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The influence of biosurfactants of trehalose lipid nature (R. erythropolis Au-1) and rhamnolipid nature ( Pseudomonas sp. PS-17) on the
efficiency of the absorption of K* and Ca*" ions and plants growth was studied. The seeds of soybean, wheat and sunflower after the pre-
sowing treatment by the biosurfactants solutions were grown on a liquid nutrient medium. The residual contents of K* and Ca?*
the medium were different for the variants with the biosurfactants and control (water). Based on these parameters, it was possible to

ions in

value the stimulating effect of the biosurfactants on the plants’ ability to absorb mineral elements from the nutrient medium. The plants
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after the pre-treatment by the biosurfactants absorbed on 10-40% (trehalose lipids) and 27-61% (rhamnolipid biosurfactants) K* and
Ca** ions more than control variants. The growth parameters of plants were increased on 17-24% (trehalose lipids) or 39-77%
(rhamnolipid biosurfactants). The experiments with plants (wheat, soya and sunflower) were also conducted in field conditions. The

results showed that the trehalose lipid and rhamnolipid biosurfactants provide an increase in crop yields on 19-23% as well as the yield
quality. The obtained data allowed to suggest a possible mechanism for the influence of surfactants on the plant growth.
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INTRODUCTION

One of the priority tasks of modern biotechnology and agriculture is the creation
of efficient and yet environmentally safe preparations for plants. Among them,
microbial surfactants (biogenic surfactants, biosurfactants) can be promising
agents for the improvement of plant growth due to their unique physico-chemical
and biological properties and high efficiency. Biosurfactants have several
advantages over the surfactants of synthetic origin, since they are biodegradable
and low toxic, which determines their application in environmentally safe
technologies (Pacwa-Plociniczak et al., 2011, Mulligan et al., 2014;
Ramkrishna et al., 2010). The biosurfactants are able to influence the
permeability of cell membranes of plants and microorganisms, the activity of
various enzymes and other biologically active substances (Liang et al., 2010;
Ostroumov, 2005), they can promote plant growth. In addition, they can improve
the absorption of nutrients by roots or delignification of plant residues by
microorganisms (Stacey et al., 2008). This combination of physico-chemical and
biological properties of biosurfactants is very perspective for their use in modern
industries (Mir et al., 2017; Banat et al., 2010; Abdel-Mawgoud et al., 2017).
It is known that biosurfactants can be used in agriculture (Sachdev et al., 2013),
in particular, they may act as plant growth regulators as well as means of plants
protection (with antibacterial or antifungal activities) (Varnier et al., 2009;
Vatsa et al., 2010; Sha et al., 2011).

Our previous studies have shown that trehalose lipids and rhamnolipids
synthesized by the bacteria of genera Rhodococcus and Pseudomonas increase
the permeability of cell membranes of microorganisms (Sotirova et al., 2008;
Koretska et al., 2019). It is one of the reasons that biosurfactants enhance the
action of biocides, phytohormones, etc. It also has been shown that biosurfactants
can be used as effective growth stimulators for plants (Karpenko et al., 2013;
Shcheglova et al., 2015). Based on the above, the aim of the work was to study
the influence of trehalose lipids and rhamnolipids on the ability of plants to
absorb mineral elements and to estimate the biosurfactant influence on the plant
growth and yields of crop production.

MATERIALS AND METHODS
The bacterial strains R. erythropolis Au-1 (Rhodococcus erythropolis UCM Ac-

603) from the Ukrainian collection of microorganisms of D. Zabolotny Institute
of Microbiology and Virology and Pseudomonas sp. PS-17 (Pseudomonas sp.
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IMB B-7434) from Department of Physical Chemistry of Fossil Fuels of L.M.
Litvinenko INPOCCC, National Academy of Sciences of Ukraine were used.
Soybean Ivanka, winter wheat Zolotokolosa, sunflower Chumak were used in
experiments with plants.

The results were statistically processed using Microsoft Excel 2013 software by
the average error method.

Production and isolation of biosurfactants

Cultivation of biosurfactant-producing microorganisms was carried out on a
rotary shaker (WL-2000, JV Electronic, Poland), 220 rpm, 30°C, 5 days in 750
ml Erlenmeyer flasks with 150 ml medium.

Trehalose lipids

Cultivation of R. erythropolis Au-1 was carried out using the following nutrient
medium (g/L: hexadecane — 20.0; NaNO; — 3.0; K;HPO, — 2.0; KH,PO, — 2.0;
yeast extract — 1.0; sodium citrate — 1.0; MgSO,x7H,0 — 0.5 (pH 7,0). Cells were
collected by centrifugation at 6000 rpm for 15 min and then washed with hexan
to remove the residual hexadecane. Surfactants were extracted from cell mass
with chloroform-isopropanol mixture (2:1, vol/vol). The extract was evaporated
under vacuum to constant weight. The main component of isolated surfactants
were trehalose lipids (TLs) (Kretschmer et al., 1982). It was used in form of
0.01, 0.05, 0.10 g/L solutions of TLs in the experiments.

Rhamnolipid biosurfactants

Cultivation of Pseudomonas sp. PS-17 was carried out using the following
nutrient medium (g/L): glycerol — 50.0; NaNOs — 4.0; K;HPO,4 — 2.0; KH,PO, —
1.2; MgSO4x7H,0 — 0.5; sodium citrate — 5.0; yeast extract — 1.0 (pH 7,0).

Cells were separated by centrifugation at 6000 rpm for 15 min and a cell-free
culture liquid (CLS) was obtained. Rhamnolipid biocomplex (RBC) was
precipitated from CLS by acidification to pH 3-4 with HCI while keeping the
mixture at 4°C for 3 hours (Mixich et al., 1997). RBC contained rhamnolipids
and polysaccharide in ratio 4:1 (Patent of Ukraine, 2004). The following
rhamnolipid containing products were used in the experiments: 0.01 g/L RBC
solution and 1:200 diluted CLS of Pseudomonas sp. PS-17.
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Influence of biosurfactants on absorption of K' and Ca* ions and
morphometric parameters of the seedlings

The residual content of K* and Ca* ions in the plant growth medium was
estimated. For this purpose, the seeds of wheat and soybean were soaked for 3
hours in TLs solutions (0.01, 0.05, 0.10 g/L), and sunflower seeds — in 0.01 g/L
RBC solution or 1:200 diluted CLS, control was soaked in distilled water. Then,
the seeds were germinated on the moist filter paper according to the standard
method (DSTU 4138-2002, 2003). After 7 days sprouts were placed in containers
(V=0.5 L, by 10 sprouts) with Hellriegel liquid medium (g/L): Ca (NO3), —
0.492; FeCl; x 6H,0 — 0.025; KCI — 0.075; KH,PO, — 0.136; MgSO,*x7H,0 —
0.123 (Grodzinsky & Grodzinsky, 1973). The residual contents of K* and Ca?*
ions in the nutrient medium were measured on a flame photometer PFM-30MZ
(USSR) after 48, 96, 240 hours of the experiment. The solutions of CaCO; (0.5

Concentration Ca2+, mg /mL

g/L) and KCI (0.5 g/L) were used as standards. The amount of mineral elements 0 T T !
absorbed by the plants was estimated as the difference between the initial and 0 48 9% 240
residual ions content in growth medium. Duration of the experiment, hour

e=pmm Control wheat = \\/heat+TLs

After the determination of the ions absorption by plants the morphometric Control soybean Soybean+TLs

parameters of the seedlings were estimated: mass and length of roots and shoots.
All variants of experiment were carried out in triplicates (Lakin, 1990). 0,08

Effect of biosurfactants on plants in field experiments

The influence of biosurfactants on plant growth in field conditions was studied.
For this purpose, the soybean and winter wheat seeds were soaked for 3 hours in
0.05 g/L TLs solution; sunflower — in 0.01 g/L RBC solution or 1:200 diluted
CLS, control — in distilled water. The treated seeds were sown in open ground on
10 m? plots. Wheat grew for 10 months, soybean — 4 months, sunflower — 3
months (Trybel et al., 2001, Dospehov, 1985). The experiment was carried out

Concentration K+, mg/mL

in tetraplicates, the harvest was determined from each plot in grams per m?. 0,02

The qualitative characteristics of the harvest were determined: mass of 1000

seeds (DSTU ISO 520:2015, 2016), content of protein — using Kjeldahl method

(GOST 13496.4-93, 2011), content of lipids — by according to GOST 10857-64 0 T T |
(2010). 0 48 96 240

Duration of the experiment, hour
RESULTS

@mgun CONtrol e Sunflower+RBC sy Sunflower+CLS
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Effect of biosurfactants on absorption of K* and Ca* ions and on growth of
the seedlings

The effect of trehalose lipid and rhamnolipid biosurfactants on the efficiency of
absorption of K* and Ca?" ions by seedlings have been studied. The residual
content of K* and Ca?" ions in the plant growing medium was analyzed. It
allowed to determine the amount of ions that were absorbed by seedlings. The
results showed that plants after pre-sowing treatment by biosurfactants absorbed
on 10-61% K*i Ca®" ions more than control (Fig.1).

In particular, RBC (0.01 g/L) and CLS (1:200) had the same influence: for
sunflower absorption of K*i Ca® ions increased by 27-61% if compared with
control and depended on the ion nature and the exposure duration (Fig.1).

At the same time, TLs solutions promoted to somewhat lower absorption of K*

Concentration Ca2+, mg/mL

and Ca*" ions than rhamnolipid surfactants: for soybean results were on 10-40% 0 T T )
higher than control, for wheat — on 16-36% (Fig.1). 0 48 96 240
Duration of the experiment, hour
0,08

=g Control e Sunflower+RBC === Sunflower+CLS

Figure 1 The residual contents of ions in the plant growing medium. Seeds of
0,06 plants were pre-treated with the surfactants: RBC — rhamnolipid biocomplex
(0.01 g/L), CLS — cell-free culture liquid of Pseudomonas sp. PS-17 (dilution
1:200), TLs — trehalose lipids (0.05 g/L.

0,04 -
The influence of various TL concentrations on absorption K* and Ca*" ions by
plants was studied as well (Fig. 2). The results showed that the effect of all TL
0,02 concentrations on the absorption of Ca* ions differed slightly: absorption
increased for wheat seedlings on 11-18%, and for soybean — on 32-36%
compared with the control. The influence of 0.05-0.1 g/L TLs on K* absorption
0 by soybean was on 40% higher than control, and 0.01 g/L TLs — only on 8%. For

0 48 96 240 wheat, the 0.05 g/L TL solution promoted the increase of the absorption of K

Concentration K+, mg/mL

ions on 32% compared with the control, whereas for 0.01 g/L and 0.1 g/L TL
Duration of the experiment, hour solutions — on only 7-10%. Thus, the obtained data allowed us to assert that the
g Control wheat Tl \\/heat+TLs influence of TLs on plants was highest at 0.05 g/L, therefore, this concentration

Control soybean Xeme Soybean +TLs was used in field experiments with plants.
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Figure 2 The residual content of ions in the plant growing medium after 240
hours. Seeds of plants were treated with TLs — trehalose lipids.

The influence of the biosurfactants on length and mass of roots and shoots of the
seedlings of wheat, soybean and sunflower, which were used in previous
experiment, was evaluated. The results showed that pre-sowing treatment of
seeds by the biosurfactant solutions contributed to the improvement of plants
morphometric indices (Fig. 3).

Table 1 The influence of the biosurfactants on yield and its quality
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Figure 3 The influence of biosurfactants on morphometric indices of the
seedlings. Seeds of plants were pre-treated with TLs — trehalose lipids (0.05 g/L),
RBC — rhamnolipid biocomplex (0.01 g/L ), CLS — cell-free culture liquid of
Pseudomonas sp. PS-17 (dilution 1:200).

Pre-sowing treatment of sunflower seeds by rhamnolipid surfactants contributed
to increase growth parameters by 39-77%, and for wheat and soybean by
trehalose lipids — on 17-24% if compared with the control. At the same time, the
effect of RBC (0.01 g/L) and CLS (1: 200) on plant growth didn’t differ
significantly. Based on the obtained data, it was assumed that biosurfactants
should improve plant growth.

Influence of biosurfactants on plants in field experiments

The effect of biosurfactants on plant growth has been also determined in field
conditions. It was shown that pre-sowing treatment of seeds with TLs (0.05 g/L),
RBC (0.01 g/L) or CLS (dilution 1:200) of Pseudomonas sp. PS-17 positively
effects both the plant growth and the yield (Table 1). In particular, the use of
rhamnolipid surfactants contributed to the increase the weight of 1000 seeds on
32.7-35.2% and the sunflower yield— on 23% compared with the control. The
results showed that the qualitative indicators of the sunflower yield were
significantly improved: the content of fats in the seeds increased on 17.2-20.2%
compared to the control, and the protein content — on 10.0-11.6% (Table 1).

d Variants of seed Weight of 1000 Fat content in Protein content Yield

treatment seeds, g seeds, % in seeds, % g/m? %
Soybean Water (Control) 139.9+5.1 - - 145.0+£7.2 100.0
TLs 0.05 g/L 152.6+6.0 - - 172.3+8.6 118.8
Wheat Water (Control) 46.5+1.1 - - 285.2+12.3 100.0
TLs 0.05 g/L 48.5+£1.2 - - 347.9£15.5 121.9
Water (Control) 60.1£3.0 36.5 12.9 390.0+15.3 100.0
Sunflower RBC 0.01 g/L 81.3+3.4 42.8 144 453.0+19.4 116.2
CLS 1:200 79.8+3.2 43.9 14.2 481.0+20.1 123.1

Legend: TLs — trehalose lipids (0.05 g/L), RBC — rhamnolipid biocomplex (0.01 g/L), CLS — cell-free culture liquid of Pseudomonas sp. PS-17

(dilution 1:200).

The use of TLs practically didn’t effect the mass of 1000 seeds, but the yield
increased on 19% (for soybean) and on 22% (for wheat) compared to the control
(Table 1).

DISCUSSION

The results shows that trehalose lipid and rhamnolipid surfactants have the ability
to stimulate the growth of wheat, soybean and sunflower. The obtained data
allow us to conclude that pre-sowing treatment of seeds with biosurfactants
solutions promotes to increase plant growth parameters, yield, and its quality (as
evidenced by the fat and protein contents in the collected sunflower seeds). These
results are consistent with the literary data, in particular Sachdev &Cameotra

(2013) reported that biosurfactants promote increasing of nutrient availability,
uptake and efficient distribution in the soil, thus plant growth. Biosurfactants can
protect plants against toxic substances of soil and phytopathogens. Singh et al.
(2018) consider the potential role of biosurfactants in plant growth promotion as
well as other biosurfactants applications related to improving the effectiveness of
agricultural soils.

In our opinion, possible explanation of the stimulative action of biosurfactants on
plants growth is their effects on the cell membranes. The experimental results
showed that the pre-sowing treatment of seeds with biosurfactants solutions
promotes the increase of the absorption of K* and Ca*" ions by the seedlings. It
can be explained by the ability of biosurfactants to increase bioavailability of
exogenous compounds for plants via changing the permeability of cell
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membranes (Sotirova et al., 2009; Sotirova et al. 2012). According to the
obtained results, it can be concluded that the stimulating effect of biosurfactants
on plants can be associated with an increase in the permeability of cell
membranes for nutrients. This assumption is supported by published data on the
possibility of the formation of stable supramolecular complexes of membrane
phospholipids with rhamnolipids (Pashynska et al., 2010). In our opinion, the
formation of such complexes is associated with a change in the permeability of
cell membranes, which occurs under the influence of biosurfactants in low
concentrations. The result of this interaction is the long-term effect of
biosurfactants on the growth of the root and shoot mass of plants. The surfactants
can effect on cells due to formation of supramolecular complexes with
membrane-bound enzymes (ATP-ase and phospholipase) (Sandstrom &
Cleland, 1989; Shumilina et al., 1998). The obtained results are also consistent
with the reports that surfactants increase the bioavailability of various nutrients
and water, contribute to the wetting of the soil and the distribution of nutrients in
the soil as well as the absorption of nutrients by plants (Khadydja et al., 2016).
Biosurfactants also have the ability to change the properties of the roots surface
(D’aes et al., 2010).

Interesting results are that RBC and CLS have an equal effect on the uptake of K*
and Ca®" ions by plants, but the yield of sunflower seeds (field experiment) was
on 7% higher for CLS than the use of RBC. It is possible that other biologically
active substances of the culture liquid of bacteria, in particular phytohormones,
siderophores can effect on the plant growth (Tistechok et al., 2019).

The research allowed the determination of one of the possible mechanisms of the
effect of the biosurfactants on plant growth (via the pre-sowing seed treatment).
Thus, the experimental results and literature data indicate the prospects of the
application of biosurfactants in the environmentally safe agricultural
technologies.

CONCLUSION

The results of the work have shown that use of trehalose lipid and rhamnolipid
biosurfactants for pre-sowing seed treatment allowed to inclease the yield on 16-
23% if compared with the control. In our opinion, the improved absorption of
mineral elements by plants may explain the stimulating effect of the
biosurfactants on plants growth. Therefore, biosurfactants can be used for
reducing of amount of mineral fertilizers that are introduced into soil. It’s very
important result for application of new effective and environmentally friendly
preparations in agriculture. The obtained results indicate the prospects of
application of biosurfactants as efficient and environmentally friendly substances
for stimulation of plants growth in modern crop technologies. The development
of this promising direction requires further practical research.
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