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Abstract

:

The research was conducted between 2014 and 2016 at the Agricultural Experimental Station of the University of Environmental and Life Sciences in Wrocław. In the experiment, Poa pratensis and Lolium perenne in pure stand and in mixtures were used as Factor A. Two substances that stimulate grass growth and development constituted Factor B. The first was a biostimulant produced from brown algae (Phaeophyceae), containing various essential chemical compounds including amino acids, vitamins, alginic acid, microelements, and other unexplored biologically active components. The other was water treated with low-pressure glow plasma (LPGP). The seeds were sown in well-mixed light, alluvial loamy sand soil. During three growing seasons, a 9-point scale was used to evaluate grass density, leaf fineness, susceptibility to disease, and lawn overwintering. The lawns were mown every 14 days at a height of 4 cm. The substances with a stimulating effect significantly affected lawn grass features, including turf density and overwintering. Additionally, the biostimulant and plasma water reduced the incidence of fungal diseases. Better transport of water in plants after its low-pressure glow plasma treatment may be due to the effect of its declustered structure, its higher oxygen concentration, and its better solubility of the biostimulant.
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1. Introduction


Low biomass production, slow growth rate, and high aesthetic value during intensive shoot formation are the basic features of lawn grass [1]. Application of biological stimulants improves turf visual value and grass overall condition, reducing negative effects of stress factors [2,3,4,5]. Products containing humic substances and-silicon and amino acids have been used successfully to improve plant growth and development. Calvo et al. [6] point out that biostimulants improve the natural immunity of plants under stress and activate their positive genetic potential. According to other authors, a wide range of such products increase plant nutrient uptake and tolerance to abiotic stress [7]. Posmyk and Szafrańska [8] provide a list of hormones that can modify the natural development of plants.



Du Jardin [7] defines biostimulants as substances or microorganisms applied to plants to improve nutrient efficiency and tolerance to abiotic stress. Regulation (EU) 2019/1009 of the European Parliament and of the Council (EC) defines biostimulant as “a product stimulating plant nutrition processes independently of the product’s nutrient content with the aim of improving one or more of the following characteristics of the plant or the plant rhizosphere: (1) nutrient use efficiency, (2) tolerance to abiotic stress, (3) quality traits, or (4) availability of confined nutrients in the soil or rhizosphere”. This definition was adopted by the European Biostimulation Industry Cuncil (EBIC). Apart from improving the efficiency of traditional fertilizes, biostimulants can become an alternative to the synthetic chemicals used in plant protection. In Europe, they are used on more than 4 million hectares, but some sources determine the area of crops treated with biostimulants as more than 6 million hectares [6]. Caradonia et al. (2018) point out that the assessment of plant biostimulants should be harmonized as far as possible, to avoid fragmentation and ensure a level, reliable football pitch. It is essential that a common market for these substances should be created [9].



According to Beaudreau [10], the use of biostimulants will increase due to their potential. An important study on the role of biostimulants in the plant world was published by Yakhin et al. [11]. According to Du Jardin [7], biostimulants positively affect plant metabolism with physiological, biochemical, and hormonal processes. Providing they are not used in high doses, they are environmentally friendly [11,12]. Chojnacka [13] considers biostimulants to be innovative bioproducts used against abiotic stress and harmful biopesticides, while Hamza and Shuger [14], Torre et al. [15], and Halpern et al. [12] argue that the mechanisms of their action proves that they should not be included in the group of pesticides or fertilizers. Bulgari et al. [16] point out that biostimulants contain bioactive compounds of humus substances and have a synergistic effect that triggers the physiological responses of plants. Rose et al. [17] highlight a lack of recent research and information on the organic structure of the humic acids applied to crops. Those acids are also naturally present in the soil, together with fulvic and humin acids [7,18]. Humic acids are the main and most active component of humic substances [19]. They are obtained from a variety of sources and are currently used in many lawn treatment products [2,20].



Analyzing the effects of biostimulants on lawn quality, Mueller et al. [21] confirmed their positive effects on grass color and density. The authors related positive effect of biostimulants on bentgrass visual quality, despite summer stress, to decreasing areas of localized dry spots (LDSs). The surfactant properties of biostimulants seemed to play a major role in improving turf appearance. This did not exclude the fact that seaweed extracts and humic acids in biostimulants might have improved grass tolerance to heat stress after LDSs had been formed. Thus, LDS area reduction increased turfgrass visual quality.



Daneshvar et al. [22] attribute improvements of ryegrass characteristics to the impact of exogenous plant hormones. The authors suggest that humic acid (HA) foliar application might have enhanced ryegrass root development and the uptake of some nutrients, possibly leading to improved drought resistance. They conclude that humic acid may play an important role in increasing plant growth. However, further research may be needed to obtain more information about its mechanism and impact on grass and to determine the optimal concentration for improving turf growth and quality.



Other studies have clearly demonstrated that application of exogenous biostimulant had a positive effect on pigment characteristics in grapes. An increase in anthocyanin content was associated with increased levels of expression of genes in the anthocyanin biosynthesis pathway and with increased enzyme activities [23].



The development of nanotechnology makes it possible to produce biotechnological materials with different physicochemical and biological properties [24]. However, there is a threat arising from their application [25]. With the development of nanotechnology, there is a problem of health risk resulting from incomplete knowledge of the negative effects of substances containing nanoparticles on living organisms [26]. Specific nanostructures can be obtained by mechanical, chemical, or biological synthesis and by inducing self-organization of atoms and molecules in treated materials. One of the effects of these processes is nanotechnology structured water, which in turn, in a technological process, can be declustered (HxOx) by destroying complex clusters of molecules [27]. In 2009, a patent was claimed [28] for equipment to treat water with low-pressure glow plasma (LPGP). LPGP appeared specific because in contrast to other kinds of plasma, [29,30,31,32,33,34], it could not break valence bonds. Thus, it could not cause any chemical reaction. Therefore, the treatment of water with LPGP in at mospheric conditions [35] as well as under molecular oxygen [36] did not create singlet oxygen atoms, hydrogen peroxide, or ozone. Following the invention of LPGP and a generator suitable for treatment of water [37,38], a number of papers were published. They dealt with specific physical and physicochemical properties of water treated with LPGP in atmospheric conditions (LPGPA) [35], but also under oxygen-free nitrogen (LPGPN) [38], ammonia (LPGPAM) [39], methane (LPGPM) [40], carbon dioxide (LPGPC) [34], and molecular oxygen (LPGPO) [38].



In every case, the organized macrostructure of water disintegrates and smaller structural (H2O2)n units are generated. They quickly return to their original macrostructure if the LPGP treated water does not contain dissolved gases mentioned above. During the treatment, oxygen molecules dissolved in water undergo excitation from their ground triplet state into a short living singlet state. Excited molecules provoke building aqueous clathrates hosting excited singlet molecules. Under basic and neutral conditions such clathrates are stable for several months. Aqueous clathrates hosting excited nitrogen molecules and ammonia are also known. In the case of the LPGP treatment of water in the presence of methane, carbon dioxide, and molecular oxygen, corresponding macrostructures are formed that incorporate these gaseous molecules into niches [39,40].



Tested in many experiments, functional properties of plasma treated water could be of use in agriculture, and-various branches of industry as well as in the prevention and treatment of human and animal diseases. LPGPA stimulate reproduction and pathogenicity of entomopathogenic fungi employed as biopesticides [41]. Similarly, fermentative microorganisms are stimulated by LPGPA, providing quality improvement of brewery barley and malt [42]. Murawski et al. [43] and Szymanowicz et al. [44] demonstrated successful application of LPGPA in animal breeding. Ram and boar semen preserved in plasma treated water provided more efficient insemination. Watering herbs with LPGP treated kinds of water significantly influenced the yield and composition of essential oils, as demonstrated in the case of peppermint [45], lavender [46], basil [47], and Greek oregano.



This study was undertaken to test the hypothesis that the use of a biostimulant based on seaweed extracts and plasma water can improve not only turf density, leaf fineness and grass susceptibility to diseases, but also winter survival.



The aim of the research was to assess the impact of a biostimulant, the basic component of a commercial product (Bio-Algeen S90), plasma water, and mineral fertilizers on the density, leaf fineness, overwintering, and susceptibility to disease of grass grown on light soil. Both the biostimulant and plasma water used in the experiment were natural and not harmful to the environment, while the latter was an innovative product in Europe.




2. Materials and Methods


In spring 2014 in the Agricultural Experimental Station of the Wrocław University of Environmental and Life Sciences, a two-factor split-plot experiment with four replications was founded on micro plots of 1 m2 (1 m × 1 m). Mixtures of P. pratensis (var. Niweta [48] and Liberlin (everris.co)) and of L. perenne (var. Info [49] and Libronco [50]) were planted with a seeding rate of 250 kg·ha−1. The seeds were sown at a depth of 1 cm into well mixed light, alluvial loamy sand soil. Grass mixtures constituted Factor A, while Factor B was grass treatments (Table 1).



During the growing season, three doses of slow-release mineral fertilizer were used. The Professional Spring-Summer fertilizer (an NPK ratio of 17-6-11 +MgO+S+B) was used for the first time in April, then in June, while Professional Autumn was applied at the end of September (an NPK ratio of 5-10-25 +S+Ca+Fe+B). Total amounts of minerals applied during the growing season were (kg·ha−1): N—96.5; P—55; K—118; Mg—6; S—87.5; B—10.5; Ca—25; Fe—1.2 (Table 2).



Spring-Summer Professional and Autumn-Professional autumn are fertilizers (Hortnas Ltd., Góra, Poland) containing nitrogen mainly in slow-release forms: ammonium and, partially, amide. Spring-Summer Professional contains 13.5% NH4-N ammonium nitrogen and 3.5% amide nitrogen ((NH2)CO2)-N, while Autumn Professional contains 4.0% and 1.0%, respectively. This makes the risk of nitrogen loss due to the leaching of mobile NO3 ions negligible. The prolonged transition of nitrogen into plant-absorbable forms makes this fertilizer ideal for treatment of grass, with its highest uptake of nutrients in later months.



Selected plots were irrigated with plasma water (50,000 L per ha) immediately after sowing. The biostimulant was applied as a spray at a dose of 1 L·ha−1 in 300 L of water, three times each year (spring, summer, autumn). In 2014, the biostimulant and plasma water were not applied until the summer, when the turf was fully developed.



Plasma water was also used three times during the growing season as a spray, in a volume corresponding to the volume of the spraying liquid applied with the biostimulant dose. On selected plots a combination of the biostimulant with plasma water was applied. The control plots were not treated.



2.1. Biostimulants


Bio-Algeen S90 is a natural extract from Ascophyllum nodosum algae. It is obtained using special extraction methods to preserve the physicochemical properties of the seaweed, supporting and accelerating natural processes instead of damaging or inhibiting them. The algae are collected by boats cutting them off from the sea bed in such a way as to ensure the growth of mother plants. On the same day, they are dried with geothermal heat and then ground. The described method guarantees that the cellular components of the sea algae will not be damaged by overheating or natural decomposition and will keep their quality. This makes an important condition for the quality of its products. The beneficial effects of seaweed and sea algae extracts have been known for a long time. However, the extensive application of natural extracts from brown algae (one of the oldest plants on earth) started 10 years ago. Bio-Algeen S90 is produced by the German company Schulze & Hermsen GmbH. Used in the experiment, it is a product with wide applications. Obtained from brown algae, it contains about 90 groups of chemical compounds, including amino acids, vitamins, alginic acid and other unexplored biologically active compounds. Alginic acid (Figure 1) is a block copolymer consisting of D-mannuronic and L-guluronic acids with β-(1,4)-glycosidic bonds. The most important elements present in the product are: nitrogen—0.02%; phosphorus—0.006%; potassium—0.096%; calcium—0.31%; magnesium—0.021%, boron—16 mg kg−1; iron—6.3 mg kg−1; copper—0.2 mg kg−1; manganese—0.6 mg kg−1; and zinc—1.0 mg kg−1. In addition, it contains molybdenum and selenium.




2.2. Plasma Water (LPGP Treatment)


Tap water was treated with low temperature plasma [51] for 30 min. Plasma of 38 °C was generated at 5 × 10−3 mbar, 600 V, 50 mA, and 10 KHz frequency. Plasma water was stored at room temperature in a closed container. Samples of tap water and LPGP-treated water were evaluated by UV-VIS spectroscopy. Spectra were recorded using a Shimadzu 2101 spectrophotometer in the range of 200–800 nm in 10 mL quartz cuvettes. FTIR spectra were recorded over a scan range of 4000–700 cm−1, using a Mattson 3000 FT-IR spectrophotometer (Madison, WI, USA) equipped with a 30 SPEC—30 degree specular reflectance accessory and MIRacle ATR accessory produced by PIKE Technologies Inc. (Madison, WI, USA). Conductivity was measured at 25 °C with an Elmetron CPC-505 equipped with an Elmetron EC-60 sensor. Surface tension was determined with the Du Nouy ring method using a STA-1 tensiometer. The results were in line with those provided by Bialopiotrowicz et al. [35].



The schedule of pratotechnical procedures was moderately intensive. The first mowing at 6 cm was carried out when the grass was 8 cm tall, the next at 5 cm, and all others at 4 cm.




2.3. Weather Conditions


Wrocław is located in a lowland area surrounded by the Trzebnickie Hills, with the Sudeten Foothills in the south. With 167 days of precipitation per year, the 1993–2013 multiannual average annual rainfall was 596 mm. The average rainfall during the experimental period (2014–2016) of 554 mm per year was lower than the multiannual (Table 3). The average annual air temperature in Wrocław for the 1993–2013 period was 9.3 °C, but during the experiment (2014–2016) it was higher, with 10.5 °C. The greatest variability in air temperature was in winter months, but in the summer it was lower.




2.4. Soil Granulometric Composition


The experiment was established on alluvial loamy sand soil. The share of the sand fraction prevailed, with particles of 0.25–0.1 mm diameter representing about 60% of its amount (Table 4).




2.5. Soil Chemical Properties


The chemical properties of the soil were determined each year, with samples collected from topsoil up to 0.15 m deep. Soil pH was determined with a potentiometer in 1 moldm–3 KCl solution; total nitrogen was determined with the Kjeldahl method; available phosphorus with the Egner-Riehm method; available potassium with flame photometry; organic carbon with elemental analysis; available magnesium with spectrophotometric determination by titan yellow and iron with atomic absorption spectrometry (AAS).



It was observed that the content of available forms of phosphorus and potassium in the soil varied throughout the experiment and was the highest in the last year of the research. The average content of available phosphorus was high, with low amounts of potassium and nitrogen. The average content of available forms of magnesium in the soil was very high and iron was moderate, while soil humus content was low. Soil pH was alkaline, but its value decreased in subsequent years (Table 5).




2.6. Visual Assessment of Turf Functional Value


The assessment of the functional value of sports turf was carried out in accordance with the COBORU methodology [1]. Visual assessment of grass features with a 9-point scale was performed three times during the growing season (spring, summer, autumn). The following characteristics were assessed: density, susceptibility to disease, leaf fineness, and overwintering. To assess turf density with a 9-point scale the following criteria were used: 1—bad, with 0–5% grass coverage; 2—bad to weak, with 6–15% coverage; 3—weak, with 16–25% coverage; 4—weak to sufficient, with 26–40% coverage; 5—sufficient, with 41–60% coverage; 6—sufficient to good, with 61–75% coverage; 7—good, with 76–85% coverage; 8—good to very good, with 86–95% coverage; 9—very good, with 96–100% coverage.




2.7. Statistical Analysis


Firstly, the normality of distribution of the traits was tested using the Shapiro-Wilk normality test. Non-normal traits were transformed using the power (Box-Cox) transformation with lambda (λ) parameter at interval from −2 to 2. Having the variables transformed and normally distributed, it was assumed that the data followed the multivariate normal distribution. Two-way analysis of variance (ANOVA) was applied to determine the grass mixture and NPK fertilizer effects as well as grass mixtures and NPK fertilizer interaction effects on the observed traits. To analyze differences between variables, post-hoc tests were applied, comparing multiple group means at α = 0.05 [52].





3. Results


3.1. Density


Analysis of variance indicated that the main effects of grass mixtures and NPK fertilizers, as well as the interaction between grass mixtures and NPK fertilizers, were statistically significant for all the traits.



Turf density ratings varied throughout the research years, but seasonal changes in the same growing period were also recorded (Figure 2 and Figure 3). For two years (2014 and 2015), the parameter was rated as good or very good. A significant reduction in surface coverage was noted in 2016, with sufficient and good ratings. Across annual seasons, the highest value was recorded in the autumn (good and very good), which significantly differed from the assessment made in the spring and summer (good). During the 2014 and 2016 periods, the degree of turf density varied depending on the season. In the first year, it was at a high level in all three seasons, with the highest value in the autumn. It was also high in the second year (2015), but it decreased significantly in 2016, when it was rated as sufficient in the spring and summer and good in autumn. Throughout the experiment, ratings differed depending not only on annual seasons but also on treatment.



The treatments used in the studies affected lawn density (Figure 3). On the control plot (B1), it differed from the density of the lawns with treatment applied. Rated as sufficient, control grass produced poor-quality turf. In the case of lawns with treatment combinations (Mixtures B2–B5), the density parameter was at a similar but high level. In 2016, the most difficult weather conditions for grass growth were recorded. During that growing season, density on plots with Factor B5 (NPK fertilizers + biostimulant + plasma water) decreased, while on those with plasma water and mineral fertilizers it remained favourable.



The highest degree of density was assigned to lawns with the dominance of L. perenne in mixture composition (Mixtures A1–A2) as well as to the two-species turf with L. perenne and P. pratensis (A3). The bluegrass mixture (A5) was of the lowest density. The varied composition of lawn mixtures differentiated density (Figure 2). Difference between the scores assigned to different mixtures were statistically significant in the first year of research. In the same year the highest value of density was for ryegrass mixtures (A1–A3), with ratings reaching 9. Lower density was assigned to Mixture A5 with bluegrass varieties. On average, bluegrass and ryegrass two-species mixtures were rated lower than single-species ones.




3.2. Susceptibility to Disease


During the research, grass health was at a very high level, but there were slight symptoms of plant infection by pathogens, determined as small to very small (Figure 4 and Figure 5). Susceptibility to disease was low, indicating only some signs of infection in the spring and autumn of 2014 and 2016, with no recording of grass disease in the summer.



In the first year there were traces of plant infection by crown rust (Puccinia spp.) in the autumn, but with low susceptibility of grass mixtures to the pathogen, they rated, on average, above 8 (Figure 4). In 2016, statistically significant differences in susceptibility to disease between annual seasons were noted, with clear symptoms of snow mould (Microdochium nivale) recorded in the spring. The susceptibility of grass mixtures to disease varied. Snow mold (Microdochium nivale), observed in 2016, affected single-species bluegrass and perennial ryegrass, both in pure stand, but also two-species mixtures with bluegrass and perennial ryegrass. In 2014, single-species turf with bluegrass varieties and the control lawn (B1) were most affected by crown rust. Bluegrass turf (A5) was affected the strongest and was, assigned lower ratings than other mixtures. Snow mould intensity in spring 2016 did not vary across treatments.



Compared to others, lawns treated with plasma water (B3) and biostimulant (B4–B5) were in the best condition (Figure 5). In the first year susceptibility to disease was dependent on the treatment. Control turf on which no treatment was used (B1) exhibited reduced resistance to disease. The highest resistance to infection was noted for mixtures treated with plasma water, and was slightly lower for turf treated with the biostimulant.




3.3. Leaf Fineness


Grass leaf fineness ratings varied across the years of research and annual seasons (Figure 6). The average value of this parameter was at a high level, with grass producing delicate long leaves. Throughout the experiment, leaf fineness was assigned high scores during summer assessment. In 2014, the autumn assessment was more favourable than the spring assessment, while the most favorable value was recorded in the summer. In 2016, all three ratings across three seasons differed statistically. In autumn 2016, leaf fineness ratings reached the lowest level.



Throughout the research leaves were the most narrow in the second year (2015). The width of the leaf blade varied throughout the experiment. Leaf width varied across grass mixtures (Figure 6), and bluegrass (A5) produced the widest leaves. It was assessed as being significantly lower, but produced leaf blades of considerable fineness. Leaf fineness also varied across grass mixtures in 2014 and 2016, but there were no clear differences between the seasons of 2015. However, regarding the whole growing season of 2015, significant differences were noted between the mixtures, with the most favorable leaf fineness noted for the one with two species: bluegrass and perennial ryegrass. Bluegrass in pure stand (A5) was rated lower than two-species mixtures.



Treatment lowered ratings slightly, with the turf on the control plot (B1) assessed the most favorably. Mineral fertilizers decreased leaf fineness as well, but plasma water and biostimulant applied on their own and together positively affected the formation of highly rated leaves. In all three seasons, leaf fineness of control lawns (Factor B1) was rated high (Figure 7). In the last year (2016), out of three kinds of treatment, only the biostimulant affected leaf fineness (B4).




3.4. Overwintering


The degree of grass winter survival varied across subsequent years of research. The most favourable value was recorded in 2014, with overwintering assessed as very good (Figure 8 and Figure 9). In 2015 and 2016, the values decreased, with satisfactory or good ratings. Significant differences were recorded between the winter survival of untreated control turf (B1) and lawns where treatment was applied. A low overwintering score of the control lawn (B1) indicated that treatment of plants positively affected their winter survival. Furthermore, statistically significant differences in overwintering ratings between different forms of treatment were recorded. In the second and third years, plots treated with mineral fertilizers were rated 2–3 points higher than control turf. The two other substances applied to grass also had a positive effect on lawn overwintering.



In 2015 and 2016, overwintering ratings of lawns with different varieties of the same species were at a similar level (Figure 8). When interpreting the results presented graphically, slight differences were observed across mixtures. In the third year (2017), the bluegrass mixture (A5) was in a significantly worse condition after winter than the others. Overwintering of the turf was also dependent on its species composition, with the lowest overwintering ratings assigned to single-species mixtures. Statistically significant differences between grass mixtures in their overwintering assessment were recorded in 2015 and 2017.





4. Discussion


In the three-year experiment, the functional value of lawns of different species composition and treated with substances of stimulating nature was assessed. Both the research factors and the grass growth environment affected the characteristics of ryegrass-bluegrass and single-species turf in many ways. The density of ryegrass in pure stand and in turf with its dominant share was assessed higher than that of the bluegrass mixture. This has been confirmed by other authors studying the impact of perennial ryegrass on turf visual quality [53]. Jankowski et al. [54] reported that bluegrass turf appearance was rated significantly lower and found that density assessment varied across single-species and multispecies lawns, in the latter case depending on mixture components. Russi et al. [55] confirmed this and recorded an increase in lawn visual quality in subsequent years, concluding that their findings were similar to those of Brede’s [56]. Visual appearance is a synthetic characteristic, closely related to the overwintering of plants, their color and surface density, and, to a lesser extent, to leaf fineness [54]. Prończuk and Prończuk [57] also pointed to the susceptibility of grasses to disease as an important parameter affecting turf overall appearance. According to Laudański et al. [58], the assessment of turf overall appearance over the years were difficult to interpret and to draw clear conclusions from, due to high weather variability in the research seasons. Zhang et al. [20] confirmed the positive effect of humic acids in combination with fertilizers on turf visual quality. Daneshvar et al. [22] reported that biostimulant increased turf visual quality and the iron content of plant tissues, and it positively affected root system formation of perennial ryegrass.



With adverse weather conditions in the second and third years of the present experiment, the biostimulant and plasma water applied separately increased the ratings of grass parameters in relation to the control by a considerable extent. The functions of plasma water are quite complex and more research and data are probably needed to develop the most advantageous application procedure. The favorable effects of plasma water may be due to such factors as its structure resulting in its better penetration into the plant, its higher oxygen concentration, and better solubility of biostimulants. However, the differences observed in overwintering assessment may be due to some changes in osmotic pressure and in the freezing point of plasma water. During their studies on the effects of plasma water on Mentha L., Pisulewska et al. [45] found that plasma water irrigation reduced chlorophyll a content, while stimulating the synthesis of chlorophyll b to such an extent that, as a result the total chlorophyll content of plants increased [59,60]. Lower fungal infection rates of plants treated with plasma water can be explained by its higher concentration of oxygen [35]. Finally, synergistic antimicrobial effects of plasma-treated water was observed by Schnabel et al. [61]. The effect of LPGP-treated water may be due to its better penetration into the plant because of its declustering, higher oxygen concentration, and better solubility of the biostimulant. The fact that fungal diseases infected plants treated with plasma water less could be explained by its higher concentration of oxygen. However, the differences observed in the assessment of overwintering may be due to slight changes in osmotic pressure and in the freezing point of plasma water.



Seaweed extracts contain phytohormones such as indole-acetic acid, cytokines, gibberellic acid, polyamine, and abscisic acid [62]. Many genes involved in plant growth and development are regulated by phytohormones, which can discern cis-motifs in the promoter sequences of the genes [63].



The results indicated that Bio-Algeen S90 might increase the expression of the genes involved in anthocyanin biosynthesis, possibly by stimulating the promoter activity of the genes. The changes in lawn characteristics may be due to mucopolysaccharides, also known as glycosaminoglycans (GAGs), biologically active compounds present in biostimulants and made up of amino sugars and uronic acids. The most common glycosaminoglycans are: hyaluronic acid and chondroitin sulfate, alginic acid and its salts-mannitol and sorbitol-caragenates and agar-unsaturated fatty acids (EFA—Essential Fatty Acid): arachidonic, eicosapentaenoic, and γ-linolenic (GLA); and polyunsaturated fatty acids (PUFA) series ω 3 and ω 6.



The biostimulant may have contributed to the activation of precursors of active gibberellin compounds, affecting growth and development processes throughout the plant life cycle, including the lengthening of shoots and changing of leaf shape [64,65]. Therefore, plants respond with increased growth to the use of biostimulants rich in active or activated compounds [66], which has been proven in scientific research [67]. The authors point out that biostimulants affect many metabolic pathways at the molecular level, including gibberellin biosynthesis, mainly regulated by three 2-oxoglutarate-dependent dioxygenases, i.e., GA 20-oxidase, GA 3-oxidase, and GA 2-oxidase [68,69]. The first two enzymes catalyze the last two stages of the synthesis of bioactive gibberellin, while the third enzyme converts bioactive gibberellins and their precursors into inactive 2-hydroxylated forms. This demonstrates that both an increase in GA 20-oxidase regulation and the suppression of GA2-oxidase significantly determine an increase in endogenous bioactive levels of gibberellin, leading to increased synthesis and increased content of fiber in the walls of plant cells [70,71,72,73,74,75,76,77,78,79]. According to Bai et al. [67], increased gibberellin production induces the expression of sucrose synthesis and secondary cell wall deposition. In addition, by regulating the expression of sucrose synthesis, gibberellins can modify carbon flux into the secondary cell wall and cellulose synthesis.




5. Conclusions


The biostimulating substances used in the experiment significantly affected the characteristics of Poa pratensis and Lolium perenne, both planted together and separately. Plasma water and a biostimulator reduced the incidents of fungal diseases, positively affecting turf density and overwintering. The Bio-Algeen S90 biostimulant dissolved in LPGP-treated water was more efficient than the biostimulant applied on its own. Weather conditions had a significant impact on the value of turf characteristics. Strong drought in the second year of research and severe soil moisture deficit in 2016 resulted in a decrease in lawn values (density, leaf fineness). The visual quality of lawn mixtures based on bluegrass and perennial ryegrass and single-species ones varied depending on the species composition, and a higher share of L. perenne ensured high ratings of the turf.
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Figure 1. Alginic acid structure. 
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Figure 2. The effect of grass mixtures on turf density. In columns, means followed by the same letters are not significantly different. 
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Figure 3. The effect of stimulating substances on turf density. In columns, means followed by the same letters are not significantly different. 
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Figure 4. The effect of grass mixtures on turf susceptibility to disease. In columns, means followed by the same letters are not significantly different. 
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Figure 5. The effect of stimulating substances on turf susceptibility to disease. In columns, means followed by the same letters are not significantly different. 
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Figure 6. The effect of grass mixtures on grass leaf fineness. In columns, means followed by the same letters are not significantly different. 
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Figure 7. The effect stimulating substances on grass leaf fineness. In columns, means followed by the same letters are not significantly different. 
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Figure 8. The effect of grass mixtures on turf overwintering. In columns, means followed by the same letters are not significantly different. 
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Figure 9. The effect of stimulating substances on turf overwintering. In columns, means followed by the same letters are not significantly different. 
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Table 1. Factors used in lawn experiment.






Table 1. Factors used in lawn experiment.





	
Factor

	
Description

	
Variable Symbol






	
Factor A—grass mixtures

	
100% L. Perenne, var. Info 50% and Libronco 50%

	
A1




	
75% L. Perenne, var. Info and Libronco + 25% P. Pratensis, var. Niweta and Liberin

	
A2




	
50% L. Perenne, var. Info and Libronco + 50% P. Pratensis, var. Niweta and Liberin

	
A3




	
25% L. Perenne, var. Info and Libronco + 75% P. Pratensis, var. Niweta and Liberin

	
A4




	
100% P. Pratensis, var. Niweta and Liberin

	
A5




	
Factor B—treatments

	
Control

	
B1




	
NPK fertilizers

	
B2




	
NPK fertilizers + plasma water

	
B3




	
NPK fertilizers + biostimulant

	
B4




	
NPK fertilizers + biostimulant + plasma water

	
B5
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Table 2. Mineral fertilizer doses.






Table 2. Mineral fertilizer doses.





	
Application Time

	
Doses [kg·ha−1]




	
N

	
P

	
K

	
Mg

	
S

	
B

	
Ca

	
Fe






	
Spring (April)

	
42.5

	
15.0

	
27.5

	
3.0

	
35.0

	
5.0

	
-

	
-




	
Summer (June)

	
42.5

	
15.0

	
27.5

	
3.0

	
35.0

	
5.0

	
-

	
-




	
Autumn (September)

	
12.5

	
25.0

	
63.0

	
-

	
17.5

	
0.5

	
25.0

	
1.2




	
Annual dose

	
96.5

	
55.0

	
118.0

	
6.0

	
87.5

	
10.5

	
25.0

	
1.2
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Table 3. Monthly rainfall, average daily air temperatures during the experiment, and multiannual temperature (according to the Agro-Hydrometeorology Observatory Wrocław-Swojec, Wrocław University of Environmental and Life Sciences).






Table 3. Monthly rainfall, average daily air temperatures during the experiment, and multiannual temperature (according to the Agro-Hydrometeorology Observatory Wrocław-Swojec, Wrocław University of Environmental and Life Sciences).





	
Years

	
Months




	
I

	
II

	
III

	
IV

	
V

	
VI

	
VII

	
VIII

	
IX

	
X

	
XI

	
XII






	
Precipitation [mm]




	
2014

	
38.4

	
0.3

	
36.7

	
43.2

	
129.5

	
69.7

	
61.1

	
94.2

	
79.7

	
58.9

	
13.7

	
32.3




	
2015

	
43.1

	
10.1

	
30.8

	
14.4

	
30.5

	
86.0

	
74.1

	
5.6

	
17.3

	
27.5

	
50.0

	
18.4




	
2016

	
37.2

	
54.1

	
56.2

	
27.7

	
26.4

	
59.6

	
105.0

	
22.6

	
39.1

	
87.5

	
44.0

	
37.2




	
1993–2013

	
33.3

	
29.6

	
38.0

	
34.2

	
61.6

	
72.5

	
99.0

	
68.7

	
50.8

	
36.8

	
37.3

	
34.1




	
Average air temperature [°C]




	
2014

	
0.8

	
4.0

	
7.0

	
10.9

	
13.7

	
17.0

	
21.7

	
18.0

	
15.7

	
10.9

	
6.9

	
2.6




	
2015

	
2.6

	
1.9

	
5.6

	
9.3

	
13.9

	
17.2

	
20.8

	
22.8

	
15.4

	
8.3

	
6.5

	
6.0




	
2016

	
−1.1

	
3.9

	
4.3

	
8.8

	
15.3

	
19.0

	
19.9

	
18.5

	
16.5

	
8.5

	
3.7

	
1.6




	
1993–2013

	
−0.6

	
0.6

	
3.4

	
9.6

	
14.5

	
17.6

	
19.6

	
18.9

	
13.9

	
9.3

	
4.4

	
0.6
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Table 4. Granulometric composition of topsoil (0–15 cm).






Table 4. Granulometric composition of topsoil (0–15 cm).





	
Content of Fractions [%]

	
Granulometric group




	
Sand 1.0–0.1 mm

	
Silt 0.1–0.02 mm

	
Fine particles (silty clay)




	
0.1–0.02 mm

	
Loamy sand




	
81.0

	
10.0

	
9.0











[image: Table] 





Table 5. Soil pH and the content of nitrogen, phosphorus, and potassium as well as soil organic carbon, magnesium, and iron content in topsoil (0–15 cm).






Table 5. Soil pH and the content of nitrogen, phosphorus, and potassium as well as soil organic carbon, magnesium, and iron content in topsoil (0–15 cm).





	Year
	pHKCl
	Nitrogen [g·kg−1]
	Phosphorus [mg·kg−1]
	Potassium [mg·kg−1]
	Corg [%]
	Mg [mg·kg−1]
	Fe [mg·kg−1]





	2014
	7.8
	0.82
	163.3
	55.0
	0.84
	87.00
	-



	2015
	7.6
	0.52
	167.4
	46.8
	0.72
	79.00
	1164.40



	2016
	7.3
	0.61
	215.5
	95.0
	0.79
	68.10
	1029.92



	Mean
	7.6
	0.65
	182.0
	65.6
	0.78
	78.00
	1097.16
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