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Abstract: Soil salinity stress is a serious problem in plant cultivation. The effect of this stress
is to disrupt the photosynthetic process, which can cause growth restrictions and a decrease in
plant productivity. The use of biostimulants can be one of the stress mitigation strategies in plant
cultivation. Biostimulants increase the tolerance of plants to abiotic stresses, thus mitigating their
adverse effects. In the present study, based on a pot experiment, the effect of foliar application of
biostimulants differentiated in terms of chemical composition (Bombardino (B1), Quantis® (B2), Biofol
Plex (B3) and Megafol (B4)) on the physiological properties of Chinese silver grass (Miscanthus sinensis
(Anderss.)) plants growing under salt stress conditions was determined. Salt stress was induced by
soil application of NaCl at concentrations of 200 and 400 mM. The application of salt solutions was
followed by spraying Miscanthus plants with biostimulants using a hand-held sprayer. Physiological
investigations (chlorophyll content, chlorophyll fluorescence and gas exchange) have been carried out
twice: on the 1st (Term I) and 7th (Term II) day after spraying with biostimulants. It was shown that
salt stress causes a decrease in the values of most of the physiological indicators tested (except Ci). On
both measurement dates, the application of biostimulants, especially B2, caused an improvement in
the values of the physiological indices studied, both for plants growing under optimal conditions and
under salt stress. Term II showed an upward trend in most of the analyzed parameters compared to
Term I, indicating plant acclimatization to stress conditions. Conducted studies have shown that using
biostimulants contributes to the alleviation of the effects of soil salinity stress. The implementation of
these practices can contribute to the advancement of sustainable farming.

Keywords: Chinese silver grass; salt stress; photosynthesis; chlorophyll content; chlorophyll
fluorescence; gas exchange

1. Introduction

The growing demand for fossil energy has contributed to the increase in the global
warming effect that threatens the ecosystem. Therefore, it is essential to substitute fossil
fuels with alternative, renewable sources of energy [1]. Biofuels are considered sustainable
energy options because they can mitigate CO2 emissions and reduce dependence on fossil
fuels [2]. Bioenergy is renewable energy that comes from the processing of several types
of organic sources called biomass, which can be wood, forestry waste, harvest residues,
manure, urban waste, food industry residues, and many other by-products of farming
processes [3–5]. Energy crops, in addition to wood, are a raw material commonly used for
biofuel production through high biomass yields high biomass yield, high calorific value,
and low agronomic inputs. Biofuel production is carried out both through direct burning,
and bio-fermentation, i.e., biogas and bioethanol production [6]. However, the production
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of biomass for non-food uses should not be based on competition for agricultural land.
This has become the cause for the use of marginal soils with disadvantageous agronomic
characteristics for non-food cultivation [7,8]. Energy crop plantations have been promoted
for many years as renewable source of energy within the policies of the European Union
and United States of America [9]. Perennial energy grasses are a good option because they
require relatively low nutrient levels and show high yields on marginal land. With regards
to the beneficial environmental aspects, energy grasses absorb CO2 and provide valuable
shelter and food for wildlife [10]. Chinese silver grass (Miscanthus sinensis (Anderss.)) is a
perennial grass species commonly grown as an ornamental and for bioenergy production.
Due to its ability to be grown from seed and tolerance to low temperatures, this species has
advantages over the high-yielding hybrid species such as M. x gigantheus. M. sinensis is
grown for energy purposes mainly due to its high genetic variability, tolerance to stress,
and biotic interactions with fauna. The species is a good candidate for C4 bioenergy crop
development for marginal lands. In addition, it is used as a fodder crop and building
material [11–13]. Studies have shown that M. sinensis can be grown on marginal land
and land polluted with heavy metals [14]. M. sinensis belongs to C4 species, which are
better adapted to abiotic stress conditions under some environmental stresses than C3
species. These crops not only have better photosynthetic efficiency and CO2 fixation rates
but also improved water use efficiency and transpiration, suggesting their superiority to
C3 plants [15,16].

Salts are common in soil and are counted among the compounds necessary for plant
growth. Their content at optimal concentrations has an important role in determining the
maintenance of physiological plant functions [17]. However, excessive salt concentrations in
the soil can contribute to osmotic stress and ionic toxicity by disrupting the ionic balance of
nutrients, which ultimately affects the functioning of physiological processes and yield [18].
Salt stress is a serious abiotic stress occurring in many areas of the world mainly due
to the use of poor-quality water for hydration, as well as soil salinity and inappropriate
agricultural practices. The effect of salt stress is to reduce the growth and productivity
of crop plants [19,20]. Shahid et al. [21] report that according to various estimates, about
10% of the total agricultural area is affected by salinity and sodicity, a billion hectares are
covered with saline and/or sodic soils, and between 25% and 30% of irrigated land is
saline and essentially economically unproductive. According to Singh [22], soil salinity
is a widespread problem, involving more than one billion hectares in 100 countries. Salt
stress in plants results in a combination of osmotic stress caused by dehydration and
damage associated with Na+ ion accumulation, which causes premature aging, chlorosis,
and necrosis of leaves. These changes adversely affect protein synthesis and photosynthetic
activity [23]. Deskoy et al. [24] on the example of cowpea showed that fennel and ammi seed
extracts modulate the antioxidant defense system and alleviate salinity stress. In the studies
of these authors, extracts of Foeniculum vulgare and Ammi visnaga seeds, applied foliarly,
significantly increased the content of osmoprotectants and the activity of components of
the antioxidant system. This was reflected in a decrease in Na+, electrolyte leakage, and
biomarkers of oxidative stress, and an increase in growth and yield traits, relative leaf
water content, membrane stability index, photosynthetic efficiency, nutrient content, and
K+/Na+ ratio. In another study [25], the application of a microbiological biostimulant
including Rhizophagus intraradices and Trichoderma atroviride individually or in conjunction
with plant-derived protein hydrolysates resulted in an increase in chlorophyll content and
photochemical yield of PSII, as well as a better nutritional status of lettuce leaf tissue. The
improved crop yield was due to better architecture of the root system, enhanced chlorophyll
synthesis, and improved proline storage.

According to Ahmad et al. [26], one of the strategies for alleviating salt stress is
to apply natural extracts of plants in place of artificial fertilizers, thus reducing water,
soil, and environmental pollution. Plant biostimulants are substances that have positive
effects on plant growth and nutrition and enhance tolerance to both biotic and abiotic
stresses. A biostimulant can be an organic material and/or microorganism used to increase
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nutrient uptake, stimulate growth, and improve stress tolerance or yield quality [27]. Since
these substances are rich in bioactive compounds including carotenoids, flavonoids, and
phenols, they effectively regulate redox metabolism thus developing plant growth and
yield. Biostimulants enhance plant tolerance to salinity mainly through the modulation of
signaling signatures and pathways and regulation of redox machinery [26].

The objective of this research is to identify of the impact of foliar application of
biostimulants on the physiological processes (relative chlorophyll content, chlorophyll a
fluorescence, and gas exchange parameters) in M. sinensis plants exposed to soil salinity
stress. It is hypothesized that the use of biostimulants will have an impact on alleviating
the effects of salt stress.

2. Materials and Methods
2.1. Pot Experiment Design

Pot experiments on M. sinensis plants were conducted under laboratory conditions.
Miscanthus seeds were sown into multi pots, and, after germination, the seedlings were
transplanted into 15 × 15 cm plastic pots, in which soil with a slightly acid reaction and a
granulometric composition of loamy sand with (pH: KCl 6.35; H2O 6.52) was placed [28].
The experiment was conducted in four replicates in a phytotron (Model GC-300/1000, JEIO
Tech Co., Ltd., Seoul, South Korea) at a temperature of 22 ± 2 ◦C, humidity of 60 ± 3%
RH, photoperiod of 16/8 h (L/D), and a maximum light intensity of 300 µE m−2 s−1. In
the experiment, the position of the pots was changed weekly. After the plants reached the
tillering stage (approx. 8 months after sowing M. sinensis seeds), they were watered with
aqueous solutions of neutral salt (NaCl) at concentrations of 200 and 400 mM at a rate of
100 mL per pot. In the control trial, the plants were watered with demineralized water
of the same volume (100 mL). The application of salt solutions was followed by spraying
M. sinensis plants with various biostimulants: BioFol Bombardino, Quantis®, Biofol Plex,
and Megafol using a hand sprayer. The characteristics of biostimulants are specified in
Table 1.

Table 1. The characteristics of biostimulants.

Foliar Fertilizers Producer Fertilizer Characteristics Dose
(per 1000 mL of Water)

BioFol Bombardino Biostyma Sp. z o.o. (Poland)

70.0% organic matter content,
35.0% seaweed concentrate,
30.0% organic carbon, 5.0% free
L-amino acids, polysaccharides,
phosphorus, potassium,
magnesium, iron, calcium, copper,
vitamins B1, B2, B3, B6, B9;

5 mL

Quantis® SAF Argentina S.A. (Argentina)

1% total nitrogen (N),
0.9% organic nitrogen (Norg),
9.3% potassium (in conversion to
K2O), 4.6% calcium (in conversion
to CaO), dry matter 52%, organic
matter 26%

10 mL

BioFol Plex Biostyma Sp. Z o.o. (Poland)

2.0% Ntot; 0.3% Mg; 5.0% S;
0.15% B; 0.05% Cu; 0.20% Fe;
0.10% Mn; 0.50% Zn; 1.25% C;
5.0% extract from algae; traces of
plant hormones, betaine
(C5H11NO2), amino
acids, thiamine

7.5 mL

Megafol VALAGRO (Italy)

amino acids (proline and
tryptophan), glycosides,
polysaccharides, organic nitrogen
and organic carbon

10 mL
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The variants of the experiment were:

Control
S1—200 mM NaCl
S2—400 mM NaCl
B1—Bombardino
B2—Quantis
B3—BiofolPlex
B4—Megafol
S1 + B1—200 mM NaCl + BioFol Bombardino
S2 + B1—400 mM NaCl + BioFol Bombardino
S1 + B2—200 mM NaCl + Quantis®

S2 + B2—400 mM NaCl + Quantis®

S1 + B3—200 mM NaCl + BiofolPlex
S2 + B3—400 mM NaCl + BiofolPlex
S1 + B4—200 mM NaCl + Megafol
S2 + B4—400 mM NaCl + Megafol

2.2. Physiological Measurement

Physiological measurements were taken twice on fully expanded leaves on the first
and the seventh day after spraying: Term I—the 1st day after biostimulant application,
Term II—the 7th day after biostimulant application.

2.2.1. Relative Chlorophyll Content

A CCM-200plus portable chlorophyll meter (Opti-Sciences, Hudson, NH, USA) was
used to determine relative chlorophyll content. Measurements were performed on 5 fully
expanded leaves per pot.

2.2.2. Chlorophyll Fluorescence

A Pocket PEA portable fluorimeter (Pocket PEA, Hansatech Instruments, King’s Lynn,
Norfolk, UK) was used to measure chlorophyll fluorescence parameters. Specialized leaf
clips were used to adapt the plants to darkness for a period of 30 min [29]. The fluorescence
signal has been collected in red actinic light with a light source peak wavelength of 627 nm
and was used for 1 s at the maximum intensity available of 3500 µmol photosynthetically ac-
tive radiation (PAR) m−2 s−1. Chlorophyll fluorescence was measured on 4 fully developed
leaves per pot. The following parameters were determined during the measurements: the
maximum quantum yield of primary photochemistry (Fv/F0), the photochemical efficiency
of PS II (Fv/Fm), and the performance index of PS II (PI).

2.2.3. Gas Exchange

Gas exchange was metered using an LC pro-SD apparatus (ADC Bioscientific Ltd.,
Herts, UK) on two fully developed leaves per pot. During the measurement, the intensity of
light inside the measurement chamber was 1500 mol·m−2·s−1, while the temperature was
22 ◦C. During gas exchange measurements, the following parameters were determined: net
photosynthetic rate (PN), transpiration rate (E), stomatal conductance (gs), and intercellular
CO2 concentration (Ci).

2.3. Statistical Analysis

The results obtained in the experiment were tested to statistical analysis using Statistica
13.3.0 (TIBCO Software Inc., Palo Alto, CA, USA). The Shapiro–Wilk test was performed
to check the normality of the distribution at p = 0.05, followed by a two-factor (two-way)
ANOVA with repeated measurements (time assessment as a factor). Tukey’s post hoc test
was used to determine and verify the relationship at a significance level of p ≤ 0.05.
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3. Results
3.1. Relative Chlorophyll Content

The application of salt stress to S1 and S2 in Term I reduced chlorophyll content
compared to the control by 18.3 and 49.0%, respectively (Figure 1). Term II, on the other
hand, showed no significant difference (p = 0.000) between S1 and the control. There were
no differences in the value of the studied parameter between B1 and B2 and B3 and B4
variants. However, higher chlorophyll content was shown between B2, B3, and B4 in
Term I (p = 0.000), and no differences between the biostimulants in Term II. The use of
biostimulators in variants in which salt stress occurred alleviated its effects and increased
the value of the tested parameter. In Term I, in the case of variants S1 + B1, S1 + B2, and
S1 + B3, the chlorophyll content was at the control level. However, in Term II, such a
relationship was found in variants S1 + B2, S1 + B3, and S1 + B4. Most of the analyzed
variants showed an increasing tendency in the chlorophyll content in Term II. However, a
significant increase about Term I was demonstrated only in the variants: S2, S2 + B1, S2 +
B2S1 + B3, and S1 + B4. In Term II, an increase in chlorophyll content was observed in the
variants with biostimulants compared to the S2 variant, but a significant difference was
demonstrated only in S2 + B1 (5.5% increase).
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Figure 1. Effect of salt concentrations, biostimulants treatment, and terms of measurement on relative
chlorophyll content (Term I—the 1st day after biostimulant application, Term II—the 7th day after
biostimulant application). Lowercase letters indicate significant differences among means of the
variants within the respective measurement term. Capital letters indicate significant differences
among means of individual measurement terms within each experiment variant. As determined by
ANOVA and followed by Tukey’s HSD test (n = 30, p = 0.05).

3.2. Chlorophyll Fluorescence

Salt stress in both Term I (p = 0.000) and Term II (p = 0.000) caused a significant decrease
in Fv/Fm values (Figure 2a). Relative to the control, the decrease was 32.9% (Term I), 19.5%
(Term II) with the S1 variant, 58.5% (Term I), and 48.6% (Term II) with the S2 variant.
The application of biostimulants demonstrated a significant increase in Fv/Fm values in
comparison to the control only in Term II, after spraying with biostimulants B1, B2, and
B3. After biostimulants on plants growing under salt stress, the Fv/Fm value was at the
control level only in the case of the S1 + B2 variant (Term I and II). In variants, S1 + B3,
S1 + B4 (Term I and II) and S2 + B4 (Term II). The use of the biostimulator did not result
in a significant increase in the Fv/Fm value compared to the variants in which the same
concentration of salt was applied. In Term II, variants S1, S1 + B1, S2 + B1, S1 + B2, S2 + B2,
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S2 + B3, S1 + B4, and S2 + B4 showed a value increase in the tested parameter compared to
Term I.
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Figure 2. Effect of salt concentrations, biostimulants treatment, and terms of measurement on
chlorophyll fluorescence parameters: (a) the photochemical efficiency of PS II (Fv/Fm); (b) the
maximum quantum yield of primary photochemistry (Fv/F0); (c) the performance index of PS II
(PI). (Term I—the 1st day after biostimulant application, Term II—the 7th day after biostimulant
application). Lowercase letters indicate significant differences among means of the variants within
the respective measurement term. Capital letters indicate significant differences among means of
individual measurement terms within each experiment variant. As determined by ANOVA and
followed by Tukey’s HSD test (n = 30, p = 0.05).
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Soil salinity resulted in a decrease in Fv/F0 values compared to the control, except
for the S1 variant in Term II (for both Terms p = 0.000) (Figure 2b). The lowest decline,
which amounted to 157.9% in Term I and 133.1% in Term II, was demonstrated in the S2
variant. The use of biostimulants resulted in an increase in the Fv/F0 value compared
to the control in both Term I and Term II. After the application of biostimulants, in the
variants with saline soil (S1 + B1 and S1 + B2 in Term I and II and S1 + B3 in Term II), an
increase in the Fv/F0 value to the control level was shown. In Term II, variants S1 + B3
and S1 + B4 showed no improvement in Fv/F0 values due to spraying with biostimulants.
Measurements carried out in Term II generally showed an enhancement in the value of the
tested parameter compared to Term I. However, significant differences were observed only
in the variants with saline soil and biostimulants (S1 + B2, S2 + B2, S1 + B3, S2 + B3, and
S1 + B4).

Salt stress caused a significant decrease in PI values, compared to the control (for both
Terms p = 0.000) (Figure 2c). With salt S1 application, the PI value was only 1.355 (Term I)
and 0.530 (Term II), while salt S2 was 0.532 (Term I) and 0.600 (Term II). The application
of biostimulants resulted in a significant increase in PI values compared to the control,
except for biostimulant B4 applied in Term I. In the variants with saline soil, spraying with
biostimulants increased PI values, but did not reach the level of the control in any of the
analyzed variants. In the case of variants S1 + B3 (Term I and II) and S2 + B3 (Term I),
no increase in values was observed compared to variants without biostimulants. Most of
the analyzed variants showed an increasing tendency measured during Term II compared
to Term I. However, only in the case of variants S2 + B1 and S1 + B3, this increase was
statistically significant.

3.3. Gas Exchange

For the parameter Ci, a significant increase in its value was demonstrated in compari-
son to the control due to salt stress (Figure 3a). This increase was 86.5% (S1) and 118.2%
(S2) in Term I (p = 0.000) and 115.8% (S1) and 144.2% (S2) in Term II (p = 0.000). As a result
of spraying with biostimulants, there was a decreasing tendency in the value of the tested
indicator compared to the control, but these values were not statistically significant. After
treatment of plants growing under salt stress conditions with biostimulants, all variants
showed a decrease in Ci values compared to variants without biostimulants. However, the
control level was reached only in the S1 + B2 variant (Terms I and II). In Term I, higher
Ci values were shown for the tested variants compared to Term II. However, they were
statistically significant only for the control, S2, S1 + B1, S1 + B2, and S1 + B3.

In comparison to the control, a significant decrease in E values was observed in plants
growing in salt stress conditions (for both Terms p = 0.000), which was 53.8% (S1) and 62.2%
(S2) in Term I and 45.4% (S1) and 57.3% (S2) in Term II (Figure 3b). After spraying with
biostimulants, there was an upward trend in E values compared to the control. However,
only the biostimulant B2 in Term II showed a significant increase of 21.1% in E values
compared to the control. Spraying with biostimulants also increased the value of the
parameter under study and reached the control level in the S1 + B2 and S1 + B4 variants
in Terms I and II. Variants S1 + B1, S2 + B2, and S2 + B3 in Term II and variant S2 + B4 in
Terms I and II showed a significant increase in E values compared to variants with salt
stress without biostimulant application. Only in the case of variants S1 + B2 and S2 + B2,
no significant increase in the value of the studied parameter was observed in Term II.
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Figure 3. Effect of salt concentrations, biostimulants treatment, and terms of measurement on
chlorophyll fluorescence parameters: (a) intercellular CO2 concentration (Ci); (b) transpiration
rate (E); (c) stomatal conductance (gs); (d) net photosynthetic rate (PN). (Term I—the 1st day after
biostimulant application, Term II—the 7th day after biostimulant application). Lowercase letters
indicate significant differences among means of the variants within the respective measurement term.
Capital letters indicate significant differences among means of individual measurement terms within
each experiment variant. As determined by ANOVA and followed by Tukey’s HSD test (n = 20,
p = 0.05).
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As a consequence of soil salinization, a significant decrease in gs values was shown
in relation to the control (for both Terms p = 0.000) (Figure 3c). The application of salt S2
resulted in a decrease in the value of the studied indicator by 72.2% (Term I) and 67.0%
(Term II). Spraying M. sinensis plants with biostimulants did not result in an increase in Ci
values compared to the control. However, under salt stress conditions after the application
of biostimulants, an increase in gs values to the control level was shown for the S1 + B2
variant compared to the variant without biostimulants. On the other hand, the rest of the
variants did not show a significant increase in the value of the studied indicator except
for S1 + B1 and S1 + B3 (Term II). Compared to the variants in which no biostimulant was
applied, the increase was 100.0% (S1 + B1) and 103.0% (S1 + B3). Although in most of the
analyzed variants, an increase in gs values was observed in Term II, but only in the case of
the variant S2 + B3 it was statistically significant.

The salt stress application caused a decrease in Pn values relative to the control (for
both Terms p = 0.000) (Figure 3d). It amounted in Term I to 59.1% (S1) and 71.6% (S2), while
in Term II to 58.9% (S1) and 68.0% (S2). The treatment of biostimulant spraying resulted in a
significant increase in the value of the studied indicator compared to the control except for
biostimulant B4 (Term I). Spraying with biostimulants promoted an increase in Pn values
in the variants where salt stress was applied. In the case of variants S1 + B1, S1 + B2, and
S1 + B3 (Term I and II) and variant S1 + B4 (Term II), the Pn value was at the control level.
In contrast, the S2 + B1, S2 + B2, and S2 + B3 variants (Term I) and the S2 + B4 variants
(Term I and II) did not demonstrate significant differences between the variants without
the biostimulant. No significant changes were shown in the value of the studied indicator
between Terms I and II.

4. Discussion

Salt stress is a significant problem in plant cultivation. In the initial stage, salt stress
is seen by the root system as causing osmotic stress due to reduced water availability.
At a later stage, salt stress induces ionic toxicity caused by nutrient imbalances in the
cytosol [30].

In the conducted experiment, there was a decrease in the values of the studied param-
eters of chlorophyll content and fluorescence (Fv/Fm, Fv/F0, and PI) and gas exchange (E,
gs, and Pn) caused by soil salinity.

Photosynthesis is an important biological process in plants that determines life on
Earth. Soil salinity significantly affects the photosynthetic process. As a consequence of
salt stress, the photosynthetic pigments, photosystems, and enzymes engaged in carbon
metabolism can be damaged [31,32]. The decrease in chlorophyll content, on the other
hand, can be explained by the inhibition of several steps in porphyrin formation and a
decrease in chlorophyll-binding proteins [33].

Analysis of chlorophyll a fluorescence parameters is an important tool used in plant
physiological research, which can provide valuable information about the state of PSII [29].
Such studies can be particularly useful for quantifying injury to the photosynthetic ap-
paratus as a result of various stress factors, which allows us to determine photosystem
II (PS II) damage [34,35]. In salt stress treatment, the decline in chlorophyll fluorescence
parameters was noted in the present study. In particular, in the case of the PI parameter,
which is a very significant and responsive index of photosynthesis, a significant decrease in
its values was recorded about the control. A similar relationship was also obtained in the
studies of Metha et al. [35] and Jańczak-Pieniążek et al. [36] in which salt stress was applied
to wheat plants. Salt stress causes restrictions in the conductivity of stomata as a result
of their closure, leading to inhibition of CO2 absorption and stimulation of huge energy
levels. This is the cause of an increase in the amount of reactive oxygen species (ROS) [37],
which leads to oxidative stress due to their overproduction and lack of balance between
defense mechanisms. The decrease in chlorophyll content and the value of chlorophyll
fluorescence parameters may result from disturbances in the cell membrane permeability
and the functioning of thylakoids in chloroplasts. This leads to a gradual decline in the
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activity of photosystems [38,39]. Physiological process inhibition associated with overac-
cumulation of Na+ and Cl− ions, which reduces photosynthetic electron transport and
photosynthetic efficiency [40]. As a result, this leads to a significant inhibition of plant
growth and reduces the yield level. Under salt stress, plants have developed several cellular
and tissue level mechanisms to avoid its effects. These mechanisms involve alterations in
stomatal conductance, hormonal balance, antioxidant defense system, osmotic regulation,
and ion exclusion [37,41,42].

In the short term, salinity causes a reduction in stomatal restrictions resulting in a
decrease in CO2 assimilation. On the other hand, in the long term, salt stress leads to a
decrease in chlorophyll and carotenoids due to salt storage in young leaves [30,43]. In
addition, as a consequence of the decrease in CO2 assimilation, the activity of the Rubisco
enzyme that converts CO2 into high-energy substances decreases [44]. In the presented
studies, an increase in substrate salinity increased the intercellular CO2 concentration (Ci),
which shows a decline in the CO2 attachment capacity in the Calvin–Benson cycle [45].
A similar plant response to stress was observed in other crop species. For example, an
increase in Ci with a concomitant decrease in Pn, gs, and E was observed in potato under
stress conditions caused by plant exposure to ozone (O3) [46] and spraying with hydrogen
peroxide (H2O2) [47].

Plants, due to constant exposure to biotic and abiotic stresses, have adapted and
remodeled their defense system, which helps them respond to constantly changing environ-
mental conditions [48]. In the study, most of the analyzed cases showed an enhancement in
the values of chlorophyll content and fluorescence indicators and gas exchange in Term II.
A comparable relation was achieved in the case of study of Jańczak-Pieniążek et al. [36]
conducted on wheat seedlings. A higher value of these indices was obtained at successive
measurement dates. This demonstrates the activation of defense mechanisms that counter-
act the effects of stress by reducing the production of ROS and scavenging them [41,49].
The antioxidant system is then activated, consisting of enzymatic (including superoxide
dismutase, ascorbate peroxidase, guaiacol peroxidase, and catalase) and non-enzymatic
(including flavonoids, carotenoids, tocopherols) antioxidants [50,51].

The yield losses are mainly due to drought and soil salinization caused by climate
change and agricultural intensification leading to soil degradation. Plant defense strategies
can be improved and sensitized using chemical and biological treatments. As a result of
this process, the plant-based immune system and defense mechanisms are pre-conditioned,
which results in faster and more efficiency defense and resistance mechanisms to later
biotic and abiotic stresses. Some substances of natural origin have positive effects on plant
development [52–55]. To this end, the use of biostimulants is recommended as a means
of protecting plants from environmental stresses [56]. The function of biostimulants is to
promote growth and development of plant by improvement of plant metabolism efficiency
to increase crop growth and improve yield quality, increase tolerance to abiotic stresses,
facilitate assimilation, translocation, and utilization of nutrients, etc. Biostimulants are
divided into categories: microbial modifiers, humic acids, fulvic acids, protein hydrolysates
and amino acids, and seaweed extracts [56–58]. The use of plant biostimulants is fast
becoming popular in agriculture. In the past decade, the plant biostimulant domain has
been growing steadily and has become one of the key strategies for increasing crop pro-
duction and immunity to a changing climate. In addition to increasing stress tolerance,
biostimulants effectively regulate several plant physiological processes [59]. This was also
demonstrated in this study, which found an increase in the values of the physiological
indicators tested as a result of the application of biostimulants both in the case of variants
without salinity and in which salt stress was applied. The effects of salt stress were best alle-
viated by foliar spraying of plants with Quantis, which contains, among others, potassium
(K) and calcium (Ca). K is a crucial macronutrient that controls growth and development by
changing physiological and biochemical indicators. This element influences the osmolyte
accumulation and increases antioxidant components in plants subjected to water and salt
stress [60]. Soil salinity stress causes rapid depolarization of the cell membrane, activating
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voltage-gated GORK channels and causing K+ efflux. ROS accumulation under salinity
conditions may subsequent mobilization GORK− and ROS-activated NSCC channels, in-
ducing greater K+ efflux. This, in turn, results in fast loosing of K+ from the cytosol, which
impairs the homeostasis of the cytosolic Na+/K+ ratio [61]. Ca is also fundamental to plant
physiology. It affects the maintenance of ionic homeostasis on an intracellular scale [62]. Of
the biostimulants used in the experiments, in most of the analyzed physiological parame-
ters, in general, their lowest values were obtained after Megafol application. It is hard to
say exactly why. This biostimulator contains proline, which ensures the appropriate rate of
photosynthesis under various stress conditions. It helps maintain the water content in the
cell, protects photosynthetic units against the harmful effects of high-energy free electrons,
protects the cell membrane by lipid peroxidation inhibition, and increases the level of
various antioxidant enzymes and non-enzymatic compounds [63]. Extended research is
necessary to understand the basic mechanisms responsible for these effects.

5. Conclusions

The study showed that soil salinity stress is resulting in a decrease in the values of
most of the tested physiological indicators (except Ci). The application of spraying with
biostimulants, especially Quantis (B2), caused in an enhancement in the values of the
studied physiological indices both for plants being grown in optimal conditions and under
salt stress. The second measurement term (Term II) showed an increasing trend for most of
the analyzed parameters compared to the first measurement term (Term I), suggesting plant
acclimatization to stress conditions. Based on the experiment, it was proved that the use of
biostimulants can be an innovation in crops and allows to alleviate the negative impacts
due to salt stress. This knowledge can contribute to the implementation of sustainable
practices in crop production in the future. However, further investigations are needed on
the effects of biostimulants on different plant species grown under different environmental
conditions and/or different degrees of salinity stress.
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