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Abstract: Biostimulants are becoming more prevalent in the production of forage and turfgrasses.
Many can be classified as natural biostimulants, including humic acids (HA), fulvic acids (FA),
protein hydrolysates (PHs) and seaweed extracts (SWE), in addition to chitosan, silicon, inorganic
compounds, beneficial fungi, bacteria and synthetic biostimulants. The article reviews recent research
on the effects of biostimulants in the cultivation of forage grasses (perennial ryegrass, annual ryegrass,
Festulolium, Kentucky bluegrass, annual bluegrass, orchard grass and timothy-grass) and turfgrasses
(perennial ryegrass, Kentucky bluegrass, tall fescue, red fescue and creeping bentgrass). Literature
analysis suggests that biostimulants enhance the quality of grasses, augment their tolerance to
environmental stresses, facilitate nutrient uptake and improve the visual aspect of grasses. While
biostimulants cannot replace fertilisers, they can significantly improve crop effectiveness in utilising
the nutrients present in the fertilisers. This paper also briefly describes the legal and regulatory status
of biostimulants with a focus on the EU and PL.
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1. Introduction

The main challenge facing the global agricultural sector is to increase productivity
without exerting a negative impact on the environment. According to estimates, the
global population will reach 9.7 billion by 2050, and crop production will increase by
60–100% to meet the growing demand for food [1]. Nutrient-poor soils pose a widespread
problem in agricultural production, and nutrient deficiencies increase plants’ susceptibility
to pathogens and decrease yields. Fertilisers and pesticides are used to increase yields
and guarantee continuous food supplies [2]. Sustainable intensification of agriculture is
needed to address the projected increase in food demand. The European Green Deal is a
comprehensive strategy to transition towards a more sustainable model of economic growth.
The overarching objectives of this strategy are to prevent climate change and promote the
sustainable use of natural resources. European countries have committed to reducing their
pesticide use, minimizing nutrient loss and limiting the use of mineral fertilisers. Chemical
fertilisers enhance crop production, but fertiliser overuse decreases soil quality, contributes
to air and water pollution and leads to greenhouse gas emissions. Improper use of artificial
fertilisers and pesticides can exert a negative impact on the environment and pose a threat
for humans and animals [3]. Synthetic fertilisers also contribute to the eutrophication of
water bodies and the formation of dead zones devoid of living organisms [4]. Effective
strategies are needed to prevent excess accumulation of mineral nitrogen (N) in soil [5].
There are reports suggesting that it is possible to replace, at least in part, the application of
nitrogen fertilisation with the application of biostimulants to forage grasses [6]. The use
of N fertilisers should also be reduced to cut nitrogen oxide emissions [7]. Agricultural
chemicals increase productivity, but they also decrease farming incomes [8].

Grasses are a widespread group of plants found in all climatic and geographical zones.
Their diversity is reflected in the various functions they perform in the natural environment
and human economic activities.
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Pasture provides affordable, nutritious and tasty food for livestock. With the appro-
priate botanical composition, grassland fodder can be the sole feed in the diet of animals,
including those with high productivity. The basis of ruminant nutrition should be grass-
land fodder since the profitability of livestock production is mainly determined by the
proportion of pasture grass, hay or haylage in the feed ration.

The increasing development of urban and infrastructural areas during recent years
has led to a rise in demand for lawn grasses. Named from the French term ‘gazon’,
meaning grass, lawn grasses are flexible and have high adaptability to diverse soil types and
varying weather conditions, making them versatile and widely used. Perennial ryegrass
(Lolium perenne L.) is one of the top species of lawn grasses used in cool temperature areas
across the world. Perennial ryegrass is utilized in various mixtures such as amenity lawns,
football turf, turf production and in reclamation.

Fertilisation is one of the factors that significantly impact the appearance of turf
and the productivity of grassland. The cultivation of turf and fodder grasses requires
fertilisers that provide a range of essential nutrients for their growth and development.
Primary turfgrass’s primary nutrient, nitrogen, helps maintain green colour and adequate
density and enables recovery from stresses like drought or disease. The primary goal of
fertilising turfgrasses is to maintain high turf density, uniformity, adequate colour and
disease resistance. The aim of fertilisation is to apply the lowest possible dose. Our goal
should be to apply as little fertiliser as possible to achieve a healthy turf, while still meeting
the aesthetic and functional standards of the area in question.

Based on the objectives of the ‘From Field to Fork’ strategy, the European Union should
reduce fertiliser use by 20% by 2030. Therefore, new efficient methods are being researched
to decrease the intensification of fertilisation. Grass supported by biostimulants is a feasible
solution that aligns with the European Green Deal strategy.

In Regulation (EU) 2019/1009 of the European Parliament and of the Council of
5 June 2019, a biostimulant is defined as “a product stimulating plant nutrition processes
independently of the product’s nutrient content with of product the sole aim of improving
one or more of the following characteristics of the plant or the plant rhizosphere: (a) nutrient
use efficiency; (b) tolerance to abiotic stress; (c) quality traits; (d) availability of confined
nutrients in soil or rhizosphere”. Biostimulants are compounds that promote plant growth
and development, enhance resistance to stress, improve yields and enhance the quality
of agricultural products. The effectiveness of biostimulants relies on their composition.
Biostimulants comprise various organic and inorganic compounds that directly impact
plant metabolism. Biostimulants are eco-friendly additives, and they find widespread use
in sustainable agriculture. Nevertheless, the outcomes of biostimulants on grasses have not
been adequately researched to this day.

Biostimulants can improve global food security and help address the challenges
associated with population growth and climate change [9]. Biostimulants improve crop
yields and productivity without any changes in fertilisation and irrigation regimes, and
they increase the nutritional value and the content of protein and carbohydrates in plants.
Biostimulants enhance yields under unfavourable environmental conditions, and they can
be incorporated into sustainable agricultural practices to meet the growing demand for
food. Biostimulants for sustainable farming can also be derived from agricultural wastes.
However, the efficacy of biostimulants in grass production has not been widely investigated
to date [10,11].

The aim of this review article was to identify the main types of biostimulants in
the cultivation of forage grasses and turfgrasses and to evaluate their efficacy in grass
production. Biostimulants are defined in the first section of the article. The composition of
biostimulants, their mechanism of action and plant responses to biostimulants are described
in the following subsequent sections, separately for forage grasses and turfgrasses. It should
be noted that very few articles have reviewed the literature on the use of biostimulants in
the production of forage grasses and turfgrasses.
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2. Biostimulants
2.1. Biostimulant Regulation

Biostimulants are environmentally friendly, innovative substances that can help im-
prove food security for the world’s growing population [10]. They are an important part of
agricultural technologies in intensive crop farming [11]. However, despite these advantages,
biostimulants are rarely incorporated in conventional agricultural regimes. Farmers have
limited knowledge about the benefits delivered by biostimulants, and they are reluctant
to apply these preparations in fear of increased production costs, lower crop quality and
yields and reduced profits. A wide range of biostimulants are available on the market, and
the selection of a product that can maximize yields in a given plant species can also pose a
problem. Further research is needed to formulate preparations that deliver a wide range
of functions, are easy to apply and can be safely combined with other growth-promoting
agents [4].

In Poland, the production and use of fertilisers, excluding conformity assessment pro-
cedures for placing fertilising products on the EU market, which are set forth by Regulation
(EU) 2019/1009 of the European Parliament and of the Council of 5 June 2019, are regulated
by the following legislative acts:

∗ Act of 10 July 2007 on fertilisers and fertilisation (Journal of Laws, 2021, item 76) (Dz.
U. z 2021 r. poz. 76);

∗ Regulation of the Minister of Agriculture and Rural Development of 18 June 2008
enforcing selected provisions of the Act on fertilisers and fertilisation (Journal of Laws,
2008, No. 119, item 765; 2009, No. 224, item 1804);

∗ Regulation of the Minister of the Economy of 8 September 2010 on packaging mineral
fertilisers, fertiliser labelling, testing mineral fertilisers and types of lime fertilisers
(Journal of Laws, 2010, No. 183, item 1229).

The following products and substances that improve plant growth are listed in Article
2, points 7–10a, of the Act of 10 July 2007 on fertilisers and fertilisation [12]:

1. Substances that improve soil properties—substances that are applied to soil to im-
prove its properties, as well as chemical, physical, physicochemical and biological
parameters and are not classified as fertilising products in the EU;

2. Growth promoters—organic or mineral substances or mixtures thereof that promote
plant development and other life processes in plants, which are not classified as
fertilising products in the EU, excluding growth regulators defined as plant protection
products in plant protection regulations;

3. Agricultural substrates—growth substrates other than soil, including substrates for
plant cultivation, which are not classified as fertilising products in the EU;

4. Substances promoting plant growth—substances that improve soil properties, growth
promoters and agricultural substrates;

5. Microbiological fertilisers—products composed exclusively of microorganisms, in-
cluding dead or inactivated microorganisms, microbial consortia, microbial growth
substrates and their metabolites, as well as harmless residual components from such
substrates that enhance soil biological activity or stimulate metabolic processes in
plants and fungi, which are applied for the sole purpose of improving their plants’
and fungi’s ability to effectively utilize nutrients, increasing resistance to abiotic stress,
improving qualitative parameters and promoting the assimilation of soil nutrients
that are not readily available to plants.

There is no legally binding definition of a biostimulant in Poland. Biostimulants are
not registered as a separate group of products, and they may be classified in one of the three
categories: fertilisers, plant protection products and other categories of products. In Europe,
the European Biostimulants Industry Council (EBIC) defined plant biostimulants as follows:
“Plant biostimulants contain substance(s) and/or micro-organisms whose function when
applied to plants or the rhizosphere is to stimulate natural processes to enhance/benefit
nutrient uptake, nutrient efficiency, tolerance to abiotic stress and crop quality (Table 1).
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Biostimulants have no direct action against pests, and therefore do not fall within the
regulatory framework of pesticides” [13].

Table 1. Common benefits of biostimulants reported by EBIC [14].

â Improving the efficiency of nutrient utilization in plants;
â Facilitating nutrient accessibility and utilization by plants through the

introduction of beneficial microorganisms to the soil;
â Encouraging the production of substances in plant roots;
â Contributing to the reduction of the environmental impact associated

with nutrient usage, thus lowering the carbon footprint;

â Enhancing plant resilience against abiotic stresses, including
climate-related events like floods, droughts, and extreme temperatures;

â Safeguarding plants from opportunistic pests and diseases by reducing
susceptibility to abiotic stresses;

â Enhancing soil fertility, health, and structure;
â Promoting resource efficiency and minimizing nutrient loss;

2.2. Biostimulants’ Definitions and Classifications

Biostimulants play a significant role in agriculture by enhancing physiological and
biochemical processes in plants and promoting plant adaptation to adverse environmental
conditions such as drought, salinity, high temperature and nutrient depletion. Regulation
(EU) 2019/1009 of the European Parliament and of the Council of 5 June 2019 [15] identifies
two types of plant biostimulants: microbial and non-microbial [16]. In the above regulation,
a plant biostimulant is defined as “a product stimulating plant nutrition processes inde-
pendently of the product’s nutrient content with the sole aim of improving one or more
of the following characteristics of the plant or the plant rhizosphere: (a) nutrient use effi-
ciency; (b) tolerance to abiotic stress; (c) quality traits; (d) availability of confined nutrients
in soil or rhizosphere”. The following definition was proposed by Yakhin et al. [17]: “a
biostimulant is a formulated product of biological origin that improves plant productivity
as a consequence of the novel or emergent properties of the complex constituents, and not
as a sole consequence of the presence of known essential plant nutrients, plant growth
regulators, or plant protective compounds”. This definition contributes very important
information by indicating that a product’s biological function can be influenced by particles
or combinations of particles whose mechanism of action has not been fully elucidated. The
above suggests a particle’s mechanism of action is more important than its mode of action.
If a given particle is responsible for a biostimulant’s biological function, the preparation
should be classified based on the discovered function. It is also debatable whether prepara-
tions whose composition and mechanism action have not been fully determined should be
registered as biostimulants. To some extent, biostimulants are first defined by what they
are not, drawing a line between biostimulants and other widely used categories of plant
substances: fertilisers and pesticides. Secondly, it has been shown that the positive effects
attributed to chemical biostimulants—growth promotion, modulation of development
and quality traits, increased tolerance to environmental stress—can also be provided by
bacteria and fungi. Biostimulants exert a specific influence on plant growth, but their in-
gredients interact with often unpredictable effects. What we know about one biostimulant
or plant species is not directly transferable to another biostimulant or plant species, as
biostimulant effects are clearly species- and product-specific. A combination of several
preparations can be more effective than the application of individual compounds [18]. For
example, Khan et al. [19] observed that there is insufficient scientific evidence to confirm
the presence of growth factors in seaweed or the mechanisms by which they affect plant
growth. The mechanisms initiated by biostimulants remain unknown and are difficult to
identify because most of these substances contain plant extracts, seaweed extracts (SWE)
and amino acids. Biostimulants’ effects could result from synergistic interactions between
ingredients [20].

Biostimulants enhance natural processes in plants that increase nutrient uptake and
nutrient use efficiency; improve crop quality and tolerance to abiotic stress; maximize
yields and crop vitality and reduce susceptibility to stress, pests and other threats, in-
cluding climate change (Table 2). Biostimulants can help farmers adapt their production
systems to climate variability, contribute to sustainable food production and promote the
implementation of environmentally friendly farming models that are resilient and flexi-
ble [21]. Biostimulants synthesize compounds that inhibit pathogen growth, induce the
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production of allelochemicals and modify the composition of plant secretions to fight pests
and pathogens. As a result, biostimulants effectively eliminate microbial pathogens [22].

Biostimulants are biologically active substances which contain hormones, enzymes,
proteins, amino acids, mineral elements and other compounds that are applied in small
concentrations to enhance plant metabolism and growth. These preparations regulate
life processes in cells, organs and entire organisms [23,24]. Biostimulants have different
mechanisms of action than fertilisers, and they are applied in small doses to stimulate
plant growth. Low concentrations of nanoparticles (NPs) have biostimulatory effects and
enhance plant growth. Nanoparticles and nanomolecules induce changes in the surface
charge density of cells and are responsible for non-specific nano–bio-interactions [3].

Many products are marketed as plant biostimulants despite the fact that their com-
position and efficacy have not been scientifically validated. An unknown number of
unregistered preparations are available in Poland. Registered preparations are researched
and tested by specialised bodies, and the use of products sold without registration carries
the risk that they are not only ineffective, but also unsafe [25]. Biostimulants have signifi-
cant growth-promoting potential, and there is considerable empirical evidence to indicate
that they deliver benefits in plant production. Growing levels of environmental awareness
and legal regulations have contributed to the growth in the biostimulant sector. However,
the metabolic responses of plants to biostimulants have not been sufficiently researched to
date [9,26].

Biostimulants offer a promising and environmentally friendly alternative to mineral
fertilisers. They contribute to agricultural sustainability and the evolution of biotechnology
in the 21st century [27]. Improving tolerance to biotic and abiotic stresses, a major obstacle
to the production of high quality crops and global food security, is a major benefit in
agriculture. Improvement of soil fertility, promotion of plant growth and suppression of
phytopathogens are the goals of the bioformulation industry, leading to the development
of an eco-friendly environment. Bioformulations offer an environmentally sustainable
approach to improving crop production and health. They are a major contributor to making
the 21st century the age of biotechnology [28].

2.3. Biostimulants Categories

Plant biostimulants (PBs) contain substances and/or microorganisms that are applied
to plants or the rhizosphere to stimulate natural processes, enhance nutrient use efficiency,
improve tolerance to abiotic stress and improve crop quality, regardless of their nutrient
content. Products containing a combination of such substances and/or microorganisms
are also marketed as biostimulants [29,30]. Biostimulants are formulated with the use of
high-precision tools, and they are applied to soil, plants or seeds to modify physiological
processes, enhance plant growth and development, improve nutrient uptake and minimize
susceptibility to stress. Biostimulants contain SWE, plant extracts, protein hydrolysates
(PHs), humic acids (HA), fulvic acid (FA) and other substances. Solid formulations are
applied directly to soil, whereas liquid biostimulants are sprayed onto leaves. In the past,
biostimulants were applied only in organic farms, but, at present, they are also used in
conventional and integrated crop production systems [31,32].

Nine categories of substances that act as biostimulants have been defined in [16]:

1. Humic substances;
2. Complex organic materials (obtained from agricultural, industrial and urban waste,

sewage sludge extracts, compost and manure);
3. Beneficial chemical elements (Al, Co, Na, Se and Si);
4. Inorganic salts, including phosphite;
5. SWE (brown, red and green macroalgae);
6. Chitin and chitosan derivatives;
7. Antiperspirants (kaolin and polyacrylamide);
8. Free amino acids and N-containing substances (peptides, polyamines and betaines);
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9. Plant growth-promoting rhizobacteria (PGPR), arbuscular mycorrhizal fungi (AMF)
and Trichoderma spp.

In turn, Du Jardin [29,33] identified seven categories of biostimulants:

1. HAs and FA;
2. PHs;
3. SWE;
4. Chitosan;
5. Inorganic compounds;
6. Beneficial fungi;
7. Beneficial bacteria.

The first world congress on the use of biostimulants in agriculture was held in Stras-
bourg in November 2012. On the basis of agricultural applications, biostimulants can be
categorized into different types. The most commonly used biostimulants in the production
of forage grasses and turfgrasses include natural preparations containing humic acids
(HAs), fulvic acid (FA), protein hydrolysates (PHs), seaweed extracts (SWE), chitosan,
inorganic compounds and beneficial fungi and bacteria as the active ingredients (Figure 1).
Grasses are also supplied with synthetic biostimulants containing nutrients and phenolic
compounds. These categories are briefly introduced in the next section and described in
more detail in the accompanying papers in this special issue on plant biostimulants in
forage and turfgrass production.
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Biostimulants can be also classified based on the method of application (soil, foliar),
origin (plant-based, animal-based) and the production process (hydrolysis, fermentation,
extraction). Natural soil biostimulants enhance the growth of beneficial soil microorganisms
that increase nutrient uptake by plants. The use of natural biostimulants that do not exert
harmful impacts on the environment is particularly important due to the ongoing processes
of soil degradation and air pollution [4].

The effectiveness of biostimulants is determined by their composition. Biostimulants
contain various organic and mineral compounds that are used as metabolites by plants
(Table 2). There is considerable scientific evidence to indicate that biostimulants exert a
positive influence on crops, but their impact is more likely to be determined by crop species
and variety than by the applied dose [34]. However, the efficacy of biostimulants in the
production of forage grasses has not been thoroughly investigated to date [35].
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Table 2. Examples of different active ingredients used for commercial biostimulants.

Biostimulant Active Ingredients

Liqhumus and Fulvagra active HA which is extracted from leonardite by alkaline extraction with KOH [36]

Fulvagra mostly FA, which is removed from groundwater from aquifers beneath a peat layer during the treatment of drinking water [36]

Humus-Active Papka N—0.2, P—1.3, K—4.6, Ca—3.0, Mg—0.5 g kg, Mn—15, Fe—500, Zn—3, Cu—1 mg kg; active humus and
useful microorganisms [37–39]

Algex
extract of Ascophyllum nodosum seaweed containing vitamins, amino acids, phytohormones (auxins, cytokinins, gibberellins),
polysaccharides, betaine, macronutrients and micronutrients, including N—8%, P—3.6%, K—7%, B—0.036%, Zn—0.025%,

Cu—0.009%, Fe—0.016%, Mn—0.036% and Mo—0.0036% [6]

Bio-Algeen S90
extract of Ascophyllum nodosum containing 90 groups of chemical compounds, such as amino acids, vitamins, alginic acid and
other active ingredients of marine algae. N—0.2, P2O5—0.06, K2O—0.96, CaO—3.1, MgO—2.1 g kg, B—16.0, Fe—6.3, Cu—0.2,

Mn—0.6, Zn—1.0 mg kg, Mo, Se, Co [40]

Kelpak SL extract of Ecklonia maxima seaweed containing natural plant hormones: auxins (11 mg × L−1) and cytokinins
(0.03 mg × L−1) [21,40,41]

CPR a blend of natural sea plant extracts, micronutrients and surfactants containing 4% nitrogen (N), 1% K2O, 0.53% magnesium, 1%
sulfur, 2% iron (Fe), 0.25% manganese (Mn) and 0.2% zinc (Zn) [42]

TurfVigor contains 0.014% patented microbial strains (Bacillus spp. and Paenbacillus spp.), kelp extract, macro- and micronutrients: 9% N,
3%P2O5, 6% K2O, 0.6% Fe, 0.05% Mn and 0.05% Zn [42]

Bactofil-A and Bactofil-B contain various combinations of Azospirillum brasilense, Azospirillum lipoferum, Azotobacter vinelandii, Bacillusmegaterium,
Bacillus polymyxa, Bacillus circulans, Bacillussubtilis, Pseudomonas fluorescens, Streptomyces and plant growth hormones [43]

Blatt Boden-Foliar
a microbial solution that consists mainly of lactic acid bacteria: Lactobacillus casei (5 × 109 cfu mL−1) and Lactobacillus plantarum

(5 × 109 cfu mL−1); photosynthetic bacteria: Rhodopseudomonas palustris (5 × 109 cfu mL−1); yeasts: Saccharomyces cerevisiae
(5 × 103 cfu mL−1) and sugarcane molasses [44]

UGmax N—1.2, P—0.2, K—2.9, Mg—0.1 g kg, Na—0.2, Mn—0.3 mg kg, lactic acid bacteria, photosynthetic bacteria, Azotobacter spp.,
Pseudomonas spp., yeasts, actinomycetes [37–39]

Eko-Użyźniacz N—0.6, P—0.3, K—0.7 g kg, endomycorrhizal fungi, bacteria, earthworm fibrinolytic enzymes [37,39]

Asahi SL
(Atoniki and Chaloperone) 0.3% para-nitrophenol sodium salt, 0.2% ortho-nitrophenol sodium salt, 0.1% 5-nitroguaiacol sodium salt [6,40]

Tytanit
(Mg-Tytanit) 8.5 g Ti per1 dm3 (0.8% m/m) in the form of Ti-ascorbate [21,45,46]

AGRO-SORB Folium

a growth stimulant containing 18 biologically active free amino acids (L-alpha) obtained via enzymatic hydrolysis (minimum
9.3% w/w or 100 g per 1000 mL): aspartic acid—0.450%, serine—0.321%, glutamate acid—1.814%, glycine—2.743%,

histidine—0.208%, arginine—0.131%, threonine—0.323%, alanine—0.524%, proline—0.347%, cysteine—0.435%,
tyrosine—0.174%, valine—0.551%, methionine—0.349%, lysine—0.661%, methionine—0.308%, leucine—0.180%,

phenylalanine—0.218% and tryptophan—0.05% [47]

Optysil contains silicon (16.8% SiO2) and 2% chelated iron [48,49]

Herbagreen contains silicon (17% SiO2), calcium (36.7% CaO), magnesium (2.4% MgO), iron (3.4% Fe2O3), titanium (0.5% TiO2) and other
ingredients [48]

Stymjod

concentrated liquid fertiliser produced with the use of the cold plasma nanotechnology. The product contains an optimal ratio
of macronutrients (N—6.3%; P—4.58%; K—6.42%; Mg—1.69%; S—1.6%) and micronutrients (B—0.46%; Cu—0.17%; Fe—0.14%;

Mn—0.16%; Mo—0.028%; Zn—0.42%) for plants, as well as humic and amino acids that increase plant resistance to
unfavourable environmental conditions [50,51]

Biostimulants are widely used in agriculture as seed dressing agents and foliar sprays
during the growing season and harvest. Biostimulants exert varied effects by triggering
N metabolism and the release of phosphorus (P) from soil, stimulating soil microbial
activity and root growth, promoting plant metabolism, stimulating germination, enhancing
photosynthesis and nutrient uptake from soil and increasing agricultural productivity.

3. The Use of Biostimulants in the Production of Forage Grasses

In the European Union (EU-27), permanent grasslands occupy an area of around
60 million hectares [52] and account for 33% of total agricultural area in the EU [53].
Grasslands cover more than 45% of the Earth’s land surface and constitute a source of
food for livestock and indigenous herbivores on nearly one-third of the Earth’s ice-free
terrestrial surface [54,55]. In these ecosystems, most grasses are perennial species of the
family Poaceae, which includes around 10,000 species and 700 genera [56]. Grasses are a
source of food for both wild and domesticated animals. They have medicinal and health-
promoting properties, and they easily adapt to various climatic zones and habitats. Grass
species form communities in savannas, steppes, prairies and pampas, as well as in lowland,
highland and arctic meadows [57].

In Poland, the area of permanent grasslands has decreased considerably in recent
years. At present, permanent grasslands cover around 20% of farmland and occupy an area



Agriculture 2023, 13, 1796 8 of 33

of 3,127,800 ha (2019), including 2,764,000 ha for meadows and 363,800 ha for pastures. Per-
manent grasslands are the most environmentally friendly approach to agricultural land use.
In addition to supplying forage crops, grasslands also play important non-productive roles,
including climatic, hydrological, protective, phytosanitary, health-promoting, landscaping
and aesthetic. The biodiversity of these ecosystems is the main factor that contributes to
their high natural and agricultural value [58,59]. Meadows and pastures play a critical role
in the global carbon cycle, effectively manage grasslands capture and store atmospheric
carbon [53]. Using biostimulants in forage grasses can have a number of positive effects on
grass development and forage value (Figure 2, Table 3).
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Table 3. Summary of species, biostimulants and effects in forage grass production.

Biostimulant Plant Species Effect References

Humic and fulvic acids Festulolium braunii K. Richt. A. Camus increased hemicellulose content, decreased
non-structural carbohydrates content [38]

Humic and fulvic acids annual bluegrass

increased internalization of bacteria into root cells,
promoted vertical root growth, enhanced root hair

elongation, potential rhizophagy- and
endophytism-enhancing properties

[32]

Humic and fulvic acids rough bluegrass no significant effect on growth or N and P uptake [36]

Humic and fulvic acids orchard grass (Dactylis glomerata L.) altered content of proteins, carbohydrates, cellulose,
hemicellulose, lignin and non-structural carbohydrates [35,60–63]

Humic and fulvic acids perennial ryegrass (Lolium perenne L.) enhanced dry matter digestibility and reduced content of
structural carbohydrates and lignin [45]

Seaweed extracts perennial ryegrass (Lolium perenne L.) improved dry matter digestibility and reduced content of
structural carbohydrates and lignin [45]

Seaweed extracts annual ryegrass (Lolium multiflorum L.) improved yields [35]

Seaweed extracts Festulolium Braunii increased biomass yield, enhanced number of shoots,
longer leaf length, higher SPAD values [41]

Seaweed extracts orchard grass altered content of proteins, carbohydrates, cellulose,
hemicellulose, lignin and non-structural carbohydrates [35,60–63]

Effective microorganisms perennial ryegrass
reduced soil microorganisms, no effect on plant growth,

improved chemical composition (increased CP, P,
chlorophyll; decreased CF, K, Ca)

[44]

Effective microorganisms annual ryegrass
expanded carbohydrate-to-protein ratio, increased crude
ash content, improved digestibility, increased dry matter

yield, natural yield increase
[64–67]

Effective microorganisms orchard grass and perennial ryegrass
increased dry matter yield, crude protein content and

soluble carbohydrates, increased cellulose and
hemicellulose content

[37,39]

Effective microorganisms various grasses no significant effect on nutritional value (NDF, ADF, dry
matter intake, digestibility) [68]
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Table 3. Cont.

Biostimulant Plant Species Effect References

Effective microorganisms Brachiaria brizantha
improved shade tolerance, increased chlorophyll,

osmoregulating compounds, root development, plant
height, leaf area and biomass yields

[69]

Chitosan perennial ryegrass
decreased heavy metal concentrations in soil, promoted

early germination and elongation of leaves, did not
increase resistance to pink snow mould

[70–72]

Silicon various grass species

increased crude protein content, improved nutritional
value and reduced fibre levels in mixed grass stands
(especially in periods of drought), improved yield of

grass and clover swards, higher crude protein content
and better organic matter digestibility in organic farming,
higher total protein content, improved nutritional value
of protein and increased energy in silage compared to

non-fertilised swards

[48,73,74]

Synthetic biostimulants annual ryegrass and Festulolium
increased protein content, higher chlorophyll content,

increased plant dry matter yield, increased soluble
sugars content

[35]

Synthetic biostimulants timothy-grass increased leaf greenness index (SPAD values) [75,76]

Synthetic biostimulants orchard grass

increased number of shoots, leaf blades, dry weight of
leaf blades, enhanced photosynthetic capacity, higher
chlorophyll content, increased photosynthetic activity,

increased SPAD leaf greenness index

[50]

3.1. Natural Biostimulants
3.1.1. Humic and Fulvic Acids

The interactions between these compounds lead to the formation of humic substances
and humic complexes in soil. Crop yields can be improved by optimizing the interactions
between soil microbiota and plant roots. For this reason, humic substances (soluble fractions
of HA and FA) exert diverse yet globally positive effects on plant growth.

Humic substances are increasingly used as agricultural biostimulants due to their
potential beneficial influence on nutrient uptake and crop yields [36]. Humic substances
exert biostimulatory effects by inducing structural and physiological changes in plant
roots and shoots which are responsible for the uptake, assimilation and distribution of
nutrients. Humic substances can also alter primary and secondary metabolic processes
associated with tolerance to abiotic stress, plant growth and resistance. Humic substances
are biological activators of plant growth, and their effectiveness is strongly determined
by their chemical properties, including hydrophobicity, conformational elasticity and
functional group. The potential use of growth-promoting humic substances from waste
materials has been recognized in several European projects, including BIO-FERTIL (Poland),
BIOFECTOR (Germany) and HUMIC-XL (The Netherlands) [3].

The nutritional value of forage grasses is largely determined by the content of struc-
tural and non-structural carbohydrates and lignin. Structural carbohydrates and lignin de-
crease the digestibility and energy value of feed, whereas non-structural carbohydrates im-
prove the nutritional value and palatability of forage plants and determine their applicabil-
ity and processing suitability [77]. In a study by Wiśniewska-Kadżajan and Jankowski [38],
slurry combined with soil conditioners and fertilisers (UGmax and Humus Active) in-
creased hemicellulose content and decreased the content of non-structural carbohydrates
in Festulolium braunii K. Richt. A. Camus. Using humic acid-based fertiliser Humus Active
in combination with slurry increased hemicellulose content by around 23%. In contrast,
the content of non-structural carbohydrates decreased by approximately 35% compared
to plants treated with slurry alone. The authors of the study highlighted that the content
of cellulose and hemicellulose in the grass varied significantly, depending on the growing
season. This variation was, without a doubt, linked to the weather conditions during
grass growth. The studies conducted by Ciepiela [78] and Golińska and Kozłowski [79]
confirmed comparable seasonal changes in the compound content of grasses.

One of the greatest advantages of HA is that they increase the water-holding capacity of
light soils and minimize the risk of drought. Humic substances also improve plant nutrient
availability, stimulate the development of the root system and increase the abundance of
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beneficial microorganisms in soil [60]. According to White et al. [32], humic substances
applied at concentrations as low as 0.01% stimulated the roots of annual meadow grass
(Poa annua L.) to increase the internalization of bacteria into root cells. Humic substances
promoted vertical root growth and root hair elongation. The biostimulating effects of humic
substances may be due partly to their rhizophagy- and endophytism-enhancing properties.
In contrast, in a study by Regelink and Koopmans [36], humic Liqhumus and fulvic acids
Fulvagra biostimulants had no effect on the growth of rough meadow-grass (Poa trivialis)
or N and P uptake by this species. The authors explained that the lack of effect of the tested
humic substances is due to the fact that the doses of humic substances applied are low
compared to the amount of soil organic carbon already present in the soil, meaning that the
humic substances are adsorbed on the reactive mineral surface of the soil and, therefore,
may not be able to interact with plant roots as would be the case if applied in a hydroponic
or soilless substrate, and that the effect of humic substance addition on ortho-P availability
can only be expected at high P loads (i.e., 0.4–0.6 mol mol−1), whereas the soil in the pot
experiment had lower P loadings (i.e., 0.09 and 0.29 mol mol−1).

Humic substances have a diverse range of mechanisms by which they influence
plants. They enhance soil water retention capacity, which mitigates the risk of drought.
Additionally, they improve nutrient availability, promote root system development and
increase the abundance of beneficial soil microorganisms. Empirical research has indicated
that low concentrations of humic substances can stimulate root growth and affect their
capacity for bacterial internalisation. However, the effect of these substances may vary
depending on the type of humic compound and soil conditions.

3.1.2. Seaweed Extracts

Seaweed (macroalgae) and algae extracts have been used for centuries to improve soil
properties and enhance the quality and productivity of agricultural crops and turfgrasses.
Both whole seaweeds (mulch) and their components (compost) have been applied as
organic fertilisers to increase soil fertility and promote crop growth [68]. Research has
shown that commercial SWE improves root growth, plant health, biomass yields and
quality and genetic pathways in plants [19,80].

Macroalgae are classified into three main groups based on their pigmentation: green
(Chlorophyta), brown (Ochrophyta) and red (Rhodophyta). Many seaweed species (mainly
brown algae such as Sargassum spp. and Turbinaria spp.) are applied as biofertilisers [19,81].
Brown algae extracts stimulate plant growth and increase tolerance to abiotic stresses such
as high salinity, extreme temperature, nutrient deficiency and drought. Seaweed extracts
contain complex polysaccharides, fatty acids, vitamins, phytohormones and minerals [82].

Bio-Algeen S90 is a natural extract from Ascophyllum nodosum brown seaweed that
contains around 90 groups of chemical compounds, including amino acids, vitamins, alginic
acid and other biologically active components. In a study by Biernacki et al. [83], Bio-Algeen
S90 natural extract from Ascophyllum nodosum applied with mineral fertilisers increased
yields in mixed stands of forage grasses. When biostimulants were used in conjunction
with mineral phosphorus and potassium, the yield increased by up to 40%.

Ecklonia maxima is a species of brown algae that is typically found along the south-
ern Atlantic coast of Africa. Kelpak is the brand name of a biostimulant containing
Ecklonia maxima extract. In the work of Sosnowski [41], Kelpak extract from Ecklonia maxima
increased biomass yield, number of shoots and leaf length in Festulolium braunii. The green-
ness index of leaves in plots sprayed with the highest concentration (60%) of Ecklonia maxima
extract Kelpak was characterized by significantly higher SPAD values. Using seaweed
extracts at a 20% concentration resulted in an over 17% reduction in this parameter in com-
parison to the control treatment. The authors observed that preparations have a powerful
effect on plant hormones, thereby confirming their effectiveness in practice. Furthermore,
this is dependent on the method of application and the type and variety of plant.

Godlewska and Ciepiela [60] found differences in the protein and carbohydrate
content of the grass species and cultivars (Dactylis glomerata L., cv. Amila and Tukan;
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Festulolium braunii, cv. Felopa and Agula) studied in relation to the application of
Ecklonia maxima extract. The highest levels were observed in Festulolium braunii cv. Felopa
cultivar. In a study by Godlewska and Ciepiela [60], the protein and sugar contents of the
grass also depended on the cutting. The number of protein compounds was significantly
higher in plants from the third cut, and the number of monosaccharides was highest in
plants from the first cut. The authors suggest that the significantly higher levels of sugars
found in the tested plants harvested in mid- and late summer may have been caused by an
increase in plant respiration, which makes use of sugars, and tends to be more intense
at higher temperatures. In another study, Ciepiela [61] observed an increased content of
non-structural carbohydrates in Festulolium braunii and orchard grass after seaweed extract
application. Ciepiela [61] reported that Kelpak SL decreased the content of cellulose,
hemicellulose and lignin and increased the content of non-structural carbohydrates in
Festulolium braunii and orchard grass.

In a different study [84], the authors found that the tested biostimulant also reduced
the content of neutral detergent fibre (NDF) and acid detergent fibre (ADF) in the studied
grass species (Dactylis glomerata L., cv. Amila and Tukan and Festulolium braunii A. Camus
cv. Felopa and Agula). Matysiak [62] suggested that the impact of seaweed extract may
be linked to the plant’s genotype and dependent on the individual cultivar characteristics.
According to the author’s observations, the tested species and cultivars of grasses differed
significantly in terms of the components studied. Festulolium braunii cultivar Agula had the
highest nutritional value. Grass yields and concentrations of the examined components
varied significantly during the growing season. The initial cut produced the highest biomass
yield and ADF content in the tested grasses, while the third cut resulted in the highest
nitrogen content. Kelpak SL significantly increased the content of protein compounds
and simple sugars, as well as the carbohydrate-to-protein ratio in Festulolium braunii and
orchard grass (Dactylis glomerata L.). The analysed biostimulant also reduced the content of
neutral detergent fibre (NDF) and acid detergent fibre (ADF) in the studied grass species.
Ciepiela [61] reported that Kelpak SL decreased the content of cellulose, hemicellulose and
lignin and increased the content of non-structural carbohydrates in Festulolium braunii and
orchard grass.

In another study, Godlewska and Ciepiela [63] found that Ecklonia maxima extract
significantly increased the content of Zn, Cu, Fe and Mn in Festulolium braunii and orchard
grass. According to the cited authors, N fertilisation significantly influenced micronutri-
ent levels in both grass species. The content of Zn, Cu and Fe (but not Mn) decreased
with a rise in the N rate. The seaweed extract increased N content on a dry matter ba-
sis and improved yields in both grass species [85]. Godlewska and Ciepiela [45] also
reported that Ecklonia maxima extract enhanced the chemical composition of perennial rye-
grass (Lolium perenne L.) and improved the quality of the produced forage by reducing the
content of structural carbohydrates and lignin. Godlewska and Ciepiela [6] observed an im-
provement in the dry matter digestibility of annual ryegrass (Lolium multiflorum L.) supplied
with the extract of Ascophyllum nodosum. In a study by Ciepiela [35], Ascophyllum nodosum
extract also increased annual ryegrass yields.

The effect of biostimulants on plants can be modified by weather conditions. In a
study by Szczepanek [11], weather influenced the response of maize plants to the applied
dose of Ecklonia maxima extract and the duration of treatment. The tested biostimulant
improved grain yields in years characterized by rain deficit in the stem elongation stage.
Ratajczak et al. [86] also concluded that biostimulants, including Ecklonia maxima extract,
can be used to enhance yields and the physiological status of plants exposed to abiotic
stress (such as low temperature) and to improve crop productivity, especially in organic
farming. The application of SWE promoted growth, development and photosynthetic
activity in maize.

The use of biostimulants, such as natural extracts derived from algae like Ecklonia
maxima, has been researched for its beneficial impacts on plant growth and yield. These
extracts have demonstrated the ability to augment biomass yield, shoot count and leaf
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length in several types of grass species. Additionally, they can heighten essential micronu-
trient concentrations, particularly for zinc, copper, iron and manganese. Biostimulants can
also enhance the regulation of plant hormones and affect plant physiology, depending on
the application methods and types of plant. Their ability to improve crop productivity,
particularly in harsh conditions, offers potential for sustainable agriculture.

3.1.3. Effective Microorganisms

Terrestrial plants associate with root microbiota that differ from the complex mi-
croorganisms in the surrounding soil. The microbiota colonizing the rhizosphere (soil
surrounding the roots) and the endophytic compartment (within the root) promote plant
growth, productivity and phytoremediation [87]. Bacteria, yeasts and fungi are used in the
production of biostimulants [17]. Biostimulants increase the microbial activity of soil, plant
nutrient availability and stimulate plant growth [43].

The phytomicrobiome delivers numerous benefits by stimulating plant growth and
nutrient uptake, increasing soil fertility and releasing and modulating extracellular metabo-
lites such as hormones, antimicrobial compounds and signalling molecules that protect
plants against phytopathogens. The use of effective microorganisms (EM) in farming
creates new prospects for sustainable agronomy practices [27].

Various microbial biostimulants are available on the market. According to the manu-
facturers, these products enhance plant growth, increase yields and improve soil conditions.
Biostimulants supply beneficial microbial inoculants to the soil and stimulate the activity
of soil microorganisms. Suspension fertilisers are usually applied to the soil in very low
concentrations. In many cases, the microbial composition of biofertilisers is not described,
which prevents a reliable assessment of these products. The effectiveness of biostimulants
containing beneficial microorganisms has not been scientifically confirmed to date.

Bacteria of the genus Azospirillum are among the most widely researched PGPR. These
facultative endophytes occur in the soil and are able to colonize external and internal plant
tissues [88]. Effective microorganisms are widely used as biofertilisers [43]. This group
of products also includes Bactofil-A and Bactofil-B (Agrinova GmbH), which, according
to the producer’s specification, contain N-fixing and P-mobilizing bacteria, in particular,
Bacillus subtilis, natural humates and SWE (Ascophyllum nodosum). According to the manu-
facturer, Bactofil-A and Bactofil-B mobilize plant nutrients, fix atmospheric N, enhance soil
microbial activity and increase plant resistance to pathogens [43]. However, Schenck [43]
found that EM-based products Bactofil-A and Bactofil-B reduced the composition and abun-
dance of soil microorganisms in the cultivation of perennial ryegrass without exerting any
effects on plant growth. The cited author concluded that these products deliver opposite
effects to those postulated by the manufacturer. In turn, Olszewska [44] reported that Blatt
Boden-Foliar and Blatt Boden-Multical biostimulants applied to the leaves improved the
chemical composition of perennial ryegrass. The foliar application of Blatt Boden-Foliar
and Blatt Boden-Multical increased the content of CP, P and chlorophyll in perennial rye-
grass leaves, whereas it decreased the accumulation of CF, K and Ca in plants. According
to the cited author, these products have important practical implications because they
reduce fertiliser use and minimize adverse environmental impacts in the production of
high-quality forage grasses. In turn, in a study by Biari et al. [89], maize plants inoculated
with EM assimilated more nitrogen, phosphorus, potassium, iron, zinc, manganese and
copper, which increased grain yields.

In addition to the chemical composition of forage grasses, fodder quality is also
affected by the ratio of soluble carbohydrates to total protein. An increase in this ratio
improves the nutritional value of plant biomass. The use of UGmax biostimulant in the
production of annual ryegrass expanded the carbohydrate-to-protein ratio, increased crude
ash content, improved organic matter digestibility and increased dry matter yield [64].
Jankowski et al. [39] also reported an increase in dry matter yield, crude protein content
and the concentrations of soluble carbohydrates in orchard grass and perennial ryegrass
in response to the application of UGMax and mineral fertilisers. Dry matter yield and
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crude protein content peaked when perennial ryegrass was supplied with Eko-Użyźniacz
biostimulant in combination with mineral fertilisers. Truba at al. [37] observed an increase
in the cellulose and hemicellulose content of perennial ryegrass and orchard grass after the
application of UGmax. However, in a study by Sosnowski [68], UGmax had no effect on
the nutritional value of perennial ryegrass, meadow fescue or orchard grass in all years of
the study. The analysed biostimulant did not induce significant differences in NDF and
ADF content, dry matter intake or digestibility. According to Sosnowski’s research [65,65–
67], grasses grown on objects fertilised with minerals and additionally supported with
a soil fertiliser have the highest yield of biomass on the ground. The yield of grasses on
similar research was, on average, over 37% higher than the control (Festulolium braunii,
Dactylis glomerata, Festuca pratensis and Lolium perenne). However, there is a natural yield
increase of 20% in the normal control with Lolium multiflorum when NPK fertilisation
with UGmax is used. The reaction of different grass species to the biostimulator varied, as
the author highlighted.

In the work of Lopes et al. [69], EM (Burkholderia pyrrocinia rhizobacteria and
Pseudomonas fluorescens) improved shade tolerance in Brachiaria brizantha by increasing
chlorophyll content and stimulating the production of osmoregulating compounds such as
carbohydrates and proteins. Biostimulants promoted root development, increased plant
height, leaf area and biomass yields. According to the cited authors, biostimulants can
minimize the adverse effects of shading, thus contributing to the growth and survival of
forage grasses in integrated crop–livestock–forestry systems. Effective microorganisms
also exerted positive effects on spring wheat in the work of Piskier [90]. In the cited study,
an EM biopreparation applied to the soil and leaves increased grain yields by up to 23% by
improving yield components and the biometric parameters of wheat plants.

Effective microorganisms (EMs) comprising Bacillus subtilis, humates and seaweed
extract (SWE) have potential as biofertilisers to enhance microbial activity, mobilize nu-
trients and fix nitrogen. However, contrasting results have been observed. Biostimulants
such as UGmax modify the chemical composition of forage grasses, improving their nutri-
ent content and soluble carbohydrate-to-protein ratio. EM biopreparations contribute to
shade tolerance in Brachiaria brizantha and enhance growth parameters in spring wheat.
These findings indicate the varied impact of biostimulants on grasses, affecting nutrient
assimilation, quality improvement and shade tolerance.

3.1.4. Chitosan

Chitosan is an aminopolysaccharide composed of N-acetyl glucosamine and
D-glucosamine linked by β(1–4) glycosidic bonds, and it is derived from chitin through
rapid alkaline deacetylation [3]. Chitin and chitosan are naturally occurring compounds
that are used in agriculture to control plant diseases. These compounds exhibit toxic
effects and inhibit fungal growth and development. They have also been shown to protect
plants against viruses, bacteria and pests. Chitin and chitosan fragments trigger defence
mechanisms in host plants in response to microbial infections, including the accumulation
of phytoalexins, pathogen-related proteins, protease inhibitors, lignin synthesis and callose
formation [91]. Chitosan stimulates photosynthesis and stomatal closure through ABA
synthesis; it stimulates antioxidant enzymes via nitric oxide and hydrogen peroxide
signalling pathways and induces the production of organic acids, sugars, amino acids
and other metabolites that participate in osmotic regulation, stress signalling and energy
metabolism under exposure to environmental stressors. Chitosan is an antitranspirant
compound that is applied to leaves to reduce water use and protect plants against stressors.
Due to its beneficial effects, chitosan is used in sustainable agriculture to combat the
negative effects of climate change. Chitosan also forms complexes with heavy metals,
and it is applied for the phytoremediation and bioremediation of soil [92], e.g., in the
production of grasses. In a study by Kamari et al. [70], chitosan decreased heavy metal
concentrations in soil sown with perennial ryegrass.
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Biostimulants containing chitosan promoted early germination and elongation of
leaves in perennial ryegrass [93]. In a study by Agbodjato et al. [71], chitosan improved seed
germination and promoted the growth of maize plants in the vegetative stage. According
to the cited authors, chitosan combined with rhizobacteria exerted more beneficial effects
than chitosan alone. These results validate the observation that a combination of two
biostimulants can be more effective than a single product. Chitosan stimulates various
enzymes that scavenge reactive oxygen species such as superoxide dismutase (SOD),
catalase and peroxidase. The signal transduction pathways from chitosan, which elicits its
responses, involves hydrogen peroxide and nitric oxide signals; chitosan can also directly
control gene expression by interacting with chromatin. This compound has been used as
a biostimulant to enhance plant growth, increase tolerance to abiotic stresses and induce
plant resistance to pathogens. However, these responses are highly complex, and they
are conditioned by various chitosan-based structures and concentrations, as well as by
plant species and stage of development [94]. According to Yin et al. [95], oligochitosan is a
potential plant vaccine, and its effectiveness is comparable with vaccines that have been
developed for human and animal use [96].

Chitosan is a deacetylated derivative of chitin which has antifungal properties and
triggers resistance to fungal pathogens in plants [97,98]. However, in the work of Hof-
gaard et al. [93], a chitosan biostimulant applied to perennial ryegrass did not increase its
resistance to pink snow mould.

The chitosan mechanism of action on grass involves several key aspects. Firstly, chi-
tosan forms complexes with heavy metals, aiding in the purification of soil from these
pollutants. Secondly, chitosan stimulates early germination and leaf elongation, thereby
accelerating grass development. Thirdly, by activating enzymes such as superoxide dismu-
tase (SOD), catalase and peroxidase, chitosan neutralises reactive oxygen species, protecting
plants from oxidative stress. Additionally, chitosan induces signals related to hydrogen per-
oxide and nitrogen oxide and can directly affect gene expression through interaction with
chromatin. These diverse chitosan mechanisms promote plant growth, enhance tolerance
to abiotic stress and induce resistance to pathogens.

3.1.5. Silvit

Silvit is a natural growth biostimulant which contains plant-available silicon. This
product inhibits tissue penetration by pests (by increasing cell wall resistance to pathogenic
enzymes), increases tolerance to low temperature and drought, intensifies photosynthesis
under limited light access and minimizes the adverse effects of salinity on plant growth [99].

Radkowski et. al. [74] have shown that silage produced from silicon-fertilised sward
have a higher total protein content, nutritional value of protein and energy compared to that
produced from non-fertilised swards. According to the authors, the trend towards higher
protein content can be attributed to the higher proportion of legumes in the botanical
composition of the sward and the higher protein content of these plants. Borawska-
Jarmułowicz et al. [48] reported that silicon fertilisers (Optimal, Herbagreen) increased the
crude protein content of mixed grass stands with a high share of Festulolium braunii and
red clover during periods of drought. The nutritional value of mixtures was found to differ
over the years when subjected to silicon fertilisation, and this variation was dependent
on the botanical composition. Under low rainfall conditions, a significant proportion of
F. braunii combined with T. pratense, which contributed to roughly 20% of the proportion,
resulted in a higher content of crude protein. The authors concluded that these results could
be utilized for fertilising temporary grassland to improve its nutritional value, particularly
crude protein content, while also reducing fibre levels in the sward. Mastalerczuk et al. [73]
also observed the beneficial effects of using silicon in organic farming. This included
improved yield of grass and clover swards, as well as higher crude protein content and
better organic matter digestibility.

In a study by Radkowski et al. [74], the milk of cows fed ensiled grass from a pasture
fertilised with a biostimulant was characterized by a higher content of dry matter, protein
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and fat, as well as higher overall and microbiological quality. Milk yields and milk protein,
dry matter and fat levels were highest in the group of cows fed ensiled plants fertilised
with a higher rate of silicon.

The mechanism of silicon on grasses is multifactorial. Silicon may enhance plant
metabolism, leading to greater production of nutrients. Furthermore, it provides support
for plant defence, aiding plants in combating drought and disease. The augmented protein
content in grasses could stem from enhanced cell structures that manage nitrogen storage
and increased assimilation of minerals, including nitrogen. The yield and botanical com-
position of grasses may benefit from silicon due to improved soil structure and greater
efficiency in nutrient utilisation. When fed to cows in the form of ensiled grass, silicon may
enhance milk composition by promoting better nutritional performance of the grasses.

3.2. Synthetic Biostimulants
Nutrients and Phenolic Acids

Titanium (Ti) is a growth stimulator, and Ti ions are easily available to plants. Even
small quantities of Ti enhance plant growth and increase stress resistance [94]. The bios-
timulant sold under the commercial name of Tytanit contains 8.5 g dm−3 of chelated Ti.
Titanium belongs to a group of elements with the lowest phytoaccumulation index, and it
stimulates the activity of select enzymes, including catalase, peroxidase, lipoxidase and
nitrate reductase [100].

Titanium is regarded as a beneficial element for plant growth. When applied to roots
and leaves at low concentrations, Ti stimulates the activity of certain enzymes, increases
chlorophyll content, stimulates photosynthesis, promotes nutrient uptake, improves stress
tolerance and increases yields and crop quality. Commercial fertilisers containing Ti, includ-
ing Tytanit and Mg-Tytanit, have been used as biostimulants to improve crop productions,
but the mechanisms responsible for their stimulatory effects remain unclear. Titanium
exerts beneficial effects on plants by interacting with other nutrients, mostly iron (Fe).
Iron and Ti enter into synergistic and antagonistic interactions. In iron-deficient plants, Ti
induces the expression of genes responsible for Fe acquisition, increases Fe uptake and
utilization and improves plant growth. Some plants contain proteins that bind specifically
or non-specifically with Ti. In plants with high Ti concentrations, Ti competes with Fe for
ligands or proteins. Strong competition can lead to Ti phytotoxicity [101].

According to Malinowska and Wiśniewska-Kadżajan [100], the growth of Festulolium
plants is enhanced when N fertilisers are combined with foliar application of Tytanit.
In their opinion, Tytanit reduces production costs, delivers environmental benefits and
increases the nutritional value of Festulolium plants. In a study by Malinowska et al. [102],
Festulolium biomass yields peaked when plants were fertilised with mineral N and sprayed
with 1% Tytanit in all growing seasons. This combined treatment also increased the protein
content of grass. In the first and second year of the experiment, a single foliar treatment
with 1% Tytatnit increased the content of soluble sugars in Festulolium braunii relative to
grass fertilised with N only.

Ciepiela [35] reported an increase in the protein content of annual ryegrass supplied
with Tytanit. The application of Tytanit significantly increased chlorophyll content in
plant leaves and plant dry matter yield compared to the control. Radkowski [75], in turn
also observed that foliar application of 0.08% Tytanit increased the leaf greenness index
(SPAD values) in timothy-grass (Phleum pratense L.). According to Cigler et al. [76], Ti
affects photosynthetic processes, as per their hypothesis. However, the primary effect of
Ti fertilisation, manifested as an increase in leaf chlorophyll concentration (SPAD index
above 20%), gives Timothy the initial growth advantage. As a result, stronger shoots
with longer tillers, broader and longer leaves are formed. In conclusion, strong shoots
with high chlorophyll concentrations produce more glucose, which translates into faster
synthesis of biopolymers such as cellulose or starch in the seeds. This is a secondary effect
of Ti fertilisation. The stronger plant shoots enable the formation of longer and broader



Agriculture 2023, 13, 1796 16 of 33

inflorescences. Ti fertilisation accelerates all these processes. In conclusion, stronger plants
produce larger and healthier seed kernels.

Stymjod is a nanotechnology-based growth regulator which contains highly
available mineral and organic nutrients that promote plant ontogeny. In the study by
Sosnowski et al. [50], Stymjod applied at a concentration of 4.5% significantly increased
the number of shoots, leaf blades and dry weight of 100 leaf blades, which translated into
more fresh and dry orchard grass plants. In the work of Sosnowski et al. [50], Stymjod
increased the photosynthetic capacity and chlorophyll content of orchard grass plants. In
addition, it was found that all concentrations of Stymjod increased the photosynthetic
activity of the plants, resulting in an increase in the content of photosynthetic pigments and
the value of the SPAD leaf greenness index. According to the authors, the use of Stymjod
suggests the possibility of reducing mineral nitrogen doses without negative physiological
consequences for plants.

Nano-Gro is another synthetic biostimulant; it is an organic preparation that which
contains oligosaccharide granules saturated with Fe, Co, Al, Mg, Mn, Ni and Ag sulfates
in nanomolar concentrations (10−9 mol). Jankowski et al. [103] found that Nano-Gro
increased the germination energy of Festulolium braunii, perennial ryegrass and annual
ryegrass. A greenhouse experiment involving grasses demonstrated that foliar application
of phosphites improved root growth in perennial ryegrass. These results indicate that
phosphites act as root biostimulants, rather than as pesticides or fertilisers [104]. According
to the authors, Nano-Gro has been used in agriculture for cereals, oilseed rape, sugar beet,
maize, vegetables and in greenhouses. However, there is a lack of information about the
impact of this growth stimulator on various grass and legume species in the literature.

Formulations such as Titanite, Stymjod and Nano-Gro confer benefits to grasses
through various mechanisms. The combination of Titanite and nitrogen fertilisers increases
plant growth of Festulolium, reduces costs and enhances nutritional value. Stymjod
promotes the growth of shoots and leaves, as well as the dry leaf mass, whilst improving
the photosynthetic capacity and chlorophyll content. Additionally, Nano-Gro enhances
the germination of grasses. These formulations can help to reduce nitrogen doses without
harming the plants, which is crucial for ecological sustainability.

4. The Use of Biostimulants in the Production of Turfgrasses

Turfgrasses are grass species that are cut to a relatively low height (<10 cm) and are
grown for ornamental, recreational and functional purposes. Many turfgrass species are
also grown in meadows and pastures and are used in the production of livestock feed [104].

Around 50 grass species are grown for “turfgrass”, and all turfgrass species have their
own varieties and specific growth requirements [105]. Based on their biology and ability to
adapt to different climates, grasses can be divided into cool-season (Pooideae) and warm-
season (Aristidoideae, Arundinoideae, Micrairoideae, Danthonioideae, Chloridoideae and
Panicoideae) grasses [106]. Cool-season grasses, which are well adapted to moderate
and subarctic climates, include perennial ryegrass (Lolium perenne L.), annual ryegrass
(Lolium multiflorum L.), red fescue (Festuca rubra L.), tall fescue (Festuca arundinacea Schreb.),
creeping bentgrass (Agrostis palustris Huds.), common bent (Agrostis capillaris L.) and
Kentucky bluegrass (Poa pratensis L.) [107,108]. Kentucky bluegrass is the most popular
turfgrass species in the northern USA. Mixtures of perennial ryegrass, Kentucky bluegrass
and red fescue are widely used as football pitch grasses in Central Europe. Turfgrass species
and varieties should be resistant to spring and fall frosts, as well as summer drought. These
adverse weather conditions compromise plant vitality and exert a negative effect on the
appearance of lawns [109,110].

Abiotic (non-living) and biotic (living) factors pose a health risk for turfgrasses
(Figure 3), in particular in golf courses, where additional treatments are required [111]. Abi-
otic factors include extreme temperatures, excess rainfall or drought, nutrient deficit, high
salinity, acidity, pollution, wind, ultraviolet radiation, chemical and mechanical damage
and/or poor agronomic practices. Biotic factors involve plant pathogens (bacteria, fungi,
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viruses) that can compromise the health of turfgrasses. Fungal and bacterial infections
decrease grass yields and cause significant harvest losses, and most turfgrass diseases
are caused by fungi [4,29,105,112,113]. Harsh environmental conditions can inhibit plant
growth, damage cell structures and lead to metabolic dysfunctions in plants [108].
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Rapid urban growth and infrastructure development has increased the significance
of grasses outside the farming sector. Lawns are important landscape components, and
various grass species are used in recreational areas, sports facilities, home gardens and
cemeteries [108,114–116]. Turfgrasses drive the urban ecology and are one of the most
important indicators of economic growth and civilization. The biological characteristics of
various grass species determine the productivity and quality of the turf and its applicability
in landscapes, slopes and sports fields [117].

In addition to aesthetic and ornamental properties, turfgrasses also deliver functional
benefits by maintaining the ecosystem balance and promoting the reclamation of polluted
and overexploited natural areas in the urban landscape. Turfgrasses control soil erosion,
improve soil quality, purify water, reduce noise and mitigate air pollution. In hot regions,
well-kept turfs can decrease atmospheric temperature by sequestering carbon [117–119].

Fertilisation is one of the factors that significantly influence the appearance of grass
lawns. Fertilisers applied in the production of sports turf contain nutrients that are essen-
tial for the growth and development of grass. Fertilisers increase turf density, enhance
green colour, promote uniform grass coverage and increase resistance to disease with-
out promoting excessive growth of the shoot apical meristem. The timing and rate of
N fertilisation strongly affects the prevalence of turfgrass diseases [110,120]. Optimal N
fertilisation decreases oxidative stress by maintaining osmoprotectants, stimulating an-
tioxidant enzymes and sustaining metabolic activity at reduced tissue water potential,
which increases resistance to drought. The availability and quality of irrigation water will
decrease due to diminishing supply of surface water around the world [121]. Without
additional irrigation, adequate water retention in soil will pose a growing problem in the
production of turfgrasses [107].

The demand for turfgrasses is likely to increase in the future, which is why the
management of plant-available nutrients, water and pest control is essential for maintaining
healthy and aesthetically appealing landscapes [122]. In addition to a wide range of
fertilisers to improve the appearance of the lawn, new biological agents are appearing on
the lawn care market to stimulate the growth and development of the plant. Biostimulants
have a positive effect on the metabolism of the lawn (Figure 4, Table 4). They stimulate
vital processes and reduce the effects of unfavourable environmental conditions (drought,
salinity, temperature fluctuations) and pathogens [123].
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Table 4. Summary of species, biostimulants and effects in turfgrass production.

Biostimulant Plant Species Effect References

Humic and fulvic acids tall fescue positive effects observed on transplanted tall fescue, improved
quality and heat resistance [124,125]

Humic and fulvic acids creeping bentgrass
improved root growth at both low and higher fertiliser levels,

increased photosynthetic rates and root mass regrowth, improved
tolerance to heat and moisture stress, enhanced turfgrass quality

[126–128]

Humic and fulvic acids perennial ryegrass increased uptake of nutrients, promotion of root growth,
improved drought tolerance, particularly concerning iron content [36,123,129,130]

Humic and fulvic acids Kentucky bluegrass increased root mass and resistance [131]

Seaweed extracts Kentucky bluegrass and tall fescue no significant influence on NDVI in frequently mowed turfgrasses [132]

Seaweed extracts creeping bentgrass improved visual quality, enhanced shoot and root growth,
mitigated summer decline in creeping bentgrass growth [42]

Seaweed extracts perennial ryegrass, Kentucky bluegrass decreased prevalence of fungal diseases, increased turf density [133]

Protein hydrolysates and free amino acid perennial ryegrass, Kentucky bluegrass,
tall fescue

improved appearance, functionality, disease resistance, increased
nutrient content (N, K, Mg, Na, Mn) [47]

Protein hydrolysates and free amino acid creeping bentgrass
stimulated N and K uptake, increased grass quality, more shoots,

longer roots, increased shoot number, absorbed glutamate for
GABA and proline production

[134,135]

Fungi perennial ryegrass.

enhance growth and resilience, increase resistance to water deficit
and salinity, promote nutrient use efficiency, improve overall plant

health, significantly increased leaf biomass under normal
irrigation and salinity

[114,136]

Fungi creeping bentgrass
higher biomass yields, Improved assimilation of selected nutrients,
promoted root growth, reduced demand for fertilisers, increased

tolerance to drought
[137]

Fungi Kentucky bluegrass

enhance growth and resilience, increase resistance to water deficit
and salinity, promote nutrient use efficiency, improve overall plant

health, significantly increased leaf biomass under normal
irrigation and salinity

[138]

Fungi red fescue improved establishment speed, increased dry and fresh matter
yield, improved visual appearance of grass [138]

Chitosan creeping bentgrass

improved heat tolerance, enhanced growth under high
temperature conditions, promoted shoot and root growth,

improved turfgrass quality, mitigated decline in photosynthesis
rate, promoted cell membrane stability

[139]

Chitosan perennial ryegrass, red fescue,
Kentucky bluegrass

enhanced turf density, increased chlorophyll content, increased
NDVI values, potential for leaf elongation with constant or

excessive treatments leading to nutritional deficiency and higher
mowing costs

[140,141]

Silicon Kentucky bluegrass

promoted growth, improved quality, facilitated K+ transfer from
roots to shoots, inhibited Na+ absorption and transfer, alleviated

severity of diseases, enhanced photosynthesis, enhanced
antioxidant defence system

[142,143]

Silicon tall fescue, creeping bentgrass Si may exacerbate brown patch symptoms, contributed to nutrient
imbalance in these species [144]

Silicon perennial ryegrass, annual ryegrass, tall
fescue, red fescue

improved visual appearance, reduced Fusarium patch prevalence,
reduced leaf blotch prevalence, increased nutrient content [49,145]

Silicon perennial ryegrass accumulated Si up to 4% on a dry matter basis, considerations for
Si fertilisation include soil type, Si source and application rate [146]
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4.1. Natural Biostimulants
4.1.1. Humic and Fulvic Acids

Various organic materials such as HA, SWE, organic matter and amino acids are
used as fertilisation supplements in turfgrass cultivation. Humic substances and SWE
are the leading organic ingredients in biostimulants for turfgrasses. These compounds
contain phytohormones and osmoprotectants such as cytokinins, auxins, polyamines and
betaines [124]. Humins promote the conversion of mineral compounds into plant-available
forms. They stimulate seed germination and improve seed viability, and their effects are
most prominent in the roots [147]. Humic and fulvic acids modulate primary and secondary
metabolic processes in plants. Humic substances promote root growth and nutrient uptake
and increase plant resistance to environmental stressors [148].

In recent years, many commercial products containing humic substances have been
promoted as effective biostimulants for turfgrasses despite the fact that their efficacy has not
been adequately documented [127]. Zhang et al. [124] observed that HA and SWE exerted
positive effects on transplanted tall fescue. Seaweed extracts (Ascophyllum nodosum Jol.)
and HA also improved the quality and heat resistance of transplanted tall fescue in another
study by Zhang et al. [125]. The study found that foliar applications of SWE and HA, alone
or together, increased SOD activity of field-grown creeping bentgrass. The authors clarified
that the observed increases were associated with better turf quality, higher photochemical
activity and lower incidence of dollar spot disease (Sclerotinia homoeocarpa F.T. Bennett).
The overall physiological condition of the coppice was enhanced by the increased antioxi-
dant superoxide dismutase (SOD) activity, independent of the nutrient application level.
As per the authors, the favourable effects of these compounds on turfgrass production
can be achieved with lesser but nutritionally appropriate fertilisation. The researchers
suggest that the presence of hormones and compatible osmolytes in SWE and HA can
upsurge both SOD and photochemical activities. These results closely correspond to those
in other studies by Zhang et al. [126]. The authors showed that HA and SWE improved the
physiology of creeping bentgrass cv. Southshore and increased root growth at both low
and higher fertiliser levels. The authors suggested that natural biostimulants should be
used to improve plant performance before and during summer abiotic stress, in addition to
maintaining adequate levels of plant-available nutrients. Liu et al. [127] also found a similar
effect while working with humic acids applied to creeping bentgrass grown hydroponically,
as in this study. The researchers discovered that an application of high concentrations of
humic acids (400 ppm) significantly improved photosynthetic rates and root mass regrowth.

Similarly, Mueller’s [128] study found that biostimulants containing seaweed extracts
and humic acids could improve the tolerance of creeping bentgrass to heat and moisture
stress. This study included biostimulant products that had wetting agents, while the other
three products incorporated some seaweed extract or humic acid, which can explain the
improvement in turfgrass quality. It was also observed that the biostimulants did not
significantly alter the microbial community of the putting green in terms of enzyme activity
or substrate utilization. The authors suggested that the positive response to biostimulants
was not due to nutrition.

According to Mueller and Kussow [128], HA and SWE increased the resistance of
creeping bentgrass to heat and water stress. In turn, Zhang et al. [125] observed that humic
substances and SWE are useful supplements that can reduce fertiliser and fungicide use in
the production of creeping bentgrass and demonstrated that HA and SWE enhanced the
physiological function of creeping bentgrass cv. Southshore and improved root growth in
both low and high fertilisation regimes. They suggested that, in addition to maintaining
adequate levels of plant-available nutrients, natural biostimulants should be used before
and during summer abiotic stresses to improve plant performance.

However, according to Daneshvar [129], foliar application of HA increased the uptake
of selected nutrients, promoted root growth and improved drought tolerance in perennial
ryegrass cv. Speedygreen. The results indicate that leaf P, K and Zn content, fresh and dry
weight, chlorophyll content and fresh weight of roots were not affected by HA. All con-
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centrations of HA were functionally adequate in improving the iron content. Regelink [36]
made a similar observation when applying FA and HA to sandy and loamy soil with high
and very low phosphorus content, respectively. This application had no impact on grass
yield nor on total nitrogen and phosphorus uptake, regardless of nitrogen, phosphorus,
potassium, sulfur and calcium fertilisation, as well as in unfertilised soil. The authors
argued that the lack of effect of the tested HS was due to the fact that the applied doses
of HS were low compared to the amount of Soil Organic Carbon (SOC) already present
in the soil. HS adsorbs to reactive soil mineral surfaces and therefore may not be able to
interact with plant roots as they would if applied in a hydroculture or soilless substrate.
In addition, an effect of HS addition on ortho-P availability is only expected at high P
loads (i.e., 0.4–0.6 mol mol−1), whereas the soils in the experiments had lower P loads (i.e.,
0.09 and 0.29 mol mol−1).

Humins promote the conversion of mineral compounds into plant-available forms.
They stimulate seed germination and improve seed viability, and their effects are most
prominent in the roots [147]. This was confirmed in a study by Chen et al. [149], which
reported that HA and FA improved seed germination, root initiation and total biomass of
perennial ryegrass. The authors suggest that improved Fe and Zn nutrition can enhance
a number of physiological processes related to plant growth due to Fe involvement in
chlorophyll biosynthesis and cytochrome activity. The authors considered that the enhance-
ment of plant growth in the nutrient solution and in the soil by HS is largely due to the
maintenance of Fe and Zn at sufficient levels in the solution. They added that this effect
depends on the pH levels and becomes more pronounced under high pH conditions. Krasa
and Świerszcz [123] noted in another study that a biostimulant containing HA enhanced
the vitality of a turfgrass mixture composed of perennial ryegrass and Kentucky bluegrass.
Similar observations were made by Acuña et al. [130], who demonstrated that HA and
complex organic materials exerted a positive effect on the performance of turfgrasses and
identified differences in responses to the applied biostimulant between perennial ryegrass,
creeping bentgrass and tall fescue. In the work of Erwin [131], HA significantly increased
the mass and resistance of Kentucky bluegrass roots. In contrast, HA had no significant
effect on the growth of ryegrass cv. Speedygreen in a study by Nikbakht et al. [150]. This
fact can partly be explained by Van Dyke et al. [151]. According to a field study on creeping
bentgrass, fulvic acid products did not affect turfgrass performance, as measured by phos-
phorus uptake and chlorophyll content. In all turfgrass species, Potente, an amino acid root
stimulant, showed no significant differences in fresh and dry weight when compared to
the control.

Biostimulants containing humic acids and marine algae extracts have been shown to
have a positive impact on grasses. They stimulate antioxidant enzymes, photochemical
processes, root growth and stress resistance. Technical terms are explained when first used.
Due to the presence of hormones and osmolytes, they enhance the quality of the grass and
its ability to defend against disease. The mechanism of action is to aid nutrient uptake and
stimulate root development. However, the effectiveness varies depending on the grass
species and soil conditions. These findings demonstrate the need for further research to
maximize the potential of biostimulants in enhancing grass growth and health.

4.1.2. Seaweed Extracts

Seaweed extracts contain phytohormones, vitamins, amino acids and minerals.
Ascophyllum nodosum algae are plant growth regulators which increase the antioxidant
activity of SOD in the production of turfgrasses. Increased antioxidant activity in
plants reduces oxidative stress [152]. Seaweed extracts are biodegradable, non-toxic and
environmentally friendly fertilisers, and they are widely used in organic and integrated
farming. Algae enhance plant and seedling growth and stimulate the development of
the root system. They increase nutrient uptake and resistance to diseases and pests
and stimulate plant defence responses against biotic and abiotic stresses. Seaweed
extracts induce various biochemical pathways in plants, stimulate the secretion of root
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flavonoids and promote microbial colonization [153]. They are applied mainly to improve
photosynthetic capacity, plant growth and nutrient use efficiency [154].

In a study by Guillard [132], SWE had no significant influence on the value of the
normalized difference vegetative index (NDVI) in frequently mowed perennial turfgrasses
(Kentucky bluegrass and tall fescue). Very high temperatures were not observed during
the study, but water stress was periodically noted and further research was recommended
to determine the effect of SWE on turfgrass.

According to Xu et al. [42], summer decline in turf quality and the growth of cool-
season grass species pose significant challenges in turfgrass management. The aim of
the cited study was to determine whether foliar application of two SWE biostimulants
(TurfVigor and CPR) would mitigate the decline in the growth of creeping bentgrass in
the summer and to analyse the impact of the tested biostimulants on leaf senescence and
root growth. Both biostimulants significantly improved the visual quality of turfgrass
and enhanced shoot and root growth. The study demonstrated that properly applied
biostimulants can improve the summer performance of creeping bentgrass. In the work of
Talar-Krasa [133], Bio-Algeen S90 significantly decreased the prevalence of fungal diseases
in perennial ryegrass and Kentucky bluegrass and increased turf density.

Seaweed extracts can have a positive impact on turf due to their high levels of phyto-
hormones, vitamins, amino acids and minerals. Especially beneficial are extracts from the
Ascophyllum nodosum algae, which can regulate growth, increase antioxidant activity and
reduce oxidative stress. When used as an organic fertiliser, they can promote plant growth
and bolster resistance. Mechanisms of action comprise increased nutrient uptake and root
development, bolstered defence against pests and diseases and heightened stress response,
activation of biochemical pathways and promotion of microbial growth. Seaweed extracts
advance photosynthesis, plant growth and nutrient utilisation, with distinct benefits for
the quality of grasses during summer and for species that thrive in cooler climates, as
demonstrated by research. The effectiveness varies according to the plant species and the
environmental conditions in which they are cultivated.

4.1.3. Protein Hydrolysates and Free Amino Acids

Protein-based fertilisers can be divided into PHs containing a mixture of peptides and
amino acids and products containing individual amino acids. Both plant and animal sources
of proteins are used in the production of commercial biostimulants. These components are
derived by chemical, thermal or enzymatic hydrolysis [155]. Protein hydrolysates stimulate
plants by enhancing carbon and N metabolism and increasing N assimilation [156].

In Commission Regulation (EU) No. 142/2011 (Annex I, point 14), hydrolysed proteins
are defined as “polypeptides, peptides, and amino acids, and mixtures thereof, obtained
by the hydrolysis of animal by-products”. Protein hydrolysates also contain other com-
pounds with biostimulatory effects, including lipids, carbohydrates, phenols, minerals,
phytohormones and other organic compounds. Protein hydrolysates derived from agri-
cultural by-products offer a sustainable solution to waste management and contribute to
environmentally friendly production. They exert positive effects on plants by increasing
root and shoot biomass, improving productivity and increasing plant yields and nutrient
uptake [3].

Biostimulants containing PHs improve crop nutrient status and reduce the use of
chemical fertilisers. Agricultural by-products are a valuable source of protein and can be
recycled into PH-based biostimulants. Protein hydrolysates contain nutrients with func-
tional and/or bioactive properties that can be used in medicine, nutrition, food production
and agriculture. The properties of PH-based biostimulants constitute an interesting topic
of research [3].

According to Bahugana [3], PHs are an effective tool in sustainable agriculture because
they promote plant growth and development. However, further research is needed to
identify ingredients that are responsible for the mechanism of action of PHs. The method of
application and the optimal dose should be determined for every PH-based biostimulant.
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Little is known about PHs’ influence on the communities of soil-dwelling microorganisms
in the rhizosphere, which is why enzyme sources and hydrolysis conditions should be
optimized in the production process.

Preparations containing amino acids also increase plant resistance to adverse envi-
ronmental conditions. Amino acids and peptides improve plant tolerance to heavy metal
contamination. Proline synthesis is induced in plants in soils with high concentrations of
heavy metal ions. Proline is an osmoregulatory agent which maintains homeostasis in an
organism’s water content under exposure to heavy metals [156]. According to Mertz [157],
amino acids are more effective in promoting the growth of turfgrasses than mineral fer-
tilisers, but their catabolism in plants has not been thoroughly investigated to date. Many
turfgrass fertilisers contain amino acids, but some amino acids have better fertilising prop-
erties than others. Three branched-chain amino acids (BCAA) are commonly recognized
as effective sources of N for plant growth: leucin (L), isoleucine (IL) and valine (V). These
compounds are nonpolar and hydrophobic, which makes them particularly effective in
increasing nutrient uptake by plants.

Radkowski et al. [47] analysed the effectiveness of the AGRO-SORB® Folium biostimu-
lant containing amino acids in the production of a turfgrass mixture composed of perennial
ryegrass, tall fescue and red fescue. Plants supplied with the highest rate of the analysed
biostimulant received the highest scores for appearance and functionality. Grasses fertilised
with biostimulant containing amino acids AGRO-SORB® Folium were more resistant to
disease. In plots supplied with the analysed biostimulant, the prevalence of Fusarium
infections decreased by 16%, whereas the prevalence of net blotch was reduced by 20%
relative to control. Higher rates of the applied biostimulant also increased the content of N,
K, Mg, Na and Mn in the turfgrass mix. According to the cited authors, the effectiveness
of the tested biostimulant increased with the applied dose. In their opinion, turfgrass
appearance can be improved by increasing the rate of amino acid fertiliser application.
Kim et al. [134] assessed the effect of functional liquid fertilisers containing saponin (SLF)
and amino acids (ALF) on creeping bentgrass. The tested products stimulated N and K
uptake and enhanced grass quality by increasing the number of shoots and root length.
The cited authors concluded that functional liquid fertilisers such as SLF and AFL can
effectively replace compound fertilisers because they increase N availability and absorption
and improve the quality of creeping bentgrass turfs.

Biostimulants containing amino acids enjoy growing popularity because they improve
the quality of specialty crops. However, the mechanisms by which these biostimulants
are absorbed by plants and utilized in cell metabolism have not been fully elucidated.
McCoy [135] found that BCAA was more effective than urea in increasing the number of
shoots in creeping bentgrass. The results of the study demonstrate that creeping bentgrass
leaves absorb glutamate quickly to produce GABA and proline. As per the author, gluta-
mate is primarily absorbed without any alteration, and the conversion into other forms of
nitrogen is a secondary process. The research presents evidence that amino acids applied as
exogenous sources to turfgrass leaves can be rapidly absorbed and serve as stable sources
of precursor molecules for incorporation into the plant’s metabolism.

Amino acids enhance turfgrass resilience of turfgrass to harsh conditions by regulating
water balance with proline and boosting tolerance to heavy metals, among other benefits.
This supports the plant’s health and appearance, increases nutrient and nitrogen uptake
and improves turf quality. Additionally, these acids are rapidly absorbed by grass leaves,
providing a continuous supply of metabolic precursors.

4.1.4. Fungi

A mutualistic symbiosis between plants and microorganisms can increase plant toler-
ance to environmental stressors [158]. The presence of Epichloë fungal endophytes in host
plant tissues increased chlorophyll content, photosystem II efficiency and the accumulation
of heavy metal ions in aerial plant parts, and it was influenced by the genotype of the host
plant. Fungal endophytes colonize intercellular spaces in host plants and often increase the
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production of secondary metabolites. They protect plants against fungal pathogens and
increase their resistance to abiotic stresses such as drought. By increasing the production
of antioxidants, Epichloë spp. neutralize the negative consequences of reactive oxygen
species and improve drought tolerance [159]. According to Pańka [114], endophytes of
the genus Epichloë play a significant role in plant growth and can be used as biological
protectants to improve the functional properties of various grass biotypes. They concluded
that endophytes enhance the growth and resilience of turfgrass, increase its resistance
to water deficit and salinity, promote nutrient use efficiency and improve overall plant
health [160].

Festuca rubra subsp. pruinosa is a host of Epichloë festucae fungal endophytes. In peren-
nial ryegrass inoculated with Festuca rubra subsp. pruinosa, a Diaporthe strain significantly
increased leaf biomass under normal irrigation and salinity. These results suggest that
the core mycobiome of Festuca rubra subsp. pruinosa can play an important role in host
plant adaptation and can be useful for improving grass production [161]. According to
Stingl [136], effective microbial products should deliver long-lasting effects, should be easy
to apply and should be non-toxic for living organisms and the environment. According
to the cited author, endophytic microorganisms have the greatest potential for controlling
turfgrass pathogens and pests. Endophytes can colonize plant tissues without inducing vis-
ible symptoms of biotic stress. Species of the genus Epichloë (Clavicipitaceae and Hypocreales)
colonize grasses in winter and grow in aerial plant parts by forming systemic and usually
asymptomatic associations that lead to defensive mutualism [158].

Arbuscular–mycorrhizal symbiosis delivers numerous benefits for host plants, includ-
ing higher tolerance to abiotic and biotic stress as well as improved growth and nutrient use
efficiency. In a study by Pelletier et al. (Festuca rubra L.), Kentucky bluegrass, red fescue and
perennial ryegrass inoculated with Glomus intraradices were established more quickly than
turfgrass inoculated with Glomus etunicatum. In the work of Nikbakht [150], colonization
by AMF increased the dry and fresh matter yield of perennial ryegrass cv. Speedygreen.
According to the authors, mycorrhizal inoculation greatly improved the visual appearance
of grass. Glomus intraradices colonized more roots than Glomus mosseae, and the authors
concluded that perennial ryegrass has a greater preference for G. intraradices than G. mosseae.
In turn, Charesta and Dalpe [137] reported higher biomass yields in creeping bentgrass and
Kentucky bluegrass colonized by Glomus mosseae. Nikbakht [150] suggested that AM inocu-
lation improves the assimilation of selected nutrients, promotes root growth in perennial
ryegrass, reduces the demand for fertilisers and increases tolerance to drought.

According to Xia [122], little is known about microbial species colonizing the rhizo-
sphere and endosphere of turfgrasses. They identified the dominant bacterial and fungal
species in the rhizosphere and endosphere of turfgrasses, including P. veronii, J. lividum
and Pseudogymnoascus spp. These microorganisms are probably involved in the biocon-
trol, biotransformation and nutrient uptake in plants. Allan-Perkins [162] found that
Proteobacteria spp. were the predominant microorganisms in soil samples from a golf course,
and they noted that soil management practices significantly influenced fungal abundance,
diversity and pathogens. The cited study was the first report which relied on metagenomics
to characterize microbial communities in three management areas of golf courses, including
organically managed courses.

The mechanism of fungi’s action on turf is an advantageous symbiosis that enhances
the plants’ resistance to severe conditions. Endophytic fungi, such as Epichloë, increase turf
productivity through the production of secondary metabolites and antiparasitic defence.
Arbuscular mycorrhiza (AMF) promotes growth and access to nutrients, improving toler-
ance to stresses. These processes contribute positively to the overall condition and health
of the turf.

4.1.5. Chitosan

Chitosan is a linear cationic polysaccharide composed of randomly distributed N-
acetyl glucosamine and D-glucosamine linked by β(1–4) glycosidic bonds. Chitosan is
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derived by deacetylation of chitosan, which occurs naturally in crustacean exoskeletons
and fungal cell walls. Depending on its source, the molecular weight of chitosan ranges
from 1 × 104 Da to 1.5 × 106 Da [72].

Chitin is the second-most abundant polysaccharide on earth after cellulose, and this
biodegradable, biocompatible and non-toxic compound has numerous practical applica-
tions [163–165]. This naturally occurring compound has a high physiological potential,
and it has attracted growing interest in recent years. In plants, chitosan influences physio-
logical responses such as resistance and defence mechanisms involving various enzymes,
including phenylalanine ammonia lyase, polyphenol oxidase and tyrosine ammonia lyase,
as well as antioxidant enzymes such as SOD, catalase and peroxidase that protect plants
against environmental stressors. Recent research has shown that chitosan induces tolerance
to biotic and abiotic stresses in plants and promotes the formation of barriers that enhance
plant productivity [166].

In a study by Li et al. [139], chitosan applied to the leaves of creeping bentgrass im-
proved heat tolerance and enhanced growth under high temperature conditions. Chitosan
promoted shoot and root growth and improved turfgrass quality. According to the cited
authors, chitosan mitigates the decline in the rate of photosynthesis and promotes cell
membrane stability. According to Acemi [140], chitosan enhanced the density of turfs
composed of perennial ryegrass, red fescue and Kentucky bluegrass. However, constant or
excessive chitosan treatments could increase leaf elongation, thus contributing to nutritional
deficiency and higher mowing costs.

Yoon and Kim [141] reported significant differences in chlorophyll content and NDVI
values in turfgrasses supplied with SWE and chitosan preparations. In Kentucky bluegrass
and creeping bentgrass, chlorophyll content and NDVI increased after foliar application of
chitosan and SWE. Olszewska [44] also found that effective microorganisms applied to the
leaves improved the chemical composition of perennial ryegrass. According to the cited
authors, biostimulants can improve turfgrass management in golf courses in the fall.

Chitosan strengthens defence mechanisms, increases tolerance to environmental
stresses and improves growth in grasses. However, excessive use can cause problems
such as leaf elongation or higher maintenance costs. When combined with effective micro-
organisms, chitosan upgrades the quality of grasses, benefiting grass management, espe-
cially on golf courses during autumn.

4.2. Synthetic Biostimulants
Nutrients

In heavily used lawns and meadows, grass blades/tissues are damaged due to fric-
tion, tearing and compression, which increases their susceptibility to pests and diseases.
Silicon stimulates plant growth and development, and it decreases the risk of pathogenic
infections and pest infestation. Silicon increases water absorption in plants, thus improving
productivity and plant quality in periods of drought.

In a study by Chai et al. [142], the application of Si under salinity stress promoted the
growth of Kentucky bluegrass and improved its quality. According to the cited authors,
Si induces the transfer of K+ from roots to shoots, but inhibits the absorption and transfer
of Na+, which may improve turf growth and quality when Si is applied under saline
conditions. This observation is particularly helpful for maintaining lawns in the proximity
of roads. Silicon alleviates the severity of many diseases transmitted by seeds, soil and
leaves. When applied to leaf blades, Si is polymerized on the surface and forms a protective
chemical and physical barrier. In turn, when applied to the soil, Si is absorbed by the roots
and participates in plant defence mechanisms. Silicon stimulates phenylpropanoid and
terpenoid biosynthesis pathways in plants, accelerates the transcription of protective genes
and stimulates defence enzymes. Silicon also enhances photosynthesis and the antioxidant
defence system in plants [143]. Amin et al. [165] reported that Si applied to drought-stressed
maize improved plant growth and yields by increasing the rate of photosynthesis and
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reducing transpiration. Silicon can act at the molecular level by regulating the expression
of genes involved in defence responses in plants [166].

In a study by Radkowski et al. [49], the Optysil biostimulant improved the visual
appearance of a turfgrass mixture composed of perennial ryegrass, annual ryegrass, tall
fescue and red fescue. In plots supplied with silica, the prevalence of Fusarium patch
decreased by around 12%, and the prevalence of leaf blotch was reduced by around 18%
relative to control. Higher rates of the silicon supplement significantly increased the content
of N, P, K, Ca, Mg, Na, Cu and Fe in plants. Pruyne et al. [145] reported that silicates applied
to perennial ryegrass increased turf density.

According to Zhang et al. [144], silicate-based biostimulants should not be applied
to suppress brown patch in tall fescue and creeping bentgrass. In these grass species,
silicates can exacerbate symptoms of brown patch by contributing to nutrient imbalance.
Nanayakkara et al. [146] reported that perennial ryegrass accumulated Si (the Si content
of plants was determined at up to 4% on a dry matter basis) and concluded that soil
type, source of Si and the rate of Si application should be considered when selecting a Si
fertilisation treatment.

The mechanism of action of silicon on turf entails multiple key aspects. When grown
in saline conditions, silicon regulates the transfer of K+ and Na+ ions, which promotes
turf growth and enhances its quality. Additionally, silicon functions as a safeguard, dimin-
ishing the occurrence of seed-, soil- and leaf-borne diseases. Its application to the foliage
generates a protective layer, while absorption by the roots triggers the plant’s defence
mechanisms. Silicon stimulates the production of defence compounds, accelerates photo-
synthesis and enhances antioxidants. However, in certain species of grass, silicon has been
found to exacerbate disease symptoms, making its careful selection a crucial aspect in any
fertilisation strategy.

5. Conclusions

Climate change exerts a significant influence on crop production. Therefore, further
research is needed to develop new solutions that maximize plant growth and crop yields.
The yield potential of plants can be fully harnessed by minimizing stress. Biostimulants are
highly effective in promoting plant growth and crop yields. In Regulation (EU) 2019/1009
of the European Parliament and of the Council of 5 June 2019, a biostimulant is defined as
“a product stimulating plant nutrition processes independently of the product’s nutrient
content with the sole aim of improving one or more of the following characteristics of the
plant or the plant rhizosphere: (a) nutrient use efficiency; (b) tolerance to abiotic stress;
(c) quality traits; (d) availability of confined nutrients in soil or rhizosphere”. Natural
preparations containing HA, FA, PHs, SWE, chitosan, silicon, inorganic compounds and
beneficial fungi and bacteria, as well as synthetic compounds, are used in the production
of forage grasses and turfgrasses. Grasses are also supplied with synthetic biostimulants
containing nutrients and phenolic compounds.

In the analysed studies, HA increased the content of non-structural carbohydrates in
forage grasses. This effect was exacerbated through the use of natural fertilisers. However,
HA exerted varied effects on the root system of rough bluegrass. There is evidence to
indicate that SWE improve the quality of forage grasses by reducing the content of structural
carbohydrates and lignin in biomass. Seaweed extracts were also found to increase biomass
yields and the leaf greenness index (SPAD). The beneficial effects of SWE were exacerbated
in combination with a nitrogen fertiliser, which is a very important observation. Similarly
as for SWE, the efficacy of microbial biostimulants was enhanced in combination with
mineral fertilisers. In turn, chitosan-based biostimulants promoted early seed germination
in fodder grass and reduced heavy metal concentrations in soil. Synthetic biostimulants
delivered similar effects.

There is evidence to suggest that biostimulants containing HA improve resistance
to adverse environmental conditions in turfgrasses by promoting root growth. In turn,
biostimulants containing SWE improved the appearance of turfgrasses, stimulated shoot
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and root growth in creeping bentgrass and decreased the prevalence of fungal diseases.
Products containing PHs and free amino acids deserve special attention in the group
of biostimulants applied in the production of turfgrasses. According to research, these
biostimulants enhance the uptake of fertiliser nutrients and significantly increase nutrient
use efficiency in grasses. Biostimulants containing beneficial fungi delivered similar effects.
Silicon-based natural biostimulants are increasingly used in the production of turfgrasses.
When applied at the optimal rate, these products can enhance the appearance of lawns and
improve their resistance to pests and pathogens. The reviewed studies indicate that silicon-
based biostimulants promote the growth and quality of turf subjected to salinity stress.

In the analysed studies, HA increased the content of non-structural carbohydrates in
Festulolium and stimulated root growth in annual bluegrass. This effect was exacerbated
through the use of natural fertilisers. However, HA exerted varied effects on the root system
of rough bluegrass. Some researchers found that HA stimulated root growth, whereas, in
other studies, HA exerted inhibitory effects on the root system in this grass species.

There is evidence to indicate that SWE improve the quality of perennial ryegrass and
annual ryegrass fodder by reducing the content of structural carbohydrates and lignin
in biomass. Seaweed extracts were also found to increase biomass yields and the leaf
greenness index (SPAD) in Festulolium braunii. Seaweed extracts enhanced the nutritional
value of Festulolium braunii and orchard grass by decreasing the content of structural
carbohydrates (cellulose and hemicellulose), lignin, NDF and ADF in plant tissues. In the
above grass species, the application of SWE increased the content of protein compounds
and simple sugars and improved yields. The beneficial effects of SWE were exacerbated in
combination with a nitrogen fertiliser, which is a very important observation. However,
some researchers found that seaweed-based biostimulants can decrease the feed value of
Festulolium and orchard grass.

Recent research has shown that biostimulants increase the content of dry matter and
total protein in perennial ryegrass and orchard grass. Similarly as for SWE, the efficacy of
microbial biostimulants was enhanced in combination with mineral fertilisers. These ob-
servations suggest that preparations containing EM can increase shade tolerance in forage
grasses, thus improving their resistance to environmental stressors. In turn, chitosan-based
biostimulants promoted early seed germination in perennial ryegrass and reduced heavy
metal concentrations in soil. Synthetic biostimulants delivered similar effects. An organic
biostimulant (Nano-Gro) increased germination energy in forage grasses (Festulolium brau-
nii, perennial ryegrass and annual ryegrass). In some studies, chlorophyll concentration in
forage grasses (annual ryegrass, orchard grass and timothy-grass) increased in response to
synthetic biostimulants. These preparations also increased the content of soluble sugars in
Festulolium braunii and the content of protein in annual ryegrass.

There is evidence to suggest that biostimulants containing HA improve resistance
to adverse environmental conditions in turfgrasses (tall fescue, creeping bentgrass and
perennial ryegrass) by promoting root growth. In turn, biostimulants containing SWE
improved the appearance of turfgrasses, stimulated shoot and root growth in creeping
bentgrass and decreased the prevalence of fungal diseases in perennial ryegrass and
Kentucky bluegrass.

Products containing PHs and free amino acids deserve special attention in the group
of biostimulants applied in the production of turfgrasses. According to research, these
biostimulants enhance the uptake of fertiliser nutrients and significantly increase nutrient
use efficiency in grasses. Biostimulants containing beneficial fungi delivered similar ef-
fects. In one of the reviewed articles, mycorrhizal inoculation greatly improved the visual
appearance of perennial ryegrass. In turn, chitosan improved heat tolerance in creeping
bentgrass. This natural biostimulant also enhanced turf density.

Silicon-based synthetic biostimulants are increasingly used in the production of turf-
grasses. When applied at the optimal rate, these products can enhance the appearance of
lawns and improve their resistance to pests and pathogens. The reviewed studies indicate that
silicon-based biostimulants promote the growth and quality of turf subjected to salinity stress.
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In summary, biostimulants can increase nutrient uptake and improve nutrient use
efficiency in grasses. Biostimulants are not fertilisers, but they can enhance the effects
delivered by fertilisers. At the same time, biostimulants can significantly decrease the
demand for mineral fertilisers and plant protection products. Biostimulants also increase
resistance to pests and pathogens, and they promote plant growth under stress conditions.
Biostimulants improve the quality of biomass in forage grasses and enhance the visual
appearance of turfgrasses. However, despite these advantages, biostimulants are rarely
incorporated in conventional agricultural regimes. Farmers have limited knowledge about
the benefits delivered by biostimulants, and they are reluctant to apply these preparations
in fear of increased production costs, lower crop quality and yields and reduced profits. A
wide range of biostimulants are available on the market, and the selection of a product that
will maximize yields in a given plant species could also pose a problem. Further research is
needed to formulate preparations that deliver a wide range of functions, are easy to apply
and can be safely combined with other growth-promoting agents.

Despite the fact that beneficial effects biostimulants on plant growth have been ex-
tensively researched, their mechanism of action has not been fully elucidated in grasses.
There is a general scarcity of research on the effects of biostimulants applied in combina-
tion with other preparations. The optimal dose should be determined individually for
each grass species because biostimulants can exert toxic effects when applied in excessive
amounts. Further field research is needed to determine the potential of biostimulants in a
real-world setting.

Future research should focus on the synergistic effects of different types of biostim-
ulants described in this review article. In theory, the combination of microbial immune
modifiers, SWE and humic substances could generate more repeatable benefits in crop
production. The profitability and risks associated with alternative nutrient sources should
also be explored. The influence of biostimulants on forage crops and the soil microbiome
has not been researched extensively to date. New solutions and formulations combining
minerals with novel biostimulants are needed to optimize soil conditions and maximize
crop yields.
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98. Stasińska-Jakubas, M.; Hawrylak-Nowak, B. Protective, Biostimulating, and Eliciting Effects of Chitosan and Its Derivatives on
Crop Plants. Molecules 2022, 27, 2801. [CrossRef] [PubMed]

99. Gugala, M.; Sikorska, A.; Findura, P.; Kapela, K.; Malaga-Tobola, U.; Zarzecka, K.; Domanski, L. Effect of Selected Plant
Preparations Containing Biologically Active Compounds on Winter Rape (Brassica napus L.) Yielding. Appl. Ecol. Environ. Res.
2019, 17, 2779–2789. [CrossRef]
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