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ABSTRACT

One of the serious environmental issues affecting soil quality, plant growth, and
ecosystem stability in areas near oil refineries or oil fields is petroleum
hydrocarbon contamination. Phytoremediation is an environmentally friendly
approach for restoring contaminated soils. In this work, Haloxylon salicornicum
was used to remediate crude oil-contaminated soil and to investigate changes in
soil physicochemical properties during remediation. Experimental soil was
collected from Safwan city near South Rumaila Qil Field and contaminated with
crude oil at concentrations of 15, 30, 45, and 60 g kg™'. The experiments were
conducted under controlled conditions over 4 months. Changes in soil pH,
electrical conductivity (EC), moisture, total nitrogen, organic matter, and total
organic carbon (TOC), as well as the carbon-to-nitrogen ratio, were monitored
and recorded every 30 days throughout the experiment. As remediation
progressed, noticeable changes in most soil properties were observed, indicating
recovery toward the original properties of the uncontaminated soil. Soil with
lower contamination levels recovered faster than soil with higher levels. The
results showed that Haloxylon salicornicum reduced hydrocarbon
concentrations and clearly contributed to tolerance of the negative effects of
petroleum contamination. Based on that, this plant can be considered a
sustainable phytoremediation agent for oil-polluted soils in arid environments.
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Phytoremediation of Petroleum Hydrocarbons-Contaminated Soil using Haloxylon salicornicum

INTRODUCTION

Optimal plant growth depends on environmental
conditions, such as suitable temperature, adequate
sunlight, good soil conditions, and regular irrigation.
However, agricultural areas near oil refineries and
petroleum facilities are often contaminated by
hydrocarbons from accidental crude oil spills, pipeline
leaks, and produced water. Over time, the accumulation
of petroleum hydrocarbons in agricultural soils may
degrade soil quality, microbial activity, and plant growth,
posing a real environmental challenge to ecosystem
stability and human health. Additionally, increasing
petroleum hydrocarbon levels in the soil reduced soil
aeration and water infiltration, altered soil
physicochemical properties, and negatively affected soil
microbial communities, or transferred pollutants through
the food chain to humans. Therefore, the remediation of
petroleum-contaminated soils is an important issue, and
considerable research efforts have focused on mitigating
their negative effects using various remediation
techniques, including physical, chemical, thermal,
biochemical, and phytoremediation. Low  cost-
effectiveness and suitability for large-scale applications
are the main criteria researchers use to choose this
technique. Therefore, phytoremediation has been widely
applied to remediate petroleum-contaminated soils
(Tang, 2019).

Because this technique relies on plants' natural ability to
tolerate soil hydrocarbon concentrations, several plant
species have been successfully used for their tolerance to
contaminated conditions. For example, the ability of
Pennisetum  purpureum cv. Mahasarakham  for
remediation of the Polycyclic Aromatic Hydrocarbons
(PAHSs) in contaminated soils has been evaluated by
Somtrakoon and Chouychai (2024). Considerable
remediation capacity, in addition to strong growth of this
plant, was observed, especially after applying
Thidiazuron (plant growth regulator), which improved
plant tolerance to contamination-induced stress. In
another study, the removal of total petroleum
hydrocarbons (TPHs) from oil-contaminated soil by
Alhagi camelorum has been investigated. The findings of
Nemati et al., (2024) demonstrated that this plant can be
considered a promising candidate for reducing
contaminant concentrations and for remediation of
petroleum-polluted environments. In addition, the study
showed that this plant can remove heavy metals (HMs)
from oil-contaminated soil. The phytoremediation of
another plant species, Sesuvium portulacastrum (L.), was
investigated by Qzar et al., (2025) using five
contaminated soil samples with crude oil concentrations
of 25, 50, 75, and 100 g kg™. The experiments were
carried out over 90 days. The results demonstrated that
the plant has high potential for removing hydrocarbons
from contaminated soil, and its ability increased with
increasing crude oil concentration over time.

Haloxylon salicornicum is a perennial xerophytic shrub
belonging to the Chenopodiaceae family and plays
important ecological roles in stabilising the desert. It has
a strong ability to adapt to harsh drought conditions,
including high temperatures, high salinity, and low soil
nutrient levels. The purpose of this work is to evaluate the
phytoremediation potential of Haloxylon salicornicum, a
locally native plant found in the desert regions of Iraq, for
removing hydrocarbons from contaminated soil, thereby
providing a sustainable approach for mitigating
petroleum pollution using natural materials.

MMATERIALS AND METHODS

Soil Preparation and Experimental Setup

The experiments were conducted for 120 days at the
Petroleum Refining and Testing Laboratory at the
University of Basrah, between January and May 2026.
Samples were selected from three farms located in
Safwan city, southwest of Basrah, southern Irag, and
mixed. The samples were exposed to sunlight for five
days, then sieved through a 2 mm mesh to remove large
plant residues and stones. Approximately 20 Kg of the
sample was divided into four 5 kg portions, which were
weighed precisely and placed in a suitable pot. The crude
oil was obtained from the Rumaila oil field, and mixed
separately with the soil in the pots at contamination levels
of 15, 30, 45, and 60 g kg™' (w/w), respectively.

Under controlled laboratory conditions, five stem cuttings
(approximately 4 cm long) of the experimental plant
(Haloxylon salicornicum) were distributed among the
four pots. The last stem planted in a control soil sample
pot, without crude oil, was placed in a suitable pot. The
control pot, without crude oil, will be used for comparison
purposes with the soil and plants in the other four pots.
The five pots containing plants were irrigated regularly to
maintain a sufficient moisture level for plant growth.
Each treatment was carried out in triplicate to ensure data
reliability. At the end of the growing period, soil samples
were collected for further analysis, and plants were
carefully uprooted. The roots and shoots were gently
washed with tap water and dried under the sun for twelve
hours before measuring their lengths.

Soil Physicochemical Properties

Several physicochemical properties were determined
during the experimental period. Following the standard
methods outlined by Estefan et al., (2013), soil pH,
electrical conductivity (EC), and carbon-to-nitrogen ratio
(C/N) were measured. While total nitrogen was
determined according to Bremner and Mulvaney (1987),
total organic carbon was measured according to Nelson
and Sommers (1996).
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Determination of Total Petroleum Hydrocarbons
(TPHs)

The Soxhlet apparatus was utilised to extract petroleum
hydrocarbons from contaminated soils and plant tissues
(roots and shoots) at 30, 60, 90, and 120 days. The
extracted hydrocarbons were quantified using a Gas
Chromatograph equipped with a Flame lonisation
Detector (GC-FID) according to the method described by
Zubair et al., (2015).

For soil samples, the hydrocarbon degradation percentage
was measured according to Al-Mansoory et al., (2017)
using the following equation:

Co— G

Degradation Percentage (%) = x 100

0

Where;

Co: the concentration of before

contamination;

hydrocarbons

C¢: the concentration of hydrocarbons at the end of each
experimental period.

Each treatment was replicated three timesin a
Randomised Complete Block Design (RCBD). IBM
SPSS Statistics version 20 was used to analyse data.

Bartlett’s test was first applied to verify the homogeneity
of variances at a significance level of P < 0.05.
Differences among treatment means were then compared
using the Least Significant Difference (LSD) test at P <
0.05. Analysis of variance (ANOVA) was conducted to
evaluate the significance of variation among the
experimental treatments. The results are presented in
Table 1.

Table 1. Analysis of variance (ANOVA) for the studied soil parameters under different experimental

conditions.
Source of Degrees EC (mS cm?) pH Moisture Total Organic C/N TOC (%)
variation of (%) Nitrogen matter  ratio
Freedom (%) (%)
(df)
R stratum 2 0.123 0.086 0.155 0.093 0.120 0.072 0.181
Time 2 **31.47 *1.64 **2.86 **24.62 **27.90 **11.26 **0.83
Concentration 3 **1.53 NS *0.95 NS **2.30 NS **1.92
$_0ncentrati0n* 6 **1.06 NS *0.59 *0.28 **1.04 *0.32 **0.64
ime

Residual 18 0.017 0.007 0.050 0.012 0.008 0.002 0.021

NS = not significant; * = significant at P < 0.05; ** = highly significant at P < 0.01.

RESULTS & DISCUSSION

Physical and chemical characteristics of soil

The soil analysis before contamination (in the first control
pot) indicated that total petroleum hydrocarbons were
about 0.055 g kg™ (Table 2). This value is lower than the
0.015 g kg reported by Al-Ali et al., (2016). This may
be due to differences in the sites from which the soil

Table 2. Physical and chemical characteristics of soil.

samples were taken, or to agricultural activity that
increased over the last decade in these lands, thereby
strengthening microbial activity. The analysis showed
moderate values for pH, electrical conductivity (EC),
total organic carbon (TOC), and organic matter. At the
same time, the moisture content and the carbon-to-
nitrogen ratio were lower than normal for soils due to the
high nitrogen content.

Parameter pH EC (Mscm™ Moisture TOC Total Organic C/N TPHs in soil
h (%) (%) Nitrogen  matter ratio (g kg™)
(%) (%)
Value 7.4 2.96 3.9 2.28 0.29 3.96 7.9 0.055
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Following contamination and increased remediation
time, significant variations in the soil's physical and

chemical characteristics were observed (Figure 1).
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Fig. 1. Physical and chemical characteristics of the
soil over time during the experiments. (A) Electrical
conductivity (mSem™). (B) pH value. (C) Moisture
%. (D) Total nitrogen %. (E) Organic matter %. (F)
Carbon/Nitrogen ratio. (G) Total organic carbon %o.

After 30 days, compared with the control pot, increasing
crude oil concentrations increased electrical
conductivity (EC), soil moisture content (per cent), total
nitrogen, and organic matter. In fact, increasing organic
matter (including petroleum hydrocarbons) can form a
coating on soil particles, elevating soil hydrophobicity
(Hallett, 2008). The high value recorded for total
nitrogen may be due to increasing microbial activity
after planting the plants in the soil and redistribution of
nitrogen in the soil sample, while increasing EC can be
attributed to dissolved ions from crude oil-produced
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water in the soil after 30 days. It is important to note
that, except for pH and moisture content, the values for
the phytochemical properties of the treated soils are
higher than those recorded for the control pot soils.

In the second period, after 60 days, some parameters
reached their highest values, including EC, total
nitrogen, organic matter, and TOC, especially in highly
contaminated soils (60 g kg™), indicating the soil matrix
has been affected by the accumulation of hydrocarbon
compounds and soluble ions. In contrast, pH and
moisture content, except for soil treated with 15 g kg™
crude oil, have decreased. This may be because the
plant has grown significantly and is absorbing more
water from the soil. Additionally, microorganisms
begin to break down the hydrocarbons, a process that
requires water. Therefore, the moisture content has
decreased (Kebede et al., 2021).

By 90 days, and as a result of continued development of
root biomass, microbial degradation, and plant nutrient
uptake, the gradual recovery processes associated with
phytoremediation activity can be clearly observed.
Electrical conductivity, pH, total nitrogen, TOC and
organic matter have decreased clearly. The C/N ratio
has increased, while moisture content has remained
relatively unchanged, suggesting reduced water
retention capacity. All parameters have continued at the
same trend until the end of the experimental time (120
days).

It is important to note that soil moisture dynamics are
closely linked to changes in soil physicochemical
properties and can be significantly influenced by
hydrocarbon contamination. Water availability in soil
can play a significant role not only in regulating soil
nutrient balance but also in overall soil function (Wang
et al., 2021). In this work, the moisture content, except
for the values that registered after mixing the soil with
crude oil (15 g kg™), showed a sharp decline between
30 and 60 days and a slight decline after that, and the
values were lower than those in the control pot at the
end of the experimental time. The progressive decline
was observed in the pots with high contamination
levels. The reduction in soil’s water retention capacity
may contribute to the accumulation of petroleum
hydrocarbons on soil particles (Hewelke & Gozdowski,
2022). Moreover, a gradual decrease in soil pH was
observed in petroleum-contaminated treatment soils
compared to the control. This decrease was observed
between 60 and 120 days. According to total nitrogen
content, although a similar trend of decreasing was
observed, the values in contaminated treatments were
higher than those in the control pot throughout the
experimental period. These results are consistent with
those obtained by Liu et al., (2023), who observed

similar variations in nitrogen dynamics under
hydrocarbon-contaminated soil conditions.

Overall, the results suggest that prolonged
phytoremediation improved the contaminated soil
conditions, with clear physicochemical fluctuations in
the first and second stages (30-60 days), followed by
gradual stabilisation in the final stages (90-120 days).

Total hydrocarbons in soil

Figure 2 shows the residual concentration of total
petroleum hydrocarbons (TPHSs) in contaminated soil
that was measured four times in sequence every 30 days
over the experimental period (120 days).
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Fig. 2. Residual TPHSs in soil over experimental
time.

From the first to the final stage of the experiment, a
gradual reduction in hydrocarbon concentration was
observed across all soil treatments. The soil treated with
the lowest crude oil concentration (15 g kg™) presented
the highest degradation efficiency (71%). The
degradation efficiency for all treated samples (15, 30,
45 and 60 g kg™) is shown in Figure 3.
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Fig. 3. Degradation percentage of hydrocarbons in

soils
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The relatively Higher degradation in the low-
concentration treatment soils may be attributed to
reduced toxic stress on plants, which supports better
plant growth and enhances phytoremediation. Saraeian
et al., (2018) confirmed this conception. They reported
that the plant cultivation system and remediation
efficiency were severely affected, leading to increased
toxic effects from elevated soil hydrocarbon
concentrations. Other processes can play a significant
role in removing petroleum hydrocarbons from
contaminated soil, such as microbial degradation,
photooxidation, volatilisation, and rhizosphere-assisted
biodegradation. Additionally, Mekonnen et al., (2024)
referred to a strong relationship between the
degradation efficiency  of  hydrocarbons, the
composition of petroleum hydrocarbons in soil, and soil
microbial activity.

The low degradation efficiency observed in highly
contaminated treatments suggests that excessive
hydrocarbon accumulation negatively impacted plant
physiological performance and reduced microbial
degradation rates. The results obtained by Gao et al.,
(2022) align with that. They explained that the soil's
ecological function, along with biological degradation
processes, had been negatively affected by increasing
concentrations of petroleum hydrocarbons.

According to Table 1, statistically significant
differences have been observed among treatments (P <
0.05), indicating that phytoremediation efficiency was
clearly affected by crude oil concentration and
remediation time.

Total hydrocarbons in the plant

The root and stem lengths of Haloxylon salicornicum
were measured after soil treatment. Table 3 showed that
the lengths of the two plant parts declined during the
remediation period as soil contamination concentrations
increased, and the plant cultivated under the lower
contamination treatment (15 g kg™') had better growth
performance than the others. Conversely, as expected,
the plant cultivated in a control soil consistently
recorded the highest growth values at all-time points.
The phytotoxic effects of petroleum compounds have
negatively  affected root elongation, normal
physiological processes, and nutrient absorption in
plants (Saraeian et al., 2017; Correa et al., 2022). In
addition, soil aeration can be drastically impacted by
crude oil contamination. In general, pollutants can
create unhealthy rhizosphere conditions that hinder
plant establishment and development (Mohanta et al.,
2024).

Table 3. Growth developments of Haloxylon salicornicum under different petroleum hydrocarbon

concentrations.

Time/treatment control 15 g kg™ 30 g kg™ 45 g kg™ 60g kg™
After 30 days Som 6.0 -2 T 3 1
After 60 days g:::;;if_l ggl; 23 ?2 22
After 90 days g;?; :: E:SLE?Z 153'_73 141.,85 33 gi
After 120 days gt(:a?r: _: &:3L830 175; .18 153;?3 140..89 9%.20

In plant tissues, petroleum hydrocarbon accumulation
was determined at the end of each experimental period.
Figure 4 showed a direct relationship between the
hydrocarbon concentration in plant tissues and the
petroleum concentration in the contaminated soil, with
increasing exposure time.

The capacity of accumulated hydrocarbons in the
studied plant (Haloxylon salicornicum) that was
cultivated under 15 g kg™ was the lowest at 30 days.
The values of hydrocarbon accumulation increased with
increasing experimental time, and the hydrocarbon

* Roots and stems are expressed in cm.

concentration to 30, 45, and 60 g kg™'. The highest value
was recorded in plants exposed to 60 g kg™* at the end
of the 120-day experimental period. The roots of plants
growing in petroleum-contaminated soils played a
significant role in absorbing petroleum-derived
compounds and translocating them into plant tissues
(Correa et al., 2022). In addition, rhizosphere microbial
communities may enhance the biodegradation of
petroleum hydrocarbons by metabolising organic
compounds into less toxic substances (Truu et al.,
2015).

Libyan Journal ofEcologica/ & Environmental Sciences and Technolog ..............ccccoeevveveevereeernn. 127



Al-Saeedi., 2026

Vol,8 No.2 Agusts, 2026

conrtol 15 g/Kg 30 g/Kg
=@ 45 g/Kg 60 g/Kg

(o2}
o

=N H O
o O o O

Concentration (ng g -

20 TiméJdays) 120

o

Fig. 4. Total hydrocarbon concentration in plant

tissues during the experiment.
Lengths of roots and shoots

In general, root elongation and shoot development in
any plant are drastically affected by increased soil
pollutant levels. In this work, as shown in Table 3, the
growth of root and shoot of Haloxylon salicornicum in
contaminated soils was lower than that in the control
soil, indicating the plant's sensitivity to hydrocarbon
stress throughout the experimental period. The plants
that were cultivated in contaminated soil with the
highest concentrations of hydrocarbons (60 g kg™)
exhibited the greatest growth inhibition. Therefore,
reductions in both root elongation and shoot
development occurred throughout the experimental
time. Conversely, the best growth was observed in
plants cultivated in uncontaminated soil (control soil),
where petroleum hydrocarbon stress was absent.

The results agree with those of Kamranifar et al., (2025)
regarding the effects of petroleum compound toxicity,
which interfere with water and nutrient absorption, on
inducing physiological stress and suppressing plant
growth.

CONCLUSION

The results indicated that the quality and
physicochemical properties of soil, including electrical
conductivity, moisture content, total nitrogen, organic
matter, total organic carbon, C/N ratio, and soil pH,
were drastically affected by increasing soil pollution
levels.

The results showed that Haloxylon salicornicum is a
promising plant candidate for tolerating petroleum
hydrocarbon stress and contributing to the rehabilitation
of contaminated soils through phytoremediation.
Gradual improvements in most soil properties were
observed over the 120-day experimental period,

suggesting a progressive reduction in petroleum
hydrocarbon  contamination. Increased  TPH
concentrations in plant tissues affected root and stem
length. The recovery and remediation efficiency of
soils with low contamination levels were faster than
those with high levels of pollutants. In general, the
findings shed light on the potential use of some plants
as part of a cost-effective, environmentally sustainable
strategy for the remediation of oil-polluted soils in arid
and semi-arid regions.
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