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Hydrocarbons of crude oil are highly toxic to plants, microorganisms, invertebrates 
and they constitute a potential risk to human health. Phytoremediation is an effective 
technology which uses plants for cleaning up petroleum contaminated soils. We deter-
mined concentrations of organic osmolites (proline and soluble sugars) for evaluation of 
application of Carex hirta L. plant for phytoremediation. Soil received 0% (control) and 
5% v/w of oil. Concentration of proline in young and old leaves of sedge plant under oil 
pollution decreased (2-fold and 1.7-fold, respectively), whereas in rhizomes increased 
(1.3-fold), compared to the control. Content of soluble sugars increased in young leaves 
(3.3-fold) and significantly decreased in old leaves (3.6-fold) of C. hirta plant subjected 
to oil pollution. The level of soluble sugars in rhizomes of treated sedge plant increased 
(2.2-fold). Based on the obtained results, following conclusions were done: (a) proline 
(as osmoregulatory solute) is important for absorption and transportation of water 
through underground rhizomes of sedge plant; (b) soluble sugars have a great value for 
osmoregulation process in rhizomes and young leaves of these plants. Thus, C. hirta 
can sustain growth in oil polluted soils due to the increase of osmotic potential of cells. 
That is why, this plant may be a good candidate for phytoremediation.
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INTRODUCTION

Fuel oil is a significant anthropogenic pollutant of the environment. It is estimated 
that 80% of terrestrial oil pollution is a result of spillage [8, 21, 22]. Crude oil spillage is 
a big problem in Boryslav oil region (Ukraine) as well. Petroleum is produced there 
mainly in the areas with agricultural activities. Therefore, the remediation of soil im-
pacted by oil production and its transportation is important not only from the ecological 
point of view, but it is also important for preservation of agricultural productivity. Phytore-
mediation, a cost-effective in situ technology, uses plants and their rizosphere microor-
ganisms in order to clean up petroleum contaminated soils [16].
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When mixed with soil, oil acts as a physical barrier restricting oxygen movement 
into the soil, thus, reducing gas exchanges between plant roots and soil [18, 23]. Hydro-
phobic properties of petroleum reduce the wetability of oiled sediments and, in that way, 
water and nutrient availability for plants. The adaptive changes in plants which grow 
under oil pollution take place at all organization levels. Osmotic adjustment at the phy-
sio logical level is an adaptive mechanism and it plays an important role in acclimatiza-
tion of plants to stress conditions [4]. During the process of osmotic adjustment, a re-
markable array of organic compounds (proline, glucose, sucrose, sorbitol, mannitol, 
etc.) and inorganic ions (mainly potassium) contribute to the solute potentials of plant 
cells and tissues [28].

Seeds of most plants which reproduct asexually can not germinate in polluted soil 
because of toxic influence of oil hydrocarbons. Carex hirta L. is one of the long-rhizomed 
species which can sustain growth and develop under toxic concentrations of oil in Bo-
ryslav region [6]. The results of research by Djura et al. (2006) [1] indicated that C. hirta 
plant also enhanced biodegradation of hydrocarbons in contaminated soils. The adap-
tation mechanisms of these plants, including osmoregulation, are not thoroughly exami-
ned. Therefore, the aim of our study was to determine the effect of crude oil towards 
con centrations of proline and soluble sugars in organs of C. hirta plant. 

MATERIALS AND METHODS 

Preparation of artificial polluted soil
The experiment was set-up in the Botanical garden of Ivan Franko L’viv National 

University. Half of containers were filled up with air-dried soil alone (control soil) and ano-
ther half of containers were filled up with air-dried soil that was thoroughly mixed by hand 
with 5% (v/w) of Boryslav crude oil (contaminated soil). Chemical properties of the crude 
oil are listed in the Table 1. Characteristics of both soils are presented in the Table 2. After 
3 weeks C. hirta plants were put into the containers.

Sample collection
Destructive sampling was carried out in 60 days: shoots were cut at soil surface; 

roots were removed from the soil and washed up.

Proline determination 
0.3 g of fresh samples was homogenized in 5 ml of distilled water. The homogenate 

was centrifuged at 3,000×g for 10 min. After addition of acid ninhydrin and glacial acetic 
acid, resulting mixture was heated at 100°C for 1 h in a water bath. The reaction was 
stopped by using ice bath. Absorbance of the mixture was measured at 520 nm using 
spectrophotometer („СФ 46” LOMO, Russian Federation). Proline concentration was 
expressed as µmole proline per gram of fresh weight [5, 9].

Soluble sugars measurement 
0.5 g of fresh samples was homogenized in 5 ml of ethanol and centrifuged at 

5,000 × g for 15 min. The supernatant was used for estimation of reducing sugars con-
centration by phenol-sulfuric acid method of Dubois et al. (1956) [15].
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Statistical analysis
Each experiment was repeated three times and results were similar. Standard de-

viation was calculated, and statistical significance of difference was evaluated by using 
Student’s t-test (P<0.05).

RESULTS AND DISCUSSION

Cells of higher plants accumulate different amino acids (proline, serine, alanine, 
arginine, aspartic and glutamic acids) in response to environmental stresses [3]. Proline 
plays a crucial role as an osmoregulatory and osmoprotectant solute in plants subjected 
to hyperosmotic stresses. Proline accumulation has been proposed as a source of re-
duced nitrogen and carbon [28]. Also, proline synthesis may enhance activity of redox 
sensitive pathways such as the oxidative pentose phosphate pathway, which is depen-
dent on NADP+ availability and inhibited by NADPH [25].

The results of our investigation revealed that proline concentration in young and old 
leaves of treated sedge plants was respectively 2-fold and 1.7-fold lower than in the 
plants growing in the uncontaminated soil (see Fig. 1).

A large body of data indicates a positive correlation between proline accumulation 
and adaptation to stress [12, 17, 20, 24, 26]. However, this is not corroborated by other 
studies [7, 10, 13, 27]. The results of our work coordinate with point of view of second 
studies group, since correlation between proline content in leaves of C. hirta plant and 
adaptation to stress caused by crude oil was negative. On the other hand, crude oil 
contamination induced a 1.3-fold increase (comparing to the control) of proline level in 

Table 1. Chemical properties of crude oil used in the experiments
Таблиця 1. Хімічні властивості нафти, використаної для досліду

Sulfur
Heavy metals*

Cadmium
Lead
Mercury
Nickel

1.90%

2.7 ppm**
5.2 ppm
4.2 ppm
6.8 ppm

* – Karpyn et al. (2009) [2]. 
**ppm – parts per million.

Table 2. Characteristics of soils used in the experiments
Таблиця 2. Характеристики ґрунтів, використаних у досліді

Control soil Contaminated soil

Texture
pH (KCl)
Humus,%
(NO2+NO3)-N, mg/kg
P2O5, mg/kg
K2O, mg/kg

Loam
5.26
1.478
6.97
179
105

Loam
4.83
3.609
8.26
168
118
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rhizomes of sedge plants (see Fig. 1). It has been shown that single compounds such 
as proline minimize cellular damage by enhancing the stability of proteins and mem-
branes [13]. As our study showed proline might possess protective properties even at 
low concentration. Thus, proline does not have direct role as an osmolyte in leaves, but 
it is necessary for absorption and transportation of water through underground rhizomes 
of C. hirta plant under oil pollution of soil.

Sugars regulate the expression of many genes involved in photosynthesis, respira-
tion, nitrogen and secondary metabolism, thus integrate cellular responses to stress 
[11]. Tolerance depends upon energy status of cells in which appropriate responses are 
induced. Many tissues of stressed plants are likely to have an increased requirement in 
rapidly metabolizable carbohydrate. This must be satisfied despite a likely decrease in 
carbon fixation and an increased diversion of carbon from growth or storage to osmolyte 
synthesis [17]. 

Our data showed that concentration of soluble sugars increased in young leaves 
(3.3-fold higher than in the control) and significantly decreased in old leaves (3.6-fold 
lower than in the control) of C. hirta plants subjected to oil pollution (see Fig. 2). A re-
markable resistance to dehydration of the photosynthetic apparatus was observed, e.g. 
in lupins, especially in younger leaves [11]. Soluble sugars may act as osmoprotectant, 
as well as being a source of carbon that is necessary for maintenance and re-growth 
during recovery. In addition, water deficit resulting from oil pollution can inhibit starch 
synthesis and accelerate its decomposition. It is thought that decrease of starch and 
increase of soluble sugars can maintain cell turgor [28]. 

The level of soluble sugars was higher in rhizomes of sedge plants (2.2-fold higher 
than in the control) which has been growing in contaminated soil (see Fig. 2). The in-
crease of soluble sugars concentration due to inversion of some carbohydrates is an-
other adjustment mechanism that improves tolerance towards osmotic stress, as al-
ready reported [19]. 

The results obtained in our study indicate that proline (as osmoregulatory solute) is 
important for absorption and transportation of water through underground rhizomes 

Fig. 1. The effect of crude oil polluted soil on the proline content in Carex hirta plant
Рис. 1. Вплив нафтового забруднення ґрунту на вміст проліну у рослинах Carex hirta
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sedge plants, whereas soluble sugars are of great importance in osmoregulation pro-
cess of rhizomes and young leaves. Obviously, C. hirta can sustain growth in oil polluted 
soils due to the increase of cells’ osmotic potential. That is why this plant is a good can-
didate for phytoremediation. 
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ВПЛИВ НАФТОВОГО ЗАБРУДНЕННЯ ҐРУНТУ 
НА ВМІСТ ПРОЛІНУ ТА РОЗЧИННИХ ЦУКРІВ У РОСЛИНАХ 
ОСОКИ (CAREX HIRTA L.)

Г. Коровецька, О. Цвілинюк, О. Терек
Львівський національний університет імені Івана Франка

вул. Грушевського, 4, Львів 79005, Україна

Вуглеводні нафти є високотоксичними для рослин, мікроорганізмів, без хре-
бетних тварин та небезпечними для здоровя людини. Фіторемедіація є ефектив-
ною техно логією, яка використовує рослини для очищення нафтозабруднених 
грунтів. Визначе но вміст органічних осмолітів (вільного проліну та цукрів) у рос-
линах Carex hirta L. для оцінки використання цих рослин у фіторемедіації. Ґрунт 
містив 0% (контроль) і 5% сирої нафти. Вміст проліну у молодих і старих листках 
рослин C. hirta за дії нафти зменшився у 2 та 1,7 разу, відповідно, тоді як у коре не-
вищах підвищився в 1,3 рази щодо контролю. За дії нафтового забруднення ґрунту 
рівень розчинних цукрів зріс у молодих листках (у 3,3 рази) і суттєво знизився у 
ста рих листках (3,6 рази) рослин C. hirta. Кількість розчинних цукрів у кореневищах 
рослин осоки шорстковолосистої, що зростала на забрудненому нафтою ґрунті 
зросла у 2,2 рази. Із отриманих резуль татів можна зробити такі висновки: (а) пролін 
(як осмо регулятор) важливий для погли нання та транспортування води підземними 
кореневищами рослин осоки шорст ко волосистої; (б) розчинні цукри мають суттєве 
значення в осморегуляційних процесах і у коре не ви щах, і у молодих листках цих 
рос лин. Рослини C. hirta можуть зростати на забруд нених нафтою ґрунтах за раху-
нок підвищення осмотичного потенціалу клітин. Тому ця рослина може бути добрим 
кандидатом для фіторемедіації. 

Ключові слова: Carex hirta, нафтове забруднення, пролін, розчинні цукри.

ВЛИЯНИЕ НЕФТЯНОГО ЗАГРЯЗНЕНИЯ ПОЧВЫ 
НА СОДЕРЖАНИЕ ПРОЛИНА И РАСТВОРИМЫХ САХАРОВ 
В РАСТЕНИЯХ ОСОКИ (CAREX HIRTA L.)

Г. Коровецкая, О. Цвилынюк, О. Терек
Львовський национальный университет имени Ивана Франко

ул. Грушевского, 4, Львов 79005, Украина

Углеводороды нефти высокотоксичны для растений, микроорганизмов и бес-
по зво ночных и опасны для здоровя человека. Фиторемедиация является эффек-
тивной технологией, которая использует растения для очистки за грязненных 
нефтью почв. Исследовано содержание органических осмолитов (сво бодного про-
лина и сахаров) в растениях Carex hirta L. для оценки использования этих растений 
в фиторемедиации. В состав почвы входило 0% (контроль) и 5% сырой нефти. 
Содержание пролина в молодых и старых листьях растений C. hirta уменьшалось 
в 2 и 1,7 раза соответственно, тогда как в корневищах повысилось в 1,3 раза. Под 
влияни ем нефтяного загрязнения почвы уровень растворимых саха ров повысился 
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в молодых листьях (в 3,3 раза) и существенно снизился в старых листьях (в 3,6 
раза) растений C. hirta. Количество растворимых сахаров в корневищах растений 
осоки жестковолосистой, которая росла на загрязнен ной нефтью почве, увеличи-
лось в 2,2 раза. На основании полученных даных можно сделать сле дующие 
выводы: (а) пролин (как осморегулятор) важен для поглощения и транс портировки 
воды подземными корневищами растений осоки жестковоло систой; (б) раство-
римые сахара имеют большое значение в осморегуляционных процессах как в 
корневищах, так и в молодых листьях этих растений. Очевидно, рост C. hirta на 
загрязненных нефтью почвах возможен за счет повышения осмо тического потен-
циала клеток. Поэтому это растение можно использовать для фито ремедиации. 

Ключевые слова: Carex hirta, нефтяное загрязнение, пролин, растворимые 
сахара.


