35 42

Table 2. Mean comparison of traits under the effect of different concentrations of cadmium chloride.

Plant Organs Cd

Cadmium Chloride Concentration (mg/l)

(mg/kg dw) 0 (control) 20 40 60

Leaf 0.90 + 0.27° 1.72 £ 0.23° 3.8 £0.37° 6.36 £ 0.29°
Root 1.25 £ 0.06° 3.68 + 0.25° 8.25 + 0.34° 13.38 £ 1.2
Shoot 0.08 £ 0.06° 0.53 £ 0.08° 1.84 £0.15b 2.52+£0.18°
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increasing concentrations of Cd chloride, and Cd
concentration in roots was more than that of leaves
and shoots (Figure 1). According to the LSD test,
there is a significant difference at a concentration of
60 mg/L of cadmium chloride (P<0.01).

3.3 Analysis of antioxidant enzyme activities

Table 3 shows mean comparison of antioxidant
enzymes under the effect of different concentrations
of cadmium chloride.

According to the Table 3, the Catalase enzyme
content was increased with increasing concentrations
of cadmium chloride, showing a significant difference
at a concentration of 60 mg/L compared to the
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control (P<0.01). However, there were no significant
differences between treatments of 20 and 40 mg/L
(P<0.05) (Figure 2).

Mean comparison of root and shoot Peroxidase
showed that the enzyme content was increased with
increasing concentrations of Cd chloride, showing a
significant difference at a concentration of 60 mg/L
compared to the control (P<0.01). However, no
significant differences were found for root and shoot
peroxidase content at concentrations of 20 and 40
mg/L and 40 and 60 mg/L Cd chloride even at 5% level
of probability (Figure 3). The same results were found
for Superoxide dismutase (Figure 4), Glutathione
reductase (Figure 5) and Polyphenol oxidase (Figure

Shoot &

Cd Chloride Concentration (mg/l)

Figure 1. Mean comparison of leaf, root and shoot cd content under the effect of different concentrations of cadmium

chloride.
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Figure 2. Mean comparison of root and shoot catalase content under the effect of different concentrations of cadmium

chloride.

Table 3. Mean comparison of antioxidant enzymes under the effect of different concentrations of cadmium chloride.

Trait (umol/g.fw.protein)

0 (control)
Shoot Catalase 0.1 £ 0.004°
Root Catalase 0.15 + 0.02°
Root peroxidase 0.6 £ 0.08°
Shoot peroxidase 0.44 £ 0.02°
Leaf superoxide dismutase 0.15 £ 0.02°
Leaf glutathione reductase 0.011 £ 0.001°
Leaf polyphenol oxidase 0.19 £ 0.01¢
Leaf ascorbate peroxidase 0.2 £0.03¢
Leaf guaiacol peroxidase 0.28 £ 0.01°

Cadmium Chloride Concentration (mg/l)

20 40 60

0.22 £ 0.037° 0.36 + 0.024° 0.45 + 0.022°
0.28 £ 0.02° 0.34 £ 0.02° 0.53 + 0.022
0.78 £ 0.05* 0.84 £ 0.042° 1.01£0.132
0.6 + 0.04° 0.89 + 0.05° 0.82 + 0.06°
0.28 + 0.04° 0.36 + 0.02° 0.49 £ 0.022

0.038 £ 0.0032 0.049 + 0.0062 0.042 £ 0.0032
0.32 + 0.006 0.46 £ 0.013° 0.72 + 0.066°
0.46 £ 0.01° 0.62 + 0.06° 0.92 £ 0.022
0.3 +0.02° 0.42 + 0.022 0.47 £ 0.022

Note: Columns having at least one common letter are not significantly different according to LSD at the 1% level of

probability
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6). Mean comparison of leaf Ascorbate peroxidase
and Guaiacol peroxide showed that the enzyme
content was increased significantly (P<0.01) with
increasing concentrations of cadmium chloride
(Figures 7 and 8).

The ANOVA analysis showed a highly significant
difference between the leaf, root and shoot Cd
content (P<0.01) and all antioxidant enzymes
(Table 4). Moreover, according to the correlation
coefficients among the study traits, a significant
positive correlation was found between the leaf
cadmium content and root and shoot cadmium, root
and shoot Catalase, root and shoot Peroxidase, leaf
Superoxide dismutase, leaf Glutathione reductase,
leaf Polyphenol oxidase, leaf Ascorbate peroxidase

12

Peroxidase
{pmol/g.fw.protein)

0 20

Root B Shoot m
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and leaf Guaiacol peroxidase. Actually, by increasing
or decreasing leaves cadmium content, the values of
above-mentioned traits are increased or decreased,
respectively.

4. Discussion

The results of cadmium measurements in leaves,
stems and roots of Vetiver plant during four treatments
showed an increase in the concentration of cadmium
chloride; cadmium accumulates more in the root than
leaves and stems of the plant. These findings are
similar to the results of research on wheat, cucumber,
sorghum and cereals [31].

that

Studies show cadmium uptake and its

40 ' 60
Cd Chloride Concentration (mg/l)

Figure 3. Mean comparison of root and shoot peroxidase content under the effect of different concentrations of cadmium

chloride.
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Figure 4. Mean comparison of leaf superoxide dismutase content under the effect of different concentrations of cadmium

chloride.
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Figure 5. Mean comparison of leaf glutathione reductase content under the effect of different concentrations of cadmium

chloride.
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Fri] urg 8. Mean comparison of leaf guaiacol peroxidase content under the effect of different concentrations of cadmium
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Table 4. Analysis of variance of the effect of different concentrations of cadmium chloride on the study traits.
MS

ShL c LCd RCd SCd RCa SCa RPe SPe LSu LGl LPo LAs LGu
Cadmium

chloride 3 | 29.73" | 143.0" 6.41" 0.122" 0.126" 0.143" 0.216" 0.099” 0.00136" |0.263" 0.459" 0.0409™
concentration

Error 16 044 2.02 0.08 0.003 0.002 0.034 0.01 0.004 0.00007 0.006 0.006 0.0016
CV (%) 20.8 21.4 228 199 147 229 144 191 235 18.1 143 10.8

Note: L Cd=Leaf Cd, R Cd=Root Cd, S Cd=Shoot Cd, R Ca=Root Catalase, S Ca=Shoot Catalase, R Pe=Root Peroxidase,
S Pe=Shoot Peroxidase, L Su=Leaf Superoxide dismutase, L Gl=Leaf Glutathione reductase, L Po=Leaf Polyphenol
oxidase, L As=Leaf Ascorbate peroxidase, L Gu=Leaf Guaiacol peroxidase,*=significant at P<0.05, **=significant at P<0.01

concentration in the plant depend on environmental content than the airframe; because the first organs
conditions, physiological conditions and biochemical that are associated with cadmium and prevent as
factors. The roots usually show more cadmium much as possible the movement of cadmium ion to
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the air [32]: Therefore, they play a very important
role in the deactivation of metals [33]. In plants, the
transfer of ions from the cell membrane is mediated
by proteins called transporters. These transporters
(ion carriers) carry a special ion and operate in a
special way. Of the total ions located around the root,
only a small amount of plant absorption occurs. Most
of these ions are physically absorbed by the cell wall.
In the cell wall, a part that is negatively pregnant
and called the Co-site is responsible for cell surface
absorption. The ions that attach to this part can not
enter the cell and can not be transferred to the plant's
airspace. Another reason for increasing the amount
of cadmium in the roots of the investigated plants may
be their accumulation in vacuoles. The accumulation
of this element in cellular vacuoles prevents them
from transmitting to the aerial parts of the plant, which
is why the amount of this element in the root is far
more than the air organs. A condition that may have
occurred for the Vetiver plant. Therefore, if the growing
conditions for this plant are provided, it can be used
in soils contaminated with heavy metal cadmium as a
treatment plant. Gill et al. [33] in evaluating the effects
of cadmium on Lepidium sativum showed that with
increasing cadmium concentration, the accumulation
of this element in the root and leaves increases; So
that its concentration in the root at a concentration
of 100 mg/kg soil reaches 700 mg/kg. In one study
the effects of cadmium on Solanum nigrum showed
that increased cadmium concentration increases the
accumulation of this element in its root and stem.
Similar results were obtained in studies on the effect
of cadmium on the Swietenir macrophylum species,
as well as Nikolic et al. [34] on the effect of cadmium
on hybridisation and cadmium accumulation
responses in spruce seedlings. Studies show that
soil pH is the most important factor in the absorption
of cadmium by root drying. Cadmium adsorption has
been reported to increase with decreasing pH of the
culture medium [36]. The results of this study showed
that due to the accumulation of a significant amount
of cadmium in Vetiver root can be used in cadmium
contaminated soils as a stabilizing plant.

4.1 Activity of catalase and peroxidase enzymes

According to the results, the comparison of the mean
of the traits studied in this study showed a significant
increase in the activity of catalase and peroxidase
enzymes in the root and shoot organs of the vetiver,
with increasing cadmium chloride concentration;
This increase in both enzymes in the treatment of
60 mg/L of cadmium chloride showed a significant
difference compared with control; However, there
was no significant difference between treatments
(aerial catalase and root peroxidase). Among the
plant's responses to these stresses is the activity of
enzymes such as catalase (CAT) and peroxidase
(POX) that neutralizes the activity of reactive oxygen
species produced in cells; the production of reactive
oxygen species in vegetable juices stimulates and
enhances the activity of these enzymes [37].
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Cadmium, unlike metals such as copper and
iron, produce oxidative stress through a reducing
cycle such as fenton or Haber-Wiese reactions.
Through indirect mechanisms such as intervention
in defense systems, the destruction of the electron
transport chain and the induction of fat peroxidation
can damage the cell [32]. High concentrations of
cadmium cause toxicity in the plant and therefore
cause oxidative stress. Oxidative stresses damage
the production of oxygen free radicals, such as
superoxide radicals (O°), hydrogen peroxide (H,O,)
and hydroxyl radicals (OH) to plant cells; and free
radicals hydroxyl react initially, which causes fat
peroxidation [38]. The activity of antioxidant enzymes
such as catalase and peroxidase increases in order
to reduce and eliminate various active oxygen
species and avoid oxidative damage in plants [39].
Hameed et al. [40] showed that cadmium chloride
and mercury chloride reduce the activity of catalase
enzymes in okra, which is apparently due to inhibitory
enzymatic synthesis. It seems that peroxidases
are commonly used as enzymes for poisoning and
deactivating active oxygen species. Therefore, with
increasing levels of activity of these enzymes, the
plant is less invasive of reactive oxygen species,
which is consistent with the results of the present
study. Because catalase and peroxidase enzymes
are known to be the main enzymes that destroy H,O,
[41]. Peroxides are among the enzymes that play
a very important role in responding to a variety of
stresses. Peroxides are responsible for the removal
of excess amounts of hydrogen peroxide, including
proteins induced during host plant defense against
stress. Increasing catalase levels by cadmium
treatment can help reduce respiration and reduce
the CO, refraction point. According to researcher
the accumulation of H,O, results in the production of
reactive oxygen species and increased activity of the
enzyme superoxide dismutase in the cell. Research
has shown that the presence of heavy metals in the
cell leads to the accumulation of reactive oxygen
species [42]. ROS, such as single oxygen (O,),
hydrogen peroxide (H,0,) and radical hydroxyl
(OH), damage biological molecules (DNA, RNA and
proteins). H,0O, is a productive component of plant
oxidation and metabolism, which is considered to
be oxidative chloroplast and peroxisomal reactions.
Also, increased levels of H,O, in vivo can lead to
aging and lipid peroxidation in plants [38]. Vegetables
have a mechanism for protecting enzymes and non-
enzymatic mechanisms for purifying reactive oxygen
species (ROS) and reducing their harmful effects.
Oxidant enzymes can be considered as an important
defense system in plants against oxidative stresses
caused by metals [43]. In the present study, CAT
activity was significantly increased in roots compared
with the cadmium treated plants of the plants, which
probably indicates the decomposition of H,O, and
toxic peroxides by cadmium accumulation by CAT.
The effect of increasing the activity of CAT enzyme
in cadmium treated plants has also been reported
in similar studies on coffee by Gomes et al. [44]
and tomato by Chamseddine et al. [45]. Based
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on researches done on beans, increased activity
of catalase and peroxidase enzymes was due to
metals such as copper, zinc and copper [43]. Also,
the decrease in catalase activity due to intense
environmental stresses such as salinity, drought,
cold and heavy metals reported.

4.2 Superoxide dismutase (SOD)

In this study, with increasing cadmium chloride
concentration, the activity of enzyme superoxide
dismutase increased significantly in Vetiver leaves,
but did not show any significant difference in treatment
with 60 mg/L of cadmium chloride compared to
control. Superoxide dismutase is the first enzyme
involved in the process of eliminating poisoning,
converting-O, into hydrogen peroxide, decreasing the
accumulation of hydrogen peroxide by catalase and
peroxidase enzymes, and reducing the amount of
this radical in the cellular organelles. These enzymes
convert hydrogen peroxide to oxygen and water
[46]. The accumulation of H,O, is the result of the
production of active oxygen radicals and increased
activity of superoxide dismutase in the cell and as
a key enzyme on free radicals, it converts hydrogen
peroxide produced by catalase and peroxidase into
water and oxygen. Increasing the activity of these
enzymes in environmental stresses increases plant
resistance to stress conditions. Enzymes such as
superoxide dismutase provide a defense system
for the survival of aerobic organisms. As it is seen,
the increase in enzyme activity is consistent with
the results of the present study. Also, the enzyme's
activity has been reported by two copper and
leaded metals in the Lathyrus sativus [47]. Also, the
results indicate that There is a negative correlation
between the amount of chlorophyll pigments with
the superoxide dismutase enzyme, which, with a
decrease in the chlorophyll content of this enzyme, is
likely to increase in response to the production of free
radical oxides due to the effect of lead and copper
[47]; which is consistent with the results of this study.

4.3 Glutathione reductase (GR)

Regarding the results and the comparison of the mean
of the traits studied, with increasing cadmium chloride
concentration, glutathione reductase activity increased
significantly in vetiver leaf, which is a significant
increase in treatment with 40 mg/L of cadmium chloride
compared to control some researcher examined the
effect of cadmium on corn and the results showed
that glutathione reductase (NADPH) was catalyzed
by glutathione oxidized reactions, which significantly
increased with cadmium treatment finds. Therefore,
antioxidant enzymes such as glutathione reductase
are stimulated as key enzymes in response to excess
cadmium toxicity and increased to eliminate injuries
caused by cadmium stress, which is consistent with the
results of the present study.

4.4 Polyphenol oxidase

Increasing the concentration of cadmium chloride
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showed a significant increase in the activity of
polyphenol oxidase in vetiver leaves, which showed
a significant increase in treatment with 60 mg/L of
cadmium chloride compared to control. But among
other treatments, this increase was not significantly
different. Polyphenol oxidase is found in most of the
plants known as catechol oxidase, catecholazos
trinosinate, in the presence of oxygen, two kinds of
hydroxylation reactions of the phenol compounds
and their conversion into quinine, and its main
function is a kind of catalyst Quinone is from phenols
adjacent to the oxygen molecule. Among its main
roles are enzymes, its effect on root formation and
root development [48]. Peroxidase and polyphenol
oxidase enzymes in meta polyphenols play a role in
bolism [49]. It will show that the amount of phenol
in the plant and the activity of polyphenol oxidase.
This relationship exists, and when the total phenol
concentration of the plant increases, the activity of
polyphenol oxidase will also increase [23]. In this
study, by increasing the phenolic compounds in the
vetiver plant, increased activity of the peroxidase
and polysaccharide enzymes Phenol oxidase is also
observed.

4.5 Ascorbate peroxidase (APX)

Increasing of CdCl, concentration significantly
increased the activity of the ascorbate peroxidase
enzyme in vetiver leaves, which showed a significant
difference in all treatments of cadmium chloride
compared to control. Ascorbate peroxidase as
another H,O, sweetener was investigated in this
study. Increasing the activity of this enzyme in
Cadmium-treated plants actually plays a key role
in the response of the plant to increasing H,O,
accumulation. Corticosteroid peroxidase is mainly
used in chloroplast, cytosolic and other Intracellular
organelles are produced and required to maintain
regeneration in the cells [29]. Reports on the
increase of BET peroxidase enzyme in plants such
as caudium chloride by Gomes et al. [44] and peas
by Groppa et al. [50], which was consistent with the
present study. It is also reported by other researchers
that the activity of this enzyme will decrease in high
concentrations of CdCl, (800 ppm). This is because
of the high concentrations of Cd in the inactivation
of this enzyme by excessive production of reactive
oxygen species (ROS), degradation or degradation
of non-specialized enzymes, or the transplantation of
unnecessary heavy metals such as cadmium to the
site of enzyme activity is related [51].

4.6 Guiacol peroxidase (GPX)

The activity of enzyme guiacol peroxidase in
Vetiver leaves showed a significant increase in the
concentration of cadmium chloride. This increase
in 60 mg/L of cadmium chloride was significantly
different from the control. The results of this study
indicate that the enzyme acts as a protective device
in the resistance to induce oxidative and cadmium
damage, as well as reduces the amount of hydrogen
peroxide to water, fatty acids or hydroxides into the
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gaseous peroxidase activity due to the stress of
cadmium chloride. Alcohols catalyze. The induction
of the activity of guiacol peroxidase in plants on other
heavy metals such as aluminum and zinc (Chaoui et
al. [52]), iodine and copper (Chamseddine et al. [45])
have also been reported.

5. Conclusion

Our results clearly showed the high capability of
Vetiveria zizianoides for the remediation of soils
contaminated with Cd. According to the results, it
is concluded that the uptake and accumulation of
cadmium in the roots was higher compared to the
shoots of Vetiver, and by increasing the activity
of antioxidant enzymes, this plant can be used in
the process of phytoremediation mechanisms and
reduction of environmental pollution caused by
Cd. Evaluation of different varieties of this plant in
response to cadmium and other heavy metals under
different environmental conditions can complete
the results of this study. This study also confirms
that as the concentration of heavy metals reaches
toxic levels, it causes the physiologically irreversible
change in the cell.

References

[1]Lasat MM. (2002). Phytoextraction of toxic metals - A
review of biological mechanisms. J Environ Qual. 31:
109-120.

[2]Adriano DC. (2001). Trace elements in terrestrial
environments: Biochemistry, bioavailability and risks of
metals. Springer-Environmental Sciences.

[3]McEldowney S, Hardman DJ, Waite S. (1993). Pollution:
Ecology and bio treatment. Longman Scientific and
Technical. 1-322.

[4]Alia G, Srivastava PS, lobal M. (2001). Responses
of Bacopa moniera cultures to cadmium toxicity. Bull
Environ Contam Toxicol. 66: 342-34.

[5]Blaylock MJ, Salt DE, Dushenkov S, et al. (1997).
Enhanced accumulation of Pb in Indian mustard by soil-
applied chelating agents. Environ Sci Technol. 31: 860-
865.

[6]Lombi E, Zhao F, Dunham S, et al. (2001).
Phytoremediation of heavy metal-contaminated soils:
Natural hyper accumulation versus chemically enhanced
phytoextraction. J Environ Qual. 30: 1919-1926.

[7]Mauskar J. (2007). Cadmium, an environment toxicant.
Central pollution control board, Ministry of Environment
and Forests, Government of India.

[8]Mishra A, Choudhuri M. (1999). Effects of salicylic
acid on heavy metal-induced membrane deterioration
mediated by lipoxygenase in rice. Biologia Plantarum.
42: 409-415.

[9] Alloway BJ. (1990). Heavy metals in soils. John Wiley &
Sons, Inc. New York. 1-368.

[10] Majer BJ, Tscherko D, Paschke A. (2002). Effects of
heavy metal contamination of soils on micronucleus
induction in Tradescantia and on microbial enzyme
activities: A comparative investigation. Mutat Res. 515:
111-124.

ISSN 1860-3122

Electronic Journal of Biology. 2017, Vol.13(4): 320-329

[11] Agrawal V, Sharma K. (2006). Phytotoxic effects of Cu,
Zn, Cd and Pb on in vitro regeneration and concomitant
protein changes in Holarrhena antidysenteric. J Bio
Plant. 50: 307-310.

[12] Smeets K, Cuypers A, Lambrechts A, et al. (2005).
Induction of oxidative stress and anti-oxidative
mechanisms in Phaseolus vulgaris after Cd application.
Plant Physiol Biochem. 43: 437-444.

[13] Rascio N, Vecchia FD, Ferretti M, et al. (1993). Some
effects of cadmium on maize plants. Arch Environ
Contam Toxicol. 25: 244-249.

[14] Kabata PA, Pendias H. (2001). Trace elements in
plants. Trace Element in Soils and Plants. 73-98.

[15] Pais IJ, Benton JR. (1997). The hand book of trace
elements. Publishing by: St. Luice Press Boca Raton
Florida.

[16] Das P, Samantaray S, Rout GR. (1997). Studies on
cadmium toxicity in plants a review. Environ Pollut. 98:
29-36.

[17] Vitoria AP, Lea PJ, Azevedo RA. (2001). Antioxidant
enzymes responses to cadmium in radish tissues.
Phytochemistry. 57: 701-710.

[18] Xu J, Yin H, Liuet X, et al. (2010). Salt affects plant
Cd-stress responses by modulating growth and Cd
accumulation. Planta. 231: 449-459.

[19] Polle A. (2001). Dissecting the superoxide dismutase-
ascorbate-glutathione-pathway in chloroplasts by
metabolic modeling. Computer simulations as a step
towards flux analysis. Plant Physiol. 126: 445-462.

[20] Lamattina L, Garcia MC, Graziano M, et al. (2003).
Nitric oxide: The versatility of an extensive signal
molecule. Annu Rev Plant Biol. 54: 109-136.

[21]1 Bergmann DC. (2004). Integrating signals in stomatal
development. Curr Opin Plant Biol. 7: 26-32.

[22] Kumar A, Prasanna M. (2004). Effect of salinity on
biochemical components of the mangrove. Aquat Bot.
8:77-87.

[23] Tegelberg R, Julkunen TR, Aphalo PJ. (2004). Red:
Far-red light ratio and UV-B radiation: their effect on
leaf phenolic and growth of silver birch seedlings.
Plant Cell Environ. 27: 1005-1013.

[24] Ashraf M, Harris PJC. (2004). Potential biochemical
indicators of salinity tolerance in plants. Plant Sci. 166:
3-16.

[25]Kar M, Mishra D. (1976). Catalase, peroxidase
and polyphenol oxidase activities during rice leaf
senescence. Plant Physiol. 57: 315-319.

[26] Aebi H. (1984). Catalase in vitro. Methods Enzymol.
105: 121.

[27] Gianopolitis CN, Ries SK. (1977). Superoxide
dismutases: |. Occurrence in higher plants. Plant
Physiol. 59: 309-314.

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

[29] Updhyaya D, Sankhla TD, Davis N, et al. (1985). Effect
of paclobutrazol on the activities of some enzymes of
activated oxygen metabolism and lipid peroxidation in
senescing soybean leaves. Plant Physiol. 121: 453-461.

- 328 -



cJBio

[30] Dalton DA, Russell SA, Hanus F, et al. (1986).
Enzymatic reactions of ascorbate and glutathione that
prevent peroxide damage in soybean root nodules.
Proc Natl Acad Sci U S A. 83: 3811-3815.

[31] Youn-Joo A. (2004). Soil ecotoxicity assessment using
cadmium sensitive plants. Environ Pollut. 127: 21-26.

[32] Benavides MP, Gallego SM, Tomaro ML. (2005).
Cadmium toxicity in plants. Braz J Plant Physiol. 17:
21-34.

[33] Gill SS, Khan NA, Tuteja N. (2012). Cadmium at high
dose perturbs growth, photosynthesis and nitrogen
metabolism while at low dose it up-regulates sulfur
assimilation and antioxidant machinery in garden
cress (Lepidium sativum L.). Plant Sci. 182: 112-120.

[34] Nikolic N, Kojic D, Pilipovic A, et al. (2008). Responses
of hybrid poplar to cadmium stress: Photosynthetic
characteristics, cadmium and proline accumulation,
and antioxidant enzyme activity. Acta Biological
Cracoviensia Series Botanica. 50: 95-103.

[35] Al Khateeb W, Al-Qwasemeh H. (2014). Cadmium,
copper and zinc toxicity effects on growth, proline
content and genetic stability of Solanum nigrum L.,
a crop wild relative for tomato; comparative study.
Physiol Mol Biol Plants. 20: 31-39.

[36] Singh OV, Labana S, Pandey G, et al. (2003).
Phytoremediation: An overview of metallic ion
decontamination from soil. App/ Microbiol Biotechnol.
61: 405-412.

[37] Mishra S, Tripathi R, Srivastava S, et al. (2009). Thiol
metabolism play significant role during cadmium
detoxification by Ceratophyllum demersum L.
Bioresour Technol. 100: 2155-2161.

[38] Chen J, Zhu C, Lin D, et al. (2007). The effects of Cd
on lipid peroxidation, hydrogen peroxide content and
antioxidant enzyme activities in Cd-sensitive mutant
rice seedlings. Can J Plant Sci. 87: 49-55.

[39] Nair AR, Lee WK, Smeets K, et al. (2015). Glutathione
and mitochondria determine acute defense responses
and adaptive processes in cadmium-induced oxidative
stress and toxicity of the kidney. Arch Toxicol. 89:
2273-2289.

[40] Hameed A, Qadri NT, Mahmooduzzafar T, et al. (2011).
Differential activation of the enzymatic antioxidant
system of Abelmoschus esculentus L. under CdCl,
and HgCl, exposure. Braz J Plant Physiol. 23: 46-54.

[41] Tewari RK, Kumar P, Sharma PN. (2005). Signs of

ISSN 1860-3122

Electronic Journal of Biology. 2017, Vol.13(4): 320-329

oxidative stress in the chlorotic leaves of iron-starved
plants. Plant Sci. 169: 1037-1045.

[42] Radotic K, Ducic T, Mutavdzic D. (2000). Changes in
peroxidase activity and isoenzymes in spruce needles
after exposure to different concentrations of cadmium.
Environ Exp Bot. 44: 105-113.

[43] Weckx JE, Clijsters HM. (1996). Oxidative damage and
defense mechanisms in primary leaves of Phaseolus
vulgaris as a result of root assimilation of toxic amounts
of copper. Physiologia Plantarum. 96: 506-512.

[44] Gomes-Junior RA, Moldes CA, Delite FS, et al. (2006).
Antioxidant metabolism of coffee cell suspension
cultures in response to cadmium. Chemosphere. 65:
1330-1337.

[45] Chamseddine M, Wided BA, Guy H, et al. (2009).
Cadmium and copper induction of oxidative stress
and anti-oxidative response in tomato (Solanum
lycopersicon) leaves. J Plant Growth Regul. 57: 89-99.

[46] Zhang F, Zhang H, Wang G, et al. (2009). Cadmium-
induced accumulation of hydrogen peroxide in the leaf
apoplast of Phaseolus aureus and Vicia sativa and the
roles of different antioxidant enzymes. J Hazard Mater.
168: 76-84.

[47] Estrella GN, Mendoza CD, Moreno SR, et al. (2009).
The Pb-hyperaccumulator aquatic fern Salvinia minima
Baker, responds to Pb?* by increasing phytochelatins
via changes in SmPCS expression and in phytochelatin
synthase activity. Aquat Toxicol. 91: 320-328.

[48] Yilmaz DD, Parlak KU. (2011). Changes in proline
accumulation and anti-oxidative enzyme activities in
Groenlandia densa under cadmium stress. Ecol Indic.
11: 417-42.

[49] Bajguz A, Hayat S. (2009). Effects of brassinosteroids
on the plant responses to environmental stresses.
Plant Physiol Biochem. 4T: 1-8.

[50] Groppa MD, Tomaro ML, Benavides MP. (2007).
Polyamines and heavy metal stress: The antioxidant
behavior of spermine in cadmium and copper treated
wheat leaves. Biometals. 20: 185-195.

[51] Filek M, Keskinen R, Hartikainen H, et al. (2008). The
protective role of selenium in rape seedlings subjected
to cadmium stress. J Plant Physiol. 165: 833-844.

[52] Chaoui A, Mazhoudi S, Ghorbal M.H, et al. (1997).
Cadmium and zinc induction of lipid peroxidation
and effects on antioxidant enzyme activities in bean
(Phaseolus vulgaris L.). Plant Sci. 127:139-147.

-329 -



