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Abstract

Background: The problem of soil contamination is a major concern of emerging countries. Heavy
metals such as lead, cadmium, copper, zinc, and mercury cannot be biodegraded, and therefore,
persist in the environment for long periods. It has become essential to develop efficient techniques for
decontamination of polluted soils. One of these techniques, phytoremediation, is economically viable
and compatible with environmental preservation policies. The application of phytoremediation in salty
areas requires the use of plants that are able to tolerate heavy metals and high soil salinity. Atriplex
halimus is one of the species with a great purification potential, which is a spontaneous halophyte
species, and endowed with a fairly important aerial and root biomass. This study aimed to determine
the effect of cadmium sulfate (CdSO,) on the germination and growth of A. halimus, and to assess its
ability to accumulate cadmium and proline.

Methods: This is an experimental study of the tolerance of A. halimus to increasing concentrations of
CdSO, by an in vivo test. This study aimed to assess the degree of tolerance of this perennial species
towards different concentrations of CdSO,.

Results: The results show a non-significant effect of CdSO, on the seed germination rate and growth of
the aerial and root parts. However, a significant accumulation of proline was observed especially in the
aerial part, whereas the highest cadmium content was recorded at the roots.

Conclusion: According to the results, this species can be used in phytoremediation to decontaminate
soils contaminated by heavy metals.
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Introduction

Many parts of the world, particularly the vicinity of urban
and industrial areas, are heavily polluted by heavy metals,
usually produced by human activities. Among the metals
presentinnature, Cd, Cu, Hg,Ni, Pb,and Zn are considered
as the most dangerous metals that make a major problem
for the environment and human health. They persist in
the environment and inevitably accumulate. They can
migrate to surface water or groundwater or enter the food
chain via plants to be found in animals, and eventually,
in humans. Moreover, soil decontamination technology is
often heavy and costly, which do notallow their application
in large areas, another alternative may reside in the use of
phytoremediation (1,2). This technique, which has only
grown in importance for last years, is based on the use of
hyperaccumulator plants able to absorb the metals from
the soil and concentrating them in their parts, which will

be harvested and subjected to treatment to recover the
metals. Atriplex halimus subsp. schweinfurthii is one of
these species with a great purification potential, which is
a halophyte species that tolerates the conditions of aridity
(drought and salinity) well, spontaneously in the arid
and semi-arid Mediterranean region. It belongs to the
Chenopodiaceae family, and has a fairly important aerial
and root biomass.

In order to improve this technique, the laboratory study
focuses on the research of new accumulating species with
high biomass production, and also, the understanding
of the mechanisms involved in the tolerance and
accumulation of Cd.

This study aimed to enhance an indigenous halophyte
species through a germination test and in vivo culture
applying stress based on cadmium sulfate cadmium
sulfate (CdSO,), to use it in phytoremediation purpose.
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Materials and Methods

Materials

Plant material

The seeds of Atriplex halimus come from El Mesrane
region in Djelfa (Algeria), specifically in the Chott Zahrez
area. The seeds were harvested on a tuft of A. halimus
showing a good vegetative state. After manual dehulling
of their fruiting valves (bracteoles), the seeds were
disinfected by a 10-minute stay in 70% ethanol, followed
by 10 minutes in 8% oxygenated water, and then, they
were rinsed five times with distilled water to remove any
trace of disinfectant.

Cadmium salt

The variation factor considered is the concentration of
Cd SO,, this salt was chosen because of its predominance
in the soil solution in its natural state (3). To determine
the effect of CdSO, on the germination and growth of A.
halimus and to define the critical sensitivity level of this
halophyte species, different concentrations of CdSO, were
used, thus, four concentrations of cadmium salt (0, 0.01,
0.1, and 1 mmol CdSO,) were retained in this study.

Methods

Germinative test

The seeds were germinated in lots of 100 seeds for each
treatment in the Petri dishes, with to 25 seeds/Petri dish,
and four repetitions per treatment (0, 0.01, 0.1, and 1
mmol CdSO,). The filter paper was moistened initially,
and then, with 5 ml of distilled water (witness) or different
solutions of CdSO, every 24 hours. The Petri dishes were
placed in an incubator (Figure 1), whose temperature was
set at 20+ 1°C. The germinated seeds were counted every
24 hours, as a germination criterion, until the appearance
of a 1-mm root.

In vivo cultivation

The seeds were sown directly in plastic pots (10 cm of
diameter) filled with a peat-sand mixture (Figure 1), ata
rate of 10 seedlings per pot. These seedlings are irrigated
by distilled water for 30 days after sowing, and then,
the stress was applied for 7 days by different solutions
of CdSO,. The laboratory experiments took place in
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Figure 1. Germination test and in vivo cultivation of Atriplex halimus seeds

controlled environments with an ambient temperature
and a photoperiod of 12 hours of lighting ensured by a
luminous device at the Institute of Agro Pastoralism
(Djelfa).

The measurements were performed after 37 days of
cultivation, and on 10 seedlings for each treatment. The
growth indicators considered include:

o The fresh matter of the shoot and root part
o The dry matter of the shoot and root part
o The water content of the shoot and root part

The method used for the determination of proline is that
mentioned by Troll and Lindsley (4) simplified by Dreier
and Goring (5), and the content of cadmium in the plant
was determined using the method of Chardonnens et al (6).

The experiment corresponds to 4 treatments, and each
concentration was tested on 10 plants with 10 repetitions.
The experimental plan used was the randomized complete
block design (RCBD), where the treatments correspond
to the different concentrations of CdSO, (Table 1).

Results

The germination test

The results show that the germination percentage of
Atriplex halimus seeds obtained after 7 days varied with
different concentrations of CdSO, (Figure 2). In the
absence of CdSO,, the germination rate was equal to
97%. Increasing the concentration of cadmium sulphate
slightly decreased the rate of germination compared to
the witness. For treatments of 0.01 and 0.1 mmol, the
germination percentages were 88% and 91%, respectively.

Table 1. The experimental plan of the different concentrations of CdSO,
treatments

T,: Distilled water (witness). T,: 0.01 mmol CdSO,. T,: 0.1 mmol CdSO,.
T,: 1 mmol CdSO,.
r: Repetition.
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Figure 2. Effect of increasing doses of CdSO, on germination percentage
of Atriplex halimus subsp. schweinfurthii seeds
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With a quantity of CdSO, equal to I mmol, the germination
rate remained fairly high (92%). The analysis of variance
shows a non-significant difference between the different
treatments used of CaSO, (P>0.05, F=2.15).

In vivo growth and development of plants

Fresh matter (shoot and root part)

In the absence of Cd SO,, the average weight of the fresh
matter (aerial part) was equal to 111.39 mg/plant, the
addition of CdSO, is manifested by a very slight decrease
in seedling biomass compared to the witness particularly
at 0.01 mmol and 0.1 mmol of CdSO, (Figure 3). With a
concentration of 1 mmol (CdSO,), there was a decrease
in fresh matter up to 86.1 mg/plant. According to the
result of the analysis of variance, there was no significant
difference between treatments of CdSO, used (P>0.05,
F=0.65).

The effect of the addition of CdSO, is noticed by a slight
increase in the production of fresh matter in the root
part compared to the witness, it was up to 2.94 mg/plant
for a concentration of 1 mmol of CdSO, (Figure 3). The
ANOVA table shows that the factor studied did not have
a significant influence on the production of root fresh
matter (P>0.05, F=1.59).

Dry matter (aerial and root part)

Based on the analysis of variance, the different
concentrations of CdSO, did not have a significant effect
on the dry matter aerial part (P >0.05, F=0.19). Increasing
concentrations of CdSO, particularly at 1 mmol led to a
slight decrease in aerial dry matter (Figure 4). The results
obtained show that the concentrations of 0.01 and 0.1
mmol CdSO, increased the production of the dry matter
in the roots compared to the witness, with respective
averages equal to 0.47 and 0.49 mg/plant. Also, when
the concentration increased to 1 mmol of CdSO,, the
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Figure 3. The weight of the fresh matter aerial part (A) and root (B) (mg/
plant) of seedlings of Atriplex halimus subsp. schweinfurthii grown in vivo
with different concentrations of CdSO,

production of dry matter (root part) decreased to 0.38
mg/plant (Figure 4).

Accumulation of proline

The aerial part

The accumulation of proline in the aerial part progressed
according to the CdSO, concentration, it started at 0.01
mmol where its content was doubled compared to the
witness (0.06 and 0.11 pg), this increase continued up to
0.22 pg for the highest concentration (I mmol CdSO,)
(Figure 5). The results of the analysis of variance show
that the increased concentration of CdSO, had a highly
significant effect on the accumulation of proline in the
tissues of the aerial part of A. halimus subsp. schweinfurthii
(P<0.001, F=163.68).

The root part

Concerning the root part, the results show that the proline
content in the roots recorded an increase as soon as the
plant received 0.01 mmol of CdSO,, until it reached 0.12
ug at a concentration of 1 mmol of CdSO, (Figure 5).
The results of the analysis of variance show that there
is a highly significant difference between the different
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Figure 4. The weight of the dry matter aerial part (A) and root (B) (mg/
plant) of seedlings of Atriplex halimus subsp. schweinfurthii grown in vivo
with different concentrations of CdSO,
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Figure 5. Proline content (ug) in the aerial and root part of Atriplex
halimus subsp. schweinfurthii grown in vivo with different concentrations
of CdSO,
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treatments tested (P<0.001, F=77.08).

Accumulation of cadmium

The aerial part

The cadmium contents measured in the tissues of the
aerial part of A. halimus seedlings show a very significant
increase in the Cd content at 1 mmol CdSO, with an
average of around 8.97 mg/L compared to the rest of
the treatments (Figure 6). The analysis of variance data
(Table 2) reveals a very highly significant difference
between the different CdSO, treatments (P<0.001,
F=554353.31).

The root part

The results obtained from the root part are similar to those
recorded for the aerial part, they show that the presence
of 1 mmol CdSO, led to a significant increase in the
cadmium content in the root part (13.66 mg/L) compared
to the witness (0.36 mg/L) (Figure 6). According to the
results of the analysis of variance, the different doses of
CdSO, had a highly significant effect on the Cd content
accumulated in the roots (P<0.001, F=623279.31).

Discussion
The effect of different concentrations of CdSO, (0.01,
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Figure 6. Cadmium content (mg/L) in the aerial and root part of Atriplex
halimus subsp. schweinfurthii grown in vivo with different concentrations
of CdSO,

0.1, and 1 mmol) on the germination of A. halimus
subsp. schweinfurthii was evaluated during one week
of treatment. The results show that seeds of this
species were characterized by their rapid germination
and low sensitivity to high concentrations of CdSO,.
The germination rate remained above 80% for all the
treatments applied. The results are consistent with those
reported by Yamaguchi et al (7) who worked on another
halophyte Arabidopsis thaliana cultivated in the presence
of cadmium. On the other hand, the results of Huybrechts
et al (8) showed the impossibility of some species to
germinate in soils polluted by cadmium.

The study of the growth of A. halimus subsp.
schweinfurthii seedlings during the first month cultivated
in vivo in the presence of the different concentrations
of CdSO, showed that the recorded change in the fresh
and dry biomass of the seedlings is not very important
compared to the witness, this fact demonstrates a certain
tolerance of this species towards cadmium. It should be
noted that the tolerance of the root part remains higher
than the aerial part, as the most important values of the
fresh and dry matter were recorded by the concentrations
of 1 mmoland 0.1 mmol CdSO,, respectively. These results
are consistent with those reported by Shevyakova et al (9)
who investigated the adaptation of a halophyte species
(Mesembryanthemum crystallinum) in the presence of
cadmium chloride. They found that there was only a very
low correlation between the decrease in aerial biomass,
and also, in the root system in a concentration of 1 mmol
of CdCl,, and the accumulation of heavy metals in these
organs. Moreover, during the experiment of the present
study, the applied stress had no effect on the survival of
the seedlings of A. halimus subsp. schweinfurthii, and all
seedlings were kept alive until the end of treatment.

From an ionic point of view, it has been found that
the more stress intensity of CdSO, is growing the more
cadmium accumulation increases in the different organs.
Indeed, the highest cadmium contents were recorded
for the dose of 1 mmol CdSO, (13.66 mg/L at root part

Table 2. Analysis of the variance of the parameters measured for different concentrations of CdSO,

Concentrations

CdSO, (mmol)
0 0.01 0.1 1

Germination rate (%) 97+3.8% 88+7.32 91422 92+5.67
Fresh matter aerial part (mg/plant) 111.39+0.03° 108.65+0.042 108.34+0.062 86.1+0.022
Fresh matter root part (mg/plant) 1.73£1.092 2.68+1.88? 2.44+0.99° 2.94+0.05°
Dry matter aerial part (mg/plant) 10.15+3.72 10.23+£3.92 9.76+5.657 9.01+2.142
Dry matter root part (mg/plant) 0.4+0.212 0.47+0.142 0.49+0.152 0.38+0.13°
Proline content (ug) (aerial part) 0.06+0.01¢ 0.11£0.01° 0.13+0.01° 0.22+0.0012
Proline content (root part) (ug) 0.03+0.01° 0.04£0.01° 0.08+0.001° 0.12+£0.0012
Cadmium content (aerial part) (mg/L) 0.43+0.001° 0.44+0.008° 0.88+0.001° 8.97+0.017¢°
Cadmium content (root part) (mg/L) 0.36+0.012¢ 0.37+0.007¢ 0.65+0.01° 13.66+0.022

abed Mean separation within lines, by Tukey’s test (P<0.05). Values with the same letters are not significantly different. Significance at P<0.05.
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and 8.97 mg/L in the aerial part), it should be noted
that the roots were characterized by a large capacity of
accumulation of the Cd compared to the aerial part. All
these facts clearly demonstrate a significant protective
function (barrier) of the root system, which limits the
influx of cadmium into the upper organs of the plant even
in the presence of toxic concentrations. Similar results
were reported in Brassica juncea by Liang Zhu et al (10)
and in Lupinus albus by Costa and Spitz (11). The study of
Das et al(12) shows that intracellular capture of cadmium
is carried out by Phytochelatins, which are small peptides
rich in sulfur, these peptides are strongly synthesized in
the presence of cadmium by a cytoplasm enzyme. The
Cd-PC complexes make it possible to reduce the toxicity
of Cd, they are accumulated preferentially in the vacuoles
of the roots, and this mechanism delays the translocation
of Cd to the aerial parts of the plant.

In the presence of cadmium, in “resistant” plants, the
activity of acid phosphatase and peroxidase is increased,
and these materials accumulate preferentially the
cadmium in their roots compared to non-tolerant plants.
Similar responses have been described for maize (13), pea
(14,15), poplar (16) and for barley (17) in the presence
of cadmium. Similarly, the applied stress levels induced a
significant increase in proline levels in the aerial and root
parts of seedlings of A. halimus subsp. schweinfurthii. In
fact, the accumulation of proline increases gradually as
the concentration of CdSO, increases. It was found that
the highest proline contents are recorded at the leaves.
However, these contents are lower at the root part.

At the cellular level, plant stress tolerance can be
expressed through the accumulation of organic osmolytes
(18). Most of these osmolytes are nitrogenous components
and free amino acids, in particular proline, which
contributes to osmotic adjustment (19). Shevyakova et
al observed the accumulation of proline in the roots of
Mesembryanthemum crystallinum only in the presence
of 0.01 mmol CdCl,, compared to the leaves, where the
most important quantities of proline are recorded at 1
mmol of concentration of CdCL (9).

The accumulation of proline can be caused not only by
a direct effect of cadmium ions, but also by the insufficient
water absorption, this insufficiency is developed in
leaves and roots under stressful conditions of cadmium,
the latter causes water absorption damage by the roots
(20). Proline plays an important role in the tolerance of
plants towards cadmium; it is synthesized as a response
to any stress. It can intervene by regulating the internal
osmotic pressure by increasing its concentration (21).
Additionally, the synthesis of proline can be included in
the regulation of cytoplasmic pH. Therefore, it helps in
the stabilization of membrane proteins and free proteins,
indicating its osmoprotective role (22-24).

Conclusion
This is an experimental study of the tolerance of A. halimus

subsp. schweinfurthii to increasing the concentrations
of CdSO, by an in vivo test. This study aimed to assess
the degree of tolerance of this steppe perennial species
towards different concentrations of CdSO,.

Regarding the germination of seeds of A. halimus
subsp. schweinfurthii, the CdSO, concentrations cause a
very slight decrease in the germination rate compared to
the witness. This shows that the seeds of A. halimus subsp.
schweinfurthii, exhibit a great ability to germinate under
highly stressful conditions with a germination percentage
greater than 90% at fairly high concentration levels.

The effect of increasing doses of CdSO, on the growth
of A. halimus subsp. schweinfurthii seedlings grown in
vivo was not significant. It was found for the aerial part
that the highest fresh and dry matter were recorded for
the concentrations of 0.01 and 0.1 mmol CdSO,, so that
adding a severe dose equal to 1 mmol induces a slight
reduction of the fresh and dry biomass compared to the
witness. It was also noted that there is an increase in fresh
and dry biomasses compared to the witness for the root
part at plants subjected to high concentrations (0.01, 0.1,
and 1 mmol CdSO,).

Considering the influence of increasing doses of CdSO,
on the accumulation of Cd, it has been observed that the
more the intensity of stress, the more the content of Cd
in organs of the plant, this accumulation is greater in
the root (13.66 mg/L), which shows the capacity of this
plant to accumulate cadmium in its organs, especially at
roots. Similarly, the accumulation of proline is one of the
most notable manifestations of salinity and water stress,
the applied stress levels induced a significant increase in
proline content in the leaves and roots of young plants
of A. halimus subsp. schweinfurthii. The highest proline
contents were recorded in the part of the leaves with
values from 0.11 pg/g dry weight of plant (DW) to 0.22
ug/g DW.

The present study shows that A. halimus subsp.
schweinfurthii, whichisanative shrub forage, tolerates high
concentrations of Cd, and it is capable of accumulating
significant quantities of cadmium, especially at the roots.
This study provides the opportunity to use this halophyte
species in phytoremediation to decontaminate soils
polluted by heavy metals.
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