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ABSTRACT

Agricultural intensification in the El-Oued region, Algeria, has degraded irrigation water quality due to increasing
salinity. This study aims to assess the effectiveness of Atriplex halimus seeds for phytopurification, specifically
their ability to reduce electrical conductivity (as a proxy for salinity) in irrigation water. A comparative laboratory
experiment was conducted using water collected from five representative boreholes in different zones of El-Oued,
selected for varying initial salinity levels. The water was treated with Atriplex halimus seeds under controlled con-
ditions, and electrical conductivity was monitored regularly over a range of contact times. The results demonstrate
that Atriplex halimus seeds significantly reduce water salinity during the initial 1 to 6 hours of contact, with the
most pronounced decreases observed at higher initial salinities. For example, an immediate reduction was recorded
in several zones within 5 to 30 minutes. Stabilization of electrical conductivity occurred from 5 to 6 hours, after
which further contact led to a secondary increase in salinity due to ion release from the seeds, indicating saturation.
The optimal phytopurification window is therefore within the first 6 hours. Effectiveness is time-dependent and
limited by seed saturation; extended exposure beyond 6 hours may reverse the purification effect due to physiologi-
cal limits of the seeds and the subsequent release of ions. This method offers a cost-effective, sustainable means
for reducing irrigation water salinity in arid regions, improving the viability of marginal lands for agriculture. The
research is the first to characterize and quantify the phytopurification potential of Atriplex halimus seeds in the
Saharan context, providing operational recommendations for treatment duration to optimize salinity reduction and
avoid undesirable effects.
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INTRODUCTION

Nearly a billion individuals, mostly residing
in rural areas, directly depend on agricultural land
for their livelihood. However, the global agricul-
tural area, estimated at approximately 3 billion
hectares, is undergoing a continuous reduction,
mainly due to the increasing salinisation of soils.
This issue currently affects between 1 and 10 bil-
lion hectares globally, spread across more than
a hundred countries, with an annual expansion
rate of 10 to 16% (Yensen and Biel, 2006; Qadir

and Oster, 2002; Aydemir and Siinger, 2011). In
arid and semi-arid regions, soil and irrigation
water salinity are one of the main factors limit-
ing plant productivity and agricultural yield, thus
posing a major threat to food security (Zid and
Grignon, 1991; Kinet and al., 1998; Balkhodja
and Bidai, 2004; Ishtiyaq and al., 2023). Agricul-
ture in these areas largely relies on groundwater,
which is often mineralised, making it frequently
inadequate for direct irrigation. Inadequate man-
agement leads to a worsening of soil salinisation
(Benbesis and al., 2020). It is estimated that up
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to 50% of irrigated lands are affected by salinity,
thereby compromising their economic profitabil-
ity (Adams and Hughes, 1990). This salinisation
is exacerbated by the intensive exploitation of
brackish groundwater and the high evaporation
characteristic of arid regions (Radhouane, 2008;
Daoud and Halitim, 1994), leading to significant
socio-economic losses, including decreased agri-
cultural production and land devaluation (Shahid
and Rahman, 2016).

Faced with these challenges, various methods
for rehabilitating saline soils have been developed,
based on physical, hydraulic, chemical, and bio-
logical approaches (Shahid and al., 2010). How-
ever, these traditional techniques are frequently
limited by their high costs, significant water needs,
or the use of chemicals, which reduces their appli-
cability, particularly in arid and semi-arid zones
(Kumar and Abrol, 1984; Marlet and al., 2005).
A sustainable alternative is emerging with the
use of halophytes, naturally salt-tolerant plants
capable of thriving in saline environments, some-
times better than in non-saline conditions. These
plants represent the adaptive limit of vegetation
to salinity (Khan and Duke, 2001; Grigore et al.,
2014) and offer valuable potential for enhancing
marginal lands that are highly saline and prone
to desertification (Nedjimi and Daoud, 2006).
Among the plethora of plant species with thera-
peutic properties, Atriplex halimus L., commonly
known as “Guetaf,” has a long history in tradition-
al Algerian medicine (Taibi and al., 2020, 2021).
Atriplex from the genus Atriplex, belonging to
the Amaranthaceae family (Kinet and al., 1998),
are halophytes naturally tolerant to soluble salts
and thrive equally well in saline environments
as in normal conditions (Malcolm et al., 2003).
Atriplex halimus L., a typical Mediterranean spe-
cies, is particularly valuable for the ecological
and sustainable rehabilitation of degraded lands
in coastal environments and arid regions (Walker
and Lutts, 2014), as it helps combat erosion and
desertification (Marcar and al., 1999).

Halophytes contribute to soil phytoremedia-
tion by extracting heavy metals and improving
certain soil characteristics, such as fertility and
hydraulic conductivity (Qadir and al., 2008; Rab-
hi and al., 2015). Phytoremediation thus encom-
passes techniques that use plants to decontami-
nate and restore polluted environments (Flathman
and Lanza, 1998). Moreover, the association of
halophyte crops with ecological soil management
is recommended for the sustainable restoration
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of marginal lands (Manouski and al., 2009; Han,
RM; Lefévre and al., 2012).

On the physiological level, halophytes tol-
erate and accumulate large quantities of salt
through mechanisms of osmotic adjustment, vac-
uolar compartmentalisation, and ionic exclusion,
allowing them to maintain their vital functions
under saline conditions (Ali et al., 2024; Ahmad
et al., 2024). It has been shown that these plants
reduce the salinity of water and soil through ionic
extraction during active growth and germination
phases, while the harvested biomass allows for
the export of accumulated salts out of the ecosys-
tem (Ahmadi and al., 2022).

However, the potential of halophyte seeds,
especially Atriplex halimus, for rapid phytopu-
rification of saline irrigation water has not yet
been experimentally evaluated in arid regions
such as El Oued.

The present study aims to determine whether
seeds of the halophyte Atriplex halimus can sig-
nificantly reduce the electrical conductivity of
saline groundwater used for irrigation in the El-
Oued region within short contact times (minutes
to a few hours), and to quantify how this desalina-
tion efficiency depends on the initial salinity level
of the water. More specifically, the research seeks
to fill the lack of experimental data on the use of
Atriplex halimus seeds for rapid phytopurification
of irrigation water at the seed—water interface, by
analysing the dynamics of ion uptake during early
imbibition and germination stages. It is hypoth-
esised that Atriplex halimus seeds will decrease
EC more than the control without seeds, the rela-
tive reduction in EC will be greater in more saline
waters, and there exists an optimal contact time
(approximately 1-6 h) beyond which EC stabilis-
es or increases, reflecting changes in seed—water
ionic exchanges.

MATERIALS AND METHODS

Geographical location of the study area

The Hassi Khalifa district is located north of
the Eloued province headquarters (30 km), cover-
ing an area of 1112 km? (Figure 1), characterised
by an arid Saharan climate, with low rainfall that
does not exceed 100 mm throughout the year.
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Figure 1. Geographical location of the Hassi Khalifa valley

Sampling method

The experiment was conducted at the labora-
tory level of the Faculty of Natural and Life Sci-
ences. To assess the salinity of the irrigation water
in the region, five water samples were taken at a
depth of 25-30 meters from 5 areas with different
electrical conductivity (EC). The collected samples
were placed in plastic bottles, rinsed with distilled
water, and labelled with a capacity of 1 liter and
stored in coolers until they reached the laboratory.

The five study zones are distributed as fol-
lows (Figure 2):
e Zone 1 (Elaadhal): 1 sample.
e Zone 2 (Shan Elberri): 1 sample.
e Zone 3 (Elmerzaka): 1 sample.
e Zone 4 (Nezla elgherbia): 1 sample.
e Zone 4 (Elmenchia): 1 sample.

The electrical conductivity (EC) of the raw and
control water in the different zones (Z1 to Z5) was
measured. The results are presented in Table 1.
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Figure 2. Map of the distribution of sampling sites
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Table 1. The EC values of raw-control- waters

ZONES Z1 z2 z3 z4 z5
EC ms/cm 5.64 7.73 6.77 10.33 3.38
Conduct of the test per replicate across all doses—from 5 minutes to

The experiment was conducted in the labo-
ratory of the Faculty of Natural and Life Sci-
ences. Seeds of Atriplex halimus were obtained
from the High Conservation of Steppe Develop-
ment (HCDS BARIKA) (Figure 3). No specific
pre-treatments were applied to the seeds prior to
use. Water samples were first classified by salt
concentration levels to create five experimental
variations (doses) for seed irrigation. For each
variation, 1 g of seeds was weighed using a pre-
cision balance. Fifteen perforated plastic cups
(three replicates per variation) were prepared,
placed inside non-perforated cups, labeled ac-
cordingly, filled with seeds, and irrigated with
50 mL of the assigned raw water sample per cup
(Figure 3). The value of electrical conductivity
EC was measured in situ using a multi-param-
eter. The Initial electrical conductivity (EC) of
the irrigation water was determined by classify-
ing samples according to their salt concentrations
prior to use, using standard conductivity mea-
surements. While EC was the primary parameter
monitored as a direct indicator of salt ion release
from seeds, other factors (e.g., pH, temperature,
or seed viability) could influence results but were
not measured here to focus on phytoremediation
potential via halophyte ion uptake.

After 5 minutes of irrigation, filtered leachate
from each cup was analyzed using a conductivity
meter. Thirteen EC measurements were recorded

48 hours—to track ion release dynamics (Figure
4). This design (5 variations x 3 repetitions) en-
sures statistical reliability, minimizing random
variation through replication

RESULTS AND DISCUSSION

In this section, we present and analyze the
evolution of EC across the five experimental
zones over the 48-hour incubation period. Our
experimental results demonstrate distinct patterns
in EC changes across all experimental zones. Fig-
ure 5 presents the EC evolution in zone “1” as a
baseline reference for subsequent analysis.

The graph shows that the EC varies slight-
ly, with some moderate fluctuations during the
first few hours, followed by a decrease below
the initial level, then a sharp increase after 9
hours, peaking well above the reference value
after 48 hours. The electrical conductivity (EC)
of the water increases rapidly upon contact with
the seeds, rising from 6.09 ms/cm to 6.7 ms/cm
after 2 hours, which is explained by the rapid
release of salts and ions by the seeds into the
medium (Adjel, 2017). This increase is followed
by a sharp drop between 3 and 5 hours, likely
due to the absorption or precipitation of ions by
the seeds (Soualem, 2014). According to Kah-
ouadji et al. (2022), germination under saline

Figure 3. Plant and instrumental materials
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Figure 4. Measurement of the EC value of filtered water

Blue dashed line: Control water reference (5.64 ms/cm)
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Figure 5. The evolution of electrical conductivity (EC) in Zone “1” as a function of the time of seed-filtered
water, in comparison with seed-free water- (red line at 5.64 ms/cm)

stress is always accompanied by a change in EC,

illustrating both the initial absorption of ions by

the seeds and their subsequent release during
the degradation or cell death phase if the saline
stress is too strong.

Figure 6 illustrates the biphasic EC patterns
observed in zone “2”, characterized by an initial
decrease followed by a significant increase, high-
lighting the dynamic ion exchange processes in
Atriplex halimus seeds.

e Phase 1 — the time might be anything from
5 minutes to 5 hours. The EC value begins
at 7.73 ms/cm and drops to roughly 6.15 ms/
cm after five hours. The rapid decrease in
EC during the first hours supports the hypo-
thesis that Atriplex seeds may absorb saline
ions such as sodium (Na*) and chloride (CI").
The study by Kachout et al. (2025) confirms
this effect, demonstrating that the growing of

Atriplex hortensis on salty soil decreases the
EC by 35% after six months. This drop is be-
cause plant tissues store salts, seeds take up
ions (dissolved salts), or certain biochemical
events involving the seeds induce dilution.
This phenomenon is often seen in phytoreme-
diation, when plants or seeds absorb certain
solutes. The research conducted by Nguyen
et al. (2024) and Chourasiya et al. (2024) de-
monstrates that halophytes efficiently reduce
electrical conductivity in laboratory settings.
This implies that they may hold the most
salt when they are initially exposed to salty
circumstances.

Phase 2 — lasts between 6 and 48 hours — the
results gathered over a period of 6 to 48 hours
indicate that the water containing Atriplex
halimus seeds exhibits a greater EC than the
reference value for seedless water (7.73 mS).
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Green dashed line: Control water reference (7.73 mS/cm)
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Figure 6. The evolution of electrical conductivity (EC) in Zone “2” as a function of the time of seed-filtered
water, in comparison with seed-free water- (red line at 7.73 ms/cm)

At 48 hours, the apex was achieved. This
incident illustrates that the ways that seeds
may lower salinity are progressively becom-
ing less effective. Recent research shows
that this sort of growth signifies the satura-
tion of the seed’s absorption and ionic com-
partmentalisation capacity, leading to the re-
lease of sodium and chloride ions, especially
upon surpassing the physiological tolerance
threshold. (Ehosioke et al., 2025).

Research on Atriplex halimus indicates that,
contingent upon the starting salinity and duration
of exposure, the EC of the substrate may either

diminish (attributable to effective ion absorption)
or augment (resulting from solute release). (Ah-
madi et al., 2022). In zone “3”, Figure 7 reveals a
similar temporal patterns to zone “2”, with early
ion absorption followed by later ion release, dem-
onstrating consistent phytopurification behavior
across salinity gradients.

The EC value begins at around 6.93 ms/cm,
exceeding the control, throughout the first phase
lasting from 5 minutes to 5 hours. A gradual
decline occurs until about 6.42 ms/cm (the fifth
hour). This decline may be attributed to the
seeds absorbing ions or to certain dissolved salts

Purple dashed line: Control water reference (6.77 mS/cm)
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Figure 7. The evolution of electrical conductivity (EC) in Zone “3” as a function of the time of seed-filtered
water, in comparison with seed-free water- (red line at 6.77 ms/cm)
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undergoing a biochemical transformation. This
phase often aligns with the purification effect,
whereby plant organic matter either sequesters or
metabolises dissolved salts, a phenomenon seen
in phytopurification. The EC value increased to
8.77 ms/cm between 6 and 48 hours, surpassing
the control value. This indicates that the seeds re-
leased ions via exudates and cellular degradation
(Benidir et al., 2015).

This result indicates that halophyte seeds
may serve to cleanse saline water or soil, since
they markedly decreased electrical conductiv-
ity within the first hours. The subsequent phase
of development necessitates the optimisation
of exposure duration and the monitoring of the
post-absorption interval to avert re-salination.

These results align entirely with contemporary
scientific studies on phytopurification in saline
conditions (David and Stanley, 2014). Figure 8
from zone “4” (highest salinity) shows the most
pronounced EC fluctuations, providing critical
insights into the limits of seed-based phytopurifi-
cation under extreme saline conditions.

After five minutes, the water’s conductiv-
ity decreases below the control value. After 10
minutes, it increases slightly, and then it keeps
dropping for two hours. Conductivity starts to
climb after three hours, and by six hours it is
higher than the control level. It keeps rising a
lot until 24 and 48 hours. This first dip is prob-
ably because the seeds are taking in dissolved
ions, which lowers the salt levels in the water

Purple dashed line: Control water reference (10.33 mS/cm)
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Figure 8. The evolution of electrical conductivity (EC) in Zone “4” as a function of the time of seed-filtered
water, in comparison with seed-free water- (red line at 10.33 ms/cm)
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Distribution of AEC across incubation times
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Figure 10. Variation of electrical conductivity during incubation periods

(Razkallah, 2017; Kachout et al., 2025). Seeds
absorb ions such as Na+ and Cl—, which low-
ers electrical conductivity, according to other
research (Ehosioke et al., 2025).

After six hours, the conductivity climbs grad-
ually, reaching a peak of 11.65 mS/cm, which is
higher than the control. This increase might be
caused by the seeds’ metabolism, cells breaking
down because of salt stress, or the seeds releasing
organic chemicals and ions, which makes con-
ductivity go up (Dahaan et al., 2016).

Zone “5” results in Figure 9 contrast with pre-
vious zones, showing minimal initial absorption
but sustained ion release, indicating salinity-de-
pendent metabolic responses in halophyte seeds.

The EC remains the same at first, but sub-
sequently it goes down a bit. The seeds rapidly
absorb water, which makes the ions surround-
ing them less dense. The steady rise in electrical
conductivity from 6 to 48 hours shows that sol-
utes and ions are being released as the germ goes
through its metabolic activities. The comparison
of control and filtered waters demonstrates that
germination alters the ionic composition of the
medium by releasing or exchanging ions accord-
ing to the seeds’ requirements (Morteau, 2014).
The seeds did not lower salinity; instead, they
increased electrical conductivity after an initial
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absorption impact. This demonstrates the adapt-
ability of halophytes and indicates that seeds
alone are insufficient for phytoremediation
(Rokbane, 2023).

Statistical analysis of the obtained results

Figure 10 summarizes the statistical analy-
sis of EC variation across all incubation periods,
confirming highly significant temporal effects
through non-parametric testing (x= 85.000,
p<0.001). The necessary conditions for the cor-
rect application of an ANOVA are not met. The
Shapiro-Wilk test indicates a lack of normality in
the residuals, while the Levene test reveals het-
erogeneity of variances between groups. In the
face of these violations, a non-parametric Krus-
kal-Wallis test was used to evaluate the effect of
the “Time” factor on the “ACE” variable. This
test shows a highly significant difference between
the values according to the incubation times (y* =
85.006, p = 4.54e-13), suggesting that the elec-
trical conductivity varies considerably over time.
The data analysis shows that the conductivity
(ACE) of Atriplex halimus seeds remains low and
stable during the first hours of imbibition (5 to 6
h), indicating good membrane integrity and low
ionic leakage.
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CONCLUSIONS

The study showed that Atriplex halimus seeds
can reduce the EC of saline irrigation water, in-
dicating a decrease in salinity, mainly during the
first 5 hours of contact. This reduction is faster
when the initial salt concentration is high, pro-
moting an ionic absorption gradient by the seeds.
A stabilisation of the EC is observed between 5
and 6 hours. However, beyond that, between 6
and 48 hours, an increase in the EC indicates a
saturation of the seeds’ absorption capacities,
with a potential release of ions.

These results suggest that the optimal dura-
tion for a phytopurification program using these
seeds should be between 1 and 6 hours to avoid
the re-increase in salinity due to seed saturation.
The initial efficiency in salinity reduction opens
promising perspectives for the use of halophytes
in the bioremediation of saline irrigation water.
However, limitations related to the post-absorp-
tion phase must be monitored.

In conclusion, phytopurification with Atriplex
halimus presents an interesting potential for the
sustainable management of saline water in agri-
culture in arid areas, provided that application pa-
rameters, particularly the treatment duration, are
optimised to maximise the sustainable reduction
of dissolved salts in irrigation water.

The exposure time of the seeds should be lim-
ited to less than 6 hours if the goal is to reduce
the conductivity and thus the salinity of the water.

For effective phytopurification, it would be
wise to closely monitor the evolution of conduc-
tivity for each zone and adjust the duration of
treatments based on the observed results.

It is recommended to supplement these mea-
surements with the analysis of other chemical
parameters to understand the mechanisms at play
better. A complementary investigation into the
types of seeds used and their post-6-hour man-
agement would be beneficial in order to optimise
the procedure and avoid the undesirable release
of ions into the treated water.
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