


[bookmark: _GoBack]Evaluation of the influence of biosurfactants, microbial preparation, sorbents on the adaptive capacity of rye during growth on oil-contaminated soil
Andriy Banya1, Tetyana Pokynbroda1, Nataliia Koretska1, 
Olena Karpenko1, Ihor Bobalo2,  Vira Lubenets2
1. Department of Physical Chemistry of Fossil Fuels of the Institute of Physical-Organic Chemistry and Coal Chemistry named after L. M. Lytvynenko of the National Academy of Sciences of Ukraine, UKRAINE, Lviv, Naukova str., 3a, E-mail: andrewbn199@gmail.com
2. Department of Technology of Biologically Active Substances, Pharmacy and Biotechnology, Lviv Polytechnic National University, UKRAINE, Lviv, Bandera str., 12, E-mail: vlubenets@gmail.com
Abstract. It was found that biosurfactants, microbial preparation, natural sorbents increase content of photosynthetic pigments of rye, when growing on oil-contaminated soils. Thus, developed integrated approach promote increase  plants adaptive capacity, neutralize negative impact of environment. The proposed methodscan be promising for phytoremediation of soils contaminated with oil products and damaged as military operations result. 
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Introduction 
Today, an important environmental problem is increase of technogenic impact caused by the activities of oil enterprises, in particular in proces of production, processing, transportation and storage of oil and oil products [1]. Oil and its derivatives, when released into the environment, adversely affect the water regime, change the physical and chemical properties of soils (leading to the transformation of their humus state, acid-base, redox and cation exchange properties), reduce biological activity, the content of nutrients: nitrogen, phosphorus and potassium, which leads to the suppression of microbiota, vegetation, and reduced soil fertility [2]. Therefore, it is an urgent task to find new ways to neutralise the impact of negative oil pollution on plants, increase their adaptive capacity and protect the environment.
Surface-active products of microbial synthesis – biosurfactants – are promising substances for this purpose [3]. Due to their functional properties (surface, emulsifying activity, effect on the permeability of plant and microbial cell membranes, activity at low concentrations, different pH and temperatures), as well as biodegradability, biosurfactants are advisable to use in modern technologies to increase plant adaptation to oil pollution and restore soil fertility [4–8].
It is known that the impact of oil and oil products changes the number of beneficial soil microorganisms of the main physiological groups, in particular microorganisms of the root zone of plants, which occupy a special place among the natural factors of soil fertility [9]. Hydrocarbon-degrading microorganisms play a crucial role in the processes of soil self-purification from oil and oil products. They can use oil and oil products as a source of carbon, which allows them to influence the destruction of pollutants in the soil [10]. Introduced hydrocarbon-degrading microorganisms have high metabolic activity and oil consumption rate, and are competitive for long-term survival in changing environmental conditions [10]. Most of the known biotechnological treatment methods involve the use of pure and mixed cultures of microorganisms in combination with various substances or methods that stimulate their activity and create optimal conditions for their life [9, 11]. 
In order to accelerate the process of biodegradation (detoxification) of oil pollution and increase the activity of microbial degraders, inorganic, natural organic, organo-mineral and synthetic sorbents are used. They should have high ion exchange and adsorption properties, while being environmentally safe, efficient, and economically feasible [12]. Natural sorbents are used in construction, industry, agriculture, and environmental protection [13]. To clean soils from various contaminants, use ion-exchange resins, clay minerals (glauconite, bentonite), silica, adsorbents modified with aminopolycarboxylic acids, basalt gravel, quartz sand, dolomite, calcium carbonate, manganese oxide (IV), activated carbon, anthracite and others [13, 14]. Particular attention should be paid to clay minerals, which, due to their microporous structure, can absorb and retain large amounts of water and gradually release it [15, 16], which has a positive effect on the preservation of soil moisture for plants. Clay minerals contain physiologically necessary macro- and microelements for plant nutrition. Therefore, clay minerals are also promising complex fertilisers for enriching the soil with nutrients, improving its structure, retaining moisture, stimulating growth and reducing plant diseases [15, 16]. Activated carbon (biochar), which is produced by pyrolysis of plant biomass and woodworking waste, is also used as a component for optimising plant growth [17]. Biochar has a developed porous structure, contains mobile organic matter that is easily biodegradable, improves agronomic and agrochemical properties of soils, increases the yield and quality of agricultural products, and contributes to solving the problem of climate change [18]. Due to its high adsorption capacity, biochar can provide detoxification of inorganic and organic contaminants of various nature.
Results and discussion
In experiments were used: artificially oil-contaminated soils (oil content – 5%), biosurfactants – rhamnolipid biocomplex (RBC) – a product of microbial synthesis of Pseudomonas sp. PS-17 and trehalosolipid surfactants (TL) of Gordonia rubripertincta strain UCM Ac-122, as well as a microbial preparation based on natural hydrocarbon destructors (D) from oil-contaminated areas, natural sorbents – glauconite, bentonite, activated birch charcoal (produced by pyrolysis of birch wood raw materials followed by activation with water vapour at a temperature of 800–950°C and subsequent crushing), calcium peroxide (CaO2) as a source of oxygen for soil and microorganisms, and plants – rye (Secale cereale L.). In different variants of the experiment, CaO2, natural sorbents, and microbial preparation D (50 ml of suspension, 5×106 CFU/cm3 per 1 kg of soil) were pre-applied to the soil, and after 14 days, rye seeds were planted, which were pre-sowing treatment (3 h) in solutions of RBC (0.01 g/dm3), TL (0.05 g/dm3), or H2O (control). After that, we evaluated one of the parameters of plant response to changes in growing conditions and, at the same time, a bioindicator of the state of natural ecosystems, namely the quantitative content of photosynthetic pigments (chlorophylls) and carotenoids – the main photoreceptors of the photosynthetic cell. The content of photosynthetic pigments (chlorophylls) in plants is an important adaptive parameter that characterises the potential capacity of the photosynthetic apparatus, the reaction of plants to stress factors (photooxidative damage in plant chloroplasts) and is closely related to their productivity [19].
The content of photosynthetic pigments (chlorophyll a, chlorophyll b and total carotenoids) in plant material was determined by spectrophotometric method [20]. To isolate photosynthetic pigments from the experimental plants, 96% ethanol was used. The optical density of the obtained extracts was determined at wavelengths of 665, 649, 440.5 nm. The concentration of chlorophylls was calculated using Vernon's formulas, and carotenoids by Wettstein. The results were processed statistically [20].
It was found that the use of biosurfactants, microbial preparation, natural sorbents contribute to the increase of photosynthetic pigments content in sowing rye. The best results in terms of chlorophyll a content were obtained in the variants: TL + glauconite – 48.5%; RBC + D + glauconite + CaO2 – 48.6%; TL + bentonite – 51%; TL + D + glauconite + CaO2 – 51.6%; TL + D + coal – 51.8%; RBC + D + coal + CaO2 – 49.3%; TL + D + coal + CaO2 – 49.8%. compared to the control; in terms of chlorophyll b content: RBC + D + glauconite + CaO2 – 48.8%; TL + D + bentonite + CaO2 – 64.5%; RBC + D + coal + CaO2 – 52.6%; TL + D + coal + CaO2 – 68.6%; by total chlorophyll a+b content: RBC + D + glauconite + CaO2 – 48.7%; TL + D + bentonite + CaO2 – 58.3%; RBC + D + coal + CaO2 – 51%; TL + D + coal + CaO2 – 59.5%; by carotenoids: RBC + bentonite – 48.4%; TL + D + bentonite + CaO2 – 47.1%, respectively.
Conclusion
Thus, the use of biosurfactants, microbial preparation and natural sorbents promotes of increasing of pigments of photosynthes  content in rye plants when growing on oil-contaminated soils. Such integrated approach may be promising for increasing of plants adaptive capacity, neutralizing of environmental conditions negative impact, and increasing of phytoremediation efficiency of soils contaminated with petroleum products and damaged as a result of military operations.
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