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Abstract

Eliminating heavy metals in the environment by phytoremediation is a method that uses, generally, plants with a low biomass
yielded and feeble depth of root system. For the purpose of improving this technique, we have tested four varieties of productive
specie with high yields, the rapeseed (Brassica napus L.). In particular, we have studied metal stress effect on biomass, growth, and
endogenous Zn and Cd content. Metal treatment caused significant dry weight differences between metal-treated and control plants.
A significant genotypic difference has been noticed between the four cv. For two varieties, Jumbo and Drakkar, the accumulation is
more important in the stems and petioles, whereas, this accumulation is at a maximum level in the root system for the two varieties,
Cossair and Pactol. Chlorophyll and carotenoïd content, as well as lipid peroxidation, known as stress markers, were also evaluated.
Metal treatment led to an increase in the amount of malondialdehyde (MDA) in the leaves. However, the increase of Zn and Cd
levels in the tissue culture was followed by a decrease in the photosynthetic pigments. To cite this article: A. Ben Ghnaya et al.,
C. R. Biologies 332 (2009).
© 2008 Published by Elsevier Masson SAS on behalf of Académie des sciences.

Résumé

Comportement physiologique de quatre variétés du colza (Brassica napus L.) soumises au stress métallique. L’élimina-
tion des métaux toxiques dans l’environnement par phytoremédiation est une méthode qui utilise en général, des plantes de faible
biomasse avec un système racinaire de faible profondeur. Dans le but d’améliorer cette technique, on a testé quatre variétés d’une
espèce productrice d’une forte biomasse, le colza (Brassica napus L.). En particulier, on a étudié l’effet de stress métallique sur
la biomasse, la croissance et sur la teneur du Zn et du Cd. Une différence significative a été observée entre les variétés. Pour les
deux variétés Jumbo et Drakkar, l’accumulation est la plus importante dans les tiges et les pétioles alors que cette accumulation
est maximale dans les racines pour les deux variétés, Cossair et Pactol. Les teneurs en chlorophylle, en caroténoïdes et en malon-
dialdehyde connus comme marqueurs de stress ont été également évaluées. Les métaux entraînent une augmentation de la teneur

Abbreviations: cultivar: cv; ANOVA: analysis of variance; Aλ: absorbance at λ (nm); Ca : chlorophyll a; Cb: chlorophyll b; Ca+b: total chloro-
phyll; Cx+c: carotenoïds; HM: Heavy metal; MDA: malondialdehyde; PAR: photosynthetically active radiations.
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en malondialdehyde dans les feuilles. Tandis que l’augmentation de la teneur en zinc et en cadmium dans les tissus entraîne une
diminution de la teneur en pigments photosynthétiques. Pour citer cet article : A. Ben Ghnaya et al., C. R. Biologies 332 (2009).
© 2008 Published by Elsevier Masson SAS on behalf of Académie des sciences.
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1. Introduction

Soil contamination due to human activity is a major
concern throughout the world, particularly in the case
of soils surrounding special activities such as mines and
heavy industry. As a consequence, underground water
pollution and contamination of agriculture products are
so harmful that measures must be taken to fight this
phenomenon. In Tunisia, soils around open-cast min-
ing exhibit a very high content of Pb, Zn, and Cd [1].
The average content of Pb, Zn, and Cd detected in the
plants of these mines was, respectively, 0.7%; 0.9% and
0.003% [2]. These metals may have an influence on the
physical, chemical, and biological environment of the
plants. Therefore, there is an urgent need to decontami-
nate these polluted sites.

Decontamination of polluted sites is a complex prob-
lem which may be solved through the use of expensive
physicochemical methods which often produce ster-
ile residues [3]. Consequently, their use is limited to
the most contaminated soils. The search for alternative
methods has since then attracted more interest and has
led to the development of new approaches such as phy-
toremediation [4].

Phytoremediation is based on the ability of plants
grown on a soil to take up minerals in general and
metals in particular. Indeed, some plants are known to
have a high capacity to tolerate and accumulate metals,
concentrate them in their roots, and finally translocate
them to the aerial parts [5]. Although most of the tol-
erant plants accumulate heavy metals in their root sys-
tems and only a minimal proportion reaches the aerial
parts, the hyperaccumulating plants can store 10 to 500
times more metals in their stems and leaves than nor-
mal species [6]. Phytoextraction relies on this potential
of hyperaccumulators. So far, most of the research car-
ried out has focused on one hyperaccumulator species
Thlaspi caerulescens. Most investigations aimed at un-
derstanding the mechanisms of heavy metal absorption
[7,8], their translocation [9], and their storage [10,11].
However, the biomass of T. caerulescens is reduced and
its root system is superficial. Other plant species may
also be of interest, especially to study the physiolog-
ical mechanisms associated with metal hyperaccumu-
lation, these hyperaccumulators must then be domesti-
cated (adaptation to soils, climate, nature of the contam-
ination, and genetic improvement of the wild species).

Therefore, the present study was designed to under-
stand the physiology of Brassica napus L., a plant with
an important biomass and a deep root system, known for
its capacity to tolerate metals. The ability of four geno-
types of rapeseed to extract Zn and Cd and the effect of
the metals on chlorophyll, caretonoid and malondialde-
hyde (MDA) contents were investigated.

2. Material and methods

2.1. Plant material

Four Brassica napus L. cultivars were used in
this study. Seeds of cv. Drakkar, Cossair and Pactol
were graciously provided by the Institut National de
Recherches Agronomiques de Tunis (INRAT, Tunis,
Tunisia) while those of cv. Jumbo were obtained from
Institut National de la Recherche Agronomique (INRA,
Rennes, France).

Seeds were surface-sterilized in 70% ethanol for
30 s, followed by immersion in calcium hypochlorite
(5% w/v) during 30 min with two drops of Tween-20.
The seeds were rinsed 3 times with sterile water, sown
in plastic pots containing sterile compost (Twenty seeds
per pot) and allowed to germinate in the greenhouse at
23 ◦C with 80% relative humidity and a 16:8 photope-
riod at 50 µmol PAR. m−2 s−1. Plants were water ev-
ery day alternatively with distilled water or Hoagland’s
nutrient solution [12]. After 15 days seedlings were
thinned to five plants per pot and watered daily with
Hoagland’s solution. Plants were further cultivated for
approximately one month and were used for experi-
ments as they had 16 leaves.

2.2. Metal treatments

Plants were submitted to metal by adding zinc sul-
phate (ZnSO4, 2000 µM) or cadmium chloride (CdCl2,
250 µM) to the nutrient solution and watering three con-
secutive days with this solution. Every sample was re-
peated 6 times. One day later, plants were harvested; the
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5 plants from each pot were pooled and used for analy-
sis of metal or pigment contents (plants from 3 pots for
each type of analysis).

2.3. Metal accumulation

The plants were harvested three days after the wa-
tering with the metallic solutions (ZnSO4) and (CdCl2).
These plants were uprooted from the pots with the help
of fine jet of water, causing minimum damage to the
roots, washed thoroughly with running deionized water
(the roots were rinsed three times in 500 ml of deionized
water), and dried. Different plant parts were separated
in limbs (L); petioles and stems (S + P); and roots (R).
They were, manually cut in small pieces, dried in filter
papers and the fresh weight (FW) of different these or-
gans measured. The various organs were then heated at
80 ◦C for three days to determine dry weight (DW) of
each organ, before crushing and storage in small flasks
for the extraction of zinc and cadmium.

The metal content was determined using Electrother-
mal Atomic Absorption Spectrometry using a SIMAA
6100 Atomic Absorption Spectrometer (PerkinElmer)
and the programme recommended by the manufacturer.
To this effect, 200 mg of dried plant material was di-
gested by a mixture of HNO3, HF and H2O2 (4 ml/
1 ml/3 ml) until dryness at 100 ◦C followed by 3 hours
in 4 ml HNO3. The results were expressed in µg g−1

DW.

2.4. Estimation of photosynthetic pigments

The pigments were extracted from leaf discs in 80%
acetone (three limbs of three different plants from each
cultivar were randomly selected). The different extracts
were then centrifuged at 5000 tours/min/rotor during
10 min at 4 ◦C. The chlorophyll and carotenoïd contents
were determined using the following equations [13]:

Ca = 12.25A663 − 2.79A645 (mg L−1 FW),

Cb = 21.50A645 − 5.10A663 (mg L−1 FW),

Ca+b = 7.15A663 + 18.71A645 (mg L−1 FW),

Cx+c = 1000A470 − 1.82Ca − 85.02Cb

198
(mg L−1 FW),

where Ca = chlorophyll a; Cb = chlorophyll b; Ca+b =
total chlorophyll; Cx+c = carotenoïds Ax = absorbance
at x (nm).

2.5. Estimation of lipid peroxidation (MDA)

Lipid peroxidation of the control and treated plants
was estimated by spectrophotometric determination of
malondialdehyde (MDA) [14,15]. About 1 g fresh leaf
tissue was homogenized with 6 ml of 5% metaphos-
phoric acid and 120 µl of 2% butyl hydroxytoluene (in
ethanol). After 30 min at 4 ◦C, homogenate was cen-
trifuged at 5000 rpm for 20 min. The chromogen was
formed by mixing 4 ml supernatant with 400 µl 2%
butyl hydroxytoluene, 2 ml of 1% (w/v) thiobarbituric
acid (in 50 mM NaOH) and 2 ml of 25% HCl. The re-
action mixture was heated for 30 min at 95 ◦C and then
cooled in ice rapidly. The chromogen was extracted by
adding 1.5 ml of 1-butanol. After 30 s vortexing, the or-
ganic phase was separated by centrifugation (5000 rpm,
5 min) and the thiobarbituric acid reactive-substances
(TBARS) determined by measuring the absorbance at
532 nm. The concentration of TBARS was calculated
by using the extinction coefficient of 155 mM−1 cm−1.

2.6. Statistical analysis

The whole experiment was set up at random. To con-
firm the variability of data and validity of results, all the
data were subjected to an analysis of variance (ANOVA)
and the differences among the averages (5% level of sig-
nificance) were tested by Duncan’s Multiple Range Test
using StatGraphics Plus 5.1.

3. Results

3.1. Plant growth

A significant decrease of the FW and the DW was
noted for all organs of Drakkar cultivar, Cossair, and
Pactol. In most cases, the Cd had a more depressing ef-
fect than the Zn (Table 1). Only Jumbo cultivar showed
a significant increase in both FW and DW for zinc treat-
ment (Table 1) while with Cadmium, the FW and the
DW of all organs of Jumbo cultivar decreased signifi-
cantly (Table 1).

3.2. Cadmium and Zinc accumulation

The initial results of metal accumulation showed that
Cd and Zn accumulation varied according to the organ
and the cultivar (Tables 2 and 3).

3.2.1. Cadmium accumulation
The Cd concentration was more important for the

plants treated with the solution of Cadmium chloride
than for the untreated control plants whatever the va-
riety and the organ.
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Table 1
Effect of ZnSO4 and CdCl2 treatments on plant growth in roots, stems and petioles and limbs for four cultivars of Brassica napus L.

Cultivars Metal
concentration
(µM)

Plant growth

Fresh weight (g) Dry weight (g)

L S + P R L S + P R

Jumbo 0 9.31b 8.02b 5.29b 0.74b 0.90b 0.32b

ZnSO4 (2000 µM) 15.50a 13.39a 6.94a 1.28a 1.38a 0.60a

CdCl2 (250 µM) 6.11c 6.05c 2.81c 0.54c 0.77c 0.21b

Drakkar 0 17.63a 18.94a 6.53a 1.87a 1.72a 0.86a

ZnSO4 (2000 µM) 14.33b 13.38b 5.54a 1.48b 1.30b 0.51b

CdCl2 (250 µM) 10.93c 9.56c 3.43b 1.26c 0.89c 0.20c

Cossair 0 14.85a 13.94a 5.39a 2.91a 1.95a 0.77a

ZnSO4 (2000 µM) 10.09b 9.46b 4.01b 1.82b 1.03b 0.48b

CdCl2 (250 µM) 8.11c 6.37c 2.1c 1.18c 0.91c 0.12c

Pactol 0 13.28a 12.6a 4.91a 2.20a 1.82a 0.67a

ZnSO4 (2000 µM) 11.19b 10.72b 3.65b 1.46b 1.05b 0.40b

CdCl2 (250 µM) 8.64c 7.91c 1.1c 1.01c 0.74c 0.11c

L: limbs, S + P: stems and petioles; R: roots.
The results were calculated from three replicated experiments. For each variety, and in each column, the values with different letters are significantly
different according to ANOVA and Duncan’s test at the level of 5%.
Table 2
Effect of CdCl2 treatment on accumulation of cadmium in roots,
stems and petioles and limbs for four cultivars of Brassica napus L.

Cultivars CdCl2
(µM)

Cd accumulation

(µg g−1 DW)

L S + P R

Jumbo 0 0.125b 0.124b 0.22b

250 8.02a 64.75a 44.5a

Drakkar 0 0.2b 0.175b 0.085b

250 5.45a 51.77a 41.05a

Cossair 0 0.085b 0.075b 0.19b

250 8.27a 17.77a 31.25a

Pactol 0 0.055b 0.06b 0.155b

250 7.04a 20.05a 34.97a

L: limbs, S + P: stems and petioles; R: roots.
The results were calculated from three replicated experiments. For
each variety, and in each column, the values with different letters are
significantly different according to ANOVA and Duncan’s test at the
level of 5%.

Jumbo variety: The stems and petioles (S + P) accu-
mulated the most Cd (64.75 µg g−1 DW) followed by
the roots (R) (44.5 µg g−1 DW) while the limbs (L)
displayed the lowest amount of Cd (8.02 µg g−1 DW)
(Table 2).

Drakkar variety: As observed for the Jumbo, the most
important content of accumulated Cd was measured in
the stems and petioles (S + P) (51.77 µg g−1 DW). The
roots (R) accumulated almost the same amount as did
Table 3
Effect of ZnSO4 treatment on accumulation of zinc in roots, stems
and petioles and limbs for four cultivars of Brassica napus L.

Cultivars ZnSO4
(µM)

Zn accumulation

(µg g−1 DW)

L S + P R

Jumbo 0 24.8b 69.6b 27.4b

2000 42.95a 142.85a 69.32a

Drakkar 0 29.75b 83.15b 33.5b

2000 59.5a 133.80a 73.85a

Cossair 0 20.6a 31.65a 54.6b

2000 22.25a 33.9a 117.52a

Pactol 0 14.5b 26.6a 76.5b

2000 27.13a 30.15b 107.75a

L: limbs, S + P: stems and petioles; R: roots.
The results were calculated from three replicated experiments. For
each variety, and in each column, the values with different letters are
significantly different according to ANOVA and Duncan’s test at the
level of 5%.

the roots of Jumbo cultivar (41.05 µg g−1 DW). Also,
the Cd level of the limbs was the weakest (5.45 µg g−1

DW) (Table 2).

Cossair variety: The most important content of Cd
(31.25 µg g−1 DW) was registered in the roots whereas
it was less significant at the level of the stems and peti-
oles (S + P) and limbs (L) with respective contents of
17.75 µg g−1 DW and 8.27 µg g−1 DW (Table 2).
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Pactol variety: The stems and petioles accumulated
20.05 µg g−1 DW whereas the roots contained 34.97
µg g−1 DW. A slight reduction was noted for the Cd
content of the limbs in comparison with the Cossair cul-
tivar (7.04 µg g−1 DW) (Table 2).

According to these initial results, the amount of Cd
accumulated differed according to the organ and the va-
riety of plant. The stems and petioles concentrated most
Cd for Jumbo and Drakkar while the roots accumulated
the best Cd for Cossair and Pactol (Table 2).

3.2.2. Zinc accumulation
The Zn accumulation was more important for the

plants treated with Zinc sulphate solution than for the
control plants whatever the variety and the organ (Ta-
ble 3).

Jumbo variety: The accumulated Zn reached 42.95
µg g−1 DW in the limbs of the treated plants against
24.8 µg g−1 DW for the untreated control. Stems and
petioles of the treated plants accumulated the most im-
portant amount of Zinc (142.85 µg g−1 DW) whereas
the untreated contained 69.6 µg.g−1 DW (Table 3).
The roots of the treated plants accumulated more than
twice the Zn uptake of untreated control (respectively
69.32 µg g−1 DW and 27.4 µg g−1 DW).

Drakkar variety: An important accumulation in the
limbs of the treated plants (59.5 µg g−1 DW) was mea-
sured representing more than the double of the Zn con-
centration of the untreated plants (29.75 µg g−1 DW)
(Table 3). The same trend was observed for roots with
73.85 µg g−1 DW for the treated plants and 33.5 µg g−1

DW for the untreated ones (Table 3). Like Jumbo, the
accumulation of zinc was found maximum in stems and
petioles (133.80 µg g−1 DW) (Table 3).

Cossair variety: The roots retained the greatest quan-
tity of Zn (117.52 µg g−1 DW) which decreased in the
stems and petioles (33.9 µg g−1 DW) and in the limbs
(22.25 µg g−1 DW) (Table 3). For the limbs, no sig-
nificant difference was observed for Zn accumulation
between the treated and the control plants with, respec-
tively, 22.25 µg g−1 DW and 20.6 µg g−1 DW (Table 3).
On the other hand, a significant difference was noted
between the control plants (54.6 µg g−1 DW of Zn) and
the treated ones (117.8 µg g−1 DW of Zn). For the stems
and petioles, this amount was almost the same with
33.9 µg g−1 DW for the treated plants and 31.65 µg g−1

DW for the untreated ones.
Pactol variety: The roots accumulated 107.75 µg g−1

DW whereas the stems and petioles contained 31.15
µg g−1 DW (Table 3). The limbs of the treated plants
accumulated nearly twice the level of the control plants
(27.13 µg g−1 DW and 14.5 µg g−1 DW, respectively).
The stems and petioles of the control plants accumu-
lated less than the treated ones with only 26.6 µg g−1

DW.
According to these results, the amount of Zn accu-

mulated differed according to the organ and variety of
plant. The stems and petioles showed the most impor-
tant content of Zn for Jumbo and Drakkar while roots
accumulated the most Zn for Cossair and Pactol (Ta-
ble 3).

3.3. Chlorophyll and carotenoïd analysis

For the four cultivars, the results presented in Table 4
indicates that the chlorophyll a content (Ca) decreased
from the control to the treated plants. The Cd had a
more depressing effect than the Zn. The same trend was
noted for the chlorophyll b content (Cb) after the treat-
ment with Zinc sulphate and with Cadmium Chloride
(Table 4). The carotenoïd content decreased from the
control to the treated plants and the Cd was found to
have a more depressing effect than the Zn (Table 4). The
results confirmed that these cultivars were more sensi-
tive to the stress of Cd then Zn.

3.4. Effect on lipid peroxidation

The application of Zn and Cd treatments to plants,
involved a significant increase of MDA compared to the
control (Table 5). This increase was observed for the
four cultivar. In different cases, Cd was found to have a
more depressing effect than Zn (Table 5). The most sig-
nificant level of MDA content was measured for Jumbo
(Table 5).

4. Discussion

The present studies report data on the effect of metal-
lic stress of Zn and Cd on the plants physiological state.
In response to metallic stress, the plants reacted by de-
creasing their FW and DW. In this respect, the Cd had
a more depressing effect than the Zn. The inhibition
of growth has already been reported in literature for
zinc on other species [16]. Jumbo cultivar showed an
increase in the FW and DW due to zinc stress but a de-
crease in biomass with Cd treatment (Table 1). Thus,
the influence of the metallic stress depends not only
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Table 4
Effect of CdCl2 and ZnSO4 treatment on the pigment content (Chlorophyll and Carotenoid content) for four cultivars of Brassica napus L.

Cultivars Metal
concentration
(µM)

Pigment limbes (mg g−1 FW)

Chlorophyll Carotenoïd

Ca Cb Ca+b Cx+c

Jumbo 0 0.747a 0.283a 1.03a 0.217a

ZnSO4 (2000 µM) 0.614b 0.181b 0.796b 0.167b

CdCl2 (250 µM) 0.512c 0.115c 0.627c 0.127c

Drakkar 0 1.017a 0.301a 1.318a 0.264a

ZnSO4 (2000 µM) 0.787b 0.200b 0.987b 0.197b

CdCl2 (250 µM) 0.645c 0.141c 0.786c 0.157c

Cossair 0 0.942a 0.344a 1.285a 0.257a

ZnSO4 (2000 µM) 0.704b 0.236b 0.940b 0.188b

CdCl2 (250 µM) 0.404c 0.163c 0.567c 0.113c

Pactol 0 0.748a 0.360a 1.108a 0.222a

ZnSO4 (2000 µM) 0.586b 0.243b 0.829b 0.166b

CdCl2 (250 µM) 0.424c 0.149c 0.573c 0.115c

Ca = chlorophyll a; Cb = chlorophyll b; Ca+b = total chlorophyll and Cx+c = carotenoid. The data were calculated from three replicated
experiments. For each variety, and in each column, the values with different letters are significantly different according to ANOVA and Duncan’s
test at the level of 5%.
Table 5
Effect of CdCl2 and ZnSO4 treatment on the MDA content for four
cultivars of Brassica napus L.

Cultivars Metal
concentration
(µM)

MDA
(nmol g−1 FW)

Jumbo 0 14.09c

ZnSO4 (2000 µM) 21.21b

CdCl2 (250 µM) 34.79a

Drakkar 0 9.91c

ZnSO4 (2000 µM) 18.63b

CdCl2 (250 µM) 24.22a

Cossair 0 7.91c

ZnSO4 (2000 µM) 10.63b

CdCl2 (250 µM) 17.22a

Pactol 0 2.58c

ZnSO4 (2000 µM) 5.05b

CdCl2 (250 µM) 11.83a

The results were calculated from three replicated experiments. In each
column, the values with different letters are significantly different ac-
cording to ANOVA and Duncan’s test at the level of 5%.

on the nature of the metal but also on the cultivar un-
der test. As far as the growth evolution with different
doses of Zn and Cd is concerned, we noted that the
different parts of the rapeseed reacted differently, with
the aerial parts (L) and (S + P) being slightly more
sensitive. These results corroborate those reported by
other studies [17]. In addition, the amount of accumu-
lated Zn or Cd varied according to the organ, the metal,
and the cultivar studied. The accumulation of Cd and
Zn was more important at the level of the aerial parts
than in the roots for Jumbo and Drakkar cultivars. How-
ever, for Cossair and Pactol these metals were mainly
stored in the roots. With regard to the effect of the
metallic stress on chlorophylls and carotenoïd contents,
for all cultivar the stress’s origin was a reduction of
the assimilator pigment content. Decreased chlorophyll
contents observed in various plant species were due to
heavy metals [18], especially zinc which often inhibit
metabolic processes through the inhibition of the action
of enzymes. Decreased chlorophyll contents associated
with heavy metal stress may be the result of the inhibi-
tion of enzymes responsible for chlorophyll biosynthe-
sis [19].

In this study, all cultivars revealed a reduction of
chlorophyll and carotenoïd content after metallic stress
with Zn and Cd. But, in different cases, Cd treatment
was found to have a more depressing effect than Zn
treatment. This drastic reduction of carotenoïd may be
the result of a strong production of ROS.

MDA is a major cytotoxic product of lipid peroxida-
tion and acts as an indicator of free radical production.
An enhanced level of lipid peroxidation (high MDA
production) was observed in the leaves after different
Zn and Cd treatments. This higher production of MDA
was positively correlated with metal concentration in
leaves. Jumbo showed the highest raise of MDA pro-
duction. Indeed, these results proved that the genotype
effect should be taken into account with regard to MDA
production. All variations in the growth, the accumu-
lation of metals in different organs, and the pigment
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content suggested structural changes in plants, mainly
in the leaves, were induced by the treatment with met-
als [17]. Indeed, it has been shown that Cd provoked
in tomatoes a reduction of the CO2 photosynthetic fix-
ation and an increase of its concentration in internal
foliar tissues [20]. The sum of these modifications can
be at the origin of a reduction of the assimilator pig-
ment content and the availability of the photoassimilats
in different organs which can affect, in turn, the growth
of the aerial parts [21,22]. Hence, it is highly proba-
ble that the oxidative stress remains an important way
that enables Zn and Cd to apply their toxic effects in
different parts of the plants, in particular in the chloro-
plasts. More precisely, the membrane of the chloroplasts
can be sensitive to this type of radicalic reactions since
at one hand, 50% to 80% of the fat acids that con-
stitutes them are polysatured (C18:3) [22] and at the
other hand, the oxygen resulting from the photosyn-
thesis accumulates essentially in the thylakoidal mem-
branes.

5. Conclusion

The results obtained in this study brought out the
variable behaviour of the four rapeseed cultivars in re-
action to metallic stress, indicating a cultivar effect.
The nature of the response to stress of each cultivar
depended on the metal. ZnSO4 and CdCl2 led to a varia-
tion of the biomass, growth, chlorophyll and carotenoïd
content, and metal accumulation. These results showed
that some cultivars (Cossair and Pactol) were sensitive
to metallic stress while others were resistant (Jumbo and
Drakkar). Therefore, in the conditions of study, the two
last cultivars (Jumbo and Drakkar) seemed more effi-
cient in phytoextraction since both showed a significant
increase in Zn and Cd accumulation in all parts of the
plants. When compared to the control, they accumu-
lated nearly the double at the level of the aerial parts
(L) and (S + P). Moreover, to better understand the
mechanisms that rapeseed may develop in response to
metallic stress of Zn and Cd, more research is needed
on the behaviour of the same cultivars in vitro and
their ability to accumulate heavy metals under sterile
and controlled conditions. The selection pressure car-
ried out during the neoformation phase in vitro helped
in obtaining tolerant and eventually hyperaccumulative
plants which would be physiologically, biochemically,
and genetically studied. This study has also proved that
the choice of the specie plays a major role for the im-
provement of the phytoremediation and particularly the
phytoextraction.
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