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ABSTRACT: Today, biosphere pollution has accelerated strongly with start of industrial
revolution by toxicity of heavy metals. One of existing pollution is soil pollution. Unfortunately,
soil pollution by metals is as intensive environmental stress for plant hence for human. Plants,
which are able to store heavy metals in their organs, can be used for phytoremediation of polluted
soils and utilization of these plants is effective for phytoremediation as a cheap and economic
method. In this research, the absorption rate of Cd (Il), Ni (Il) by Descurainia sophia was
considered in hydroponic conditions. Plants were grown in Hoagland media containing different
concentrations of Cd (Il), Ni (II). An experimentina completely randomized design with
three replications was conducted. Two weeks after treatment of plants the sample were gathered
and metal concentration was measured by atomic absorption spectroscopy. Besides, the content of
chlorophyll and proline was measured. The results showed the chlorophyll content in high
concentrations of the metals (Cd (1), Ni (I1)) was decreased in plants that were sign of pigment
degradation in presence of heavy metals. Similarly, the proline content in plants was increased
under stress which was sign of damage of heavy metal stress on plant and activation of defensive
mechanisms in this condition. The effects of toxic concentration of nickel and cadmium on metal
accumulation in these plants showed that roots were able to absorb more than shoots, which is sign

of elements connection to root cell wall.

INTRODUCTION

In current time the environment is excessively polluted unfriendly. The sources of heavy metals in soil include
by various toxic metals, which create a danger for all mining, combustion of fossil fuels, agrochemicals and
living beings. These toxic metals including heavy metals sewage sludge applications [1, 2].

have a relatively high density and are environmentally
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One of the fundamental micronutrient for higher plants
is Nickel. Its performance is like a co-factor of enzymes
and is useful for animals in trace quantities but in higher
concentrations have adverse effects in plant growth.
Accumulation of nickel in plants decreases the rate of
metabolic activities and cause water and nutrient
deficiency [3].

Cadmium (Cd) ranks the highest in terms of damage to
plant growth and human health. Moreover, its uptake
and accumulation in plants poses a serious health threat
to humans via the food chain. Pollution of agricultural
soils by Cd induces many stress symptoms in plants,
such as reduction of root growth, disruption in mineral
nutrition and carbohydrate metabolism, and may thus
clearly reduce yield [4].

Heavy metals have significant effects on chlorophyll
and protein content in plants. These metals impede with
synthesis of chlorophyll by inducing deficiency of Mg**
ions [5]. The effect of different concentrations of lead
and cadmium on seed germination and seedling growth
of Leucaena leucocephala was done by Shafiq et al. [6].
Proline accumulates in plants as a response of
environmental stresses and is also believed to have
osmoprotective role [7]. Amassing of proline in plant
cells in stress condition is result of an increase in proline
biosynthesis or proline utilization [8].

Recently, the use of plants in metal removal from
contaminated soils or waters called phytoremediation.
Numerous methods improved to remediate contaminated
soils, such as solidification remediation technology,
vitrification remediation technology, and electrokinetic
remediation and so on. However, these technologies
have many weak points which include degeneration of
soil quality, secondary pollution and high cost. For the
cleaning of large areas of contaminated soil and to
defeat these disadvantages, phytoremediation is believed
as a promising method. Plants can remediate soils in
these include:

different processes, phytoextraction,

phytofiltration, phytostabilisation and phytovolatisation
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[9-11]. Among the plants that had been studied,
members of Brassicaceae family are well-known
accumulators [12, 13]. Accordingly, Descurainia sophia
were suggested for phytoremediation technology.
Descurainia sophia belongs to Brassicaceae family and
is an annual plant which can be found in most parts of
Iran.

The aim of this study was to investigate Cd (II), Ni (1)
absorption rate against concentration increase of these
metals in D. sophia plant and to determine whether D.
sophia could be presented as a Cd (II), Ni (Il)

accumulator.
MATERIALS AND METHODS
Plant Cultivation

Seeds were germinated in glass Petri dishes. After 30
days, uniform seedlings were selected and transplanted
to vessel containing 1.5 L of modified Hoagland’s
solution at pH 6.5. After 7 days, CdCl, was added at the
concentrations of 0, 40, 70 and 100 10 mol L™ and
NiSO, was added at the concentrations of 0, 40, 70 and
100 10"° mol L™ also mix Cd and Ni to vessel containing
of modified Hoagland’s solution. The hydroponic
medium was changed once a week. Each vessel
contained five plants which represented one replicate.
There were three replicates (fifteen plants for each
treatment). Temperature for grow was approximately 24
°C in the day and 20 °C at night and a photoperiod of 16
h the day and 8 h at night.

Chlorophyll and proline measurements

The total chlorophyll contents (mg g™ fresh leaf), were
analyzed by following Arnon method. Leaf samples
were homogenized in 80% acetone and optical densities
were measured at 652 nm with Spectrophotometer (T80
PG Instruments) [14].

Proline was extracted from the leaves and estimated by
the methods of Bates et al. [15]. Homogenates of the
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leaf samples were prepared in 3% sulphosalicylic acid.
Pink colour was developed by a reaction with glacial
acid and ninhydrin. The colour was separated in toluene
layer and intensity of the colour was measured at 546

nm spectrophotometrically.
Analytical Method

At the end of the experiment, after 3 weeks, plants were
harvested, and the root and shoot tissues were separated
and oven-dried for 2 days at 70 °C. Subsequently, dry
weights for each sample were obtained and then 0.5
gram of milled plant tissue (shoot) and less than 0.5 g of
root were digested in 20 ml of concentrated nitric acid
for two hours at 90 °C in a water bath. Metal
concentrations were measured by Flame Atomic

Absorption Spectroscopy (AA240 Varian Inc.).
Translocation factor

To evaluate the potential of D. sophia for
phytoextraction, the translocation factor (TF) was
calculated. This ratio is an indication of the ability of the
plant to translocate metals from the roots to the aerial

parts of the plant [16]. It is represented by the ratio:

Translocation factor (TF)

Metal concentration in aerial parts

Metal concentration in roots

Bio-accumulation Factor (BAF)

Bio-accumulation Factor can be employed to quantify
toxic element accumulation efficiency in plants by
comparing the concentration in biota and an external
medium (e.g. soil) [17, 18].

Bioacculation factor (BAF)

Metal concentration in aerial parts

Metal concentration in soil
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STATISTICAL ANALYSIS

Finally, the collected data were statically analyzed for
variance using SAS 9.2 software (Chicago, IL, USA).
The mean values were compared by applying Duncan’s

multiple range tests at 5% probability level.
RESULTS AND DISCUSSION
Effect of heavy metals on chlorophyll

The application of Cd and Ni at concentrations of 0, 40,
70 and 100 10° molL™ and a mixture of two heavy
metals caused a significant decrease (P>0.05) in
chlorophyll contents (Table 1).

Various abiotic stresses decrease the chlorophyll content
in plants [4, 19] as pigment content alterations linked to
evidence of plant illness and photosynthesis [20].

Many studies report chlorophyll degradation by metals
in higher plants [4]. The decrement in chlorophyll
content in plants exposed to Cd** and Ni?* stress is
supposed to be due to:

(a) Inhibition of important enzymes, such as J-
aminolevulinic acid dehydratase (ALA dehydratase) and
protochlorophyllide  reductase  associated  with
chlorophyll biosynthesis [4, 9, and 18].

(b) Peroxidation of chloroplast, pigments and membrane
lipids by oxygen radicles as result of oxidative stress
[21, 12]. Besides, these ions can directly destroy the
structure and function of chloroplast by binding with-SH
group of enzymes [21, 23, and 24].

(c) Heavy metal ions prevent uptake and transportation
of other metal elements such as Mn, Zn and Fe by
opposing effects and therefore cause the leaves lose the
capacity of synthesis of chlorophyll [22, 21].

Our data of decrease in chlorophyll content confirmed
with the results of Siedlecka and Krupa who also found
a reduction in chlorophyll content with heavy metal
stress in Zea mays and Acer rubrum [25].

Preeti Pandey Pant has stated decreased chlorophyll in

Shorea robusta and Fikriye Kirbag Zengin et al. have
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reported chlorophyll reduction in Phaseolus vulgaris L.
under the impact of heavy metals (Cd) [21, 26].

Effect of heavy metals on proline

Table 1, shows the influence of Cd and Ni on proline
content. The results show that the two heavy metal
induced proline accumulation.

For decades, plant biologists have studied the synthesis
of free proline in several species exposed to oxidative
stress. They found that lots of plants in response to
oxidative stress accumulate proline in cells and tissues.
Proline has been suggested to act as an appropriate
osmolyte and to be a sink of carbon and nitrogen [27].
Proline accumulation in plants following water stress is
a well-established fact [28, 29]. Cd & Ni induced
changes in the cell water balance. Water deficit changes

the regulation of pyrroline-5-carboxylate (an enzyme
involved in Proline synthesis), resulting in high Proline
accumulation [26, 30]. Proline through stability of
enzymes to denaturation, and improving of mMRNA
translation increases the stress tolerance of plants [20,
31]. Moreover, amino acid proline has been suggested to
chelate Cd ion in cells and create a non-toxic Cd-proline
compound [32].

Heavy metal induced proline

accumulation has been reported in lemongrass
(Cymbopogon flexuous Stapf.) [28] Gram (Cicer
arietinum L.) [31]. Pandey and Sharma demonstrated
that Co, Ni and Cd induced an increase of Proline
concentration in cabbage leaves, and suggested an
association with the changed water status of the treated

plants [33].

Table 1. Effect of heavy metals (Cd-Ni & Cd+Ni) on Chlorophyll, Proline in D. sophia L. at 12 days of treatment.

Control Ni40 Ni70 Ni100 Cd40 Cd70 Cd100
1.468+2.04 8.042+10.66 11.38+1.17 29.13+4.56 2.04+5.65 13.93+16.72 16.6818.44
Proline Max=3.14 Max=20.36 Max=12.38 Max=34.04 Max=8.36 Max=32.87 Max=26.29
Min=0.80 Min=1.85 Min=10.08 Min=25.02 Min=-2.55 Min=1.17 Min=10.46
6.04+1.92 4.97+1.10 3.4940.60 2.77+1.17 3.78+0.14 3.16+1.25 2.49+1.29
Chlorophyll Max=7.84 Max=6.18 Max=4.04 Max=3.96 Max=3.94 Max=4.15 Max=3.48
Min=4.02 Min=4.02 Min=2.85 Min=1.61 Min=3.66 Min=1.76 Min=1.03
Cd40+Ni70 Cd70+Ni40 Cd70+Ni70 Cd70+Ni100 Cd100+Ni70
3.1747.78 18.29+9.21 47.48+31.65 28.7249.70 10.4+3.65
Proline Max=12.1 Max=27.14 Max=81.70 Max=39.44 Max=14.55
Min=1.36 Min=8.76 Min=19.25 Min=20.55 Min=7.65
2.63+1.70 2.45+0.44 2.31+0.70 1.88+0.10 1.65+1.18
Chlorophyll Max=4.6 Max=2.93 Max=2.86 Max=2 Max=2.5
Min=1.62 Min=2.07 Min=1.52 Min=1.8 Min=0.3

72



H. Karamooz et al / Journal of Chemical Health Risks 6(1) (2016) 69-78

Heavy Metal Content in Root & Shoot

Descuriania sophia was exposed to various nickel and
cadmium (Ni** & Cd*") concentrations (0, 40, 70, 100
10° moIL™ and mix Cd and Ni) accumulated high
content of nickel and cadmium at higher
concentrations (Fig. 1). Cd and Ni accumulation in the
D. sophia were significantly (P < 0.05) influenced by
the treatments. Regardless of the different movability
of metal ions in plants, the metal concentration is
usually greater in roots than in the shoots [34]. In our
studies the maximum nickel and cadmium content was
observed in the root than the shoot, which showed low
transport of nickel and cadmium towards aerial parts
of plants. Uptake in root and transportation in shoot
may be based with low translocation factor which
indicated great potential for phytostabilization of
heavy metals in root. Other works confirmed more
accumulation of heavy metal in root than the shoot in
radish and spinach [20].

Vajpayee et al. noted high concentration of heavy
metal (Cr) in root of Vallisneria spiralis L. than the
shoot [35]. Our findings indicate that various levels of
heavy metals influence uptake and translocation of
nickel and cadmium.

Furthermore, the root cells wall are first target for
metals ion in soil solution. The integration of the metal
ions in to the cell wall has been noted in several
papers reviewed by Ernst et al. [36]. Of the total
amount of ions connected with the root; only a portion

is uptake by cells. A remarkable metal ion fraction is
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physically linked into the negatively charged sites
(COO) of the root cell walls. The cell wall bound
fraction cannot be translocated to the shoots and,
therefore, cannot be removed by harvesting shoot
biomass (phytoextraction). Thus, it is conceivable that
a plant representing important metal accumulation into
the root, to exhibit a

phytoextraction [36].

restricted capacity for

Attachment to the cell wall is not the exclusive plant
mechanism valid for metal immobilization into roots

and following inhibition of ion translocation to the
shoot. Metals can also be aggregate and separated in
(e.q.
inaccessible for translocation to the shoot [37].

cellular  organelles vacuole)  becoming

Moreover, some plants, named excluders, have
specific mechanisms to reduce metal uptake into roots.
However, the idea of metal exclusion is not well
known [38].

Wojcik et al. found higher metal accumulation in roots
than in shoots of hydroponically grown Thlaspi
caerulescens [39].

Our studies show a higher accumulation of Cd than Ni
by treated plants. There are many reports that the
presence of one metal in solution affected the
absorption of another metal. Cd effect on plant
parameters was more significant than that of Ni. It
seems Cd ions uses the same transmembrane
transporter of nutrients, such as K, Ca, Mg, Fe, Mn,
Cu, Zn and Ni and thereby restrict uptake of these

nutrients [40, 41].



H. Karamooz et al / Journal of Chemical Health Risks 6(1) (2016) 69-78

12 4

10 -

Plant Cd content (mg/g. Dw)
(2]

m root
shoot

4 -
2 4
0

N Q Q &

] C/é C&\ C\Q X$ ><$\

2 T g &“ «QX &
@ @ C S S
Metal concentration (106 mol L1)
Figure 1. Cd & Ni concentrations of D. sophia L. after 2 week
of growth in the Hoagland nutrient solution
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Figure 1. Cd & Ni concentrations of D. sophia L. after 2 week

of growth in the Hoagland nutrient solution

Translocation factors and Bio-accumulation factor

The Translocation Factor (TF) of the 9 different
concentrations for each metal is recorded in Fig. 2.
Our result showed a TF<1 suggesting that Cd and Ni
could not be effectively translocated from the roots to
the shoots. In the case of Ni accumulation at all the
concentration, the metal was translocated to the shoot
than to control but Cd result indicated that the metal
was stored mainly in the roots. Therefore, the
translocation factor of S/R for Ni is more than Cd.
Bioaccumulation factors (BAF) of heavy metal are

presented in Fig. 3. Plant species under investigation
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had BAF<1,
considered excluder of these metals.

that shows D. sophia L. can be
The translocation factors (TF) usually showed the
transition of metal from soil to root and shoot,
displaying the capability to uptake the metals from the
soil [42].

Therefore, translocation factors (TF) can be used to
estimate a plant potential for phytoremediation
purpose. However, plants with a high translocation
factor have the potential for phytoextraction [43].
Plants grouped to three type i.e. accumulator, excluder

and indicator. Translocation factors for these three
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category plants are >1, <<1 and near 1, respectively
[4,17].

Thus, D. sophia in this study was an excluder for Cd
and Ni. They mainly restrict metal in their roots. The
plant may change its cell membrane permeability, alter
metal binding capacity of cell walls, or exclude more
chelating substances [44]. High accumulation of heavy
metals in roots and low translocation in shoots may
indicate appropriateness of a plant species for
phytostabilization [45- 47].

The BAF represents the contaminant concentration in

plants comparing with the environment concentration

TF Ni

Metal concentration (106 mol L)

(in soil) [48]. BAF values are mostly based on metals
particularity, environmental efficacy, disposal route
and species-specific features. For selection a plant to
phytoremediation of the contaminated soil, the BAF
have to be higher than 1 [49].

Result of the present study highlighted that this plant
had relatively low BAF and TF<1. The elevated
concentration of Cd and Ni in roots of plant under
investigation and low translocation into the shoot
indicated their propriety for phytostabilization of these

elements.
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Figure 2. Translocation factors (TF) values of Ni and Cd in D. sophia
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