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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-
siological 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
concentrations 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 3,000xg 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 (,C® 46" LOMO, Russian Federation). Proline concentration was
expressed as umole 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 x 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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Table 1. Chemical properties of crude oil used in the experiments
Tabnuys 1. XimiyHi BnacTuBocTi HachTH, BUKOPUCTaHOI ANA gocnigy

Sulfur 1.90%
Heavy metals*

Cadmium 2.7 ppm**

Lead 5.2 ppm

Mercury 4.2 ppm

Nickel 6.8 ppm

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

Table 2. Characteristics of soils used in the experiments
Tabnuys 2. XapakTepuCTUKM I'PYHTIB, BAKOPUCTAHUX Y AocCHiAai

Control sail Contaminated soil
Texture Loam Loam
pH (KCI) 5.26 4.83
Humus,% 1.478 3.609
(NO,+NO,)-N, mg/kg 6.97 8.26
P,O,, mg/kg 179 168
K,O, mg/kg 105 118

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
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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.
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Fig. 1. The effect of crude oil polluted soil on the proline content in Carex hirta plant
Puc. 1. Bnnus HadToBOro 3abpyaHEHHS I'PYHTY Ha BMICT nponiHy y pocnuHax Carex hirta

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
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Fig. 2. The effect of crude oil polluted soil on soluble sugars content in Carex hirta plant
Puc. 2. Bnnue HadTOBOro 3abpyaHEHHS I'PYHTY Ha BMICT PO34MHHUX LKpiB y pocnuHax Carex hirta

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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BMJIUB HA®TOBOIO 3ABPYAHEHHSA I'PYHTY
HA BMICT MNMPOJIHY TA PO34YUHHUX LIYKPIB Y POCITUHAX
OCOKWU (CAREX HIRTA L.)

I'. Koposeuska, O. LieinuHrok, O. Tepek

JibsiecbKuli HaujoHanbHUl yHigepcumem imeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

ByrneBogHi HapTn € BUCOKOTOKCUYHUMU Afsi POCAWH, MIKpoopraHiamis, 6e3xpe-
GeTHMX TBapuH Ta Hebe3neyHnmKn Ans 3a0poBsa noanHu. ditopemepiauis € epekTms-
HOIO TEXHOIOrielo, sika BMKOPUCTOBYE POCIMHU AN OYULLEHHS HadTo3abpyaHeHMx
rPyHTIB. BU3Ha4eHO BMICT OpraHiyHMX OCMOMITIB (BiNbHOro MPOsiHy Ta LYyKpiB) y poc-
nuHax Carex hirta L. ANsi OUiHKM BUKOPUCTAHHS LMX POCHIWH y chiTopemepialtii. ['pyHT
MictTnB 0% (KoHTponb) i 5% cupoi HadpTK. BMicT nponiHy y Monoaumx i ctapux nuctkax
pocnuH C. hirta 3a gii HadbTn 3meHWwnBCA y 2 Ta 1,7 pasy, BigNoBigHO, Todi SK y KOpeHe-
BMLWax nigsuwimecd B 1,3 pasm woao KoHTponto. 3a aii HaToBOro 3abpyaHEHHSs IPYHTY
piBEHb PO3YMHHUX LYKPIB 3pic y mMonogux nuctkax (y 3,3 pasu) i CyTTEBO 3HU3UBCH Y
ctapwmx nuctkax (3,6 paan) pocnuH C. hirta. KinbkiCTb pO34MHHUX LLYKPIiB Y KOPEHEBULLAX
POCIINH OCOKM LLOPCTKOBOMOCKCTOI, WO 3pocTana Ha 3abpygHeHOMy HadTO IpyHTI
3pocnay 2,2 pasu. I3 oTpumMaHnx pesynbraTiB MOXHa 3p0bUTK Taki BUCHOBKW: (@) NporiH
(siK ocmMoperynaTop) BaXKNMBUIA 118 NOMMMHAHHSA Ta TPaHCNOPTYBaHHSA BOAW MiA3€MHUMMU
KOPEHEBULLIAMUN POCITMH OCOKM LLIOPCTKOBOMOCUCTOI; (6) PO3YMHHI LIyKpW MatoTb CYyTTEBE
3Ha4YeHHs1 B OCMOperynsuiiHux npouecax i y KopeHeBuwax, i y Monoamx NIMCTKax uux
pocnuH. Pocnvbu C. hirfa moxyTb 3pocTaTu Ha 3abpyaHeHNX HadpTow r'pyHTax 3a paxy-
HOK NiABULLEHHS OCMOTUYHOIO NOTeHLUiany KniTuH. ToMy us pocnvHa moxe 6yt gobpum
KaHgugaTtom ans cgitopemegiaduii.

Knrovoei cnoea: Carex hirta, HacdbToBe 3abpyaHEHHS, NPOSiH, PO34MHHI LYKPW.

BNMUAHUE HEDTAHOIO 3ArPA3HEHUA NOYBbI
HA COOEP>XAHUE MNMPOJTUHA N PACTBOPUMbIX CAXAPOB
B PACTEHUAX OCOKU (CAREX HIRTA L.)

I'. Kopoeeukasi, O. LJeunbiHwok, O. Tepek

JIbeo8ChLKUU HaUuUOHarbHbIU yHUsepcumem umeHuU MieaHa ®paHKo
yn. lpywesckoeo, 4, Jibeos 79005, YkpauHa

YrneBogopoabl HedTN BbICOKOTOKCUYHLI AN pacTeHUA, MUKPOOpraHn3amoB 1 bec-
NMO3BOHOYHbIX M OMacHbl ANs 300poBs YenoBeka. Putopemenmaums sensaetca adpdek-
TUBHOWM TEXHOMNOIMEN, KOTOpasi MCMONb3yeT pacTeHUst AN OYUCTKM 3arpsi3HEHHbIX
HeTbio NoyB. MiccnegoBaHo cogepkaHne opraHMYecknx 0CMONMTOB (CBOOOAHOMO Npo-
NHa 1 caxapoB) B pacTeHusix Carex hirta L. ons oueHKM NCNorb30BaHUS 3TUX pacTEHUN
B chutopemeguaumm. B coctas nousbl Bxoguno 0% (KoHTponb) n 5% cbipon HedTu.
CogepkaHve nponnHa B MOSOALIX U CTapbiX IMCTbsAX pacTenHun C. hirta ymeHbLUanocb
B 2 1 1,7 pasa COOTBETCTBEHHO, TOrAa Kak B KOpHeBMLLax nosbicunock B 1,3 pasa. Nog
BNUSHUEM He(PTAHOro 3arpsi3HEHMs! MOYBbI YPOBEHL PACTBOPUMbIX CaxapoB MOBbICUIICS
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B Momoabix nncTbsx (B 3,3 pasa) 1 CyLEeCTBEHHO CHU3WICSA B CTapbIX NMUCTbsIX (B 3,6
pa3sa) pacteHun C. hirta. Konmy4ecTBO pacTBOPUMbIX CaxapoB B KOPHEBULLAX PaCTEHUN
OCOKM >XeCTKOBOMOCUCTON, KOTOpas pocrna Ha 3arps3HeHHon HedpThio noyse, yBenunym-
nocb B 2,2 pasa. Ha ocHoBaHMM nNoslyYyeHHbIX aHblX MOXHO caenaTb cregytowme
BbIBOAbI: (2) MPONUH (Kak OCMOPETYNATOP) BaXXeH A1 NOMMOLLEHMS U TPAHCNOPTUPOBKM
BOAbl NMOA3EMHBIMU KOPHEBULLAMM PAcTEHUN OCOKWM XecTkoBonocuctor; (6) pacTteo-
pUuMble caxapa MMeT GomMblUoe 3HaYeHWe B OCMOPETYISLUMOHHBIX MPOLEeccax Kak B
KOpHEeBULLAX, Tak U B MOMNOAbIX NIUCTbsIX 3TUX pacTeHuin. OueBnaHo, poct C. hirta Ha
3arpsi3HEHHbIX HEITHIO MOYBAX BO3MOXEH 3a CYET MOBLILLEHNST OCMOTUYECKOIO NMOTEH-
uunana kretok. [loaToMy 370 pacTeHne MOXHO UCMOoNb30BaTh A4S huTopemeguaumm.

Knroyeesie cnoea: Carex hirta, He(pTaHOe 3arpsi3HeHWe, NPOSINH, PacTBOPUMbIE
caxapa.
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