DOI: 10.24425/abcsb.2019.127751

www.czasopisma.pan.pl

1 P N www journals.pan.pl
ACTA BIOLOGICA CRACOVIENSIA Series Botanica 62/1: 2, 2020 P 3 N

SELENIUM NANOPARTICLE PROTECTED STRAWBERRY AGAINST
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Since plant responses to selenium nanoparticles (nSe) had not been clarified, this study was carried out to
evaluate the effects of nSe (10 and 100 pM) on photosynthesis performance, ion homeostasis, antioxidant system,
and phenylpropanoids in strawberry exposed to salt stress. Inductively Coupled Plasma-Mass Spectroscopy
analyses indicated that foliar-applied nSe can be taken up by leaves and trans-located to roots. Salinity led to an
increase in Na concentration and reductions in Ca and K contents which were relieved by the nSe applications.
Moreover, the nSe treatment at 10 pM alleviated the NaCl-induced lesion to PSII functioning, contributing to
improvement in water-splitting complex (F,/F,) under salinity. The exposure to nSe at a concentration of 100 pM
exhibited a moderate stress, determined by the increases in hydrogen peroxide (H205) and lipid peroxidation
rate (membrane integrity index). The nSelO treatment increased catalase activity and phenylpropanoid
derivatives contents (salicylic acid, catechin, and caffeic acid) and decreased the content of oxidants under
salinity condition. Consequently, nSe utilization at a suitable dose can be an effective method to alleviate signs of
salt stress via improvements in photosynthesis, ion hemostasis, photosynthesis performance, salicylic acid
(a vital signaling defensive hormone), and antioxidant machinery.
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INTRODUCTION

Among various physicochemical stresses, salinity is
a highly serious issue that restricts growth and
yield of crops (Jiang et al., 2017). It is worth noting
that reactive oxygen species (ROS) can provoke
significant harm to the membrane structure,
macromolecules, and photosynthetic pigments,
resulting in considerable decreases in photosyn-
thetic capacity. Salt stress is associated with
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impairment in photosynthesis events through pre-
vention of photosynthetic electron transport activ-
ities, chlorophyll degradation, oxidative stress, and
damages in the membrane integrity (Mittal et
al., 2012; Jiang et al., 2016).

Human need to Se as an essential micronu-
trient is estimated to be 55 pg day' (Hu et
al., 2018). Taking human needs into account,
enrichment of agricultural products with Se with-
out reducing plant yield efficiency is of particular
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importance (Mimmo et al., 2017). Previous studies
have manifested that Se supplementation at low
concentrations may enhance plant growth, physiol-
ogy, and protection (Diao et al., 2014; Zhu et
al., 2017; Djanaguiraman et al., 2018; Hernandez
et al., 2019; Quiterio-Gutiérrez et al., 2019).
However, classification of Se as a plant’s essential
micronutrient and its phytotoxicty are controver-
sial issues which are being disputed. Moreover, Se
at higher levels may trigger oxidative burst and
exhibit a phytotoxic effect (Lima et al., 2018).
Furthermore, it has been stated that Se pretreat-
ment may improve postharvest life of fruits via
delaying fruit ripening process (Zhu et al., 2017).
Some convincing research confirmed that Se has
significant potency to ameliorate salt-induced
stress via modifying antioxidant system and main-
taining photosynthetic capacity (Diao et al., 2014;
Jiang et al., 2017).

Taking account of nanotechnology, sustainable
agriculture, and environmental issues, it is essen-
tial to study the different ways in which nano-
products may modify plant growth, development,
and metabolism. Nowadays, Se nanoparticle (nSe)
has been introduced as highly stable nano-elemen-
tal Se for application in medicinal industry and as
a fertilizer in agricultural and food industries
(El-Ramady et al., 2016; Babajani et al., 2019). It
has higher biological activity and lower toxicity than
selenite or selenate (Prasad et al., 2013; Djana-
guiraman et al., 2018). Recently, it has been
reported that the spray of nSe protected sorghum
plants exposed to high-temperature stress by
improved antioxidative defense mechanisms (Dja-
naguiraman et al., 2018). Also, there is molecular
evidence that nSe modulated the expression rates
of heat shock factor A4A (HSFA4A) gene (an
apoptotic agent) in Triticum aestivum (Safari
et al.,, 2018). The nSe treatment exhibited no
phytotoxic effects on photosynthetic machinery in
Nicotiana tabacum (Zsiros et al., 2019). Babajani
et al. (2019) found that nSe acted as an elicitor to
trigger secondary metabolism in Melissa officina-
lis. However, the effects of exogenous nSe supply on
photosynthesis apparatus, antioxidant system, and
secondary metabolism in plants counteracted with
salinity remains elusive. To address this issue, we
evaluated the biochemical strategies by which nSe
may modify the plant growth, photosynthesis,
antioxidative system, phenolic metabolism, and
ion homeostasis in NaCl-treated strawberry (Fra-
garia x ananassa) plants. Considering the impor-
tance of Se bio-fortification toward human intake,
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strawberry has been introduced as a suitable target
without significant impairments in plant growth
and yield characteristics (Mimmo et al., 2017).
Strawberry plant is a crop sensitive to salts, and
soil salinity as a key limiting factor which reduces
its growth and productivity; therefore, understand-
ing of the mechanism of strawberry plant response
to exogenous nSe under salt toxicity may be crucial
for sustainable strawberry production. Herein, we
evaluate the possible benefits of nSe pretreatment
on growth and physiology of NaCl-treated straw-
berry plants. There is especial focus on assessing
the phytotoxicity of nanoparticles, while quantita-
tive ways for determining nanoparticles in plant
cells have not been considered. Hence, in the
current research, the uptake and accumulation
rates of nSe were quantified by Inductively Coupled
Plasma-Mass Spectroscopy (ICP-MS) method. We
hypothesize that nSe can mitigate the risk asso-
ciated with salinity conditions. Therefore, the main
objective of the current research was to investigate
the effectiveness of nSe in alleviation of toxicity
signs of NaCl in strawberry.

MATERIALS AND METHODS

PLANT MATERIAL AND TREATMENTS

Strawberry (Fragaria x ananassa Duch. cv. ‘Gavio-
ta’) plants at the same development stage were
chosen and kept in a greenhouse located near the
city of Malekan (relative humidity: 55-58%; tem-
perature: 20-30/17-19°C; light intensity:
350-400 pmol m™ s'). The plants were grown in
pots containing sandy loam soil (pH 7.1;
EC 1.07 dS m'; field capacity (FC) 20%) and
irrigated with water every 4 days to keep humidity
at 90% FC. NH,NOs (200 mg kg soil) and KH,PO,
(62.5 mg kg'! soil) were added. Afterwards, pretreat-
ments were started, and nSe (Iranian Nanomaterials
Pioneers, Mashad, Iran) at three concentrations
(0, 10, and 100 uM) was foliarly applied two times
with a week interval. The size of the elemental nSe
was 10-45 nm with a corresponding surface area of
30-50 m® g, density of 3.89g cm™, 99.95% purity,
and spherical morphology.

The volume of the spray was 200 ml per plot.
Tween 20 was utilized as surfactant. At pretest
experiments, the effects of different concentrations
of NaCl ranging from 1, 4, 5, 7, 8, and 16 g kg''
were examined. Then, based on the findings, the
concentrations having a 50% inhibition rate were
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chosen for the main experiment. At day 7 after the
nSe pretreatments, the plants were subjected to
two salinity levels. NaCl was applied to acquire the
EC of 5dS m™'. To avoid osmotic shock, NaCl was
gradually utilized during 4 days. The EC amount in
the control soil was 1.07 dS m™'. Ten days after the
salinity treatment, the treated plants were sub-
jected to physiological determinations.

CHLOROPHYLL A FLUORESCENCE
MEASUREMENT

Chlorophyll a (Chl a) fluorescence transients (OJIP
transients) were estimated with a Packet-PEA
chlorophyll fluorimeter (Plant Efficiency Analyser,
Hansatech Instruments Ltd., King’s Lynn, Norfolk,
PE 32 1JL, England). Moreover, the JIP-test was
applied for analyzing fluorescence in Chl a. The
following characteristics based on the JIP-test were
represented (Strasser et al., 2004):

e F,/F,, — the maximum photosystem II (PSII)
photochemical efficiency, i.e., the maximum
quantum yield of primary photochemistry;

e F,, or F,.x is maximum fluorescence intensity
determined when all reaction centers (RCs) in
PSII are closed;

e F, is variable Chl fluorescence (Fm—-Fo); Fo-
minimum fluorescence (nearly all RCs located in
PSII are open);

e F,/F, — the efficiency in the water-splitting
complex on PSII (the donor side); F, — variable
Chl fluorescence (F,,—F,) and F, — minimal
fluorescence; nearly all RCs in PSII are open;

e Pl — the performance index was calculated as:
(RC/ABS)*(¢po/(1-ppo))*(wo/(1- wo)); ABS — ab-
sorption flux; ¢gp, — maximum quantum yield for
primary photochemistry; v, — the quantum yield
of electron transport.

ASSAY OF PHENYLALANINE
AMMONIA-LYASE (PAL) ACTIVITY
AND RELATED METABOLITES

To extract the enzyme, a leaf sample was homo-
genized in 50 mM sodium phosphate buffer
(pH 7.0) supplemented with 2% (w/v) polyvinylpo-
lypyrrolidon (PVPP), 18 mM p-mercaptoetanol,
2 mM EDTA, and 0.1% (v/v) Triton X-100. Forma-
tion of cinnamic acid was recorded by a spectro-
photometer at 290 nm based on the method
previously described by Zucker (1965). The PAL
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activity was estimated according to the production
rate of cinnamate. In addition, total soluble phe-
nolics were quantified accordingly using the Folin-
Ciocalteo reagent method and a standard curve of
Gallic acid.

MEASUREMENTS OF CA, NA, K,
AND SE CONTENTS

0.5M HCI solvent was utilized to resolve the
prepared ash (dry-ash method; 550°C for 8 h).
Ca, Na, K, and Se concentrations were estimated
based on Inductively-Coupled Plasma-Atomic
Emission Spectrometry (ICP-AES; INTEGRA XL2,
GBC; Australia).

ASSAY OF ANTIOXIDATIVE ENZYMES

The activities of antioxidant enzymes, including
superoxide dismutase (SOD, EC 1.15.1.1) and
catalase (CAT, EC 1.11.1.6) were analyzed accord-
ing to methods reported previously (Habibi and
Hajiboland, 2012).

LIPID PEROXIDATION AND HYDROGEN
PEROXIDE (H,05)

The rate of lipid peroxidation was assessed from
the levels of malondialdehyde (MDA) production
quantified based on the standard curve of 1,1,3,3-
-tetraethoxypropane (Sigma). In addition, HyO
content in leaves was monitored (Velikova et
al., 2000).

HPLC ANALYSIS OF PHENYLPROPANOID
DERIVATIVES

The leaf methanolic extract (filtered prior to HPLC
analysis) was subjected to determination of the
concentrations of several phenylpropanoid deriva-
tives through the HPLC assessment (Knauer liquid
chromatography apparatus; Shimadzu HPLC in-
strument; a 1000 Smartline Pump, a 5000 Smart-
line Manager Solvent Organizer and a 2800
Smartline Photodiode Array Detector). It should
be noted that an injection of the extract into an
HPLC column was performed through a 3900
Smart-line Autosampler injector equipped with
a 100 pL loop. Under the running time of 55 min,
phenylpropanoid derivatives were separated by
0.02% trifluoro acetic acid in water (elution A)
and methanol (elution D) at a flow rate of
0.5 ml min™' (oven temperature: 20°C). The levels
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of ascorbic acid, salicylic acid, catechin, and
coumaric acid were finally quantified according to
the standard curves of each substance.

STATISTICAL ANALYSIS

The experiments were undertaken in a complete
randomized block design (RBD). Chl fluorescence
evaluation was done on eight different replications
(n = 8). The achieved data on Chl fluorescence were
assessed using the PEA Plus V1.10 software. In
addition, Statistical analysis was conducted by
sigma stat (3.5) with the Tukey test (P < 0.05).
Furthermore, a correlation analysis using Spear-
man Rank Order Correlation in sigma stat (3.5)
was applied.

RESULTS AND DISCUSSION

NUTRITIONAL STATUS AND ION
HOMEOSTASIS

The nSe treatments changed ionic responses of
strawberry during NaCl stress (Fig. 1). Under NaCl
treatment, a significant rise in Na level was
recorded in leaves, which was mitigated by the
nSe treatment (Fig. 1). Reductions in K and Ca
concentrations were also detected in leaves of the
salt-treated plants (Fig. 1). Moreover, the utilization
of nSe at both 10 and 100 uM caused substantial
increases in the Ca and K contents, and a decrease
in Na in leaves under salt stress (Fig. 1). In line with
our results, nSe improved the nutritional status of
K, Fe, and Zn in Melissa officinalis (Babajani et
al., 2019). The same results were recorded by Jiang
et al., (2017) in maize exposed to salinity. It should
be noted that reinforcement in cellular essential
nutrients, like Fe and S has been mentioned as an
important mechanism through which Se may
improve plant growth and protection. Moreover, it
has been stated that Se up-regulates expression of
genes implicated in sulfur assimilation process and
stress in hyper-accumulator species (Lima et
al., 2018). However, the high levels of Se in plants
and method-dependent manners may result in
toxicity, mainly owing to its resemblance to sulfur
and generation of nonfunctional biological mole-
cules as well as oxidative stress (Lindblom et
al., 2013; Babajani et al., 2019). As the Se element
was traced in both leaves and roots, the uptake and
transport of nSe from leaves to roots, most
probably via phloem conducting tissue, were
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Fig. 1. The nSe-associated changes in the concentra-
tion of Na, K (A), and Ca (B) in strawberry plants
exposed to two salinity levels. Error bars indicate the
standard deviation.

manifested (Table 1). In this experiment, detecting
Se in control plants exhibited the presence of
mineral Se in the applied local soil. It has been
reported that strawberry has high potency to
accumulate Se (Mimmo et al., 2017). Therefore,
the nSe-mediated enhancement in the nutritional
status may be considered as a critical mechanism
contributing to mitigation of the toxicity sign of
salinity in strawberry. Since nSe has an excellent
bioavailability and low toxicity for rectifying crop
productivity (Prasad et al., 2013; Quiterio-Gutiér-
rez et al., 2019), nSe was utilized to reduce negative
impacts of salt stress in strawberry.

OXIDATIVE STRESS AND
ANTIOXIDANTENZYMES

It is well documented that salinity causes ROS
accumulation in plants, resulting in membrane lipid
peroxidation and ion leakage (Jiang et al., 2017). In
this study, short-term salt stress caused oxidative
stress in strawberry plants, based on the H,O5 and
MDA accumulation (Fig. 2). The plants supplemen-
ted with nSe at a concentration of 100 uM exhibited
an extreme stress for strawberry, as demonstrated
by accumulation of MDA which was similar to that
observed in salinity treatment (Fig. 2). Conse-
quently, nSe of 10 uM was a more efficient treatment
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TABLE 1. Concentration of Se in strawberry plants under two salinity levels.

Treatment

Root Se content (mg kg
DW)

Leaf Se content
(mg kg' DW)

0 uM Nano Se

-Salinity 10 uM Nano Se

100 uM Nano Se
0 uM Nano Se

+Salinity 10 uM Nano Se

100 uM Nano Se

0.10+0.05° 0.13+0.01°

0.70+0.02° 0.21+0.03°
0.90+0.03% 0.38+0.022
0.12+0.01°¢ 0.10+0.03°
0.68+0.03° 0.20+0.02°

0.87+0.05% 0.37+0.05%

00 pM Nano Se A
@10 UM Nano Se
@100 uM Nano Se

o
-
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H;0,
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e
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w
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Fig. 2. Effects of nSe on the concentration of hydrogen
peroxide (HyO5) and malondialdehyde (MDA) in straw-
berry plants under salt stress. Error bars indicate the
standard deviation.

than 100 pM in the alleviation of salt stress.
Pervious literature demonstrated that Se may
enhance the activity of antioxidant enzymes and
tolerance of plants subjected to various stresses
(Djanaguiraman et al., 2018; Safari et al., 2018;
Babajani et al., 2019; Hernandez et al., 2019;
Quiterio-Gutiérrez et al., 2019). Under salt stress,
nSe improved CAT activities in the nSe-treated
plants compared with untreated controls (Tab. 2).
These observations were consistent with the results
of Djanaguiraman et al. (2018) in sorghum plants
exposed to high temperature. Since CAT predomi-
nantly contributes to remedy oxidative stress,

improvement in activity of this enzyme corresponds
to a considerable decrease in the damage to cell
membranes in the Se-applied samples under salt
stress when compared to salinity control. However,
the SOD activities were not found statistically
significant (Table 2), which may be occurred later.
As molecular evidence, the nSe application modified
the expression rates of HSFA4A gene (a heat shock
factor) in Triticum aestivum which is known as an
apoptotic factor and has close relation with MAPK
signaling cascade and the antioxidant system (Safari
et al., 2018). Thus, the application of nSe at 10 uM
exhibited advantages to ameliorate toxicity signs of
salt stress through improvement of antioxidant
machinery.

PAL ACTIVITY AND PHENYLPROPANOID
DERIVATIVES

The exogenous nSe application at a concentration
of 10 uM provoked a rise in leaf soluble phenolics
as well as in the PAL activity under salt stress
conditions (Fig. 3). Babajani et al. (2019) ad-
dressed the nSe-mediated upregulations in tran-
scriptions of genes involved in secondary meta-
bolism in Melissa officinalis. These modifications
in phenolic compounds may exhibit the antioxidant
capacity and efficiency of radical scavenging pro-
cess, thereby reducing lipid peroxidation of cellular
membrane (Chu et al.,, 2010). Moreover, salicylic
acid, a well-known signaling bioactive hormone, is
derived from the phenylpropanoid pathway. It has
been well illustrated that salicylic acid protects plant
cells against diverse stress conditions. Therefore, we
aimed to evaluate the nSel0- associated changes in
the profile of phenols. We found that increases in
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TABLE 2. Effects of nSe on the activities of superoxide dismutase (SOD) and catalase (CAT) enzymes in strawberry
counteracting salt stress. Measurements were performed 10 days after the salt treatment. Data of each column
indicated by the same letter are not significantly different (P < 0.05, Tukey test). Values are the mean + SD.

Treatment

SOD activity
(U mg™* protein)

CAT activity (umol mg™
protein min™")

2.12+0.11% 0.61+0.18°
2.09+0.16° 0.58+0.07°
2.29+0.18% 1.45+0.14°
2.20+0.18% 1.49+0.22°
1.94+0.20° 2.12+0.56°
2.07+0.217 1.40+0.23

O uM Nano Se
—Salinity 10 pM Nano Se
100 uM Nano Se
O uM Nano Se
+Salinity 10 uM Nano Se
100 uM Nano Se
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Fig. 3. Effects of nSe on the content of leaf phenolic,
anthocyanin and flavonoids, and the activity of pheny-
lalanine ammonia-lyase (PAL) in strawberry under salt
stress. Error bars indicate the standard deviation.

specific phenols like salicylic acid, catechin, and
caffeic acid occurred in response to salinity
exposure, while total phenols were slightly chan-
ged. The differential HPLC chromatograms of
treatment groups clearly confirmed the modifica-
tions in phenylpropanoid derivatives in response
to nSe and/or salinity treatments. The nSelO
treatment led to slight (but not significant) in-
creases in ascorbate content by 5%, compared to
the untreated control (Table 3). The nSel0 supple-
mentation caused a drastic augmentation in cate-
chin concentration by 2.67 folds when compared
to the control (Table 3). The individual salinity

treatment also increased catechin concentration by
51% in comparison to the control, while this rate
reached up to 2.2 folds in nSelO + salinity group
(Table 3). The salinity, nSelO, and nSelO +
salinity groups exhibited slightly higher amounts
of coumaric acid by a mean of 17%, compared to
the control (Table 3). The nSe utilizations in both
non-saline and saline conditions drastically im-
proved the concentrations of salicylic acid (Table 3).
Hereby, the convincing evidence is provided on the
nSe-mediated modifications in the concentrations of
catechin, coumaric acid, and salicylic acid. Among
these metabolites, salicylic acid is known as a vital
hormone-like compound which effectively contri-
butes to activation and modulations of the defense-
related system (especially antioxidant machinery)
and stress-responsive genes. Therefore, the nSe-
associated changes in salicylic acid may be consid-
ered as an underlying mechanism through which the
nSe application at optimum concentrations may
mitigate the toxicity signs of abiotic stresses. Several
lines of evidence indicated that salicylic acid dis-
played outstanding potency to alleviate risks asso-
ciated with salinity stress (Palma et al., 2013;
Sheteiwy et al., 2019). In line with our results, the
foliar application of nSe led to induction in PAL
activity in peppermint (Nazerieh et al., 2018) and
tomato (Hernandez et al., 2019)

PHOTOSYNTHESIS PERFORMANCE

The results revealed that the nSelO treatment
improved photosystem performance under salinity
condition (Fig. 4). The maximum quantum yield of
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TABLE 3. Effects of nSe on the content of phenolic compounds in strawberry under salt stress. Measurements
were performed 10 d after salt treatment. Data of each column indicated by the same letter are not significantly
different (P < 0.05, Tukey test). Values are the mean + SD.

Caffeic acid Coumaric acid Salicylic acid
0.77+0.01° 0.52+0.01° 0.31+0.005°
0.79+0.02° 0.60+0.06* 0.33+0.005°
0.93+0.05% 0.62+0.012 1.13+0.006%
0.82+0.08° 0.61+0.012 0.67+0.02°

Ascorbate Catechin
Control 1.25+0.05% 0.83+0.04¢
Salinity 1.18+0.001% 1.26+0.09°¢
10 uM Nano Se 1.31+0.01% 2.22+0.09?
10 pM Nano Se 1.08+0.28% 1.84+0.03°
+Salinity
14 | 00 pM Nano Se A
= @10 M Nano Se
1.2 =100 uM Nano Se
1 a a a a a a
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Fig. 4. Effects of nSe on the maximum quantum yield of
PSII (F,/F,,), the Performance Index (Pl,.), and the
efficiency of the water-splitting complex on the donor
side of PSII (F/F,) in strawberry under salt stress.
Error bars indicate the standard deviation.

PSII (F\/F,) was not influenced by NaCl stress
(Fig. 4). The photosystem performance index (Pl,,s)
and the efficiency of the water-splitting complex
located on the donor side of PSII (as inferred from
F./F,) exhibited a larger decrease under salt-stress
conditions, which may have resulted from the
negative impact of stress on this section of the

electron transport chain. However, the application
of 10 uM nSe alleviated these adverse effects under
salinity. In contrast, the nSe application at a con-
centration of 100 uM had no significant effect on the
photosystem performance index and the efficiency
of the water-splitting complex under salt stress.
The Se-induced improvement of photosynthesis in
tomato plants counteracting with salinity has also
been reported (Diao et al., 2014). Se had consider-
able potency to maintain ultrastructure of chlor-
oplast and mitochondria through which it
improved photosynthesis capacity and acclimation
to salt stress in sorrel plant (Kong et al., 2005). The
nSe exhibited beneficial effect toward photosystem
performance in sorghum plants under high-tem-
perature stresses (Djanaguiraman et al.,, 2018).
Under non-saline conditions, the nSe pretreatment
increased Chl fluorescence in the I-P section of the
induction curve (Fig. 5a), which may be connected
with the decrease of electron transporters of the PSI
acceptor side, including intermediary acceptors,
ferredoxin, and NADP. Under saline conditions,
a general decrease in the I-P section of the
induction curve of salt-stressed plants was ob-
served (Fig. 5b), which may be related to the lesion
to the reaction center and, consequently, severe
decline in photochemistry. The application of nSe
at 10 pM diminished the adverse impacts of salt
stress on the PSII functioning. Thus, the applica-
tion of nSe at 10 pM significantly increased the
photochemical activity of strawberry leaves coun-
teracting salt stress. It should be noted that
a negative linear correlation was found between
H,O5 content and Pl (r = -0.68, P < 0.05) as
well as between H,O, content and F,/F, (r = —-0.81,
P < 0.01) in plants supplemented with nSe of
10 puM under salinity conditions (Fig. 6). The nSe
treatment at 100 mg I'' was not associated with
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Fig. 5. Effects of nSe on the Chl a fluorescence induction curve of strawberry under non-saline (a) and salt stress
(b) conditions. Measurements were performed 10 d after salt treatment.

impairments in the structure and function of the
photosynthetic machinery in Nicotiana tabacum
(Zsiros et al., 2019). Exogenously-applied Se
improved maize resistance against salt stress via
modulation of Na* homeostasis, promotion of
photosynthetic capacity, and enhancement of the

antioxidant system (Jiang et al., 2017). Interest-
ingly, the early toxicity signs of salinity on nutri-
tional status and photosynthesis yield were
mitigated by the nSe of 10 uM which may be partly
attributed to the nSe-associated increases in sal-
icylic acid and induction in the antioxidant system.
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hydrogen peroxide (Hy0O53) content recorded in straw-
berry plants grown under salinity: ns - non-significant,
* and ** - significant at 5% and 1% levels of probability,
respectively.

It is obvious that more convincing studies are
required to elucidate the exact mechanisms in-
volved.

CONCLUSION

Since strawberry is known as a plant species
sensitive to salinity, its growth and productivity
are severely decreased by salinity. In this study, the
rapid changes in plant physiology following nSe
pretreatment and salt stress were explored.
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In contrast to nSe of 10 uM, the nSe of 100 pM
and salinity caused oxidative stress. The nSe
pretreatment modified the concentrations of phe-
nylpropanoid derivatives among which salicylic acid
is the most important. The photosynthesis was
decreased due to salinity; however, this lesion was
mitigated by application of low levels of nSe (10 pM),
contributing to improvement in photosynthetic
capacity by preservation of water-splitting complex,
activation of the antioxidant defense system to
prevent oxidative stress, and amendment of ion
homeostasis under salinity stress. Overall, we have
concluded that foliar spray of 10 uM nSe in
strawberry is a protectant against salinity. The
mechanisms for nSe to mitigate salt stress are
currently unknown and need to be further explored.
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