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Abstract

Energy development has been a fundamental economic challenge for Azerbaijan,
leading to the intensive exploitation of natural resources and significant changes in
the natural landscape. A significant portion of these lands is contaminated due to oil
production without adequate environmental protection, leading to soil degradation.
This study evaluates the phytoremediation potential of watercress (Lepidium
sativum) and alfalfa (Medicago sativa) in cleaning oil-contaminated grey-meadow
soils. The results show that while oil inhibits heterotrophic microorganisms, it
increases hydrocarbon-oxidizing microorganisms. Furthermore, increasing
hydrocarbon concentrations negatively impact seed germination and biomass. The
study concludes that watercress acts as a sensitive indicator and alfalfa as an
accumulative plant for effective soil restoration.
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Introduction

The Siyazan district is located in the Samur-Devechi Lowland, on the shores of the
Caspian Sea, on the northeastern slope of the Greater Caucasus Mountains of
Azerbaijan. The district is characterized by a semi-desert landscape. The climate in
the district is predominantly semi-desert and dry steppe, warm with dry summers.
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Summers are hot and dry (average temperatures are 23-25°C in July), with
precipitation ranging from 200-400 mm per year. Taking into account the speed and
scale of this process, profound changes have occurred in the natural landscape of
oil-producing regions over the past period [7]. The Siyazan Neft oil and gas
production facility is located in the district. The area of oil-contaminated lands
exceeds 5,000 hectares, 3,400 of which are agricultural lands. Oil-contaminated
lands, in turn, are a source of atmospheric pollution. Furthermore, in some areas,
oil has seeped deep into the soil, contaminating groundwater. It is important not
only to assess the damage to the soil but also to develop soil restoration strategies.
An analysis of studies by domestic and international authors has shown that
biological technologies offer promising solutions to environmental problems
associated with landscape pollution by petroleum hydrocarbons. Among these, the
most effective are bioremediation technologies for oil-contaminated soils using
microorganisms and plants (phytoremediation) [5, 9, 12, 10, 8, 4, 1].

The aim of our research is to evaluate the phytoremediation potential of watercress
and alfalfa plants in cleaning oil-contaminated soils.

Material and methodology

The object of the study is gray-meadow soils contaminated with oil in the Siyazan
district [5].

Research methods. Soil sampling was carried out in accordance with GOST [12].
Microbiological studies were carried out using standard methods [10]. The analysis
of oil content in the soil was carried out by the gravimetric method in a Soxhlet
apparatus after extraction with a mixture of hexane and chloroform (1:1 vol.%)
according to Lurie [11].

Phytotoxicity of soil samples was determined using the method [2].

All laboratory experiments were performed in triplicate. Statistical processing of
the results was performed using Statistica V6.0 for Windows and Excel 2003.

Results and discussion

The number of microorganisms in samples collected from clean (control) and
contaminated with oil is presented in Table 1 (page 13).

The results showed that in contaminated soils, compared to clean soils, there was a
decrease in the number of heterotrophic microorganisms, but an increase in the
number of hydrocarbon-oxidizing microorganisms. This, on the one hand, indicates
the inhibitory effect of hydrocarbons, and on the other, indicates an increase in the
number of microorganisms capable of using hydrocarbons as a source of carbon
and energy.
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Table 1. Indicators of microbial populations and hydrocarbon content in grey-

meadow soils

Soils Hydrocarbon Total number of The number of
content, g/kg soil microorganismes, UOM
CFU/g soil microorganisms,
CFU/g of soil
gray-meadow 6,9 2,2.107 10°
control 0,1 7,9.107 10*

The impact of oil on plants leads to slowed plant growth, disruption of
photosynthesis, and serious impacts on the root system, leaves, stems, and
reproductive organs. Information on the phytotoxicity of contaminated soils can be
obtained by using the germination rate of seeds or plant seedlings, their biomass,
seed germination rate, and seedling elongation rate as test samples [11]. We used
watercress (Lepidium sativium) and alfalfa (Medicago sativa) as test samples. The
criteria were seed germination (%) and root biomass (g) of these plants (Table 2).

Table 2. Phytotoxicity of gray meadow soils

Pollution Germination Biomass of Alfalfa seed Biomass of

degree, g/kg rate of watercress , g | germination alfalfa, g

soil, watercress seeds, %
seeds, %

O (control) 99 + 1 12.7+0.2 08+ 1 152+0.2
2,5 78 +2 82 +£0.5 80 +2 11,1+£0.1
53 562 6.0+0.1 58+2 8.45+0.1
6,9 51+3 52+04 54+3 6.1+0.1

Increasing hydrocarbon concentrations in the soil have an inhibitory effect on seed
germination dynamics.

Laboratory experiments revealed different responses of the seeds of the studied
plants to the effects of petroleum products, demonstrating the specificity of these
plant species and their response to pollution. The plants we used differed in their
tolerance to pollution, and as a bioindicator, watercress can be characterized as
sensitive, while alfalfa is accumulative.

When conducting phytoremediation of technogenically contaminated soils and
optimizing its parameters, it would be advisable to use these plants together, in a
complex manner. Watercress can be used as a sensitive phytotest (to determine soil
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toxicity), and alfalfa as an accumulative one, for successful phytoremediation of
oil-contaminated soils.

Conclusion

Changes in the abundance of microorganisms, as well as the structure of the
microbial community in the studied soils, compared to the reference soils, indicate
the presence of anthropogenic impacts and improper soil management.

The plants we used differed in their resistance to pollution. When conducting
phytoremediation of anthropogenically contaminated soils and optimizing its
parameters, it would be advisable to use these plants together, in a complex manner.
Watercress can be used as a sensitive phytotest (to determine soil toxicity), and
alfalfa as a cumulative phytotest, for successful phytoremediation of oil-
contaminated soils.
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