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Abstract: In this study, the ability of Nepeta cataria L. to grow and synthesize bioactive compounds on
soil treated with different salt concentrations was tested to evaluate the opportunity of cultivating
it in soils affected by salinization. N. cataria L. was grown in soil containing specific amounts of
NaCl, Na2SO4, and their mixture. After harvesting, the plants were analyzed from the morphological
and physiological point of view. Salinity stress inhibited the growth, with the highest decrease of
the plant yield up to about 70% in the case of salt mixture, and smaller values for the separate salt
treatments. In the same time, as a defense mechanism, there was an increase of granular trichomes’
density, as observed with the scanning electron microscope. For mild concentrations of salt, the
amount of chlorophyll pigments was enhanced, while for stronger salinity stress, it decreased. The
opposite behavior was evidenced for the polyphenol content, as antioxidant activity was used as a
protective mechanism against reactive oxygen species produced under salinity stress. The antioxidant
activity was considerably higher for separate NaCl and Na2SO4 treatments than for the salt mixture
variants. The results showed that the species Nepeta cataria L. reacts well to high salinity levels, with
an increased content of bioactive compounds and antioxidant activity even for the highest studied
salinity conditions.

Keywords: Nepeta; soil salinity; salinity stress; salinity tolerance; bioactive compounds

1. Introduction

Population growth rate and climate change are the main causes threatening the global
food security [1,2]. The lack of recent rainfall or its uneven distribution have a direct
impact on crop yields. To meet this shortcoming, mankind has been resorting to artificial
methods, especially through irrigation. In addition to the many advantages, irrigation has
several drawbacks, such as soil compaction, leaching, and erosion, but the most important
is its salinization. History records that, among the causes that led to the failure of the
great civilizations is the salinization of the lands [3]. Salinization due to irrigation or
evapotranspiration affects large areas of the globe—about 30% of the arable land spread
over more than 100 countries, and it is constantly extending [4].

The effects of soil salinity on plants are extensively studied in order to understand the
mechanisms and changes induced in plants and then obtain cultures that are tolerant to
salinity. However, the focus is mainly on the species used as foods, both agricultural corps
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and vegetables, and there is less interest for other benefic species, such as aromatic plants.
The latter have many uses owing to their antioxidant and antimicrobial activity and medici-
nal properties [5–8]. Salt stress induces numerous changes in the plants, both morphological
and biochemical, with many mechanisms being already identified as adaptations. The
effects on the plants are due to osmosis and toxicity of microelements, indirectly due to
soil structural problems; salinity might inhibit the growth by affecting the photosynthesis,
thus disturbing the mineral uptake and availability. At the cell level, it interferes with
passive transport through the cell membrane by changing the electrochemical gradient;
decreasing the cellular water content; and influencing the ionic signaling pathways, ion cell
performance, and the regulation of the enzymatic activity. Furthermore, the salinity of the
soil induces oxidative stress in plants, leading to the production of reactive oxygen species
(ROS) that further alter the metabolic activity of the cells. ROS are not only toxic but also
interfere with the cell signaling; regulating processes, such as growth; stress response of
the cells; and cell death. The tolerance to salinity is complex and genetically controlled, so
it may differ from one species to another. The main mechanisms aim either to limit the
entrance of salt in the plant or the concentration of salt in the cytoplasm [9–13].

The genus Nepeta sp. belongs to the Lamiaceae family. The center of origin of the genus
is the western region of Asia. It includes up to 300 species, according to Formisano [14].
In our country, the genus Nepeta is represented by four species: two common species,
(N. cataria L. (Sect. Nepeta) and N. nuda L. ssp. Nuda (Sect. Orthonepeta)); and two
rare and major-risk species (N. ucranica L. ssp. ucranica and N. parviflora M. Bieb. (Sect.
Oxynepeta)). Nepeta cataria L., commonly known as catnip, is popular in the pet-toy
industry, due to its effects on felines induced by the nepetalactones compounds. Besides this
common use, Nepeta essential oil has multiple benefits in the treatment of fever, insomnia,
and inflammation; it has sedative effect, antimicrobial, and antioxidant properties; and
it can be used as a bioherbicide, insect repellant, preventive method for vector-borne
diseases, growth inhibition and apoptosis of some cancer cells, and so on [15–30]. Due
to such properties, the essential oil demands have increased in the past years in food,
pharmaceutical, and cosmetic industry, making them valuable products. In the case of
Nepeta cataria L., the main bioactive components and their uses are resumed in Figure 1.
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To the best of our knowledge, there are very few reports regarding the impact of
salinity on Nepeta sp. Mohammadi et al. found that biometric parameters changed, the
concentrations of chlorophyll pigments decreased, and electrolyte leaking was detected in
the case of plants grown in soil treated with increasing concentrations of NaCl. They re-
ported growth inhibitory effects, such as decreased plant height and dry weight; decreased
shoot and root length; and reduced number of leaves. On the other hand, a positive effect
was found: the essential oil content increased in saline conditions [31]. Similar results
regarding the reduced length of roots and shoots and the decrease of fresh weight under
salinity stress were also reported for Nepeta persica [32]. Mojarab et al. concluded that the
use of salicylic acid can improve germination of Nepeta nuda L., which is highly affected by
salinity stress [33].

In the abovementioned framework, our focus was to study the effects of salts (NaCl
and Na2SO4) on some biochemical and physiological parameters of Nepeta cataria L. in
order to establish the opportunity to cultivate this plant on soils affected by salinization.
We focused on some of the parameters that could influence the bio-activity of Nepeta, such
as polyphenols, flavonoids, chlorophyll pigments, and antioxidant activity.

2. Materials and Methods
2.1. Experimental Design

The experiment was set up with seedlings of Nepeta cataria L. in Mitscherlich pots with
a capacity of 10 dm3. The experiment had 10 variants with 4 repetitions, as presented in
Table 1. The salt (both Na2SO4 and NaCl, separately or in mixture, as indicated in Table 1)
was mixed with the soil prior to the start of the experiment. A quantity of 7 kg of soil was
placed in each vessel where the seedlings were planted. The plants were harvested after
86 days in 2020 and 116 in 2021, respectively, during full bloom, in the month of August.
For all the variants, the yield was evaluated by weighting each repetition of each variant.

Table 1. Salt percentage in the experimental variants.

Variant

v1 v2 v3 v4 v5 v6 v7 v8 v9 v10

C
on

tr
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lI
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aC

lI
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N
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II

N
a 2

SO
4

I

N
a 2

SO
4

II

N
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SO
4

II
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M
ix

t.
I

M
ix

t.
II

M
ix

t.
II

I
Salt content

(mg/100 g of soil)
Cl− 0 18 39 60 0 0 0 9 19 30

SO4
−2 0 0 0 0 50 85 120 25 43 60

2.2. Climate Conditions

There were major fluctuations in the rainfall in 2020; for example, in April, the quantity
of precipitations was only 4 mm, while in August, it was 8.2 mm. The year 2021 was mostly
characterized by a rainfall regime higher than the multiannual average; only in September
was the amount of precipitation lower by 34.6 mm. During the experiment, the humidity
was kept constant at the level of field capacity by watering as many times as needed. The
water collected in the tray of the vessel was reused to avoid salt losses.

The temperature differences in 2020 compared to the multiannual average were larger,
especially in April, +4.6 ◦C, and September, +3 ◦C. The values were close to the multiannual
average in 2021, with the differences being minor. The data are shown in Table 2.
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Table 2. Climatic conditions of 2020 and 2021 in the forest–steppe region of Moldavia, Romania.

Average Air Temperature (◦C) Average Precipitations (mm)

Month/Years 2020 2021 2020 2021
March 7.34 3.7 65.4 29.2
April 11.01 8.3 56.4 44.8
May 14.29 15.2 87 55.8
June 20.97 19.8 115 83.7
July 22.42 23.2 71.6 71.3

August 23.27 20.9 155.4 57.4
September 19.20 14.6 12.4 47.0

2.3. Soil Characterization

The soil used for the experiments was from the Am (molic) horizon of Chernozems.
The soil was slight alkaline, with a pH value of 7.9, as determined in water suspension.
Table 3 shows the values for some of the macro- and microelements in the soil used for
the experiments.

Table 3. Chemical analysis of Am (molic) horizon soil used for experiments.

Soil Horizon pH
ppm Humus

%
CaCO3

%
Ntotal

%
Corganic C/N

CTSS
mg/100 g SoilP P Corrected K

Am 7.9 31 17 229 3.49 4.77 0.176 2.02 9.84 53

2.4. Morphological Analysis

For the micro-imaging of the samples, environmental scanning electron microscopy
(ESEM) was used (Quanta 450, FEI, Thermo Fisher Scientific, Hilsboro, OR, USA). This
electron microscope has the environmental working mode that allows for the analysis of
biological samples without any sophisticated preparation, such as covering with a metallic
layer. Pieces of the leaves were glued to the aluminum stubs through carbon double-sided
tape, with the lower epidermis exposed. The measurements were performed at 70 Pa
working pressure in low vacuum mode, using 15 kV accelerated electron beam at 2.5 spot
size and 10 mm working distance.

2.5. Physiological Analysis

The stomatal conductance was determined by using the LCi-SD Ultra Compact Photo-
synthesis System (ADC BioScientific, Hoddesdon, UK), which analyzes the concentration
of carbon dioxide and water vapor at the leaf surface relative to the atmospheric level,
using an infrared (IR) detector. The measurements were performed by placing a closed
chamber of known size on the surface of the leaf tissue, the concentration of CO2 inside
this enclosure being compared with the reference value of the gases in the atmosphere. The
results of stomatal conductance are expressed in µmols CO2 m2s−1 [34].

2.6. Biochemical Analyses

The quantitative determination of chlorophyll pigments—chlorophyll a, chlorophyll
b, carotenoids—was performed from 0.5 g of fresh leaves samples, using 80% acetone as
solvent. The absorbance measured with a UV/Vis spectrophotometer at 470, 646.8, and
663.2 nm (A470, A646.8, and A663.2, respectively) was used to calculate the concentrations of
chlorophyll pigments in µg/mL, based on Lichtenthaler’s equations [35,36]:

ca = 12.25·A663.2 − 2.79·A646.8 (1)

cb = 21.50·A646.8 − 5.10·A663.2 (2)

ca+b = 7.15·A663.2 + 18.71·A646.8 (3)
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cx+c =
1000·A470 − 1.82·ca − 85.02·cb

198
(4)

For the determination of flavonoids, polyphenols, and antioxidant activity, 0.5 g/fresh
sample was incubated for 24 h with 95 mL of ethyl alcohol (98%). The filtered product was
also used for other analyses. The readings were taken on a UV/Vis spectrophotometer,
DLAB PS-V1100. The total phenol content was determined as follows: 0.1 mL of leaf extract
was mixed with Folin–Ciocâlteu reagent (Merck, Kenilworth, IL, USA), and then 7.5%
NaCO3 was added. After 90 min of incubation, the samples were read on the spectropho-
tometer at 760 nm. The results were interpreted according to the calibration curve as gallic
acid equivalents per gram of dry mass [37,38].

The total flavonoid content of the extract was determined by using 5% NaNO2 and 10%
AlCl3 with the absorbances measured at 510 nm. The results were interpreted according
to the calibration curve obtained for different quercetin concentrations and expressed in
quercetin equivalents per gram of dry matter [39,40].

To evaluate the antioxidant activity, 0.1 mL of plant extract was mixed with 2.9 mL of
60 µM DPPH (2,2-diphenyl-1-picrylhydrazyl) and incubated for 180 min for a complete
reaction. The absorbance was read at 515 nm [41,42]. The data processing was performed
according to the following formula:

DPPHsc% =
(Abs control)t=x min − (Abs sample)t=x min

(Abs control)t=x min
× 100 (5)

where Abs control represents the absorption of the DPPH solution without the extract, and
Abs sample is the absorbance of DPPH mixed with the extract.

2.7. Statistical Analysis

To assess statistically significant differences between the treatments, the means were
compared by unidirectional analysis of variance (ANOVA). When the results were sta-
tistically significant, the Tukey multiple comparison test was used. The main difference
was set to be significant at p < 0.05. The software used for statistical analysis was IBM
SPSS v14. All the results are presented as averages with standard deviations. Inferen-
tial statistics (Pearson correlation) was also employed to find correlations between the
studied parameters.

3. Results and Discussion
3.1. Yield of Nepeta Cultures

The average yield per vegetation pot is presented in Figure 2. Except for the control
variant, we found that the NaCl III variant had the highest production for both studied
years. The weight of the plants decreased with increasing the soil salinity for both Na2SO4
variants and mixture salt variants, with a slightly different behavior for NaCl, for which
the weight did not indicate a linear change with the salt content of the soils. Overall, with a
small exception, salinity has a negative impact on the yield, decreasing it with up to about
70% in the case of salt mixture. The effects of Na2SO4 salinity are higher than in the case of
NaCl, with about 59% in the first year and 66% in the second year, compared to 32% and
46% for the latter conditions, respectively. A similar response behavior to salinity stress
was also reported in the case of sage (Salvia officinalis L.), with stronger effects for Na2SO4
than NaCl [42]. The same report also shows a non-linear trend of the yield as function
of the salt concentration in the case of NaCl, suggesting that the two studied salts induce
slightly different responses to salinity stress in some plants. A decrease of the yield by up
to 40% was also reported for both Thymus vulgaris L. and Thymus daenensis Celak under
NaCl salinity stress [43].
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3.2. Morphological and Physiological Analyses

ESEM images for all the variants from 2021 can be seen in Figure 3. The micro-imaging
of the lower epidermis indicated that the level of salinity influences the size and number
of the glandular trichomes (indicated with white arrows) on the leaves, as well as the
distance between them. For a better comparison, the distances were estimated by using the
dedicated software employed to image the samples, and the measurements resulting from
ESEM are presented in Figure 4.

Glandular trichomes are found in many botanical families, but the most numerous are
found in the Lamiaceae family—which includes the genus Nepeta. They are oil secretors
and plant protectors. Trichomes are usually found on the leaves and contain volatile
odorous substances that have many roles, such as attracting pollinating insects, playing
a repellent role, and acting as an antimicrobial. The size and distance between these
trichomes can provide information on the production of volatile oil [44].

Figure 4a shows the mean diameters estimated from ESEM images for the glandular
trichomes in the analyzed samples. The increase of the salt concentration leads to the
decrease of the trichomes compared with the control, especially for salt mixture variants,
while for NaCl, there is a slight increase. For the same salt, the diameters decrease with
increasing the salt concentration. The largest dimensions of glandular trichomes were
determined as NaCl II > NaCl III > Na2SO4 I > Na2SO4 II > Na2SO4 III > Mixture I >
Mixture II > Mixture III.

The distances between the trichomes were variable, as can be seen in Figure 4b. In
the case of NaCl treatment, the distances between the trichomes decrease with increasing
concentration, and in the case of Na2SO4 treatment, the distances between the glandular
trichomes increased with the concentration of salts. In variants treated with a mixture of
salts, the distances decreased with increasing concentration. In variants treated with high
concentrations of salts and in those with mixtures, the lower epidermis of the leaf was lined
with a large number of secretory cells, but it was smaller in size. The smallest distances
between glandular trichomes were found in Mixture III (43.77 ± 1.04 µm), and in the NaCl
III variant (52.53 ± 1.93 µm) in 2020.
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Figure 3. ESEM micro-images of the variants with the glandular trichomes indicated with arrows.

The decreased distance between trichomes that can also be seen as an increased density
was also reported under salinity-stress exposure of Mentha pulegium [45] and Schizonepeta
tenuifolia Briq. [46], as well as Mentha piperita L. [47]; the effect seems to be associated with
the improvement of the metabolism of the plants under saline stress, or it might be a way
of keeping Na+ in plant leaves [48]. The variation of the density and size of glandular
trichomes under external stress has been reported in other studies and for other aromatic
species, being believed to be determined by a synergistic action of internal and external
factors [49–52]. The molecular bases of such changes are still unknown, although it is
believed that the increased density of trichomes has the role to improve the resistance of
the crops to abiotic stresses, with the trichomes acting as chemical defense barriers.

The stomatal conductance is a way to evaluate the osmotic stress tolerance. In our
experiment, its values increased with the salinity and was higher in all cases compared to
control variant. This could be due to an increased number of stomata as a plant response to
saline stress in order to regulate the water uptake that suffers under saline conditions. The
highest value of the conductance was measured for Mixture III variant, as can be seen in
Figure 5.
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3.3. Biochemical Analyses

The concentrations of chlorophyll pigments (a, b, and carotenoids) are presented
in Figure 6. It is confirmed that strong biochemical changes take place as a result of
salinity stress. In most cases, the concentrations of chlorophyll pigments decreased. For
small concentrations, it appears that some salinity-tolerance mechanisms were involved,
leading to an increase of mostly chlorophyll a, which is mainly responsible for photo-
synthesis. In the Na2SO4 I variant, the chlorophyll a content was the highest for both
years, 10.58 ± 0.08 µg/mL and 11.51 ± 0.35 µg/mL, respectively. Chlorophyll b was
also the highest for the Na2SO4 I variant, with values of 3.56 ± 0.08 µg/mL in 2020 and
3.72 ± 0.02 µg/mL in 2021. The same trend as for the chlorophyll b was observed for the
carotenoid pigments.
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These results show that, due to saline stress, plants intensify their gas exchange at
the stomatal level: oxygen, which is necessary for respiration, and carbon dioxide, which
is required for photosynthesis, as also discussed by other studies [6,43,46–48,53,54], and
could also correspond to the increase of stomatal conductance evidenced for saline stress
variants previously described. The suppressed photosynthesis observed especially for
high salt concentrations is in accordance with other reports, being believed that, under
severe salt stress, some structural changes are stimulated, with the major target being the
chloroplasts. At the same time, the increased production of ROS in the cells can affect the
photosynthetic electron transport chain [11,46]. The effects induced by NaCl and Na2SO4
are similar to a limited extent. Na2SO4 seems to trigger stronger modifications than NaCl,
as seen in the trichrome density and chlorophyll pigments, as well as confirmed by the
literature [42].

Figure 7 shows the total polyphenol content of the variants from both years. The
concentration ranged from 29.8 ± 0.3 to 49.3 ± 2.7 mg GA/g dw. The highest content of
polyphenols was achieved in 2021, with values between 29.03 ± 1.24 mg GA/g dw for
NaCl II and 28.56 ± 1.7 mg GA/g dw for Na2SO4 III. The results are in agreement with
those obtained by Mihaylova et al. [55]. Other researchers found that the concentration of
polyphenols increases with the increase of the salinity, which we also found, but only in
the case of Na2SO4 [56].

Overall, it appears that the trend is similar for both years, i.e., high concentrations
of polyphenol being found in some high-salinity soil-growing conditions, with values
significantly increased compared to the control. This founding indicates that salinity
stress might stimulate the production of polyphenols in the plants. Phenolic compounds
are a class of secondary metabolites, along with phenolic acids and polyphenols, and
have many functions in the plants and very important properties, such as antioxidative,
anti-inflammatory, anti-mutagenic, and anti-carcinogenic properties [57–59].
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Flavonoids are a subgroup of secondary metabolites and are the most studied in the
plant kingdom, due to their important properties (bioactivities) [60]. The concentration
of flavonoids for the studied salinity conditions showed higher concentrations for most
variants than for the control. One exception was N. cataria grown in soil with Na2SO4
concentration of 80 mg/soil, the lowest in its series. Flavonoids had the highest values in
Mixture III variant in both years (44.66 ± 0.77 mg QE/g dw—2020, and 47.45 ± 2.35 mg
QE/g dw in 2021, respectively) (Figure 8).
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A similar trend as for the polyphenol content was observed in the case of antioxidant
activity. Samples grown in high-salinity conditions presented a much higher antioxidant
activity than the control one, by up to about 20%, as can be seen in Figure 9. Just as for the
other presented results, the variations were similar for both analyzed years. The highest
antioxidant activity was recorded for NaCl II and Na2SO4 III in both years (55.81 ± 2.18–
58.76 ± 0.92% in 2020, and 55.11 ± 1.34–55.42 ± 2.87% in 2021).
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The similarity between the polyphenol content of variants and antioxidant activity is
due to the fact that polyphenols are powerful antioxidants, their production having the
purpose of mediating the scavenging harmful effects of ROS under salinity stress. The
synthesis of polyphenols and flavonoids is stimulated as a mechanism of plant tolerance
against salinity stress, as evidenced by and reported in many studies [42,43,46–48,54,61].
Flavonoids, polyphenols, and antioxidant activity decreased for a small concentration of
Na2SO4, while higher salt stress stimulated the production of active compounds for all
variants. This can also have a connection with the decreased distances between the glan-
dular trichomes, which can be seen as an increase of their density, thus leading to higher
concentrations of bioactive compounds. Similar biochemical and glandular trichomes’ den-
sity changes under salinity stress were reported in the literature, with enhanced production
of antioxidant compounds under low salinity stress, and inhibition under severe saline
conditions [43,45–47,61].

For a better understanding of any existing correlation between the studied parameters,
Pearson’s correlation coefficients were calculated. The results are shown in Table 4. A
strong correlation was found between polyphenols and antioxidant activity, as expected.
Positive correlations were also determined between polyphenol concentration and stomatal
conductivity, as well as the abovementioned parameters and salt concentration. Negative
correlations were evidenced for the rest of the studied parameters.
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Table 4. Pearson correlation coefficients for studied variants.

2020 Variant Polyphenol Antioxidant
Activity

Stomatal
Conductivity Chlorophyll a Chlorophyll b Carotenoids Yield

Variant 1
Polyphenol 0.49 ns 1
Antioxidant

activity 0.41 ns 0.41 ns 1

Stomatal
conductivity 0.60 ns 0.27 ns 0.04 ns 1

Chlorophyll a −0.43 ns −0.62 ns −0.30 ns −0.02 ns 1
Chlorophyll b −0.65 * −0.56 ns −0.20 ns −0.19 ns 0.90 ** 1
Carotenoids −0.41 ns −0.57 ns 0.01 ns 0.06 ns 0.82 ns 0.83 ** 1

Yield −0.63 ** −0.32 ns −0.22 ns −0.68 * 0.04 ns 0.04 ns −0.04 ns 1

2021 Variant Polyphenol Antioxidant
activity

Stomatal
conductivity Chlorophyll a Chlorophyll b Carotenoids Yield

Variant 1
Polyphenol 0.44 ns 1
Antioxidant

activity 0.41 ns 0.92 ** 1

Stomatal
conductivity 0.62 ns 0.34 ns 0.18 ns 1

Chlorophyll a −0.45 ns −0.39 ns −0.28 ns −0.09 ns 1
Chlorophyll b −0.62 * −0.47 ns −0.35 ns −0.26 ns 0.94 ** 1
Carotenoids −0.33 ns −0.32 ns −0.23 ns 0.02 ns 0.98 ** 0.86 ** 1

Yield −0.68 ** −0.41 ns −0.26 ns −0.85 ** −0.01 ns 0.19 ns −0.16 ns 1

* correlation is significant at the 0.05 level; ** correlation is significant at the 0.01 level; ns not significant.

4. Conclusions

In this study, we analyzed the effects of some salinity-stress conditions on Nepeta
cataria L. The yield is directly influenced by salinity. The highest value was obtained in
the NaCl III variant in the first year of study, while, in the second year, the highest was
obtained for the control variant, indicating a negative effect of salinity stress. The difference
in production between years could also be attributed to different climatic conditions.

Different saline concentrations influence biochemical parameters, such as polyphenol
and flavonoid contents, in some conditions having a stimulating effect for the production
of bioactive compounds. Antioxidant activity has also increased, mostly for the variants ex-
posed to Na2SO4 stress, and it showed no correlation with other environmental conditions.
Due to the fact that polyphenols also have a high concentration, the increase of antioxidant
activity can be attributed mostly to polyphenols and, to a lesser extent, flavonoids. An
increased density of the trichomes evidenced by electron microscopy imaging can be corre-
lated with increased concentration of bioactive compounds and could be associated with a
metabolic enhancement under salt stress. The high antioxidant activity in some conditions
is a protective response of the plants to the high concentrations of ROS produced for high
salt concentrations.

Salinity also influences the amount of chlorophyll pigments; the highest amount of
chlorophyll a was determined in the Na2SO4 variant, in both years and in the variants with
salt mixtures. A similar distribution of values was maintained in chlorophyll b. In the
case of carotenoids, the highest values were obtained in the variants with the smallest salt
concentrations.

The species grows well on soils that contain both NaCl and Na2SO4. The main com-
pounds analyzed, with potential use in many industrial fields (polyphenols, flavonoids,
and antioxidant activity), have significantly higher values in the salt-treated variants com-
pared to the control variant, indicating the possibility of benefiting from such cultures
even in salinity-stress conditions. Further genetic and biophysical research is necessary
to establish the insights of the salinity response of Nepeta, especially regarding the en-
hancement of the bioactive compounds’ production, to finally benefit by cultivating it in
salinity-affected soils.
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