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Potential of three plant species for phytoremediation
of oil-contaminated soils in northern conditions
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The aim of this work was to assess the potential of three plant species (Brassica juncea L., Trifolium repens L., Agrostis 
stolonifera L.) for phytoremediation of oil-contaminated soils. The germination time of seeds and their survival rate 
after sowing into the model oil-contaminated soil were found. The influence of the procedure of encapsulation of seeds in 
alginate gel was assessed. Green manure plants seeds are preferably added after 30 days of self-cleaning of the soil due 
to the absence of a continuous oil film and restoration of air exchange. Brassica juncea L. was found to have the shortest 
germination time, at the same time the encapsulation of seeds in a polymeric complex increased the time for the develop-
ment of vegetative organs. The encapsulation of T. repens L. and A. stolonifera L. seeds in alginate gels, on the contrary, 
reduced the germination time. A. stolonifera was also found to be more drought-resistant. It was concluded that the use 
of an auxiliary gel coat is most effective for small plant seeds and increases the survival rate on oil-contaminated soil.

The contribution of the green manure plants root rhizosphere to the processes of biochemical transformation of oil 
was assessed by comparing such diagnostic indicators of the state of the soil as the activity of dehydrogenase and urease. 
The dehydrogenase activity in all versions of the experiment was higher than in the oil-free soil. Moreover, for T. repens 
and A. stolonifera the values were 20–25% higher than in the contaminated soil without plants. The urease activity also 
increased, however, in the experiments with plants it was less than in the control experiment with the oil. In general, the 
selected plants can act as green manures for the accelerated formation of phytomass and restoration of species diversity 
on the recultivation territories.
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Потенциал трёх видов растений для фиторемедиации 
нефтезагрязнённых почв в условиях Севера
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Целью работы была оценка потенциала трёх видов растений (Brassica juncea L., Trifolium repens L. и Agrostis 
stolonifera L.) для фиторемедиации нефтезагрязнённых почв. На модельной нефтезагрязнённой почве было 
определено время всхожести семян, выживаемость, оценено влияние процедуры включения семян в альгинатный 
гель. Выявлено, что вспомогательная гелевая оболочка наиболее эффективна для мелких семян растений, она 
повышает их выживаемость на нефтезагрязнённой почве. Вклад прикорневой ризосферы растений сидератов  
в процессы биохимической трансформации нефти был оценён через сравнение таких диагностических показателей 
состояния почвы, как активность дегидрогеназы и уреазы. В целом, выбранные растения могут выступать  
в качестве сидератов для ускоренного формирования фитомассы и восстановления видового разнообразия на 
участках рекультивации.

Ключевые слова: сидераты, нефтяное загрязнение, альгинатные шарики, инкапсуляция, ферментативная 
диагностика.
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Phytoremediation as a method of restora-
tion of oil-contaminated soils is widely used in 
different stages of recultivation [1–3]. The use 
of oil-resistant plants enables to create an envi-
ronment in the soil for effective decomposition of 
oil products through the formation of near-root 
rhizosphere of hydrocarbon oxidizing microor-
ganisms. For example, the work [4] shows the 
survival rate and, as a result, potential effective-
ness of Cynodon dactylon L., Eleusine indica L., 
Alternanthera sessilis L. for phytoremediation. 
Moreover, E. indica and A. sessilis, besides 
rhizosphere biodegradation, were able to accu-
mulate oil products in vegetative organs. Bassia 
scoparia L. is suggested for reclamation of arid 
lands in case of oil contamination within 2–3% 
[5]. It was found to have a good acclimation rate 
and also the ability to decrease the concentra-
tion of both hydrocarbons and sulphur in the 
soil. Another work [6] assessed the potential of 
Crotalaria pallida L. at different concentrations 
of crude oil. The plant turned out to be effective 
for phytoremediation up to 10 percent oil con-
centration, so it is recommended for preparation 
of the soil for further sowing of agricultural 
crops. The work [7] compared the efficiency of 
bioremediation of the crude oil-contaminated 
soil using Testuca arundinacea L. as compared 
to bioaugmentation and self-purification. It was 
found that bioaugmentation is more effective 
in the initial purification stages up to 30 days. 
Phytoremediation at the same time turned out 
to be more effective after 90 days of the experi-
ment. Therefore, using T. arundinacea jointly 
with bioaugmentation turned out to be the most 
efficient approach to reclamation of oil-contam-
inated salinized soils. The role of rhizospheric 
fungi in oil decomposition is also worth noting. 
For example, the fungi of the genus Fusarium 
[8] turned out to be resistant to a ten percent 
(by mass) concentration of oil in the soil. The 
model experiments showed that the strains of 
the fungus Fusarium sp. played the main role in 
bioremediation of oil-contaminated soils, but 
the roots of the plants Amaranthus retroflexus 
L. reinforced this process.

Purpose of this work is to assess the poten-
tial of three plant species (Brassica juncea L., 
Trifolium repens L., Agrostis stolonifera L.) for 
phytoremediation of oil-contaminated soils.

Materials and Methods

The objects of study were soils selected in 
the vicinity of the Syktyvkar city and plants. The 
seeds of the following types of plants were used in 

the work: Brassica juncea L., Trifolium repens L. 
and Agrostis stolonifera L. The model soil for 
recultivation was prepared from the upper layers 
of meadow and forest soils of 10 cm in depth. The 
meadow soil was sampled from the former agro-
cenosis and was characterized by a low content 
of humus. The forest soil was selected in spruce 
forests with green moss. Soils are classified as 
Haplic Albeluvisols [9]. All the soil samples were 
selected in mid-April, the vegetative organs of 
the local flora were not yet developed. The soil 
acidity (pH) was 5.8 for the meadow soil and 6.3 
for the forest soil.

The first experiment consisted of the as-
sessment of the potential of self-cleaning of the 
meadow and forest soils after introduction of oil. 
Before the beginning of the experiment the soil 
samples were ground and sifted through a sieve 
with 5 mm mesh size. Then the soil samples with 
the mass of 100 g and 10% humidity were placed 
into vegetation vessels with 8 g of oil and 0.1 g of 
mineral fertilizer (ammonium nitrogen – 10%; 
total phosphates – 25%; potassium in terms of 
K

2
O – 25%). Soil samples in the vessels were 

placed in conditions close to natural for a period 
of 90 days. The level of humidity maintained in 
the vessels was 20–30%. Dynamic changes of 
total petroleum hydrocarbons (TPH) in the soil 
were assessed after 30, 60 and 90 days.

Before the beginning of the experiment with 
plants, the meadow and forest soils were mixed 
with the ratio 50/50. Then the soil samples 
with the mass of 100 g and 10% humidity were 
placed into vegetation vessels, adding 8 g of oil. 
The vessels with the oil were held outdoors for 
30 days before the introduction of the seeds. 
Then the soil in the vessels was slightly mel-
lowed, the plant seeds were introduced together 
with 0.1 g of mineral fertilizer. The soil samples 
without seeds but with fertilizer were used as a 
control. Within a month the germination and 
survival rates were assessed, and after 30 days, 
the changes in dehydrogenase and urease activ-
ity. During the observation period significant 
temperature variations were noted, within the 
range from 0 оC at night to 28 оC by day. The 
level of humidity maintained in the vessels was 
20–30%. However, twice in the course of the 
experiment water was not added for 2 days, mod-
elling drought. All variants of the experiment 
were laid in three repetitions.

The polymeric environment to improve the 
safety of seeds was formed from a biocompat-
ible polymer. To form gel beads with seeds 2% 
sodium alginate solution was prepared, which 
contained 0.1% of polyacrylic acid. The seeds of 
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every type of plant were suspended in polymeric 
solutions, then measured out drop by drop into 
1% CaCl

2
. Then the gel beads with seeds were 

taken out, washed with tap water and, before 
being planted into the soil, were kept for 3 days 
in 0.1 M potassium phosphate buffer (pH 6.0). 
Before sowing, untreated seeds were held for 12 
hours in the same buffer solution.

The primary biochemical assessment of the 
state of soils in the process of phytoremediation 
was carried out by measuring the activities of de-
hydrogenase and urease. Dehydrogenase activity 
was determined using the reduction of 2,3,5-tri-
phenyltetrazolium chloride (TTC) method [10]. 
A sample of 1 g soil was transferred into test tube 
with stopper. 10 cm3 of 0.5% TTC was added. The 
mixture was mixed on a vortex and incubated at 
30 ºC. After 24 h, the triphenylformazan, a prod-
uct from the reduction of TTC, was extracted by 
adding 10 cm3 acetone and shaken for 1 min. The 
sample was collected in a volumetric flask. The 
tube was washed with acetone until the red color 
disappeared. The filtrate was then diluted with 
additional acetone to a final volume of 50 cm3. 
The color intensity was measured at 485 nm with 
acetone as a blank. One unit of dehydrogenase 
activity represented the number of enzymes in 
1 g of the air-dried soil that form 1 μg of triphe-
nylformazan per 24 hours in the presence of 0.5% 
triphenyltetrazolium chloride solution.

The urease activity, content of microscopic 
fungi and residual TPH content were determined 
according to the methods described in the work 
[11]. For all methods, the Microsoft Excel sta-
tistical analysis package was used. In particular, 
“one-way ANOVA” was used.

Results and Discussion

This experiment revealed that during the first 
30 days in natural conditions the most intensive 
TPH decomposition occurs in meadow soil, with 
its content decreasing by 35±5% (Fig. 1). In for-
est soil, the content decreases by 25±5%. On days 
60 and 90, the process of TPH decomposition in 
meadow and forest soils stops. Therefore, after 
30 days the potential for self-purification was 
exhausted, this is why additional measures for 
acceleration of the processes of biodegradation of 
oil products in the soil are necessary.

After 30 days outdoors, thanks to abiotic 
factors as well as self-regeneration processes, 
the oil film disappeared, and oil remains in the 
soil were gathered into local accumulations. The 
restoration of air change helped the survival of 
the seeds in contaminated soil (Fig. 2). As part 
of this work, the effectiveness of the procedure 
of encapsulation of seeds in alginate gel for bet-
ter adaptation in the oil-contaminated soil was 
also assessed.

Fig. 1. Dynamics of TPH concentration changes in soil samples during ex situ remediation. 
The “Initial point” represents the data of TPH concentration after introduction petroleum to soil samples
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Previous studies show that the use of al-
ginate gels for plant growing is intended to 
ensure the safety of sprouts and spores as well 
as better survival rate during reproduction [12, 
13]. For example, the tips of the Phyllanthus 
amarus L. sprouts encapsulated in an alginate 
cover are able to develop a complete plant [14]. 
Immobilization of the Hordeum vulgare L. seeds 
paired with phosphataze helped to increase 
the bioavailability of phosphorus from the soil 
[15]. Encapsulating the fern seeds Pteridium 
aquilinum var. latiusculum (Desv.) Underw. ex 
A. Heller in alginate gel is viewed as an effective 
technology for commercial use [16].

It is noted that B. juncea fairly easily de-
velops a complete plant even without insertion 
into a polymeric matrix (Table). The large seeds 
of B. juncea have a sufficient supply of nutrient 
substances, this is why they do not require a gel 
cover as an auxiliary instrument. At the same 
time the plant turned up to be more sensitive 
to drought. Most probably the conditions of the 
experiment did not allow B. juncea to form a 
full root system. For T. repens and A. stolonifera 
the procedure of encapsulation in alginate gel 
more clearly influences the germination time 
(Table). We also noted the significantly higher 
survival rate of the seeds of A. stolonifera as 
compared to sowing directly onto the surface of 
the oil-contaminated soil. Moreover, the plant 
achieved a much bigger biomass as compared 

to the control after encapsulation in polymer.  
T. repens grew in a similar way in all experiments 
and formed sufficiently pronounced vegetative 
parts. The development of primary turf layer 
was found in all versions. Therefore, large seeds 
of green manure plants are resistant to residual 
oil products and are able to grow on their own 
in case of sufficient humidity and absence of the 
oil film. For small seeds, the alginate cover is 
an additional factor of the survival rate. At the 
same time, additional experiments are needed to 
discover the mechanisms of biodegradation of oil 
products both through the near-root rhizosphere 
and through assimilation by vegetative organs.

The determination of the activities of the 
soil ferments is a convenient instrument for 
the analysis of the state of contaminated soils 
in the process of bioremediation [17, 18]. The 
assessment of their functions in supporting the 
quality of the soil, the balance of carbon and 
nitrogen, the nutrient utilization combined 
with other methods allows making a general 
judgment on the effectiveness of regeneration of 
disturbed soils [19]. One of the most significant 
indicators of fermentative activity of the oil-con-
taminated soil is the activity of dehydrogenase. 
For example, [20] the activity of dehydrogenase 
significantly decreased after the introduction 
of the polyaromatic hydrocarbon pyrene into 
model soil and noticeably increased after the 
introduction of Scirpus triqueter L. On the other 

Fig. 2. Fresh sprouts of model plants on oil-contaminated soils in 20 days after sowing (A – Brassica juncea;
B – Trifolium repens; C – Agrostis stolonifera; experiment versions with the insertion of seeds into alginate gel)
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hand, the presence of up to 3% of straight chain 
hydrocarbons in the soil increased the dehydro-
genase and urease activities [21]. In our experi-
ment the analysis showed increased activities 
for all types of oil-contaminated soils. And the 
presence of oil influenced the increase of dehy-
drogenase activity the most. For T. repens and 
A. stolonifera the values were 20–25% higher 
than in the contaminated soil without plants. 
At the same time urease activity was maximum 
for the control oil-contaminated soil. So, viable 
green manure plants in the oil-contaminated 
model soil form the rhizosphere, which can 
subsequently make an additional contribution 
to the soil self-cleaning processes.

The calculation of content of fungal my-
celium did not show any notable difference for 
different versions of the experiment. It can be 
assumed that the experiment conditions were 
not conducive to the development of rhizospheric 
fungi, and a significant role in this was played 
by sudden temperature drops as well as drought 
modelling. Therefore, for a more nuanced pic-
ture additional long-term studies are necessary, 
which will enable to realize the full potential of 
phytoremediation through model plants as well 
as near-root microbiota.

Conclusion

Meadow and forest soils are capable of in-
tensive self-purification from oil products within 
the first 30 days. It is mostly the low molecular 
weight oil components that are disposed of. This 

is due to both abiotic factors and the activity of 
soil microorganisms. Then the process almost 
stops, which requires creation of additional 
conditions for the intensification of the processes 
of oil biodegradation. It is suitable to sow seeds 
after 30 days of self-purification due to absence 
of the oil film and restoration of air change in 
the soil. It was found that Brassica juncea L., 
Trifolium repens L. and Agrostis stolonifera L. are 
able to produce vegetative organs on the model 
oil-contaminated soil after sowing the seeds. The 
technological process of encapsulation of plant 
seeds in gels is sufficiently effective and can be 
used to increase the survival and germination 
rates in the oil-contaminated soil, accelerated 
formation of phytomass and restoration of spe-
cies diversity on the recultivation territories. 
Even without strict microbiological control in 
the soil, biochemical indicators show a strong 
reaction to oil and, as a result, activation of self.

This study was carried out with financial sup-
port from RFBR, Project No. 18-29-05028 mk and 
partial financial support: 1021051101411-4-1.6.23.

References

1. Aliku C.B., Madu C.N., Aliku O.O. Organic 
stimulants for enhancing phytoremediation of crude oil 
polluted soil: A study on cowpea // Environmental Pol-
lution. 2021. V. 287. Article No. 117674. doi: 10.1016/j.
envpol.2021.117674

2. Melekhina E.N., Kanev V.A., Markarova M.Yu., 
Nadezhkin S.M., Nowakowski A.B., Taskaeva A.A., 

Table
Some parameters of the soil in the process of phytoremediation

Conditions of recultivation Emergence 
of seedlings 

(days)

Dehydrogenase 
activity after 30 
days, units/g of 

soil

Urease activity 
after 30 days, 
units/g of soil

Fungal mycelium 
content after

30 days, 
×103 g of soil

Brassica juncea (control) 5–6 60±6 125±16 6±1
B. juncea + oil 6–7 85±7 271±25 7±1
B. juncea (alginate) + oil 8–9 88±8 241±27 7±1
Trifolium repens (control) 8–9 73±5 98±10 3±1
T. repens + oil 10–11 109±8 285±24 7±1
T. repens (alginate) + oil 6–7 93±9 256±30 8±1
Agrostis stolonifera (control) 9–10 62±5 105±12 6±1
A. stolonifera + oil 20

(small 
shoots)

86±7 262±22 4±1

A. stolonifera (alginate) + oil 6–7 102±8 275±31 3±1
Oil without plants – 82±6 376±25 6±1
Control without oil – 48±4 107±9 4±1

Note: * – initial dehydrogenase activity of model soil 53±5, units/g of soil, urease 112±8 units/g of soil.

РЕМЕДИАЦИЯ И РЕКУЛЬТИВАЦИЯ



125
Теорeтическая и прикладная экология. 2023. № 2 / Theoretical and Applied Ecology. 2023. No. 2

Tarabukin D.V., Velegzhaninov I.O., Rasova E.E. Assess-
ment of the state of oil-polluted ecosystems of European 
Subarctic: a multidisciplinary approach // Theoretical and 
Applied Ecology. 2020. No. 2. P. 123–129 (in Russian). 
doi: 10.25750/1995-4301-2020-2-123-129

3. Lopez-Echartea E., Michal S., Mukherjee S., Uhlik O.,  
Yrjälä K. Bacterial succession in oil-contaminated soil 
under phytoremediation with poplars // Chemosphere. 
2020. V. 243. Article No. 125242. doi: 10.1016/j.
envpol.2021.117674

4. Nguemté P.M., Wafo G.V.D., Djocgoue P.F., Noum-
si I.M.K., Ngnien A.W. Potentialities of six plant species 
on phytoremediation attempts of fuel oil-contaminated 
soils // Water Air Soil Pollut. 2018. V. 229. No. 3. Article 
No. 88. doi: 10.1007/s11270-018-3738-9

5. Moubasher H.A., Hegazy A.K., Mohamed N.H., 
Moustafa Y.M., Kabiel H.F., Hamad A.A. Phytoremedia-
tion of soils polluted with crude petroleum oil using Bassia 
scoparia and its associated rhizosphere microorganisms // 
International Biodeterioration & Biodegradation. 2015. 
No. 98. P. 113–120. doi: 10.1016/j.ibiod.2014.11.019

6. Baruah P., Deka S., Baruah P.P. Phytoremedia-
tion of crude oil-contaminated soil employing Crotalaria 
pallida Aiton // Environ. Sci. Pollut. Res. 2016. No. 23. 
P. 10595–10603. doi: 10.1007/s11356-016-6227-y

7. Cai B., Ma J., Yan G., Dai X., Li M., Guo S. Com-
parison of phytoremediation, bioaugmentation and natural 
attenuation for remediating saline soil contaminated by 
heavy crude oil // Biochemical Engineering Journal. 2016. 
No. 112. P. 170–177. doi: 10.1016/j.bej.2016.04.018

8. Mohsenzadeh F., Rad A.C. Bioremediation of petro-
leum polluted soils using Amaranthus retroflexus L. and its 
rhizospheral fungi // Phytoremediation for green energy / 
Eds. M. Öztürk, M.A.A. Aksoy, M.S.A. Ahmad. Springer, 
2015. P. 131–139. doi: 10.1007/978-94-007-7887-0_9

9. World Reference Base for Soil Resources 2014: 
International Soil Classification System for Naming Soils 
and Creating Legends for Soil Maps; World Soil Resources 
Report; Food and Agriculture Organization of the United 
Nations: Rome, Italy, 2015. 106 p.

10. Tabatabai M.A. Soil enzymes. Madison: Soil Sci-
ence Society of America, 1994. P. 775–833. doi: 10.2136/
sssabookser5.2.c37

11. Tarabukin D.V. Assessment of the lowland bog 
biomass for ex situ remediation of petroleum-contaminated 
soils // Environments. 2020. V. 7. No. 86. P. 1–11. doi:  
10.3390/environments7100086

12. Zhang W., Zheng L., Lang D., Zhang X., Ma X.,  
Li X., Zhang X. Eco-friendly bio-encapsulation from 
sodium alginate-trehalose-kaolin and its performance 

evaluation in improving plant growth under salt or/and 
drought conditions // International Journal of Biological 
Macromolecules. 2023. V. 225. P. 123–134. doi: 10.1016/j.
ijbiomac.2022.12.009

13. Tomadoni B., Salcedo M.F., Mansilla A.Y., Casa-
longué C.A., Alvarez V.A. Macroporous alginate-based 
hydrogels to control soil substrate moisture: Effect on 
lettuce plants under drought stress // European Polymer 
Journal.  2020. V. 137. Article No. 109953. doi: 10.1016/j.
eurpolymj.2020.109953

14. Singh A.K., Sharma M., Varshney R., Agarwal S.S.,  
Bansal K.C. Plant regeneration from alginate-encapsu-
lated shoot tips of Phylianthus amarus schum and thonn, 
a medicinally important plant species // In vitro Cellular & 
Developmental Biology Plant. 2006. No. 42. P. 109–113. 
doi:  10.1079/IVP2005735

15. Pilar-Izquierdo M.C., Busto M.D., Ortega N., 
Perez-Mateos M. Barley seeds encapsulated in calcium-
alginate gels with phosphatase and humate-phosphatase 
complexes for improving phosphorus bioavailability // 
Agronomy Journal. 2013. V. 105. No. 6. P. 1565–1570. doi: 
10.2134/agronj2013.0010

16. Jang B.K., Cho J.S., Lee C.H. Synthetic Seed Tech-
nology development and production studies for storage, 
transport, and industrialization of bracken spores // Plants. 
2020. V. 9. No. 1079. P. 1–12. doi: 10.3390/plants9091079

17. Shukla G., Varma A. Soil enzymology. Berlin 
Heidelberg: Springer, 2011. 384 p. doi: 10.1007/978-3-
642-14225-3

18. Chakravarty P., Chowdhury D., Deka H. Ecologi-
cal risk assessment of priority PAHs pollutants in crude 
oil contaminated soil and its impacts on soil biological 
properties // Journal of Hazardous Materials. 2022. V. 437.  
Article No. 129325. doi: 10.1016/j.jhazmat.2022.129325

19. Kovaleva E.I., TrofimovS.Ya., Zhongqi C. Impact 
of oil contamination on ecological functions of peat soils 
from West Siberia of Russia // Journal of Environmen-
tal Quality. 2021. V. 50. No. 1. P. 49–62. doi: 10.1002/
jeq2.20171

20. Zhang X., Liu X., Liu S., Liu F., Chen L., Xu G., 
Zhong C., Su P., Cao Z. Responses of Scirpus triqueter, soil 
enzymes and microbial community during phytoremedia-
tion of pyrene contaminated soil in simulated wetland // 
Journal of Hazardous Materials. 2011. No. 193. P. 45–51. 
doi: 10.1016/j.jhazmat.2011.07.094

21. Ramadass K., Meghara M., Venkateswarlu K., 
Naidu R. Ecological implications of motor oil pollution: 
Earthworm survival and soil health // Soil Biology and 
Biochemistry. 2015. No. 85. P. 72–81. doi: 10.1016/j.
soilbio.2015.02.026

РЕМЕДИАЦИЯ И РЕКУЛЬТИВАЦИЯ


