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The aim of the work was to study the influence of rhamnolipid biocomplex and ethylthiosulfanilate on
field pea and sorghum plants when growing in petroleum contaminated soil. Plant seeds were treated with
solutions of rhamnolipid biocomplex or ethylthiosulfanilate (0.01 g/1) before planting and grown in
containers with soil artificially contaminated with petroleum (5, 8 and 10%). Effect of rhamnolipid
biocomplex and ethylthiosulfanilate was determined by the determination of growth (weight, length plants)
and biochemical parameters (content of photosynthetic pigments, hydrogen peroxide, malondialdehyde).

The stimulating effect of rhamnolipid biocomplex and ethylthiosulfanilate on growth parameters of field pea
was shown: the shoot mass has significantly increased on 39% , root mass — on 26% if compared with the control.
For sorghum somewhat smaller increase of growth parameters was observed. Under the influence of rhamnolipid
biocomplex and ethylthiosulfanilate the content of photosynthetic pigments in field pea and sorghum has also
increased. It was determined that the action of biocomplex and ethylthiosulfanilate promoted the decrease of
indicators of plant oxidative reactions if compared with control: the content of hydrogen peroxide — in average
on 15% and 16% , malondialdehyde — on 13.5% and 16% respectively.

The results of the study testify to the effectiveness of rhamnolipid biocomplex and ethylthiosulfanilate
as growth stimulators for field pea and sorghum, as well as improvement of adaptive capability of plants
to unfavorable conditions. It creates the prospects of their application as effective and ecologically safe

substances for the intensification of contaminated soil phytoremediation.
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Recently, new promising, economically
viable and environmentally safe
biotechnological methods of remediation of
contaminated areas, are becoming particularly
important. Continuously growing influence
is attracted to phytoremediation technologies
with application of stable plants and growth
stimulators [1]. Growth regulators can
have stimulating effect on plant growth
and influence their resistance to adverse
conditions, in particular soil contamination
of various nature [2, 3]. According to the
literature, the use of preparations Emistim
C and Agrostimulin in pre-sowing treatment
of seeds helped to accelerate the development
of plants and improve their adaptation to
stressful environmental conditions [4].

In our opinion, biogenic surfactants
(biosurfactants) can be promising agents

for the improvement of plant resistance to
adverse conditions due to their high efficiency
and unique physical, chemical and biological
properties. Biosurfactants have several
advantages over synthetic surfactants, since
they are biodegradable and low toxic, which
determines their use in environmentally safe
technologies [5]. The ability of biosurfactants
to influence the permeability of cell
membranes, activity of enzymes, and other
biologically active substances promotes plant
growth [6].

It is known that biosurfactants can
be used for remediation of contaminated
areas, including soil, contaminated with
petroleum and petroleum products [7]. Not
only petroleum but also the pathogenic
fungi, present in the contaminated soils,
inhibit plant growth and the use of biocides
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is also appropriate to protect plants in these
conditions [8]. Biocide ethylthiosulfanilate
(ETS) — a synthetic analogue of phytoncide
allicin of garlic or onion — belongs to disulfur-
containing organic compounds and has a broad
spectrum of antimicrobial activity [9]. At low
concentrations ETS may act as plant growth
regulator [10]. However, its effect on the
growth of plants in petroleum contaminated
soils was not investigated.

An important role in the adaptation of
plants to unfavorable conditions belongs to
photosynthesis pigments and antioxidant
biochemical reactions [11]. They participate
in neutralizing reactive oxygen species
(ROS), which excessively accumulate in
plant cells under the influence of stressors
and initiate the processes of oxidative
degradation of membrane structures
with formation of hydrogen peroxide and
malondialdehyde (MDA) — a product of lipid
peroxidation (LPO) which affects proteins
and DNA. However, ROS and LPO products
may play the role of signaling molecules
involved in the activation of protective
systems in cells.

In turn, hydrogen peroxide is considered
as a messenger in the transmission of cellular
signals, because it is a small, short-lived, freely
diffusing molecule that is generated as a result
of enzymatic reactions in response to the stress
signal and affects thiol groups of proteins [12].
Hydrogen peroxide is accumulated in plant cells
due to photorespiration and redox processes and
in excess amounts has a toxic effect on cells.
In this regard, the destruction of hydrogen
peroxide is important for preventing toxic
effect on cells and for the formation of water
and oxygen, vital for plants.

Based on the above, the aim of the work
was to study the influence biosurfactants
of rhamnolipid nature and biocide
ethylthiosulfanilate on growth (morphometric)
and biochemical parameters of plants, which
characterize the adaptive processes when
growing on contaminated soils.

Materials and Methods

Seeds of field pea (Pisum arvense L.) and
sorghum sudangrass (Sorghum bicolor subsp.
drummondii), and biological preparations —
ethylthiosulfanilate (a synthetic analogue of
garlic phytoncides from the Department of
Technology of Biologically Active Compounds,
Pharmacy and Biotechnology of the Lviv
Polytechnic National University) [9, 10],
and rhamnolipid biocomplex (RBC), which
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is the product of microbial synthesis of the
strain Pseudomonas sp. PS-17 containing
rhamnolipid surfactants and polysaccharide
(4:1) obtained in the Department of Physical
Chemistry of Fossil Fuels of the Litvinenko
Institute of Physical-Organic and Coal
Chemistry of the National Academy of Sciences
of Ukraine) were used in the work [6, 13]. The
work was carried out with artificially spiked
soils with different petroleum content (5%,
8% and 10%) as absolute control with clean
garden soil.

Pre-sowing seed treatment was carried by
the conventional method [14]: the seeds were
soaked for 3 hours in solutions (0.01 g/1) of
RBC and ETS, the control variant was soaked
in water, then planted in containers, each
containing 300 g of soil.

Plants were grown in the laboratory
conditions at 18-20 °C under fluorescent
light (fluorescent lamp spectrum maximum —
0.50-0.66 nm) during 21 days, photoperiod
was 12 hours of light and 12 of darkness.
After that morphometric (weight of
shoot and root, length of the plants)
and biochemical parameters (content of
photosynthetic pigments, hydrogen peroxide,
malondialdehyde) were determined.

Plant photosynthesis pigments were
determined by spectrophotometric method,
extraction of pigments was carried out with
acetone. Absorbance was determined at
662 nm (for chlorophyll a), 644 nm (for
chlorophyll b) and 440.5 nm (for carotenoids)
using the spectrophotometer Shimadzu
UVmini-1240 (Shimadzu Corporation, Japan),
their content was calculated using Holm-
Wettstein formulas[15] in mg/g of wet matter
weight.

Malondialdehyde content in plants
during lipid peroxidation (LPO) was
determined by its interaction with
2-thiobarbituric acid, which resulted in
formation of colored product with maximum
absorption at 532 and 600 nm [16]. MDA
content was expressed in mol/g of wet
matter weight.

The hydrogen peroxide content was
measured by spectrophotometric method in
plant homogenate after centrifugation [17].
1 ml of the supernatant was supplemented
with 8 ml of 0.1% Ti(SO,),, the color
intensity was assessed at 410 nm, H,O0,
content was expressed as mM/g of wet matter
weight. The experiments were performed
in triplicates. Statist and Microsoft Exel
software were used for for statistical data
processing.
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Results and Discussion

To study the influence of ETS and RBC
on plants the artificially spiked soil with
different petroleum content (5%, 8% and
10% ) was used. Such model pollution was
selected according to a range of petroleum
concentrations occurring in the soil at
sites subject to reclamation (including the
territories of petroleum companies in Western
Ukraine).

The optimum concentration of RBC and
ETS solutions by their effect on plants were
identified in previous studies [6, 10].

In the first stage the influence of ETS
and RBC on morphometric parameters of
the growth of plants on soil with different
petroleum concentrations were studied. When
comparing growth parameters of the studied
plants the stimulating effect of the action of
both RBC and ETS was observed, but the best
results were shown for field pea: the mass of
plants which is an integral factor of their
growth and development, increased for shoot
on 39% and for root — on 26% (Fig. 1, A).

Plant dimensions also increased: shoot
length — on 35% in average, the root
length — on 48% (Fig. 1, B).

In experimental variants with sorghum the
increase of morphometric parameters under
the influence of ETS and RBC was observed
(Fig. 2).

As it is seen from the results the
stimulating effect of ETS and RBC for
sorghum was rather lower than for field pea.

The influence of rhamnolipid surfactants
on plants can be explained primarily by their
effect on the permeability of cell membranes,
which helps to improve the absorption of water
and nutrients from the soil. Biosurfactants

may also stimulate the growth of plant cells
by stretching, which was shown earlier in
the biotests on wheat coleoptile cuts [6].
It is known that the effect of increase in
cell stretching and weight is associated
with better water absorption, activation of
membrane enzymes, including H+ATPase
and acid hydrolases [18]. Thiosulfanilates are
highly reactive compounds interacting with
nucleophiles, electrophiles, radicals.

Nucleophilic substitution reactions
occur with an opening of —S-S-bond due
to redistribution of electron density in
thiosulfogroup that determines the direction
of nucleophile attacks [9]. Presumably, ETS
can contribute to the metabolism of RNA and
DNA, which contain amino groups, as well as
metabolism of proteins and amino acids with
disulfide and sulfide fragments, which are
the components of plant cells. This can cause
accelerated cell division affecting enzymatic
processes. The ETS influence on plants is
obviously closely related with its protective
action, participation in redox processes,
contributing to violations of respiratory
system of pathogenic microorganisms.
At that thiosulfanilates have low toxicity
(LD;, = 2000 mg/kg). In our opinion, in
the case of ETS application for pre-sowing
treatment of seeds it doesn’t accumulate in the
soil. It was shown that at low concentrations
ETS can improve seed germination, weight
of seedlings, reduce the number of diseased
plants [10].

Under the influence of RBC and ETS the
content of photosynthetic pigments increased
in both plants (Fig. 3, 4), which are important
indicators of plant metabolism both in normal
and in stress conditions [19, 20].
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Fig. 1. Morphometric parameters of field pea under the influence of rhamnolipid biocomplex and ethylthio-
sulfanilate when growing on petroleum contaminated soil:
A — weight of shoot and root; B — length of shoot and root; C — absolute control — garden soil; * — P > 0.05
if compared with control
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Fig. 2. Morphometric parameters of sorghum under the influence of rhamnolipid biocomplex
and ethylthiosulfanilate when growing on petroleum contaminated soil:
A — weight of shoot and root; B — length of shoot and root; C — absolute control — garden soil; * — P > 0.05
if compared with control

Thus, increase in total chlorophyll a+b content
in field pea under the influence of RBC and ETS
when growing in petroleum contaminated soil
was established: 5% contamination — on 9%
and 5% respectively; 8% contamination —
34% and 27% ; 10% contamination — 14% and
7% if compared to control (Fig. 3), which may
indicate an increase of shade-tolerance of plants.
This is confirmed by the literature data on the
relationship between the total chlorophyll content
in plants and their tolerance to low insolation [19]
and is of great importance for plant adaptation,
particularly in the Western region of Ukraine,
which is characterized by a significant amount of
dark, overcast days.

For sorghum the increase of total
chlorophyll a+b content under the influence
of RBC and ETS was observed: 5%

contamination — on 20% and 10%
respectively; 8% contamination — on 21%
and 7%; 10% contamination — 22% and

16% if compared to control (Fig. 4). The

H:0 mRBC DETS

o
(=]

*

HTnk el anl.

1/12/3/4|1 23|41 ,2/3|4|1 2|3|4
C petroleum 5% | petroleum 8% | petroleum 10 %
Experimental variants

Chlorophyll content, mg/g of
wet weight
o N & O 0

Fig. 3. Content of photosynthetic pigments in field
pea under the influence of rhamnolipid biocom-
plex and ethylthiosulfanilate when growing on

petroleum contaminated soil:
1 — chlorophyll a; 2 — chlorophyll b; 3 — total
chlorophyll content a+b; 4 — carotenoids
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established increase of chlorophyll a+b content
in both plants may indicate the photosynthesis
stimulation, which is probably connected with
improvement of germination conditions caused
by the action of RBC and ETS.

To evaluate the intensity of redox processes
that characterize the negative impact of
environmental factors on plants, the content of
hydrogen peroxide and malondialdehyde were
determined (Table 1, 2).

Thus, it was found that the content of
these indicators in field pea (in the case of seed
treatment with RBC and ETS solutions) has
decreased: hydrogen peroxide — on 23% and
22% respectively, malondialdehyde — on 16%
and 18% respectively compared to control
(Table 2).

The reduction of the studied parameters
was observed in sorghum plants after the
treatment of seeds with RBC and ETS
solutions: hydrogen peroxide content — on 8%
and 10,6%, respectively, malondialdehyde —
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Fig. 4. Content of photosynthetic pigments in sor-
ghum under the influence of rhamnolipid biocom-
plex and ethylthiosulfanilate when growing on
petroleum contaminated soil:

1 — chlorophyll a; 2 — chlorophyll b; 3 — total
chlorophyll content a+b; 4 — carotenoids
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Table 1. Content of MDA and hydrogen peroxide in field pea plants grown on petroleum contaminated soils

Experimental variants

H,0,, mecM/g of wet weight

Malondialdehyde, mcM/g of wet

weight
Control
Control 1.92 +0.06 0.694 = 0.032
Petroleum 5%
Control 2.50 = 0.05 0.909 = 0.029
Rhamnolipid biocomplex 2.37+0.07 0.753 +£0.044
Ethylthiosulfanilate 2.30 =0.01 0.742 = 0.024
Petroleum 8%
Control 3.19 =0.08 1.011 =0.030
Rhamnolipid biocomplex 2.31 +0.10 0.882 = 0.011
Ethylthiosulfanilate 2.48 =0.03 0.844 = 0.010
Petroleum 10%
Control 3.54 = 0.07 1.140 = 0.037
Rhamnolipid biocomplex 2.78 =0.11 0.985 = 0.021
Ethylthiosulfanilate 2.72+0.13 0.993 = 0.013

Note: n = 30; all values are significantly different from control P > 0.05.

Table 2. Content of MDA and hydrogen peroxide in sorghum plants grown on petroleum contaminated soils

Experimental variants |

H,0,5, mcM/g of wet weight

| Malondialdehyde, mcM/g of wet weight

Control
Control | 2.04 = 0.05 | 0.613 = 0.032
Petroleum 5%
Control 2.06 = 0.09 0.839 = 0.056
Rhamnolipid biocomplex 1.91 +0.11 0.753 = 0.047
Ethylthiosulfanilate 1.86 = 0.06 0.704 = 0.035
Petroleum 8%
Control 2.58 =0.15 1.086 = 0.075
Rhamnolipid biocomplex 2.39 =0.06 0.914 = 0.023
Ethylthiosulfanilate 2.34 +=0.05 0.903 = 0.032
Petroleum 10%
Control 3.03 =0.20 1.168 = 0.031
Rhamnolipid biocomplex 2.81 =0.03 1.120 = 0.025
Ethylthiosulfanilate 2.70 = 0.09 1.103 = 0.038

Note: n = 30; all values are significantly different from control P > 0.05.

on 11.83% and 15%, respectively, if compared
to control (Table. 2).

According to the results, when cultivating the
plants in contaminated soil oxidative reactions
were activated (increase of MDA and H,0,),
but after the seed treatment with RBC and ETS
solutions, these parameters were significantly
reduced, which could point to reduction of
the impact of pollution. Since the intensity of
oxidative reactions in field pea has decreased
under the influence of RBC and ETS more than

in sorghum, it can be assumed that field pea has
better adaptive capacity for soil contamination.

Thus, the stimulating influence of RBC
and ETS on the growth of field pea and
sorghum on petroleum contaminated soils
was determined: in field pea the shoot weight
increased on 39%, root weight — on 26%,
shoot length — on 35% and root length — on
48% if compared with control. The content
of photosynthetic pigments increased in field
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pea and sorghum under the influence of RBC
and ETS: chlorophyll a — on 12.8% and 6.6%
respectively, chlorophyll & — on 28.1% and
17.8%, chlorophyll a+b — on 19.5% and 11%,
carotenoids — 8.3% and 6.4% . The decrease of
lipid peroxidation parameters in field pea and
sorghum as a result of RBC and ETS application
was established: the of hydrogen peroxide
content — on 15% and 16% respectively,
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BIIJINB IIOBEPXHEBO-AKTHUBHOI'O
PAMHOJIIIIIAHOI'O BIOKOMIIJIEKCY TA
ETHJTIOCY JIb®AHIJIATY HA POCTOBI
TA BIOXIMIYHI IIOKASHUEKHX POCJINH
HA I'PYHTI, BABPYTHEHOMY HA®TOIO
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MeToio pobGoTu O0yJ0 MOCHiAKEeHHS BILJINBY
paMHOJIMiAHOr0 6i0KOMILIEKCY Ta eTUJITIiOCYIb-
(dauisaTy Ha POCIMHU rOPOXY IOJHOBOTO Ta COPTO
3a BUPOIIYBaHHSA Ha 3a0pyAHeHOMY Ha(TOIO I'PYH-
Ti. HacimHa pociuH mepen mociBoM 00po6asaim
po3umHaMM paMHOJIImigHOTO GiokoMIIeKcy abo
eruartiocyabdaninary (0,01 r/ix) it BupolryBagu
B €EMHOCTAX i3 I'PYHTOM, IIITYYHO 3a0pyIHEHUM
"adroio (5, 81 10% ). Btus pamuoainigaoro 6io-
KOMILJIEKCY Ta eTUJITiocynabhaHiIaTy BU3HAYAIN
3a pocTOBUMH (Maca, JOBKMUHA POCIAUH) i 6ioximiu-
HUMU (BMicT mirMeHTiB (hOTOCUHTERY, IIEPOKCULY
BOJIHIO, MaJIOHOBOT'O JiaJIbAETiAy) IIapaMeTpaMu.

IToxkazaHo cTUMYJIIOBAJIbHUN BIIIMB PAMHOJII-
migHOro 6iOKOMIJIEKCY Ta eTHUJATiOCYIbpaHizaTy
Ha POCTOBi MOKA3HUKU IOPOXY IOJBOBOTO: Maca
marosa nocToBipHo s36inbpmmiaaca Ha 39% , Kope-
HA — Ha 26% nopiBHAHO 3 KOHTpOJIEeM. {15t copro
cIocTepiraBcs AeIo MEeHIIN IPUPICT TOKa3HU-
KiB pocTy. 3a BIJIMBY PAMHOJIMiZHOr0 6i0KOMII-
JeKCcy Ta eTwjaTiocysb(daHisaTy B ropoxy i copro
TaKosK 30i/bIITyBaBCcA BMIiCT IirMeHTiB (DOTOCUH-
Tedy. BecraHoBIeHO, m10 3a Ail paMHOJIIIITHOTO
0i0OKOMILIIEKCY Ta eTUJITiOCYy Ib(PaHijaTy IOKa3HN-
KM OKCHUIATUBHUX PeakIliii pOCJIUH 00 KOHTPO-
JII0 BHUIKYBAJIUCS: BMICT MEPOKCUIY BOAHIO — Y
cepenuboMy Ha 15% i 16% , MmasmoHOBOTO Tianbae-
riny — ua 13,5% 1 16% BigmoBigHOo.

PesynbraTy gocaigikeHHA CBiguaTh, 110 paM-
HOJIiIIi fHMII 010KOMILTIEKC Ta eTUITiocyab(aHigiaT
€ ePeKTUBHUMU CTUMYJIATOPAMU POCTY IOPOXY
IMOJILOBOTO i COPro, a TaKOMK CIPUSIOTh IigBU-
MIEeHHIO aJalTalliiHol 3[aTHOCTI POCJHUH A0 He-
CIPUATIUBUX YMOB. Ile CTBOpPIOE IEePCHEKTUBU
BUKOPUCTAHHA IX AK e(PeKTUBHUX Ta €KOJIOTiYHO
0e3IeuHNX PeUOBUH AJd inTeHcudikamii mporecy
ditopemeniarii 3a0pyIHEeHUX I'PYHTIB.

Knwuosi cnoséa: paMHogimigumit 0ioKOMILIEKC,
eTuaTiocysnbdaHizaT, ropox IOJILOBUI, cOpro,
Hapra.

BJIMAHHUE IIOBEPXHOCTHO-AKRTHBHOI'O
PAMHOJIMITNIHOI'O BUOKOMIIJIERCA 1
ITHIITHOCY JIb®@AHUJIATA HA POCTOBBIE
N BUOXUMHUYECRKRHUE IIORA3SATEJIN
PACTEHHI HA ITOYBE, 3ATPI3SHEHHOM
HE®TBIO
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ITenpio paboThI GBLIO MCCIENOBAHNE BIUAHUSA
PaAMHOJIAIIMAHOrO OMOKOMILIEKCA U 3TUITHOCYIb(da-
HUJIaTa HA PACTEHUS I'OpOXa IIOJIEBOr0 1 COPro IIPHU BbI-
paluBaHuY Ha 3arPASHEHHOI He(pThIo mouBe. CeMeHa
pacreHwuit iepe TOCEBOM 00pabaTHIBAJIN PACTBOPAMU
PaMHOJIUTINAHOTO OMOKOMILIEKCA IV STUITUOCYIh-
daurmmara (0,01 r/i) u BeIpamuBagm B eMKOCTAX C
TPYHTOM, MCKYCCTBEHHO 3arpsisHEHHBIM He(ThIO (9,
81 10% ). BiusHue paMHOIUINIHOTO OMOKOMILIEKCA
U 9TUITHOCYIb(aHUIaTa ONPeesIsaid II0 POCTOBBIM
(Mmacca, JIMHA PacTeHU) 1 OMOXUMUUECKUM (CoAep-
JKaHMe MMUTMEHTOB (DOTOCUHTE3a, IEPOKCUIA BOZOPO-
14, MAJIOHOBOT'O IMAJIbIETHUIA) TapaMeTPaM.

ITorkasano cTumMyJIMpyrOIlee BIUSHNE PAMHO-
JIUTUIHOTO OMOKOMILIEKCA U STUITHUOCYIb(haHU-
JlaTa Ha POCTOBBIE MTOKAa3aTeJ ropoxa II0JeBOro:
Macca mobera JOCTOBEpHO yBeauumaach Ha 39%,
KopHa — Ha 26% 110 cpaBHEHUIO ¢ KOHTpoJeM. [
copro HabI01aJICA HECKOJIBKO MEHBITINH IPUPOCT
mokasareJeii pocra. ITon BausHMeM paMHOJIAIINI-
HOT'0 OMOKOMILIIEKCA U STUJITHOCYIb(haHnIaTa y I'o-
poxa M COpro Tak:ke YBeJIUUYNBAJIOCH COAePIKaHIe
MMUTMEHTOB (poTOCHHTE3a. Y CTAHOBJIEHO, UTO IPU
IefiCTBUY PAMHOJIUIIMIHOTO OMOKOMILIEKCA 1 9TUI-
THOCyAb(aHUIaTa TOKA3aTeJIu OKCUIZATUBHBIX
peakIuii pacTeHHuii II0 CPAaBHEHUIO C KOHTPOJIEM
CHUKAJIUCD: COZlePyKaHe ITePOKCHUAa BOAOPOJa —
B cpenueM Ha 15% u 16% , MaJIoOHOBOTO qUAJIb/IE-
ruga — Ha 13,5% u 16% cooTBeTCTBEHHO.

Pesysbrarte! ncciiejoBaHNA CBUIETEIBCTBYIOT, UTO
PAMHOIUTIMAHBIN OMOKOMILIEKC 1 STUITHOCY TH(DAH-
JIaT OKa3bIBAIOT CTUMYJIMPYIOIIEe IefiCTBIE Ha pacTe-
HUS FOPOXa TI0JIEBOr0 U COPIo, a TAKKe CII0COOCTBYIOT
TIOBBIIIIEHUIO aJATAIIIOHHOM CITOCOOHOCTY PaCTeHU
K HeOJIarONPUATHBIM YCJIOBUAM. ITO CO3IAET MePCIeK-
TUBBI NCIOJIL30BAHUA X KaK 3(D(PEeKTUBHBIX U 9KOJIO-
TUYeCKU 0e30TacHbIX BEIIECTB AJIA MHTeHCU(PUKATIIT
IIPOIIECCOB (PUTOPEMEINAIIN 3AaTPSISHEHHBIX II0YB.

Knrouesvie cnosa: paMHOMUIUAHBIA OHMOKOM-
IJIeKC, BTUJITUOCYJIb(paHUIAT, TOPOX IIOJIEBOM,
copro, He()Th.
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