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Abstract Phytoremediation is a green technology for the
remediation of contaminated ecosystems by using plants.
In the present study, a hydroponic experiment was con-
ducted to investigate the phytoremediation potential of
eight canola (Brassica napus L.) cultivars for hexavalent
chromium [Cr(VI)]. Chromium significantly affected dry
weight, lipid peroxidation, chlorophylls, non-protein thiol
and antioxidant enzymes. Based on the dry weight, the
tolerance index was found maximum in cultivar (cv.) NK
Petrol and minimum in cv. Sary. The cv. Sary accumulated
the maximum amount of Cr (705.8 pg g~' DW), which
was correlated with the lowest levels of chlorophyll content
and highest levels of lipid peroxidation. However, Cr
accumulation was lowest (255.0 pg g~' DW) in NK Petrol.
Although cv. NK Petrol may be a Cr(VI) excluder relative
to cv. Sary, it may have the potential for the phytoreme-
diation of Cr-contaminated sites as it possesses higher
resistance to Cr(VI) by producing higher biomasses.

Keywords Brassica napus L. - Chromium - Tolerance -
Accumulation

Presently, heavy metal pollution of the biosphere caused by
various human activities has accelerated rapidly and the
resulting soil contamination causes major environmental
problems. In particular, chromium (Cr) has accumulated
among others in agriculturally used soils due to electro-
plating, metal finishing, corrosion control, leather tanning,
and pigment manufacturing industries (Shanker et al.
2005). This contamination with Cr has become an
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important environmental concern throughout the world due
to its potential adverse effects on human and animal health
(Tiwari et al. 2013). Therefore, the remediation of Cr-
contaminated soils is required reducing related risks. In this
context, phytoremediation, which takes advantage of
hyperaccumulator or accumulator plants to remove metals
from soil, represents an alternative to engineering proce-
dures that are considered more destructive to soils (Chaney
et al. 2007). The efficiency of phytoremediation, however,
depends on biomass production and the possibility to
accumulate metals in harvestable organs of the selected
plant species (Blaylock et al. 1997). Some members of
Brassica genus, such as canola (Brassica napus) and Indian
mustard (B. juncea) are well known as metal accumulators
and have been investigated for the accumulation of heavy
metals such as Cd, As, Hg, Pb, Cr, Cu, Zn and Ni (Diwan
et al. 2008; Yu et al. 2012). However, the potential of
canola for phytoremediation of Cr has not been assessed
yet. The objectives of this research were therefore to
determine the Cr-tolerance and -bioaccumulative potential
of 8 canola cultivars as well as to compare their phyto-
remediation potential.

Materials and Methods

Seeds of eight cultivars (Champlain, Dante, Heros, Nelson,
NK Petrol, Sary, Siizer and Vectra) of canola (Brassica
napus L.) were obtained from National Seed Corporations
and Trakya Agricultural Research Institute in Turkey. The
seeds were germinated in paper towels in dark at
23 £+ 1°C, and uniform germinated seeds were transferred
to 1 L plastic pots with nutrient solution of the following
composition (Diwan et al. 2008): 2.4 mM Ca(NOs),,
1.0 mM KH,PO,4, 3.0 mM KNO;, 1.0 mM MgSO,, and
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Table 1 Nominal and measured Cr concentrations in exposure
solutions, and retrieval rate of nominal concentrations (%)

Nominal Measured Retrieval rate of
concentration concentration nominal

(LM) (M) concentration (%)
10 9.3 £ 0.3* 93.0

50 475+ 14 95.0

100 944 + 2.3 94.4

* The values are mean =+ standard deviation (n = 3)

0.5 mM NaCl and 23.1 pM H3BO3, 4.6 uM MnCl,,
0.38 pM ZnSOy, 0.16 pM CuSQy, 0.052 M H,Mo00,, and
44.8 uM FeNa,EDTA. The seedlings were then grown
hydroponically in a growth chamber under controlled
environmental conditions (23 £ 1°C, at a relative humidity
of 60 %, and a 16 h photoperiod with photosynthetically
active radiation at photon flux density of 260 pmol m™>
s~") for 2 weeks. The pH of the nutrient solution was
adjusted to 6.0 £ 0.1 using 0.05 M KOH, and the nutrient
solution was renewed every other day. Preliminary exper-
iments with Cr(VI) at 0-300 uM was carried out to
determine the appropriate test concentrations. Based on
growth inhibition, the nominal Cr(VI) concentrations of 0
(control), 10, 50 and 100 uM supplied as potassium
dichromate were selected. To determine Cr concentrations,
nutrient solutions with Cr(VI) were acidified with redis-
tilled nitric acid. Cr concentrations were determined by an
inductively coupled plasma-optical emission spectroscopy
(ICP-OES, PerkinElmer Optimal 2100DV). Analytical
limit of detection was 0.05 mg L™" for Cr. Mean measured
chromium concentrations in the treatment solutions were
9.3, 47.5 and 94.4 uM, which were 93 %-95 % of nominal
concentrations (Table 1).

Ten seedlings from each replicate were harvested at day
7 of Cr(VI) exposure, and they were used to assess the
following endpoints. The seedlings were dried at 80 + 2°C
for 48 h to determine dry weight (DW). The DW was
determined on a digital balance, with precision of 0.1 mg
(Ohaus Adventurer Pro AV264, Pine Brook, NJ). The
tolerance index values (%) were calculated as the mean
DW of Cr(VI)-stressed plants relative to mean DW of
control plants. For the Cr accumulation analyses, the dried
samples (1 g) were acid digested in HNO;. The Cr accu-
mulation (ug g~' DW) in aerial parts was determined by
ICP-OES after microwave (Berghof, Germany) digestion
according to NMKL (1998) with some modifications.
Chromium standard solutions were prepared by diluting
1,000 ppm standard (Inorganic Ventures, Christiansburg,
VA, USA; CGCR(3)1-1, Lot # A2-CR03007), and they
were utilized to calibration and quality assurance. Analyt-
ical data quality of metal was ensured with repeated ana-
lysis of quality control samples (n = 3) and the results
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were within the certified values. Analytical limit of
detection was 0.05 mg L™ for Cr. The analytical recovery
range of Cr was 96.9 %, which was measured up to the
analytical demand (QA/QC).

Plant tolerance to metals is the key characteristic
required for hyperaccumulation of metals, and the toler-
ance capacity of plants to heavy metals depends on strong
antioxidant defense system (Pandey et al. 2005), which was
assessed by the following biomarker analysis: Malondial-
dehyde (MDA) is one of the final decomposition products
of lipid peroxidation and may hence serve as a suitable
proxy for this endpoint. Lipid peroxidation in leaf tissues
(250 mg) was measured in terms of MDA determined by
thiobarbituric acid (TBA) reactions as described by Heath
and Packer (1968). Chlorophyll content is an important
indicator of plant growth status under heavy metal stress.
Total chlorophylls (Chl a + b) in leaf tissues (100 mg)
were extracted and estimated according to Wellburn
(1994). Non-protein thiol (NPT) binds with the metal ions
and helps to reduce toxicity. NPT were estimated according
to Nagalakshmi and Prasad (2001) with some modifications
described in Zhang et al. (2009). Superoxide dismutase
(SOD; EC: 1.15.1.1) activity was assayed on the basis of its
ability to inhibit the photochemical reduction of nitro blue
tetrazolium (Beauchamp and Fridovich 1971). One unit of
SOD activity was defined as the amount of enzyme that
caused 50 % inhibition of the reaction rate in the absence
of the enzyme. Guaiacol peroxidase (POD; EC: 1.11.1.7)
activity was measured following Chance and Maehly
(1955). The POD reaction solution contained 50 mM
phosphate buffer (pH 5.0), 20 mM guaiacol, 40 mM H,O,,
and enzyme extract. The activity was calculated from the
change in absorbance at 470 nm for 3 min. The activity of
catalase (CAT; EC: 1.11.1.6) was assayed following H,O,
decomposition at 240 nm for 3 min according to Aebi
(1984). Finally, protein concentration of the supernatant
was determined according to Bradford (1976) using bovine
serum albumin as a standard.

All experiments were performed in triplicate and repe-
ated twice. All data were subjected to two-way analysis of
variance using SPSS.17 (SPSS Inc., Chicago, IL, USA).
Duncan’s multiple range test (DMRT) at 5 % probability
was employed for assessing the significant differences
among the mean values.

Result and Discussion

Analysis of variance (ANOVA) indicated that there were
significant (p < 0.001) individual effects of cultivars,
Cr(VI), and their interactions on all endpoints tested
(Table 2). In the present study, genotypic variations among
8 canola (Brassica napus L.) cultivars in terms of their
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differential tolerance to the Cr(VI) stress were studied. The
most common effect of Cr(VI) toxicity is growth inhibi-
tion, leaf chlorosis and alteration in the activity of many

Table 2 Mean squares from analyses of variance of data for dry
weight (DW), tolerance index (TI), Cr accumulation (Cr), malondi-
aldehyde (MDA), chlorophyll (Chl), non-protein thiol (NPT),

enzymes of various metabolic pathways (Tiwari et al.
2013). A significant (p < 0.05) reduction in growth in
terms of DW was observed as compared to controls

superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT)
of eight canola cultivars exposed to Cr(VI) stress

Source of variation df DW TI Cr MDA Chl NPT SOD POD CAT
Cultivar (Cv)* 7 1,081.1 671.3 19.67 350.9 20.14 4.72 871.8 377.8 61.76
Cr(VD)* 3 4,422.9 2,312.8 1,265.0 3,594.2 54.89 14.26 1,617.7 1,932.4 20.53
Cv x Cr(VD* 21 98.06 54.4 18.27 67.17 7.19 0.38 77.02 149.1 2.62
Error 160 9.37 14.39 7.45 24.15 0.34 0.13 9.03 5.41 0.69

* ANOVA significant at 0.001 levels

Table 3 Effect of various

Cultivars Nominal Cr(VI) concentrations (M)
Cr(VI) concentrations on dry
weight, tolerance index and Cr 0 10 50 100
accumulation of canola cultivars
Dry weight (mg plant™")
Champlain 56.0 + 1.2%f 427 +1.5" 32.0 + 0.6™ 28.7 £ 0.9
Dante 92.7 + 2.1 62.5 + 2.1° 57.9 4+ 2.0°% 43.4 + 1.87%
Heros 72.8 + 4.8° 53.0 + 1.3°% 39.9 + 1.0 304 + 1.9
Nelson 755 + 1.8° 59.7 + 1.8°¢ 51.8 + 1.4 47.8 + 1.98hi
NK petrol 63.0 &+ 1.2° 52,0 + 1.7%" 50.3 4 1.58M0 46.7 £ 1.7M
Sary 77.7 +2.8° 51.0 + 1.7%" 39.3 + 1.2¢ 31.7 £ 1.7™
Siizer 443 + 1.91% 34.0 £ 0.6™ 31.7 £ 0.3™ 28.7 + 2.0'
Vectra 62.8 + 1.1° 48.6 + 1.28h 40.8 £ 0.7 36.5 + 1.1™
Tolerance index (%)
Champlain - 76.2 £ 2.6™° 57.1 &+ 1.0% 512 + 1.6
Dante - 67.4 + 200t 62.4 + 2.18N 46.8 £ 2.0™
Heros - 72.8 + 1.8°% 54.8 + 1.4% 418 £27™
Nelson - 77.2 + 2.4%¢ 66.9 + 1.9°f 61.8 + 2.5
NK petrol - 82.5 + 2.7 79.9 4+ 2.3% 74.1 £ 2.7°¢
Sary - 657 +22" 50.6 &+ 1.6 40.8 £22™
Siizer - 76.7 £ 1.3 714 £ 1.7 64.7 + 4.6
Vectra - 774 + 1.9 65.0 + 1.2 58.1 + 1.8
Cr accumulation (ug g~' DW)
Champlain ND 25.9 + 0.23* 60.5 & 1.46¢ 414.0 + 6.48'
Dante ND 22.9 + 0.65° 89.6 + 1.49 " 508.9 & 5.58™
Heros ND 19.9 + 0.21° 80.1 & 2.10f 338.9 + 9.61
Nelson ND 13.8 + 0.03° 85.7 &+ 1.77¢" 384.3 + 8.90%
NK petrol ND 18.0 £+ 0.07%° 62.0 + 1.71¢ 255.0 & 7.66"
Sary ND 18.8 £ 0.17° 72.5 + 3.13° 705.8 & 8.44°
Siizer ND 20.3 + 0.31° 61.6 + 1.06¢ 4125 + 6.68 !
Vectra ND 19.6 + 0.12° 82.4 4 1.04 & 516.2 & 8.88"
All values are mean =+ standard Variance analysis
error (n = 6)
Values followed by the different Dry weight Tolerance index Cr accumulation
Lertetesriz ﬁ?ﬁgi rfg; ilail;?er\éirti;ll:::ed Cultivars F=1154,p <005 F = 46.65, p < 0.05 F = 2,606, p < 0.05
Treatments F=4722p<0.05 F =160.7, p < 0.05 F = 1,676, p < 0.05

on DMRT (p < 0.05)

ND not detectable Cultivars x treatments

F = 1047, p <0.05

F =3.781, p <0.05 F=12421, p <0.05
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(Table 3). Reductions in DW varied among genotypes
from 18 % to 34 %, 20 % to 49 % and 26 % to 59 % at 10,
50 and 100 pM Cr(VI), respectively. Moreover, the toler-
ance index was maximum (82.5 %-74.1 %) in NK Petrol
and minimum (65.7 %—40.8 %) in Sary at all Cr(VI)
concentrations, indicating that NK Petrol has a higher level
of tolerance to Cr(VI)-induced stress, whereas Sary is
highly sensitive (Table 3). The phytoremediation potential
of canola cultivars was evaluated with reference to Cr
accumulation. Our results showed that all canola cultivars
accumulated more than 255.0 pug Cr g~' DW in their aerial
parts at 100 uM Cr(VI) (Table 3). At 100 uM Cr(VI), the
maximum Cr accumulation was found in Sary
(7058 pg g~ DW) whereas the minimum Cr

accumulation was found in NK Petrol (255.0 pg g~ ' DW).
However, results from hydroponic experiments cannot be
directly inferred to natural conditions (Hernandez-Allica
et al. 2008). In soil, high concentrations of bioavailable Cr
will limit the utilization of fully matured plants of Sary,
because of Cr(VI) phytotoxicity impeding proper growth.
Therefore, it must be emphasized that the phytoremedia-
tion potential of high biomass cultivars depends not only
on their ability to accumulate metals in their aerial parts but
also on their capacity to tolerate relatively high soil metal
concentrations (Hernandez-Allica et al. 2008). Hence, cv.
NK Petrol may—although a Cr(VI) excluder relative to cv.
Sary—have the potential for the phytoremediation of Cr-
contaminated sites as it possesses higher resistance to

Table 4 Effect of various
Cr(VI) concentrations on the

Cultivars

Nominal Cr(VI) concentrations (M)

contents of malondialdehyde 0 10 50 100

(MDA), chlorophyll (Chl) and

non-protein thiol (NPT) in the MDA content (pmol g~' FW)

leaves of canola cultivars Champlain 194 4+ 0.7° 28.5 + 2.3 33.9 4+ 2.2°% 32.6 + 1.1%f
Dante 22.6 + 1.9 28.5 4 2.4°% 457 + 4.7% 472 +2.5%
Heros 207 £+ 1.8% 30.2 £ 1.4%! 373 £ 3.68 44.0 £+ 4.09%
Nelson 20.0 + 0.9° 28.8 &+ 1.1°% 32.5 4 1.8%fe 40.9 + 2.0M
NK petrol 19.9 + 1.7% 22.5 4+ 1.3%° 28.0 + 1.6°% 30.5 + 0.3%f
Sary 20.5 + 1.9% 28.0 4+ 0.7°% 35.7 + 0.7%¢h 48.7 £ 1.9%
Siizer 18.7 £ 1.2° 26.1 + 1.0°¢ 33.8 4+ 2.0°% 33.7 + 0.9°™¢
Vectra 22.8 + 1.9 347 4+ 2.0°%h 38.9 4 142N 454 + 2.1

Chl content (mg g_1 FW)
Champlain 921 + 0.08% 8.39 4 0.23%¢ 8.24 4 0.20°% 7.46 + 0.18"
Dante 7.62 £ 0.17% 7.39 + 0.24' 7.10 + 0.17%N 5.40 + 0.15'
Heros 9.39 + 0.34° 7.43 £ 025 6.43 £ 0.14% 5.12 £ 0.07"
Nelson 6.16 + 0.20F 9.88 + 0.25° 8.41 &+ 0.26 4 6.60 + 0.37"k
NK petrol 7.01 + 0.107" 7.20 + 0.41%" 738 £ 022 773 + 0.119F
Sary 8.37 + 0.35% 6.60 + 0.38"k 5.26 + 0.13' 2.63 + 0.12™
Siizer 8.57 + 0.25% 922 + 0.38% 7.32 + 0.07%" 6.33 + 0.18%
Vectra 9.87 + 0.20° 9.66 + 0.26° 8.27 4 0.20°% 6.66 + 0.318Mk
NPT content (pmol g_1 FW)
Champlain 2.85 + 0.10° 3.18 4 0.07°¢ 434 + 0.108™" 3.66 + 0.087e"
Dante 3.62 & 0.05% 3.87 & 0.148M 438 £ 0.115™" 499 4+ 0.17°
Heros 2.87 + 0.08 3.20 £ 0.07°¢ 3.81 & 0.12%N 3.77 £ 0.06"
Nelson 2.69 + 0.17* 3.52 + 0,120 3.50 £ 0.15°9fe 4.09 4 0.08"k
NK petrol 3.07 £ 0.21* 436 + 0.085™" 4.60 £ 0.13™mn° 472 4+ 0.16™
Sary 3.24 + 0.18% 4.27 + 0.15%mn 430 + 0.08K™" 4.56 + 0.12Kmn°
Siizer 3.36 + 0.09°%f 4.13 + 0207 4.62 + 0.24™™ 4.17 £ 0.367K™m
Vectra 3.85 + 0.238M 4.68 + 0.11™ 4.92 +0.33° 5.12 + 0.19°
Variance analysis

eArlrlO;fzzl:c: z;r)e mean =+ standard MDA Chl NPT

Values followed by the different  Cultivars F = 14.53, p < 0.05 F =59.81, p <0.05 F =150.5, p < 0.05

letters (a—o) for each variable Treatments F=1488, p < 0.05 F=163.1, p < 0.05 F = 2655, p < 0.05

are significantly different based
on DMRT (p < 0.05)
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Cultivars x treatments

F=12782,p <0.05

F =12137,p<0.05 F =2457, p <0.05
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Cr(VI) by producing more biomasses. However, when
using crops for phytoremediation, the disposal of metal-
containing biomass should be considered. Recently, it has
been suggested that the obtained biomass of a phyto-
remediation process may be used for energy production
purposes rather than for conventional applications such as
food or feed (Zhang et al. 2013).

Heavy metals may cause molecular damage to plant
cells either directly or indirectly through the formation
ROS (Pandey et al. 2009). Membrane lipids are especially
prone to attack by ROS. The formation of MDA, a major
cytotoxic product of lipid peroxidation acts as an indicator
of peroxidation of membrane lipids in plants (Singh et al.
2004). In the present study, the MDA content was

significantly (p < 0.05) enhanced in Cr(VI)-stressed seed-
lings indicating enhanced lipid peroxidation (Table 4).
This increase was maximum in Sary (2.4-fold) and mini-
mum in NK Petrol (1.5-fold) at 100 uM Cr(VI) as com-
pared to the controls. Chlorophyll content decreased
significantly (p < 0.05) in canola cultivars with increasing
Cr(VI) concentrations (Table 4). A maximum decline was
observed in Sary (21 %-69 %). This reduction can be
attributed to the oxidative stress generated by Cr(VI) as
several investigators have reported chlorophyll depletion
following Cr(VI)-induced oxidative stress (Vajpayee et al.
2000; Yildiz et al. 2013). However, NK Petrol could pro-
tect the chlorophyll content under increasing Cr(VI) con-
centrations. As a result, increased MDA content and

Table 5 Effect of various

Cultivars Nominal Cr(VI) concentrations (M)
Cr(VI) concentrations on the
activities of SOD, POD and 0 10 50 100
CAT enzymes in the leaves of
canola cultivars SOD activity (U mg~" protein)
Champlain 18.3 £ 1.2%° 19.0 £ 0.7 21.5 + 0.6 262 + 0.5%
Dante 21.6 + 0.8° 21.3 + 1.0° 26.0 + 1.5% 40.1 £ 1.6
Heros 20.0 + 0.9 21.8 + 1.5%de 25.8 + 1.3% 26.0 + 0.8
Nelson 18.9 + 1.2% 16.4 + 0.7* 182 £ 1.5° 21.6 + 1.0°
NK petrol 21.3 & 1.4 25.5 4+ 1.8°f¢ 272405 40.6 + 1.1°
Sary 27.5 + 2.08 30.9 + 0.8" 417 £ 2.1 51.8 + 1.2
Siizer 17.9 + 1.2% 18.3 + 0.8 23.3 + (.4°%F 324 + 12"
Vectra 25.0 + 1.79f 27.0 + 1.3% 3144+ 15" 34.6 + 1.2"
POD activity (umol min~' mg™" protein)
Champlain 431 + 0.3 5.06 + 0.3 13.9 + 2.pbedef 22.0 + 1.5%"
Dante 10.9 + 0.5%b<de 20.8 + 2.4°feh 27.9 + 5.4" 99.1 + 6.8"
Heros 7.05 £ 0.9% 11.9 + 1.0%bcdef 17.6 + 0.8 22.0 + 1.6%"
Nelson 5.99 + 0.2 12.6 + 0.93bcdef 17.1 + 1.6 23.0 + 1.68
NK petrol 12.9 + 1,120t 29.5 + 2.0 40.3 &+ 3.3 92.1+57™
Sary 6.52 £ 1.5% 7.88 & 1.5%¢ 37.7 £ 3.1Y 759 + 61"
Siizer 5.96 + 0.8%° 12.8 + 0.5%0cdf 15.3 + 1.]°cdefe 594 +49%
Vectra 7.12 + 0.8°cfe 15.4 + 2.0bcdefe 20.8 4+ 1.8°%h 294 + 3.0M
CAT activity (umol min~' mg™" protein)
Champlain 5.55 + 0.23%d° 3.56 &+ 0.10° 3.56 + 0.35° 4.88 + 0.09°
Dante 9.65 + 0.23™ 8.37 &+ 0.20™ 7.39 + 0.37" 7.07 + 0.518"
Heros 7.93 + 0.647 6.20 + 0.20%fe 6.18 + 0.479 5.06 + 0.23%
Nelson 6.64 + 0.13°N 4.84 +0.25° 5.44 + 0.2 496 + 0.21%
NK petrol 9.35 + 0.15™ 9.15 + 0.328m 8.43 + 0.24™ 10.3 + 0.67"
Sary 6.49 + 0.38%fen 5.64 + 0.510c¢f 5.52 + 0.40% 4.68 £ 0.25°
Siizer 6.92 + 0.36%" 6.03 + 0.29°%fe 5.73 + 0.31bcdef 6.36 + 0.320feh
Vectra 8.16 &+ 0.47 8.40 & 0.29™ 7.10 + 0.282" 6.72 + 0.09%"
Variance analysis
eArlrlOZEEl:i Zr)e mean =+ standard SOD POD CAT
Values followed by the different Cultivars F =96.56, p < 0.05 F =126.6, p <0.05 F =89.89, p < 0.05
letters (a—n) for each variable Treatments F=1792,p <005 F=6118, p <005 F=12987,p <005

are significantly different based
on DMRT (p < 0.05)

Cultivars x treatments

F =8.530, p < 0.05

F =78.96, p <0.05

F =3.820, p <0.05
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decreased chlorophyll content in Sary indicates that Sary is
highly sensitive to Cr(VI) stress as is evident by their
stunted growth. It has been reported that low molecular
weight sulfhydryl-containing compounds such as cysteine
and glutathione play an important role in heavy metal
detoxification (Cobbett and Goldsbrough 2002). In the
present study, NPT levels were enhanced in Cr(VI)-stres-
sed seedlings as compared to controls indicating thiol-
enriched compounds are synthesized in canola seedlings
under Cr(VI) stress (Table 4). The maximum increase in
NPT content was observed in NK Petrol (42 %54 %)
among Cr(VI)-stressed canola cultivars.

To overcome the heavy metal induced oxidative stress,
plants possess antioxidant defense system including enzy-
matic and non-enzymatic antioxidants. The concurrently
function of these antioxidants play an important role in
scavenging ROS and maintaining the physiological redox
status (Pandey et al. 2009). In the present study, a signifi-
cant (p < 0.05) enhancement in SOD activity was observed
in Cr(VI)-stressed canola seedlings (Table 5). However,
SOD activity was more pronounced in NK Petrol and Sary
indicating that its efficient may not related to Cr(VI) tol-
erance. POD activity was significantly (p < 0.05) elevated
by Cr(VI) treatments in all canola cultivars (Table 5).
Comparing the POD activities, susceptible cultivar Sary
has a higher POD activity as compared to control. It is
suggested that more Cr accumulation in sensitive cultivar
Sary may be attributed to the enhanced POD activity. A
significant (p < 0.05) decrease in catalase activity was
observed in Cr(VI)-stressed seedlings as compared to
control (Table 5). The decrease in CAT activity was in
agreement with the result reported by Yildiz et al. (2013).
The decrease in the activity of the CAT enzyme might be a
result of the inhibitory effect of Cr ions on the enzyme
system itself or an affinity of Cr ions to thiol compounds
disturbing protein synthesis and enzyme activity (MacRae
and Fergusam 1985). However, NK Petrol, being the rel-
atively more tolerant cultivar, maintained the CAT activity
under Cr(VI) stress.

In conclusion, the phytoremediation performance of
canola cultivars varied significantly depending on the
investigated parameters. NK Petrol accumulated the
lowest levels of Cr, and it might be a Cr excluder with a
capacity to tolerate Cr(VI) stress. Under natural condi-
tions, however, success of phytoremediation does not
only depend on the ability of plants to accumulate metals
in their aerial parts but also on their capacity to tolerate
relatively high soil metal concentrations. Therefore, it
may be assumed that NK Petrol might be used for
phytoremediation of Cr-contaminated soils with an abil-
ity to tolerate Cr(VI) toxicity and accumulated consid-
erably amounts of Cr.
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