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Abstract: Biostimulants are among the natural preparations that improve the general health, vitality,
and growth of plants and protect them against infections. They can be successfully used in both
agri- and horticultural crops. The main active substances used in such preparations are humic and
fulvic acids, protein hydrolysates, compounds containing nitrogen, seaweed extracts, beneficial
fungi, and bacteria. Biostimulant formulations may be single- or multi-component, but the synergic
action of several different components has been observed. Many groups of biostimulants have
been distinguished through their method of application (soil, foliar), the material from which they
were produced (plant, animal), or the process by which they were created (hydrolysis, fermentation,
extraction). Natural soil stimulants can induce the development of beneficial soil organisms that
provide substrates for plant growth. The use of natural preparations that are not harmful to the
environment is particularly important in connection with the progressive processes of soil degradation
and atmospheric pollution. This review gives an overview of the importance and influence of different
natural plant biostimulants on both the yield and quality of crops.
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1. Introduction

The quality and quantity of crops are influenced by both biotic and abiotic factors. Quality may be
defined as a set of agronomic (e.g., fruit size, yield, resistance to bacteria and fungi) and organoleptic
(e.g., colour, shape, firmness) properties as well as nutrient and vitamin content [1]. The abiotic factors
include soil composition, extreme salinity, acidity, high and low temperatures, drought, pollution,
humidity, rain, wind, or ultraviolet radiation. Stress caused by unfavourable stimuli can significantly
reduce harvest yields because plants respond by using their energy reserves to fight stress instead of
concentrating on yielding. Biotic factors include various bacteria, fungi, or viruses that are the cause
of numerous plant diseases. Fungal and bacterial infections may not only reduce yield but may also
lead to the loss of the entire harvest. To prevent this, various types of plant protection products are
used. In accordance with the recommendations of the European Union [2], chemical and mineral plant
protection agents are intended to be slowly replaced by natural preparations. The reason for this is
the adverse influence of chemical and mineral plant protection agents on the natural environment,
as well as on the health benefits of plant crops. Moreover, artificial fertilizers are responsible for the
eutrophication of many bodies of water. This results in the formation of dead zones devoid of living
organisms. The Baltic Sea alone is distinguished by having oxygen-free zones making up around
60,000 km2 of area caused by water pollution due to fertilizers. This area constitutes, on average, 3.5%
of the catchment area of the Baltic Sea [3]. The effects of fertilizers have an unfavourable effect on algae,
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plants, animals, and people. Due to the fact that man is a higher-order consumer, people are particularly
severely exposed to the harmful effects of fertilizer compounds accumulated at the lower levels of
the food chain. Harmful compounds from fertilizers may weaken enzymes or interfere with protein
production or vitamin absorption in the human body [3]. Natural preparations called biostimulants
increase the efficiency of nutrient utilization and tolerance to abiotic stress and improve the quality
of crops [4]. Biostimulants include organic and non-organic substances and/or microorganisms [5].
Farmers who manage organic farms are also eager to use natural stimulants to improve crop quality [6].
Increasing consumer awareness concerning healthy food favours the enhancement of the significance
of organic farming [7].

The effects of the stimulators may be multifaceted. The effects of their activities vary depending
on the type of biostimulant used and the plant variety. However, it should be noted that most of them
have a beneficial effect on crops [8].

2. Definitions and Classification of Biostimulants

Biostimulants can be treated as an additive to fertilizers and support the uptake of nutrients,
promote plant growth, and increase tolerance to abiotic stress [9]. The definition of biostimulants is
wide and not sufficiently precise. However, there are two main features that distinguish biostimulants
from other growth and plant-protection agents. A biostimulant may be any substance or mixture of
substances of natural origin or microorganism which improves the condition of crops without causing
adverse side effects [10].

Enzymes, proteins, amino acids, micronutrients, and other compounds may be used as
biostimulants. Natural stimulants are often included under the term biostimulants, including
phenols, salicylic acid, humic and fulvic acids, or protein hydrolases [10,11]. An important group of
plant biostimulants are organisms including fungi and bacteria that change the species composition
of organisms found in the soil or plants. Their presence may accelerate the rate of degradation
processes or limit the number of specific fungal and bacterial groups [12,13]. Popular fungi used as
biostimulants include Glomus intraradices [14], Trichoderma atroviride [14], Trichoderma reesei, and
Heteroconium chaetospira [10,15–19]. Useful bacteria include Arthrobacter spp., Enterobacter spp.,
Acinetobacter spp., Pseudomonas spp., Ochrobactrum spp., Bacillus spp., and Rhodococcus spp. [18,19].

Biostimulants cannot be defined as fertilizers because they do not provide nutrients directly to
plants. Biostimulants may facilitate the acquisition of nutrients by supporting metabolic processes in
the soil and plants. An example of such an activity is the facilitation of the development of arbuscular
mycorrhizal fungi that transport nutrients to the host plant [20].

3. Sources of Biostimulants

Biostimulants are preparations made from natural raw materials. Some of them are plant extracts
such as rosemary, which stimulates the growth of tomato plants with a concentration of 1000 ppm.
Rosemary oil contributes to improved nutrient uptake and increases the fresh mass of roots [21].
Plant and animal biostimulants are formed, for example, as a result of chemical or enzymatic hydrolysis.
The products of hydrolysis are mixtures of peptides and amino acids (protein hydrolysates). Chemical
acid or alkaline hydrolysis is used to produce biostimulants of animal origin, from raw materials such as
hen feathers, bone meal, casein, collagen from skins, animal tissue or fish waste (Table 1). Biostimulants
of plant origin are produced using enzymatic hydrolysis. In the production of plant biostimulants, for
example, alfalfa hay, pulses, and vegetable or fruit waste may be used [13,22]. Protein hydrolysates
contain amino acids, peptides, and non-protein compounds. Protein hydrolysates stimulate plant
growth, reduce the use of inert fertilizers, and are environmentally friendly [22]. The solution,
which at the same time allows for a reduction in the amount of organic waste and the creation of
biostimulating preparations, is actually a fermentation process. Biostimulants may also be the products
of anaerobic digestion (Table 1). Dissolved organic matter is formed in fermentation chambers and has
stimulating properties. The source of dissolved organic matter is usually plant, animal, and lignin
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biomass [23]. Biopreparations from marine algae may contain low-molecular polypeptides and amino
acids, vitamins, enzymes, phytohormones, sugars, and antioxidants. These compounds activate the
processes of rhizogenesis and lead to positive morphological and anatomical changes in plants (Table 1).
Two applications of a biopreparation derived from algae enhanced the development of Cornus alba
“Aurea” roots by 80% when compared to the control. Such biopreparations can be used for rooting
young seedlings or improving the process of adult rhizogenesis [24].

Literature data indicate the positive effect of seaweed extracts as plant biostimulants. The extracts
from Ascophyllum nodosum are listed as the most frequently used [25,26]. Equally popular are Solanum
lycopersicum L. [27], Ecklonia maxima, Sargassum spp. [12], Laminaria spp., Durvillaea potatumum, Ulva
lactuca, Caulerpa sertularioides, Padina gymnospora, Sargassum liebmannii, and Sargassum johnstonii [25,28].

The group of biostimulants also includes consortia of beneficial fungi or bacteria. Among the
fungi used in the cultivation of plants, the following species are noted: Glomus intraradices, Trichoderma
atroviride, Trichoderma reesei, and Heteroconium chaetospira (Table 1) [10,14–17]. Symbiotic arbuscular
mycorrhizal fungi have a positive effect on crop quality. Arbuscular mycorrhizal fungi, along with
Rhizoglomus irregular, promote the growth of Stevia rebaudiana Bertoni [20]. Plant growth bacteria include
Arthrobacter spp., Enterobacter spp., Acinetobacter spp., Pseudomonas spp., Ochrobactrum spp., Bacillus spp.,
and Rhodococcus spp. (Table 1) [18,19]. The largest group of beneficial bacteria includes Rhizobium
spp. and plant growth-promoting rhizobacteria [10]. The plant growth-promoting rhizobacteria group
includes Streptomyces spp., Pseudomonas spp., and Bacillus spp. The literature results indicate that
Streptomyces spp. protect tomato plants against putrefactive bacteria Pectobacterium carotovorum subsp.
brasiliensis (Pcb). In addition, the volatiles produced by six Streptomyces spp. isolates stimulate the
growth of tomato roots. The largest fresh root mass obtained due to the volatile substances was
138.2 ± 16.1 mg in comparison to a control mass of 111.5 ± 10.3 mg. The volatile substances also
positively affect the dry matter content and root volume as well as the dry and fresh mass of the
shoot [29]. Zhao et al. [30] managed to isolate 276 endophytic bacteria from soybean root nodules
that protected soybean roots against fungal infections of Phytophthora sojae. The antagonistic bacteria
included Enterobacter spp., Acinetobacter spp., Pseudomonas spp., Ochrobactrum spp., and Bacillus spp.
Also, lactic acid bacteria, e.g., Lactobacillus plantarum, and Lactobacillus paracasei are used to promote
plant growth and indirectly control diseases [31].

Table 1. Activity of different types of biostimulants.

Source of Biostimulant Example Main Activity

Hydrolysis Product

Enzymatic (alfalfa hay, pulses, and
vegetable or fruit waste) and
chemical (feathers, bone meal,

casein, collagen from skins, animal
tissue, or fish waste)

Increase in yield [32]
Increase in nitrogen and phosphorus content in leaves

and macro- and micronutrients [33,34]
Increase in protein content in cereal grains [33]

Protection against biotic and abiotic stresses [35]
Increased soil fertility through the development of soil

microorganisms [36]

Anaerobic
Digestion Product Plant, animal, and lignin biomass Call of the auxin-like effect [23,37]

Improving the availability of nutrients [31]

Biopreparations from
Marine Algae

Ascophyllum nodosum,
Sargassum wightii,
Ecklonia maxima,

Enteromorpha intestinalis,
Gelidium pectinutum

Antioxidant potential and ability to capture free
radicals [12]

Chelating effect [12]
Increase in plant resistance to fungal and bacterial

infections [12]
Extension of the shelf-life of fruit for consumption [12]

Improve the thermal resistance of plants [12]
Protection against drought stress [38]

Consortia of
Beneficial Fungi

Rhizophagus intraradices,
Rhymbocarpus aggregatus,

Glomus viscosum,
Glomus etunicatum,
Glomus claroideum,

Trichoderma sp.,
Heteroconium chaetospira

Increase in the growth and yield of plants alone and in
symbiosis with bacteria, e.g., from Azotobacter spp. [39]

Plant protection against oxidative stress [40]
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4. Application Method of Biostimulants

Biostimulants may be used in the form of soil preparations (powders, granules, or solutions added
to the soil) or as liquid foliar application products [41]. Biostimulants containing humic substances and
nitrogen compounds are often applied directly onto the soil, whereas various types of extracts from
plants and seaweed are used in the form of foliar applications. Biostimulants can be introduced into
the irrigation system and taken up by plants along with water. One example is the Kelpak SL (Ecklonia
maxima extract) biostimulant which was sprayed in an aqueous solution of Phaseolus vulgaris L. [41].
Biostimulants are used regularly during the whole vegetative period or proactively, i.e., once during
the decline of vital forces of the plant. In this case, the biostimulants were administered once during
the occurrence of a strong stress factor, e.g., frost [42–44]. The results show that the soil application
of the biostimulant was not as effective as foliar application. The foliar application of a biostimulant
obtained from sewage sludge increased the level of macro- and micronutrients in the leaves of maize.
The nitrogen content in maize leaves increased by 26% (dose 3.6 L/ha) and 46% (dose 7.2 L/ha) [45].
Biostimulants can also be used in the form of biomass or meal from seaweed, however, this method
has some limitations. Biomass and meal may be used in areas located close to the source of seaweed
acquisition due to transport problems. Biomass or meal is applied directly to the soil long before
planting in order to enrich the substrate with nutrients. Agro-technical measures such as ploughing
are used to mix biomass or meal with the topsoil [12].

Common forms in which biostimulants occur are ready-to-use extracts or powder to make an
aqueous solution. Soil biostimulants often affect the structure of the root, increasing, among other
factors, its ability to absorb nutrients. Foliar extracts protect the plant against biotic and abiotic
stresses. The circadian rhythm of plants should be taken into consideration. Biostimulants should
be applied in the morning when the stomata are open and the assimilation rate is at its peak [12,38].
Biostimulants are also applied directly onto harvested fruits. It was noted that biostimulants containing
a combination of extracts from Sargassum spp., Laminaria spp., and A. nodosum (Table 1) significantly
extended the shelf-life and the storage life of oranges. After using the biostimulant, the fruits became
more resistant to mechanical damage and putrefaction which allowed for an extension of the storage
time and suitability for consumption. The extract used produced a better effect than, for example, the
calcium chloride normally used in the industry to protect fruit against putrefactive bacteria [12,38].

5. Effect of Biostimulants on Yielding

The popularity of biostimulants in agriculture is associated with the possibility of obtaining higher
yields without the need to discontinue the production of ecological crops. According to numerous
scientific studies, biostimulants have a positive effect on yielding plants [36]. The yield is usually
determined as the amount of fruit obtained from one plant or plot. The yield depends on the type of
biostimulant used, the dose, the method of application, and the plant variety. Increased yield is often
associated with improving the quality of vegetables or fruit. This is particularly important in organic
farming, where artificial fertilizers cannot be used [37,45]. The quality of fruits and vegetables is shaped
from the moment of plant growth to the time of harvesting of fruits and vegetables and it consists of
the taste and the content of nutrients. The quality is influenced by genetic and agro-environmental
factors [46].

The positive influence of biostimulants based on humic, fulvic, and carboxylic acids on the
yielding of apricot fruits has been proven [8]. Control trees showed a yield of 12 kg fruit/tree and after
the application of humic and fulvic acids together and carboxylic acids in a separate experiment, the
yield of the trees increased to 21 kg of fruit/tree and 19 kg of fruit/tree, respectively (Table 2). However,
this relationship was observed only in the second year of using the biostimulant. During the first
growing season, the yield of the control trees was higher than that of the trees that were treated with
biostimulants containing humic and fulvic acids. The biostimulant based on polysaccharides turned
out to be ineffective with this variety of apricot trees, which showed a yield comparable to the control
in both growing seasons [8]. Preparations containing all amino acids allowed for an increase in mango
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yield. With a dose of 3 L/ha, the yield increased by 18% compared to the control. At the same time,
the biostimulants caused a 15% decrease in fruit weight. The authors explained this phenomenon
through the competition of fruit for nutrients [32]. Biostimulants containing phenolic compounds such
as sodium para-nitrophenolan, sodium orto-nitrophenolan, and sodium 5-nitroguajakolan proved
to be good preparations for raspberry bushes. As a result of the foliar application of the phenolic
compounds, a 20% (Table 2) increase in raspberry yield was obtained [47]. The highest yield was
achieved when a biostimulant containing phenol compounds was applied to the “Polka” raspberry
variety (yield = 23.03 kg/plot), while the yield in the control was 18.28 kg/plot. Already in the first
year after the use of biostimulants, the amount of fruit collected from one bush increased. The best
results were produced by 6-benzyladenine in a dose of 100 mg/L, which caused an increase in yield
in the first year by about 0.5 kg. In the second year of using the biostimulant 6-benzyladenine at a
dose of 100 mg/L and α-naphthaleneacetic acid at a dose of 20 mg/L, the yield increased by more than
1 kg from a single shrub [37]. Strawberry yielding significantly increased after using biostimulants
containing herbal and marine plant extracts. In this case, the study proved that soil biostimulants are a
source of nitrogen compounds. Moreover, foliar biostimulant application did not produce results as
good as biostimulants added to the soil. Biostimulants added to the soil caused a significant increase
in the amount of fruit and also improved the condition of the plants. Plants were more resistant to
weather conditions and pathogens [42]. Extracts of “Moscatel” vine-shoots improved the yielding of
the grapevine variety “Airén”. The literature results indicate that two foliar biostimulant variants were
prepared, non-toasted and toasted vine-shoots. A significantly higher yield was achieved in the case
of two preparations, which were the non-toasted vine-shoots extract (3.09 ± 0.05 kg/plant) and the
toasted vine-shoots extract (3.57 ± 0.05 kg/plant) in comparison to the control (2.54 ± 0.03 kg/plant)
(Table 2) [48].

A mixture of four biostimulants containing amino acids, polysaccharides, vitamins, humic acids,
organic carbon, and enzymatic proteins caused a comparable increase in the yield of two varieties
of yellow pepper [49]. The Blondy F1 variety produced a crop at a level of 5.98a 0.23 kg/plot
(yield = 5.24 ± 0.30 kg/plot). The Century F1 variety produced a yield of 5.76 ± 0.20 kg/plot (yield in the
control = 5.06 ± 0.28 kg/plot) (Table 2). The peptides and amino acids contained in these formulations
demonstrated a protective action against excessively high temperatures in the summer season and
induced root growth and development, while vitamins and humic acids resulted in fruit growth [49].
Horseradish extract increased pumpkin yield by 12.5% [50] and the beneficial effect of fungal species
Glomus intraradices and Trichoderma atroviride positively influenced the yielding of zucchini, resulting in
a yield increase of 0.39 kg per plant on average, probably by increasing the effectiveness of nutrients
uptake [14]. A 3% Moringa oleifera extract in combination with 0.6% ZnSO4 and 0.25% K2SO4 increased
the yield of “Kinnow” mandarin plants by 65% (Table 2) compared to the control [51].

The results of the study underline the positive effect of humic acids on the yielding of fruit trees [8].
The use of phenolic compounds [47] resulted in the increased yielding of fruit bushes. A high yield
of vegetables may be obtained by using a mixture of amino acids, polysaccharides, vitamins, humic
acids, and other compounds. Each of the substrates of the mixture affects another biochemical process
occurring in the soil and plant, which allows for the achievement of the desired effect [49].
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Table 2. Effect of selected biostimulants on quality of fruit and vegetables.

Biostimulant Dose Plant Type of Claims Benefitial Effect

Humic and fulvic acids 500 g/100 L Apricot
(Prunus armeniaca L.) Yield Increase by 75% in the second year compared to the control [8]

Carboxylic acids 200 mL/100 L Apricot
(Prunus armeniaca L.) Yield Increase 58% in the second year compared to the control [8]

All amino acids 3 L/ha Mango
(Mangifera indica) Yield Increase by 18% compared to the control [32]

6-benzyladenine 100 mg/L Blueberry
(Vaccinium corymbosum L.) Yield Increase by 0.5 kg/tree in the first year of using the biostimulant compared to

the control [37]

α-naphthaleneacetic acid and
6-benzyladenine

100 mg/L (α-naphthaleneacetic acid)
20 mg/L (6-benzyladenine)

Blueberry
(Vaccinium corymbosum L.) Yield Increase by 1 kg/tree in the second year of using the biostimulant compared

to the control [37]

Humic acids 3g/L Cucumber
(Cucumis sativus L.)

Diameter Increase in vegetable diameter by 1.23 cm (first season) and 1.55 cm (second
season) compared to the control [52]

Nitrogen, amino acids, auxins 0.45 cm/L Cucumber
(Cucumis sativus L.) Length Lengthening vegetables by 3.85 cm (first season) and 3.49 cm (second season)

compared to the control [52]

Biostimulant Dose Plant Type of Claims Benefitial Effect

Carboxylic acids 200 mL/100 L Apricot
(Prunus armeniaca L.) Diameter Increase diameter by 2.6 mm (second growing season) compared to the

control [8]

Arbuscular mycorrhizal fungi
and Pseudomonas fluorescens C7

The bacterial inoculum was
replicated, watering each plant with

200 mL of bacterial suspension
(density about 108 colony forming

unit CFU/mL)

Tomato
(Solanum lycopersicum L.) Weight Increase in tomato fruit mass by 6.9 g compared to control [53]

6-benzyladenine 100 mg/L Blueberry cv. Duke and
Bluecrop Weight

Increase in the weight of blueberry fruit by about 32.4% (first season) and
33.6% (second season) for the blueberry cultivar Duke and 43.5% (first
season) and 33.1% (second season) for the blueberry cultivar Bluecrop

compared to the control [53]

α-naphthaleneacetic acid 20mg/L Blueberry cv. Duke and
Bluecrop Weight

Increased the weight of the blueberry cultivar Duke fruit by 41.9% (first
season) and 20.0% (second season) and the blueberry cultivar Bluecrop by

55.0% (first season) and 25.4% (second season) compared to the control [37]

Humic Acids 3g/L Cucumber
(Cucumis sativus L.) Length Increase in vegetable diameter by 1.23 cm (first season) and 1.55 cm (second

season) compared to the control [52]

Nitrogen, amino acids, auxins 0.45 cm/L Cucumber
(Cucumis sativus L.) Length Lengthening vegetables by 3.85 cm in the first and 3.49 cm in the second

growing season compared to the control [52]
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Table 2. Cont.

Carboxylic acids 200 mL/100 L Apricot
(Prunus armeniaca L.) Diameter Widening of fruit by 2.6 mm on average in the second growing season

compared to the control [8]

Arbuscular mycorrhizal fungi
and P. fluorescent C7

The bacterial inoculum was
replicated, watering each plant with

200 mL of bacterial suspension
(density about 108 CFU/mL)

Tomato
(Solanum lycopersicum L.) Weight Increase in tomato fruit mass by 6.9 g compared to control [53]

6-Benzyladenine 100 mg/L Blueberry cv. Duke and
Bluecrop Weight

Increase in the weight of blueberry fruit by about 32.4% (first season) and
33.6% (second season) for the blueberry cultivar Duke and 43.5% (first
season) and 33.1% (second season) for the blueberry cultivar Bluecrop

compared to the control [53]

α-naphthaleneacetic acid 20 mg/L Blueberry cv. Duke and
Bluecrop Weight

Increase in weight of the blueberry cultivar Duke fruit by 41.9% (first season)
and 20.0% (second season) and the blueberry cultivar Bluecrop by 55.0%

(first season) and 25.4% (second season) compared to the control [46]

Biostimulant including, among
others, nitrogen, amino acids,

auxins
0.45 cm/L Cucumber

(Cucumis sativus L.) Plant height Increase in plant height of 14.5 cm (in the first growing season) and 19.75 cm
(in the second growing season) in comparison with the control plants [52]

Moringa oleifera leaf extract 3% treatments were replicated three
times Pumpkin (Cucurbita pepo L.) Chlorophyll content 34.6% increase in the chlorophyll content compared to the control [50]

Salicylic acid–chitosan
nanoparticles (concentration 0.01%–0.16%) Maize CV. Surya local Chlorophyll content

Chlorophyll content in the control was 10.72 mg/g, the chlorophyll content in
the maize leaves treated with the biostimulant (concentration 0.01%–0.16%)

was in the range of 16.43 to 25.88 mg/g on average [54]

Ascophyllum nodosum Seaweed
Extract 1.5 kg/ha “Sangiovese” grapes Phenolic content Phenolic content increased by 1.063 mg/cm2 compared to the control [55]

A. nodosum Seaweed Extract 3kg/ha “Sangiovese” grapes Phenolic content Phenolic content increased by 0.951 mg/cm2 compared to the control [55]

Biostimulant (chicken feathers)
with Fertilizer (300 kg N/ha +

120 kg K/ha)
3.6 L/ha Maize (Zea mays L. cv

PR32W86 Pioneer) Nitrogen content Nitrogen content of corn leaves increased by 14.4% (first season)
15% (second season) compared to the control [33]

Biostimulant (chicken feathers)
with fertilizer (300 kg N/HA +

120 kg K/HA)
7.2 L/ha Maize (Zea mays L. cv

PR32W86 Pioneer) Nitrogen content Increase nitrogen content by 39.1% (first season) and
33.3% (second season) compared to the control [33]

Protein hydrolysate 5.0 and 2.5 mL/L Tomato
(Solanum lycopersicum L.) Content of lycopene Increased by 34.9% and 18.0%, respectively, compared to the control [3]

Protein hydrolysate 2.5 mL/L Tomato
(Solanum lycopersicum L.) Ascorbic acid Increase ascorbic acid content by 27.3% compared to the control [3]

3% corn seed extract Soaking and praying
1 mM mg plants

Sunflower seed
(Helianthus annuus L.)

Enzymatic activity of
superoxide dismutase,

catalase,
and peroxidase

Enzymatic activity of superoxide dismutase, catalase and peroxidase
increased by 65.5%, 77.8%, and 84.6%, respectively, as compared to the

controls [56]
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6. Effect of Biostimulants on the Growth and Size of Plants

The way in which biostimulants work may be defined as multifaceted. The literature describes
the positive effect of biostimulants on the growth of fruits and vegetables. At the same time, there are
studies in which no effect of biostimulants on fruit size was found. The lack of biostimulant effects is
explained by the use of a biostimulant unsuitable for the tested cultivar [37,53].

Fruit producers are interested in biopreparations that allow for the attainment of the largest and
healthiest-looking fruit that draw consumers’ attention [52]. An increase in the average length and
diameter of cucumbers was attained after the use of humic acids and a mixture of nitrogen, amino
acids, and auxins. Humic acids in a concentration of 3g/L increased the average length of the fruit
in the first and second season by 9.9 cm and 12.2 cm, respectively. The same concentration of humic
acids increased the diameter of the cucumbers in the first and second season by an average of 1.23 cm
and 1.55 cm, respectively [52]. Three tested biostimulators caused an elongation and increase in the
diameter of the vegetables. One biostimulant (containing nitrogen, amino acids, and auxins) led to
the elongation of the cucumbers by 3.85 cm in the first and 3.49 cm in the second growing season.
The diameter of the fruit increased by 1.12 cm and 1.56 cm, respectively, in the first and second growing
season under the influence of this biostimulant. The application of humic acids and biostimulants
containing auxins in particular makes it possible to obtain elongated and thickened cucumbers [52].
The use of biostimulants containing humic and fulvic acids as well as carboxylic acids led to a tenfold
enlargement of the apricot fruit. The greatest influence on the size of the fruit was carboxylic acids,
which contributed to the widening of fruit by 2.6 mm on average in the second growing season [8].

Studies show that the perfect biostimulants that cause the growth of fruits and vegetables are
consortia of microorganisms. Examples are arbuscular mycorrhizal fungi and plant growth-promoting
bacteria, the use of which resulted in increased tomato weight. A positive effect was obtained through the
combination of arbuscular mycorrhizal fungi containing fungi of the following species: Rhizophagus spp.,
Rhizophagus aggregatus, Septoglycus viscosum, Claroideoglomus etunicatum, Claroideoglomus claroideum and
various types of plant growth-promoting bacteria. All of the biostimulants based on microorganisms
(arbuscular mycorrhizal fungi + Pseudomonas sp. Strain 19Fv1T, arbuscular mycorrhizal fungi +

Pseudomonas fluorescens C7, arbuscular mycorrhizal fungi + Pseudomonas sp. 19 Fv1T and Pseudomonas
fluorescens C7) caused an increase in tomato fruit mass, but the most effective result was demonstrated
by biostimulants including arbuscular mycorrhizal fungi and P. fluorescent C7, which caused an increase
in tomato mass to 71.3 ± 0.6 g (weight of control tomatoes = 64.4 ± 0.9 g). The microorganisms
used caused a slight elongation of tomatoes as well. The length of the fruit in the controls ranged
from 5.49 ± 0.03 cm to 5.81 ± 0.03 cm, while in combination with the biostimulants used, it rose to
5.88 ± 0.03 cm to 6.05 ± 0.02 cm. There was also a slight increase in fruit diameter from 4.24 ± 0.02 cm
to 4.62 ± 0.03 cm to 4.64 ± 0.03 cm to 4.78 ± 0.02 cm [53].

The application of 6-benzyladenine as a biostimulant at a dose of 100 mg/L resulted in an increase
in the weight of blueberry fruit by about 32.4% (first season) and 33.6% (second season) for the blueberry
cultivar Duke and 43.5% (first season) and 33.1% (second season) for the blueberry cultivar Bluecrop
compared to the control. The literature results showed that α-naphthaleneacetic acid at a dose of
20mg/L was also an effective biostimulant, which increased the weight of the blueberry cultivar Duke
fruit by 41.9% (first season) and 20.0% (second season) and the blueberry cultivar Bluecrop by 55.0%
(first season) and 25.4% (second season). As demonstrated in the study, one inefficient biostimulant
was gibberellic acid at a dose of 200 mg/L. Gibberellic acid increased the weight of blueberry cultivar
Duke fruit by 4.7% (first season) and 14.3% (second season) as well as Bluecrop blueberry cultivar by
0.8% (first season) and 11.5% (second season) compared to the control. For this reason, gibberellic acid
is not recommended as a biostimulant for soft fruits [37].

The titanium compounds with which raspberries were treated caused an increase in fruit weight
from 4.44 g (control) to an average of 5.4 g, but only at the beginning of the harvest season. At the
end of the harvest, a 57% decrease in raspberry weight was observed [47]. The same relationship was
observed for phenolic compounds. At the beginning of the harvest, the mass of raspberries treated
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with phenolic compounds was 5.04 g on average, while at the end of the harvest there was a 44.4% loss
in fruit weight. The fact is that the raspberry collection is characterized by the loss of fruit mass at the
end of the harvest, but if these three biostimulants were used, the resulting losses were greater than
in the control. The control fruits were characterized by a 42.3% weight loss, while the fruits treated
with biostimulants showed a mass loss at the end of the harvest in the range from 44.4% to 57.0% [47].
The increase in fruit weight after the use of biostimulants compounds was also observed in the case
of cherries. The use of salicylic acid with the addition of calcium resulted in a 15% increase in sour
cherries “Sweetheart” (2015) and “Skeena” (2016) [57].

Regarding the multifaceted effect of biostimulants, it should be emphasized that these formulations
may affect many of the characteristics of the plant, e.g., fruit size, plant height, and root length [52].
The use of humic acids in a concentration of 3g/L and other biostimulants caused an increase in
cucumber plant height, the number of leaves, and the number of stems in both growing seasons [52].
In the first growing season, the height of the control plants was 78.13 cm. Plants treated with 3 g/L of
humic acids were 14.25 cm taller on average. In the second growing season plants treated with humic
acids were taller by 13.25 cm. Similar dependencies may be observed after using other biostimulators.
In the first and second growing season, this biostimulant (including, among others, nitrogen, amino
acids, and auxins) was the most effective, causing an increase in plant height of 14.5 cm (in the first
growing season) and 19.75 cm (in the second growing season) in comparison with the control plants.
The biostimulant including, among others, naphthyl acetic acid was the least effective, and resulted in
an increase in the growth of plants by 4.38 cm and 7.92 cm, respectively to the first and second growing
seasons. Similar dependencies were noted in the number of leaves and new stems [52].

7. Impact of Biostimulants on Physical Characteristics

Biostimulants also have an influence on mechanical properties, i.e., the firmness of fruits or
vegetables. Depending on the type, biostimulants may cause the stiffening of cell walls, thereby
reducing their extensibility [8]. Biostimulants that increase the flexibility of cell walls at the same time
extend the shelf-life of fruits and vegetables for consumption and facilitate their storage. Biostimulants
based on carboxylic, humic, and fulvic acids and also the biopolymers of polysaccharides increased the
mechanical strength of apricot fruits during two years of biostimulant use [8]. In turn, biostimulants
containing phenolic compounds or chitosan resulted in the loss of fruit firmness of the three raspberry
varieties studied. The use of biostimulants based on titanium compounds did not alter the fruit
firmness, which was comparable to the firmness in the control test [47]. The use of spic cytozyme
containing essential plant nutrients and growth biostimulants in the amount of 4 mL/L significantly
reduced the cracking of pomegranate fruit [58]. In addition to improving mechanical properties,
biostimulants change the shape and colour of fruits and vegetables. Fruit with larger length and
diameter, as well as the right colours, are preferred by consumers [8]. However, consumer preferences
are subject to dynamic changes.

An important visual feature that proves the quality of fruit is colour. The colour of the fruit is
substantially influenced by the content of anthocyanins. Weber et al. [59] examined the content of
anthocyanins in strawberries treated with Ascophyllum nodosum extract with silicon. Fruits treated with
a biostimulator were characterized by a higher content of anthocyanins in the initial fruiting period,
therefore, they were more red than the control fruits [59]. “Sweetheart” cherries treated with glycine
and betaine were characterized by a darker skin than the control fruits. Although the mechanism of
action of betaine and glycine on the formation of anthocyanins is not fully understood, it is known that
the darker colour of the fruit was caused by a higher content of antioxidants [57]. Tarantino et al. (2018)
in the second year of using biostimulants obtained apricot fruits with a lighter skin compared to the first
year. This could be due to the higher concentration of biostimulants used in the first growing season.
There were significant differences in the colour of the fruit. In the second year of the experiment the
colour of the apricots was redder than in the first year of fruiting. There were no significant differences
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in the colour of the fruit produced by the three biostimulants used (1—biopolymers of polysaccharides;
2—humic and fulvic acids; 3—carboxylic acids) [8].

It should be emphasized that the increased mechanical strength or fruit colour change results
from the good condition of fruit plants, which in turn is a result of their proper nutrition [50].
Biostimulants are supplied externally, which indirectly, e.g., induced by the photosynthesis process,
plays an important role in the nutrition of plants. Indirect induction, for example, consists in increasing
the leaf area. Leaves are the main organs in which photosynthesis takes place, therefore increasing the
leaf area leads to an increase in photosynthesis. Intensively photosynthetic plants are better nourished.
Increasing the leaf area also leads to an increase in the transpiration surface. This phenomenon has the
especially important function of protecting the plant from overheating. Moringa oleifera leaf extract
increased the surface area of the Cucurbita pepo L. by 9.7% and simultaneously led to a 34.6% increase in
the chlorophyll content of the leaves compared to the control [50]. The positive effect of the A. nodosum
extract in a period of drought on the growth of spinach has been proven. Seaweed extract increased the
relative water content of the leaves from 76% to 82%. The surface area of the leaf was also increased by
16% (foliar spray), 21% (biostimulant in the irrigation system), and 38% (biostimulant in the irrigation
system and in a spray). Increasing the area and turgor of the leaf led to an increase in the intensity of
photosynthesis and improved the conditions for growing spinach under stress conditions [25].

8. Effect of Biostimulants on Chemical Composition

Biostimulants can affect a number of the chemical properties of fruits and vegetables, including dry
mass, acidity or vitamin content. The chemical composition of the fruit directly affects their palatability.
It is assumed that fruits with a content of dissolved solids (SSC) above 12◦Brix are characterized
by an excellent taste [47]. In the first year of using biostimulants containing the biopolymers of
polysaccharides, humic and fulvic acids as well as carboxylic acids, the average value of SSC in
apricots stood at 10.7◦Brix. In the second year of using these biostimulants, fruit taste values improved
significantly, as evidenced by the increase in the SSC level to an average of 14.1◦Brix [8]. Biostimulants
containing phenol compounds or chitosan reduced the dissolved solids content in the fruits of the
three raspberry varieties (Pokusa, Polka, and Poranna Rosa). The opposite effect was produced by
biostimulants based on titanium compounds, the use of which resulted in an increase in the content of
dissolved solids in the raspberry fruit [47]. The quality of the fruit is also demonstrated by the ratio
content of dissolved solids to their titratable acidity. Fruit quality is defined as good if the ratio content
of dissolved solids to titratable acidity is within the range of 10 to 15. The treatment of fruit trees with
biostimulants containing biopolymers of polysaccharides (16.7) and humic and fulvic acids (16.1) leads
to an increase in the ratio content of dissolved solids to titratable acidity in relation to the control (14.0)
and thus negatively influenced the sensory quality of fruit [8].

It is important to grow fruit that has an appropriate level of acidity but it is difficult to say, however,
whether changes in acidity at the level of several percent have a significant impact on the fruit taste,
because it is based on the subjective impression of the consumer. Although the literature data present
studies on the effect of biostimulants on fruit acidity, there is no explicit interpretation of the results.
It is not clear whether the changes in fruit acidity should be understood in terms of the positive or
negative effects of the biostimulants used. The use of phenolic compounds and titanium compounds
as a biostimulant in the cultivation of raspberries led to an increase in fruit acidity to 2.26% and 2.18%,
respectively (control, 2.08%) [47]. A decrease in apricot acidity was noted after the use of biostimulants
containing polysaccharides, humic and fulvic acids, and carboxylic acids [8]. In the second year after
using these biostimulants, fruit acidity was reduced from an average of 3.45 (control pH) to an average
of 3.7–3.8 (pH after using biostimulants) [8].

An important health-related feature of fruits and vegetables is the content of vitamin C and nitrogen
compounds. The role of nitrogen in plants results from its influence on growth and development. It is
a component of nucleic acids, it participates in the process of photosynthesis, and it builds amino acids
that form a part of plant proteins [60]. The content of vitamin C and nitrogen compounds in the fruit
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depends mainly on the plant variety [47]. The use of selected biostimulants (phenolic compounds,
chitosan, and titanium compounds) increased both the levels of ascorbic acid and nitrates. It turned out
that the three biostimulators tested positively influenced the level of nitrates in raspberries. It was found
that phenolic compounds contained in one of the biostimulants increased the level of vitamin C most
effectively [47]. Assuming that phenolic compounds increased the content of vitamin C in fruit, it was
necessary to determine how different biostimulators affect the content of phenolic compounds. Zarzecka
et al. [61] studied the effect of herbicides and biostimulators on the polyphenol content of potato tubers.
The experiment was conducted over a period of two years. Three potato varieties were treated with
different substances: Harrier herbicide 295 ZC, Harrier 295 ZC + Kelpak SL growth regulator, and
Sencor 70 WG herbicide, 5 Sencor 70 WG + Asahi growth regulator. In the case of Asahi, the active
substances were phenolic compounds, while for Kelpak SL, auxins and cytokinins were the active
substances. The applied biostimulants and herbicides caused an increase in the polyphenol content
in tubers of all potato varieties (on average, 159.8–161.3 mg/kg) compared to the control (average of
156.0 mg/kg). The use of biostimulants and herbicides increased the content of polyphenols in the leaves
of the potato to an average of 289.2–291.2 mg/kg compared to the control (287.8 mg/kg). The content of
polyphenols in tubers is of particular importance for humans. Polyphenols reduce the risk of numerous
diseases, e.g., blocking carcinogenic compounds [61]. It was observed that after using a biostimulant
containing seaweed A. nodosum and silicon, the content of phenolic compounds in strawberries was
slightly lower. Phenols are also defined as compounds produced by plants under stressful conditions,
hence the conclusion about the positive effect of the tested biostimulant on strawberries [59]. The foliar
spraying of the “Airén” grapevines by non-toasted and toasted biostimulants increased the content
of phenolic compounds. In this case, the biostimulants were extracts from the “Moscatel” vine
shoots. An important group of phenolic grape buds are hydroxycinnamic acids (trans-caffeic and
trans-p-coumaric), which affect the taste of wine. Both non-toasted biostimulants (14.10 ± 0.13) and
toasted biostimulants (11.26 ± 0.27) led to a trans-p-coumaric acid increase relative to the control
(8.60 ± 0.03). The non-toasted biostimulant (1.14 ± 0.01) and toasted biostimulant (0.95 ± 0.03) also led
to a trans-caffeic acid growth compared to the control (0.92 ± 0.03). The effect of the higher content of,
among other compounds, hydroxycinnamic acid is a better quality wine [48]. A biostimulant containing
A. nodosum seaweed extract increased the phenol content of “Sangiovese” grapes. A 1.5 kg/ha dose
of biostimulant increased the phenolic content to 1.063 mg/cm2, while the biostimulant in a dose
of 3 kg/ha increased the phenolic content to 0.951 mg/cm2. The phenol content of the control was
0.753 mg/cm2. The results were statistically significant [55].

The positive effect of biostimulants is also based on increasing the content of chlorophyll in leaves
and thus increasing the efficiency of the process of photosynthesis. Salicylic acid-chitosan nanoparticles
used as a biostimulant led to an increase in the content of chlorophyll in leek corn [54]. While the
chlorophyll content in the control was 10.72 mg/g, the chlorophyll content in the maize leaves treated
with the biostimulant (concentration 0.01%–0.16%) was in the range of 16.43 to 25.88 mg/g on average.
In plants treated only with chitosan and salicylic acid, a decrease in the chlorophyll content to an
average of 9.24 mg/g and 9.79 mg/g was observed [54]. After the foliar application of the Moringa
oleifera leaf extract, a 34.6% increase in the chlorophyll content of Cucurbita pepo L. leaves was recorded
compared to the control (plants sprayed only with water) [50]. The increase in the chlorophyll content
combined with the increased intensity of the photosynthesis process was noted during the cultivation
of Hibiscus treated with biostimulants formed in the process of the hydrolysis of waste. A 15% increase
in the chlorophyll content of leaves resulted in a 24% increase in the photosynthesis rate compared to
the control [62].

During the tests to determine the chemical composition of fruits, the content of glucose, fructose,
sucrose, ascorbate, proteins, and macro- and micro-elements is often determined. Plants treated
with one of the tested biostimulators (arbuscular mycorrhizal fungi + Pseudomonas sp. 19 Fv1T and
P. fluorescens C7) showed an increase in the concentration of glucose in tomatoes at 11.83 g/kg, while
in controls the content of glucose was 10.45–11.0 g/kg. After using this biostimulant, the fructose
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content also increased to about 12.86 g/kg, while in the controls it was 10.77–11.14 g/kg. After using a
biostimulator based on A. nodosum seaweed extract and a silicon extract, a slight increase in the level of
sugars in the strawberry fruit was observed. The most common sugars were glucose and fructose.
Sucrose accounted for 11% of total sugars [59]. The use of an extract of M. oleifera leaves increased the
total soluble sugar content in pumpkin by about 80.6% [50]. An interesting relationship was observed in
the case of ascorbate. The use of biostimulant containing arbuscular mycorrhizal fungi, Pseudomonas sp.
19 Fv1T and P. fluorescens C7 led to an increase in the ascorbate content (10.75 mg/100 g), whereas the use
of a biostimulant containing arbuscular mycorrhizal fungi and P. fluorescens C7 reduced the ascorbate
content in tomatoes (4.30 mg/100 g). In the controls, tomatoes contained about 5.47–7.12 mg/100 g
ascorbate. In plants treated with the biostimulant containing arbuscular mycorrhizal fungi and
P. fluorescens C7, an increase in β-carotene in tomatoes was observed (controls: 2.117–2.224 µg/100 g
fresh weight; β-carotene content in the biostimulator study: 2.829 µg/100 g fresh weight). β-carotene
may be converted into vitamin A and can protect against the adverse effects of free radicals [53].
The protein content is particularly important in the case of grain plants. The foliarly used biostimulator
containing sewage sludge caused an increase in protein content in maize grains by about 30% in both
growing seasons [45]. The biostimulator formed as a by-product of the two-stage process of pressing
olive oil led to an increase in the protein content of maize grains by 19% [63].

Combining the biostimulant (chicken feathers) with a fertilizer gave a better quality of maize
yield than using only the fertilizer. Three combinations of the agent used for spraying the corn were
used. In the first variant, only fertilizer was used (300 kg N/ha + 120 kg K/ha). For the second variant,
fertilizer was used (300 kg N/ha + 120 kg K/ha) in combination with a biostimulant (3.6 L/ha). In the
third variant, fertilizer (300 kg N/ha + 120 kg K/ha) was used in combination with a biostimulant
(7.2 L/ha). The treatment was applied during two seasons. The highest level of nitrogen was obtained
after the application of a biostimulant containing fertilizer in combination with the highest dose of the
biostimulant (7.2 L/ha). The nitrogen content of corn leaves increased by 14.4% (fertilizer with the
biostimulant of 3.6 L/ha) and 39.1% (fertilizer with the biostimulant of 7.2 L/ha) in the first vegetative
season in comparison to the nitrogen content of maize leaves treated only with fertilizer. In the second
growing season, the nitrogen content increased by 15% (fertilizer with the biostimulant of 3.6 L/ha)
and 33.3% (fertilizer with the biostimulant of 7.2 L/ha) respectively. The use of a biostimulant in
combination with the fertilizer also resulted in an increase in phosphorus content in the leaves of
maize. The treatment increased p levels by 32.8% (fertilizer with a biostimulant of 3.6 L/ha) and 52.2%
(fertilizer with a biostimulant 7.2 L/ha) in the first season and by 43.5% (fertilizer with a biostimulant
of 3.6 L/ha) and 51.1% (fertilizer with a biostimulant of 7.2 L/ha) in the second season compared to the
control [33]. An effective biostimulant for the “Kinnow” mandarin trees proved to be Moringa oleifera
extract. The 3% Moringa oleifera extract foliar application with 0.6% ZnSO4 and 0.25% K2SO4 resulted
in a 1.35-fold (first season) and 1.42-fold (second season) increase in nitrogen content compared to the
control. Trees sprayed only with 3% Moringa oleifera extract showed a 1.09 times (first season) and
1.07 times (second season) higher phosphorus content compared to control trees [51].

The improvement in the chemical properties of fruits may increase not only their pro-health
values, but also lead to an improvement in their sensory values. One example may be guaiacol, which
was applied in a foliar way to improve the quality of wine. Guaiacol was shown to increase the amount
of glycosylated aromatic compounds in “Microvine” grapes. These compounds have influenced
the improvement of wine quality in the final step of wine formation. The guaiacol-treated fruits
were characterized by a higher aglycone content (534.25 µg/g) compared to the control (157.52 µg/g).
Treatment with guaiacol also increased the content of monomethyl alcohols from 2.94 µg/g in control
fruits to 170.30 µg/g in guaiacol-treated fruits [64].

Biostimulants are becoming a viable option for solving the problem of the ineffective uptake of
nutrients from fertilizers by plants. The fact is that a large proportion of fertilizer nutrients are not taken
up by plants. Reducing the amount of mineral fertilizers introduced into the soil limits environmental
degradation. It is thought that the development of certain biostimulants has the potential to increase
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the amount of nutrients taken up by plants [65]. The increase in the amount of nutrients taken
up by plants may be achieved through the use of fertilizers and biostimulants in combination [33].
An increased nitrogen content was obtained thanks to the use of a biostimulant formed in the process
of the hydrolysis of chicken feathers in combination with nitrogen fertilizer, while the increase in
phosphorus content was the result of using a biostimulant formed in the process of the hydrolysis of
chicken feathers with phosphate fertilizer [33] and an extract of Moringa oleifera as a biostimulant [51].

9. Effect of Biostimulants on Antioxidant Properties

Antioxidant activity is an often-studied property of fruits and vegetables. Antioxidants are listed
as compounds that inhibit tumour cell proliferation and protect against oxidative stress caused by
excess free radicals. The result of oxidative stress may be, among other factors, damage to DNA,
cell membranes, or enzymes [66]. It was shown that the use of biostimulants in plant breeding
can change the activity of enzymes and affect the antioxidant properties. Lycopene, ascorbic acid,
phenolic compounds and others have antioxidant properties. Reactive oxygen molecules, e.g., OH,
O2−, and H2O2, are detoxified by antioxidant compounds (e.g., phenols, ascorbic acid) and enzymes
(e.g., catalase, peroxidase, superoxide dismutase) [67].

Protein hydrolysate applied as a biostimulant to tomatoes had no effect on the level of phenolic
compounds, while its effect on the content of ascorbic acid and lycopene was noted. After using
biostimulant doses of 5.0 and 2.5 mL/L, the content of lycopene increased by 34.9% and 18.0%,
respectively, compared to the control. The dose of 2.5 mL/L biostimulant increased the content of
ascorbic acid by 27.3% [68]. The use of biostimulants on apricot fruit trees increased the antioxidant
capacity of fruits. In the first season (average 76.8 mg/100 g), after using the stimulants, the antioxidant
capacity of fruit was higher than in the second season (average 66.5 mg/100 g). The observed differences
in antioxidative abilities between the two seasons were explained by changes in climatic conditions [8].

Also, a biostimulant based on salicylic acid and chitosan nanoparticles (SA-CS NPs) had an effect
on the enzyme and antioxidant activity in maize leaves. The enzyme activity in leaves treated with
chitosan, salicylic acid, and a control was comparable. After two days of treating the plants with the
biostimulant, the activity of superoxide dismutase increased by two times compared to plants treated
with salicylic acid. After three days of treating plants with a biostimulant, superoxide dismutase
activity was 3.2 times higher than for plants treated with only salicylic acid. Peroxidase activity in
plants treated with a biostimulant was 7.7 (after two days) and 5.2 (after three days) times higher
than for plants treated with only salicylic acid. Catalase activity, phenylalanine ammonia lyase, and
polyphenol oxidase increased by 2.9, 2.3, and 1.5-fold, respectively, after the second day of treatment
with nanoparticles compared to salicylic acid treatment. It should be emphasized that the enzyme
activity occurring in the leaves of plants treated with a biostimulant increased during the first three
days. After the fourth day of treatment, the enzyme activity decreased in all variants of the experiment.
The content of hydrogen peroxide in leaves treated with SA-CS NPs was 1.7 (first day of treatment),
3.6 (second day of treatment), and 1.7 (third day of treatment) times higher than in plants treated with
salicylic acid [54].

The use of M. oleifera extract as a biostimulant resulted in a decrease in the activity of the
antioxidant enzymes (catalase, peroxidase, and superoxide dismutase) in rocket plants (Eruca vesicaria
subsp. Sativa). At the same time, the content of phenol and ascorbic acid was higher with increasing
concentrations of the biostimulant [67]. Aqueous garlic extract improved tomato oxidation properties.
Superoxide dismutase activity increased in proportion to the aqueous garlic extract concentration.
The highest activity of this enzyme was observed with the foliar application of the biostimulant in
a volume of 200 µg/L; also, the peroxidase activity was highest after using the biostimulant at this
concentration. A lower aqueous garlic extract concentration (50 µg/L) did not affect the activity of these
enzymes [69]. Soaking sunflower seed Helianthus annuus L. in a 3% corn seed extract and spraying
1 mM Mg plants stimulated the sunflower′s antioxidant system. The enzymatic activity of superoxide
dismutase, catalase, and peroxidase increased by 65.5%, 77.8%, and 84.6%, respectively, as compared
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to the controls. The increased level of antioxidant enzymes was related to the foliar application of Mg
ions, the use of which also increased the intensity of the photosynthesis process [56].

Biostimulants increased the phenylalanine ammonia lyase enzyme activity. While the phenylalanine
ammonia lyase level in the control was 7.9 ± 0.22 IU/mL × min (0.4% E. maxima extract), after using
biostimulants it increased to 9.0 ± 0.01 and 9.7 ± 0.01 IU/mL ×min (10−6 M E. maxima extract).
Phenylalanine ammonia lyase is an enzyme catalyzing the first step in the synthesis of phenyl
compounds. An increased production of phenolic compounds is observed during plant stress. From
this, it may be concluded that biostimulants can induce plant stress to increase the production of
secondary metabolites [70]. Biostimulatory properties also reveal many components of compost.
Depending on the raw materials and methods used for the composting process, the compost may
contain, among others, polysaccharides, amino acids, and organic nitrogen. Compost can be used
to replace peat in greenhouse cultures. In addition, it may be produced from organic waste, such as
wood, plant residue, or other residues. Compost which is considered by the European Union to be
ecological must consist solely of natural raw materials, characterized by a limited content of heavy
metals and hazardous elements (Se, Mo, S). The product of the composting process must be free of
pathogenic agents (Salmonella sp. and Escherichia coli) [71]. Agroindustrial compost proved to be an
alternative to peat in the cultivation of red lettuce. The compost increased the content of antioxidant
compounds in lettuce leaves. In the autumn season, lettuce leaves cultivated in the compost showed
1.5 times more antioxidant activity than lettuce grown in compost in the summer season and it was
also higher that of lettuce grown in peat in the autumn season [72].

10. Conclusions

Biostimulants are preparations of natural origin that support the pro-ecological cultivation of
vegetables and fruits. Although for several years a positive effect of biostimulants has been widely
reported, they are rarely introduced into standard cultivation technologies. This is connected with the
insufficient knowledge of farmers on functions and usage of biostimulants what results in a fear of an
increase in the cost of cultivation and a reduction in the quality and quantity of plants, which would
affect the profitability of crops. The problem is also the multitude of preparations and the need to select
a proper biostimulant for a specific plant variety in order to obtain the highest and the best quality
yields. The market requires the development of preparations with a broad spectrum of functionality,
which is easy to apply and has the possibility of combination with other agents.

The use of biostimulants on a commercial scale would limit the amount of mineral fertilizers
introduced into the environment, thus reducing the pollution of soils, water, and air. This is especially
important in the case of global warming. Global agriculture accounts for an average of 21% [73] of the
global greenhouse effect, of which around 13% [74] is concerned with the effect of artificial fertilizers.
The newly developed technologies of biopreparations may constitute a significant contribution to
environmental protection, but primarily they are closely linked with sustainable agricultural and
horticultural production with the aim of obtaining cheap, easily available, and high quality food.
The effect of biostimulants depends on many factors, from the raw material and the process as a result of
which they arose to the plant varieties, application method, and climate. The positive effect of consortia
of microorganisms and plant hydrolysates on growth and yield of crops plants should be particularly
emphasized. It is also important to increase the antioxidant potential of plants treated with biostimulants
containing algae. A positive impact on crop quality and performance, no negative or harmful impact
on people, animals, or the environment, increased biodiversity of beneficial microorganisms, and
improvement of soil properties are the main advantages of biostimulants. However, the nature of their
positive influence is not fully understood, therefore their mechanisms of action are, in some cases,
still a challenge and need to be recognized. For this reason, biostimulants are among the hot topics in
agriculture and still require detailed research.
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