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Abstract

Atriplex is a halophyte plant that accumulates high levels of salt in these tissues. It is also considered as a
accumulative plant of heavy metals in the soil. Copper is considered to be a toxic metal when it is at high
concentrations. This study investigated the effect of different concentrations of copper (0, 2000, 2500, and
3000 ppm) combined with 0.5 and 3% salt (NaCl) during one month of stress on the rates of polyphenols,
flavonoids, and proline in the leaves of the Atriplex canescens Pursh Nutt. The analysis of the antioxidants at
the leaf level of the Atriplex canescens is marked by an increase in the rates of polyphenols and flavonoids
under the action of copper combined with 0.5 and 3% NaCl. The higher levels of polyphenols and flavonoids
(178 mg. g* dry weight and 173 mg. g dry weights respectively) are obtained at the dose of 3000 ppm copper
combined with 3% NaCl. Plants exposed to different concentrations of copper combined with 0.5% NaCl
accumulated significant amounts of proline in their leaves compared to controls, the highest levels of which
are recorded in plant leaves which receive 2500 and 3000 ppm copper combined with 3% NaCl (447.8 and
546 ug .g* dry weight respectively) . Finally, it is noted that the Atriplex canescens has mechanisms that

allow it to tolerate excess copper combined with NaCl.
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Introduction

Soil salinity affects plant growth and development
through toxic stress (Okcu et al., 2005) and oxidative
(Seckin et al., 2009). According to Marouf and
Reynaud (2007), oxidative stress by salt or heavy
metals refers to the set of physiological and metabolic
disturbances caused by biotic or abiotic agents in
plants. The problem of contaminated soils is now very
worrying for emerging countries. Copper is a trace
element for plants (Thomas et al., 1998), It plays an
important role in its action on the strengthening of
the metabolism of plant proteins and the assimilation
of CO:. and in the synthesis of ATP (Lewis et al.,
2001). The use of copper-based fungicides in
vineyards, orchards and other crops susceptible to
fungal diseases (including potato, hops and tomato)
are the main source of copper soil pollution (Tiller
and Merry, 1981), Copper contamination is often
accompanied by poor soil physical structure
(compaction, settlement, etc.), low water retention,
nutrient poverty, soil acidity of drought, and severe
erosion (Simmons et al, 2008). In copper-
contaminated soil, dehydrogenases and catalases
involved in soil respiration are inhibited (Ratnikov et
al., 2005). To protect these effects, the development
of effective techniques to decontaminate polluted
sites has become indispensable. Phytoremediation is
defined as a group of technologies that uses plants to
reduce, remove, degrade, or immobilize contaminants
in soils (Ghosh and Singh, 2005). Phytoextraction is
the most widely used method of phytoremediation
that exploits the properties of certain plants to
accumulate large quantities of heavy metals (Rufus et
al., 1997; Salt et al., 1998). Halophytes are naturally
salt tolerant plants, used for ecological, food, and
antioxidant production and other bioactive
substances (Belkhodja and Bidai, 2004; Glenn et al.,
2013). These plants are of particular interest in
understanding the tolerance mechanisms as well as
improving yields. Atriplex are naturally tolerant
species expressing a high accumulation of salt in their
aerial parts and are interesting for the fixation and
depollution of heavy metals in soils (Walker et al.,
2014). The accumulation of antioxidant molecules is

one of the main adaptive mechanisms to stress
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(Zhang et al., 1999), according to Sudhaker et al.
(2001) antioxidants (polyphenols and flavonoids)
accumulate more during salt stress. Proline is an
amino acid often considered as a biomarker of stress
(Szabados and Savouré, 2009), osmoprotectant, when
it accumulates at the cellular level improving stress
tolerance (Delauney and Verma, 1993; Nanjo et al.,
1999). Our work aims are to evaluate the combined
effect of copper and salinity on the rates of
polyphenols, flavonoids and the accumulation of
proline in the leaves of the Atriplex canescens Pursh
Nutt.

Materials and methods

Plant material

The seeds of Atriplex canescens Pursh Nutt collected
during the period of December 2016 in the region of
El-Bayed in southwestern Algeria are shelled,
disinfected with sodium hypochlorite (2%) for a few
minutes, and then rinsed with distilled water. After
germination in alveoli, the seedlings are replanted in
plastic pots (16 cm in diameter and 13.8 cm high)
filled by 2280 g of mixture of sand and soil (two
volumes/one volume), a watering every three days is
carried out at the so nutrient solution (Hogland,
1938) at 80% of the substrate retention capacity,
seven treatments were selected with 4 repetitions, or

28 pots in total.

Applying stress

Stress is applied to plants aged 3 months using
different saline and metal solutions for one month
(twice a week). Control plants are watered twice a

week by the nutrient solution.

At the end of the stress, the plants are removed,
leaves and roots separated, and stewed for 48 hours
at 80 ° C. Dry samples are crushed and deposited in

glass vials.

The parameters analyzed

Dosage of polyphenols

The determination of total polyphenols is performed
with the colorimetric reagent Folin-Cio -calteu
according to the method quoted by (Wong et al.,
2006).
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Determination of flavonoids
The method of aluminum trichloride (ALCL;) cited by
(Djeridane et al., 2006) is used to quantify flavonoids

in leaf extracts.

Determination of proline

Proline is determined according to the technique used
by (Troll and Lindesly, 1955), simplified and
developed by (Dreier and Goring, 1974).

The principle is the quantification of the reaction
proline-ninhydrin by spectrophotometric measure.
Proline is paired with the ninhydrin forming a

colorful complex.

Table 1. The experimental device.
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Statistical analysis
The results obtained are processed statistically using

the Stat box software, Version 6.4.

Results

The rates of polyphenols in the leaves of the stressed
plants by copper combined with 0.5 % NaCl

The results showed an increase in the rates of
polyphenols in the leaves of the stressed plants at
2000, 2500, and 3000 ppm combined with 0.5%
NaCl (159, 178 and 178 mgg-1 dry weight,
respectively) compared with the leaves of the control
plants 31 mg.g-1 dry weight (Fig. 1).

The analysis of the results indicates a significant
effect of copper combined with 0.5% NaCl on the rate
of polyphenols (P = 0.05).

Concentration Loty Lot- Lot; Loty Lots Lots Lot;
NaCl (%) 0 0,5 0,5 3 3 3
Copper (ppm) o) 2000 2500 3000 2000 2500 3000

The rates of polyphenols in the leaves of the stressed
plants by copper combined with 3 % NaCl

The results obtained in the leaves of the plants of
Atriplex canescens Pursh Nutt show that the leaves of
the stressed plants are richer in polyphenols
compared to the leaves of the control plants, this

results is an increase in the rates of Polyphenols in

the leaves of plants stressed at 2000, 2500 and 3000
ppm of copper combined with 3% NaCl (157, 167 and
178 mg-1 g dry peas, respectively) compared with
control plants (31 mg-! G dry peas) (Fig. 2)

Analysis of the variance revealed a highly significant

effect of copper combined with 3% NaCl (P = 0.05).
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Fig. 1. Polyphenols (mg. g dry weight) of the leaves of the Atriplex canescens (Pursh) Nutt stressed with copper

combined with 0.5% NaCl.
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The rates of flavonoids in the leaves of the stressed
plants by copper combined with 0.5 % NaCl

The results obtained under treatments 0, 2000, and
2500 ppm of copper combined with 0.5% NaCl

showed no significant variation in flavonoids content
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in plant leaves (Fig. 3). On the other hand for leaves
of plants stressed at 3000 ppm of copper combined
with 0.5% NaCl the results show an increase in the
flavonoids content, with a rate of 163 mg. g?* dry

weight.
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Fig. 2. Polyphenols (mg. g dry weight) of the leaves of the Atriplex canescens (Pursh) Nutt stressed with copper

combined with 3% NaCl.

The statistical analysis shows a highly significant
effect on the flavonoids content in the leaves of the
stressed plants at 3000 ppm of copper combined with
0.5% NaCl ,compared to the stressed plants at 2000,
2500 ppm and 0 ppm of the copper combined with
0.5% d e NaCl).

The rates of flavonoids in the leaves of the stressed
plants by copper combined with 3 % NaCl

The results show that the flavonoids levels in the
leaves of the stressed plants increase proportionately
with the increase in combined doses of copper and
salt (Fig. 4).The rate of flavonoids in plant leaves is
124 mg. g dry weights for the control at 130 and 141
mg. g dry weight respectively for the doses of 2000
and 2500ppm of copper combined with 3% NaCl. On
the other hand the highest rate is recorded at the dose
of 3000 ppm copper combined with 3% NaCl (173 mg
g1 dry weight).

The statistical analysis showed a highly significant
effect in the leaves of the stressed plants the dose of
3000 ppm copper combined with 3% NaCl.

However, the effect is significant for the doses of
2000 and 3000 ppm of copper combined with 3%

NaCl compared with the leaves of the control plants.

Proline content in leaves and roots of plants stressed
by copper combined with 0.5 % NaCl

The results obtained (Fig. 5) show that the
accumulation of proline in stressed plants increases
with the intensity of the stress applied; this
accumulation is higher in the leaves than in the roots,
which represents a 45% increase in proline content

than that recorded in the roots.

The highest proline content is recorded at the dose of
3000 ppm copper combined with 0.5 % NaCl (375.9
pugt dry weight). On the other hand, the highest
proline content is recorded in the roots at the dose of

2500 ppm copper combined with 0.5 %NaCl.

The leaves and roots of the control plants represent

the lowest proline content.
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Fig. 3. Flavonoids content (mg. g dry weight) of the leaves of the Atriplex canescens (Pursh) Nutt stressed with

copper combined with 0.5% NaCl.
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Fig. 4. Flavonoids content (mg. g-1 dry weight) of the leaves of the Atriplex canescens (Pursh) Nutt stressed with

copper combined with 3% NaCl.

The statistical analysis reveals a highly significant
effect of proline content in the leaves and roots of

stressed plants compared to controls.

Proline content in leaves and roots of plants stressed
by copper combined with 3 % NaCl

It is noted that the proline content in the leaves and
roots of the plants increases proportionately with the
doses of the applied copper (Fig. 6), the highest
proline content is recorded in plant leaves at a dose of
3000 ppm copper combined with 3% NaCl (546 ug.g
dry weight). The lowest proline content was observed

in leaves of unstressed plants (218.4 pg.g-' dry

weight), In the roots of stressed plants, a higher level
of proline was obtained at a dose of 3000 ppm copper

combined with 3% NaCl (356.0 ug. g* dry).

The statistical study shows that the accumulation of
proline is highly significant in the leaves and roots of

the stressed plants.

Discussion

Polyphenols and flavonoids are higher in the leaves of
stressed plants; these results are consistent with
those Lotmani and Mesnoua, (2011) that showed an

increase in the capacity of the antioxidants of the
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Ariplex halimus to cope with the stress of copper.
Anshula and Gurpreet, (2013) confirm the toxic effect
of copper that increases the activity of antioxidants in
the plant Chickpea (Cicer arietinum L). The synthesis
of polyphenols increases proportionately with the
increase in the salt content of barley, artichoke and

red pigment (Ali and Abbes, 2003; Ksouri et al.,
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2007; Rezazadah et al., 2012). According to
Rezazadeh et al. (2012), the flavonoids levels in the
leaves of the artichoke (Cymara scolymus L) Increase
with the increase in saline concentrations, and in the
leaves of okra (Abelmoschus esculentus L.) (Bendkhel

and Denden (2012).
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Fig. 5. Proline content (ug g* dry weight) in the leaves and roots of the Atriplex canescens (Pursh) Nutt stressed

with copper combined with 0.5% NaCl.
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Fig. 6. Proline content (ug g dry weight) of the leaves and roots of the Atriplex canescens (Pursh) Nutt stressed

with copper combined with 3% NaCl.

The accumulation of proline in the leaves and roots of
Atriplex canescens plants increased with increased
combined with NaCl. This

accumulation is more important in the leaves of

doses of copper

stressed plants at 2500 and 3000 ppm of copper
combined with 3% NaCl.

These results are consistent with those of researchers
such as( Sharma and Dietz, 2006; Lei et al., 2007)
which show the relationship of the toxic effect of
metals, such as Mn, Zn, Pb, Co, Cu with the increase
of proline in leaves and roots of plants stressed by

these metals.
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The accumulation of Proline was reported in several
plants, sunflower under the effect of cadmium
(Balestrasse et al., 2005), in Hydrilla verticillata
(L.f.) Royle under the combined action of lead and
cadmium (Singh et al., 2012). According to Belkhodja
and Bidai (2004), the accumulation of proline
increased significantly with the increase in salinity in
the seeds of Atriplex halimus at the germination
stage. Zid and Grignon, (1991) has shown that proline
is a substance that accumulates in tissues subject to
abiotic stress and is a means of resistance and

tolerance to salinity

Conclusion
The response of Atriplex canescens to saline and
resulted in an increase in

metallic stresses

antioxidants (polyphenols, flavonoids) and the
accumulation of proline, which shows a relationship
between the biosynthesis of proline and the rise in
rates of polyphenols and flavonoids, this increase is
more important in the leaves of plants stressed by
2500 and 3000 of copper combined with 3% NaCl. To
this end, it is noted that the Atriplex canescens has
mechanisms that allow it to tolerate excess copper
combined with NaCl, up to 3000 ppm of copper

combined with 3% NaCl.
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