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Abstract: In recent years, special attention has been paid to climate change assessment and research
into our changing environment. The greatest economic losses worldwide are due to the negative
effects of drought stress and extreme temperature on the plants” morphological, physiological, and
biochemical properties which limit crop growth and productivity. Sweet basil (Ocimum basilicum L.)
is one of the most popular plants widely grown around the world as a spice, as well a medicinal,
aromatic plant. The seedlings with 5-6 true leaves were divided into two groups, and one group of
seedlings was sprayed with 10 mM potassium bicarbonate (KHCO3). Three days after potassium
bicarbonate treatment, half of the plants from each group were subjected to a water deficit (drought
stress), and the other half were grown under stress-free conditions (well-watered). The present study
aimed to evaluate the effect of potassium bicarbonate (KHCO3) on morphophysiological parameters,
phenolics content and the antioxidant activity of basil under drought conditions. The application
of potassium bicarbonate to drought stressed plants significantly increased the chlorophyll content,
fresh and dry weight, phenolics content in the two of tested cultivars, and antioxidant activity,
determined by DPPH and ABTS methods. Principal component analysis showed that the first
factor was highly and positively related to all the investigated parameters. Hierarchical clustering
analysis showed that the first cluster was formed by being well-watered, well-watered and sprayed
with potassium bicarbonate, and grown under drought conditions and sprayed with potassium
bicarbonate basil cultivars, while the second cluster was formed by all the tested cultivars grown
under drought conditions.
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1. Introduction

Sweet basil (Ocimum basilicum L.) is one of the most popular plants widely grown
around the world as a spice and as a medicinal, aromatic plant. Basil accumulates a complex
of biologically active compounds, which determines the therapeutic characteristic of this
plant [1]. Basil is very valuable due to its antioxidant [2—4], anticancer [5], anticonvulsant [6],
and antiphlogistic [7] properties. Suanarunsawat et al. [8] reported that basil leaf extract
lowers blood cholesterol and has a positive effect on bile secretion. Laboratory studies
have shown that substances with antibiotic activity in basil grass inhibit the harmfulness of
pathogenic microorganisms [9].

In recent years, special attention has been paid to climate change assessment and
research into our changing environment. A report by the Intergovernmental Panel on
Climate Change (IPCC) states that the effects of climate change are being felt on all conti-
nents, with global temperatures recently rising by 1.5 °C [10]. Future economic threats are
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predicted due to increasing droughts and heat outbreaks [11,12]. The greatest economic
losses worldwide are due to the negative effect of drought stress and extreme temperature
on plants” morphological, physiological and biochemical properties, limiting crop growth
and productivity [13-23].

The negative effect of drought stress on various parameters of plants has been re-
viewed by Seleiman et al. [14]. Drought has reduced the morphological and physiological
traits, reduced leaf water potential and sap movement due to alternation of xylem anatom-
ical features in plants [15]. Zargar et al. [16] states that drought stress has resulted in a
decrease in turgor pressure which in turn inhibits cell growth in many aspects. Water loss
results in inefficient execution of metabolic processes by influencing the activity of enzymes
involved in photosynthesis and thus malfunctioning the photosynthetic apparatus. En-
hanced metabolite fluxes cause the formation of free radicals that hinder the development
by inducing oxidative stress inside the cell. In studies with apples, Wang et al. [17] found
that when leaf water potential is above —1.5 MPa, the stomatal limitation should be the
main reason for a drop of photosynthesis; when water potential was below —1.5 MPa, the
drop-in photosynthesis activity might be caused by non-stomatal limitation.

Plants have a variety of mechanisms to mitigate the harmful effects of drought. An
early response to drought stress helps them to survive [13,18]. Some plants mitigate
drought stress by reducing growth and increasing metabolic activities under drought
conditions. Farooq et al. [24] state that the main factors that determine physiological plants’
adaptations to the abiotic stress are the lowering of osmotic potential, maintenance of high
antioxidant activities, and rearrangement of growth regulators. In the changing climate, the
efficiency of agricultural production is primarily determined by the adaptation of plants to
stressful situations [25,26]. One way to minimize the harmful effects of stress on plants and
optimize nutrient uptake is to spray them with bioactive substances. Although this type of
preparation is widely used in agriculture, there is a need for new compounds that regulate
plant physiological processes and which have anti-stress properties and are non-toxic to
the environment and humans.

Potassium is one of the important macro elements essential for plant growth, de-
velopment, photosynthesis, metabolic processes, and maintenance of normal osmotic
potential [27]. Moreover, potassium helps to stabilize cell membranes, is involved in the
transfer of assimilates to roots, and reduces the detrimental effects of abiotic and biotic
stresses [28,29]. S. Kanai et al. [30] found that K deficiency can inhibit the activity of
aquaporins (water carriers) and reduce water supply to the aboveground part of the plant.
Potassium is found in plant cells in the form of K + ions and various salts, including KHCOs.
Potassium bicarbonate (KHCQO3) is not detrimental to human health and the environment
and is therefore permitted for use in ecological agriculture [31]. Exogenous potassium
bicarbonate is used as an effective fungicide [32,33].

In our previous investigations with green foxtail, we found that KHCO3 protects photo-
system II of green foxtail from drought by significantly increasing the maximum quantum
yield, effective quantum yield, and gas exchange parameters [34]. Based on the results of this
study, we hypothesized that potassium bicarbonate may increase the drought resistance of
sweet basil. The responses of basil to drought stress with the purpose of increasing drought
tolerance by various compounds have been studied by certain research groups [35-37]; how-
ever, to the best of our knowledge, the influence of potassium bicarbonate on the drought
response of basil has not been previously reported. The present study aimed to evaluate
the effect of potassium bicarbonate (KHCO3) on morphophysiological parameters, phenolics
content, and the antioxidant activity of basil under drought conditions.

2. Results

2.1. The Effect of Drought Stress and Potassium Bicarbonate Application on the Chlorophyll a and
b Content

The chlorophyll content in well-watered sweet basil varied from 1.93 mg g~! to
237 mg g_1 depending on the cultivars (Figure 1).
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Figure 1. The effect of drought stress and potassium bicarbonate application on the chlorophyll a
content in sweet basil plants under well-watered and drought stress conditions. Treatments were
performed in triplicate; statistical significance was assayed by two-way ANOVA, followed by a Tukey
post hoc test (p < 0.05). Data are expressed as mean =+ standard error. Means not sharing a common

letter are significantly different (p < 0.05).

Chlorophyll a content in well-watered plants was not significantly affected by the
application of potassium bicarbonate. Under the influence of drought stress, chlorophyll
a content decreased from 12% (“Dark Opal” and “Palla Compato”) to 27% (“Cinnamon”)
compared to the well-watered plants. The application of potassium bicarbonate to drought
stressed plants resulted in increasing chlorophyll a content from 11% (“Aromatico Della
Riviera Ligure”) to 22% (“Red Rubin”) compared to the drought stressed plants.

The chlorophyll b content in well-watered sweet basil varied from 0.77 mg g~ ! to
0.90 mg g~ ! depending on the cultivars (Figure 2).
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Figure 2. The effect of drought stress and potassium bicarbonate application on chlorophyll b content
in sweet basil plants under well-watered and drought stress conditions. Treatments were performed
in triplicate; statistical significance was assayed by two-way ANOVA, followed by a Tukey post hoc
test (p < 0.05). Data are expressed as mean =+ standard error. Means not sharing a common letter are

significantly different (p < 0.05).
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The application of potassium bicarbonate slightly increased chlorophyll b content in
the well-watered untreated plants; however, differences were not significant in comparison
with well-wared untreated plants. Under drought conditions chlorophyll b content in
sweet basil plants decreased from 26% (“Red Rubin”) to 34% (“Aromatico Della Riviera
Ligure”) compared to the well-watered plants. The application of potassium bicarbonate to
drought-stressed plants resulted in the increasing of chlorophyll b content from 22% (“Dark
Opal”) to 36% (“Red Rubin”) compared to the drought stressed plants.

2.2. The Effect of Drought Stress and Potassium Bicarbonate Application on the Fresh and
Dry Weight

The fresh weight of well-watered sweet basil plants varied from 9.30 g to 11.40 g
depending on the cultivars (Figure 3).
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Figure 3. The effect of drought stress and potassium bicarbonate application on the fresh weight of
sweet basil plants under well-watered and drought stress conditions. Treatments were performed in
triplicate; statistical significance was assayed by two-way ANOVA, followed by a Tukey post hoc
test (p < 0.05). Data are expressed as mean =+ standard error. Means not sharing a common letter are

significantly different (p < 0.05).

Spraying with potassium bicarbonate slightly increased the fresh weight of well-
watered plants; however, in comparison with well-watered untreated plants, differences
were not significant. Under drought conditions, the fresh weight of sweet basil plants
decreased from 22% (“Dark Opal”) to 40% (“Red Rubin”) compared to the well-watered
plants. The application of potassium bicarbonate to drought stressed plants resulted in the
increase of fresh weight from 26% (“Cinnamon”) to 39% (“Red Rubin”) compared to the

drought-stressed plants.
The dry weight of well-watered sweet basil plants varied from 1.83 g to 3.17 g depend-

ing on the cultivars (Figure 4).

The dry weight of well-watered plants was not significantly affected by application
of potassium bicarbonate. Under drought conditions, the dry weight of sweet basil plants
decreased from 11% (“Dark Opal”) to 55% (“Palla Compato”) compared to the well-watered
plants. The application of potassium bicarbonate to drought stressed plants resulted in
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increasing dry weight from 34% (“Dark Opal”) to 50% (“Palla Compato”) compared to the
drought-stressed plants.
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Figure 4. The effect of drought stress and potassium bicarbonate application on the dry weight of
sweet basil plants under well-watered and drought stress conditions. Treatments were performed in
triplicate; statistical significance was assayed by two-way ANOVA, followed by a Tukey post hoc
test (p < 0.05). Data are expressed as mean =+ standard error. Means not sharing a common letter are

significantly different (p < 0.05).

2.3. The Effect of Drought Stress and Potassium Bicarbonate Application on the Total
Phenolic Content

The total phenolic content in well-watered sweet basil plants varied from 9.56 mg g~! DW
to 11.67 mg g~ ! DW depending on the cultivars (Figure 5).
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Figure 5. The effect of drought stress and potassium bicarbonate application on total phenolic content
in sweet basil plants under well-watered and drought stress conditions. Treatments were performed
in triplicate; statistical significance was assayed by two-way ANOVA, followed by a Tukey post hoc
test (p < 0.05). Data are expressed as mean =+ standard error. Means not sharing a common letter are

significantly different (p < 0.05).
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Significantly increasing total phenolic content under application of potassium bicar-
bonate on well-watered plants has been observed for the cultivars “Cinnamon”, “Aromatico
Della Riviera Ligure” and “Dark Opal”, while total phenolic content in the “Red Rubin” and
“Palla Compato” was not significantly affected by application of potassium bicarbonate. As
compared to the well-watered plants under drought conditions, the total phenolic content
in the “Cinnamon” decreased by 8% (“Dark Opal”) but increased from 7% to 16% in the
other tested cultivars. The application of potassium bicarbonate to drought-stressed plants
resulted in an increasing of total phenolic content from 14% (“Dark Opal”, “Palla Compato”
and “Aromatico Della Riviera Ligure”) to 20% (“Cinnamon”) compared to the drought
stressed plants.

2.4. The Effect of Drought Stress and Potassium Bicarbonate Application on the Antioxidant Activity

The antioxidant activity measured by the DPPH method from well-watered basil leaf
extract varied from 13.67% to 17.19% depending on the cultivars (Figure 6a). Compared to
well-watered plants, the application of potassium bicarbonate resulted in an increasing of
antioxidant activity in cultivars “Cinnamon”, “Red Rubin”, “Dark Opal” and “Aromatico
Della Riviera Ligure” leaf extract, while antioxidant activity measured by DPPH method
from leaf extract of cultivar “Palla Compato was not significantly affected by spraying with
potassium bicarbonate.

Any significant effect of drought stress condition on antioxidant activity measured
by the DPPH method has been obtained for cultivar “Dark Opal”, while antioxidant
activity in other cultivars decreased from 9.8% (“Red Rubin”) to 16.4% (“Aromatico Della
Riviera Ligure”) in comparison with well-watered plants. The application of potassium
bicarbonate on plants grown under drought conditions did not have any significant effects
on the antioxidant activity measured by DPPH methods in leaf extracts of cultivar “Red
Rubin”, but significantly increased this parameter in other basil cultivars tested.

The antioxidant activity measured by ABTS method from well-watered basil leaf
extracts varied from 8.78% to 12.41% depending on the cultivars (Figure 6b). The significant
effect of potassium bicarbonate on the antioxidant activity measured by the ABTS method
on cultivars “Cinnamon” and “Palla Compato” has not been obtained, while in cultivars
“Red Rubin”, “Dark Opal” and “Aromatico Della Riviera Ligure” leaf extracts this parame-
ter increased by 29.6%, 19.4% and 12.7%, respectively. Compared to well-watered plants,
antioxidant activity measured by the ABTS method significantly increased in the cultivar
“Aromatico Della Riviera Ligure”. The application of potassium bicarbonate significantly
increased antioxidant activity measured by ABTS method in cultivars “Cinnamon”, “Red
Rubin” and “Aromatico Della Riviera Ligure” plants grown under drought conditions.

2.5. Principal Component and Hierarchical Clustering Analysis

The first two components (PCs) were associated with eigenvalues higher than one
and explained 52.76% and 30.68% of the total variance (Figure 7). The first factor (PC1)
was highly and positively related to all investigated parameters. Figure 7 demonstrated
that all treatments and basil cultivars were well separated in the PCA map. The principal
component analysis shows that the highest fresh weight, dry weight, and chlorophyll a
content were associated with cultivar “Red Rubin” grown under well-watered and drought
conditions and sprayed with potassium bicarbonate, while the chlorophyll b content was
associated with cultivars “Dark Opal” and “Aromatico Della Riviera Ligure” grown under
well-watered conditions, and the total phenolic content and antioxidant activity were
associated with cultivars “Cinnamon” and “Aromatico Della Riviera Ligure” grown under
drought conditions and sprayed with potassium bicarbonate.
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Figure 6. The effect of drought stress and potassium bicarbonate application on antioxidant activity
of basil leaf extracts determined by DPPH (a) and ABTS (b) assays. Treatments were performed in
triplicate; statistical significance was assayed by two-way ANOVA, followed by a Tukey post hoc
test (p < 0.05). Data are expressed as mean =+ standard error. Means not sharing a common letter are
significantly different (p < 0.05).
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Figure 7. A principal component analysis for chlorophylls content, fresh and dry weight, total pheno-
lics content, and antioxidant activity of basil leaf extracts influenced by drought stress and potassium
bicarbonate application. CWW1-“Cinnamon” well-watered; CWW2—"“Cinnamon” well-watered and
sprayed with potassium bicarbonate; CDS1-“Cinnamon” drought stress; CDS2-“Cinnamon” drought
stress and sprayed with potassium bicarbonate; RWW1-"Red Rubin” well-watered; RWW2-"Red
Rubin” well-watered and sprayed with potassium bicarbonate; RDS1-"Red Rubin” well-watered;
RDS2—“Red Rubin” well-watered and sprayed with potassium bicarbonate; DWW1—"Dark Opal”
well-watered; DWW2—"Dark Opal” well-watered and sprayed with potassium bicarbonate; DDS1-
“Dark Opal” drought stress; DDS2—“Dark Opal” drought stress and sprayed with potassium bicarbon-
ate; PWW1-"Palla Compato” well-watered; PWW2-"Palla Compato” well-watered and sprayed with
potassium bicarbonate; PDS1-"Palla Compato” drought stress; PDS2—"Palla Compato” drought stress
and sprayed with potassium bicarbonate; AWW1—“Aromatico Della Riviera Ligure” well-watered;
AWW2-"Aromatico Della Riviera Ligure” well-watered and sprayed with potassium bicarbonate;
ADS1-"Aromatico Della Riviera Ligure” well-watered; ADS2—”Aromatico Della Riviera Ligure”
well-watered and sprayed with potassium bicarbonate.

Based on hierarchical clustering analysis, basil cultivars were clustered into two
clusters: C1 and C2 (Figure 8). The first cluster was formed by well-watered, well-watered
and sprayed with potassium bicarbonate, and grown under drought conditions and sprayed
with potassium bicarbonate basil cultivars. The second cluster was formed by all tested
cultivars grown under drought conditions.
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Figure 8. A hierarchical clustering analysis for chlorophylls content, fresh and dry weight, total pheno-
lics content, and antioxidant activity of basil leaf extracts influenced by drought stress and potassium
bicarbonate application. CWW1—"Cinnamon” well-watered; CWW2—"Cinnamon” well-watered
and sprayed with potassium bicarbonate; CDS1—*Cinnamon” drought stress; CDS2—“Cinnamon”
drought stress and sprayed with potassium bicarbonate; RWW1—*Red Rubin” well-watered; RWW2—
“Red Rubin” well-watered and sprayed with potassium bicarbonate; RDS1—“Red Rubin” well-
watered; RDS2—"Red Rubin” well-watered and sprayed with potassium bicarbonate; DWW1—"Dark
Opal” well-watered; DWW2—“Dark Opal” well-watered and sprayed with potassium bicarbonate;
DDS1—"Dark Opal” drought stress; DDS2—"Dark Opal” drought stress and sprayed with potassium
bicarbonate; PWW1—“Palla Compato” well-watered; PWW2—"Palla Compato” well-watered and
sprayed with potassium bicarbonate; PDS1—"Palla Compato” drought stress; PDS2—"Palla Com-
pato” drought stress and sprayed with potassium bicarbonate; AWW1—"Aromatico Della Riviera
Ligure” well-watered; AWW2—"Aromatico Della Riviera Ligure” well-watered and sprayed with
potassium bicarbonate; ADS1—"Aromatico Della Riviera Ligure” well-watered; ADS2—"Aromatico
Della Riviera Ligure” well-watered and sprayed with potassium bicarbonate.

3. Discussion

Drought stress negatively affects plant growth and development with substantial
reductions in the crop growth rate and chlorophyll contents, as well as the inhibition of
photosynthesis and biomass accumulation [19,22,38]. Drought reduced the chlorophyll
content and physiological performance of the plants because chlorophyll helps to capture
better light and a higher amount of light. There is also a higher possibility of photosynthetic
rate because of the conversation of light energy into chemical energy. However, under
drought, the light energy required to change chemicals is comparatively lower due to lower
chlorophyll concentration [39]. In our study, the chlorophyll a content under the drought
condition significantly decreased, especially in the cultivar “Cinnamon”, while the highest
decrease in chlorophyll b content was obtained in the cultivar “Aromatico Della Riviera
Ligure”. Chlorophyll a and b decreased under drought conditions obtained in our study
and are in agreement with other research groups’ statements about the strong negative
effect of drought stress on chlorophyll a and b content in sweet basil, such as those reported
by Damalas [36], Zulfiqar et al. [37], Kordi et al. [35], and Al-Hugail et al. [40]. Damalas [36]
supposed that such a reduction in chlorophyll may be explained by an imbalance of protein
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complexes and increased activity of chlorophyll-degrading enzymes and chlorophyllase,
while according to Schiitz and Fangmeir [41], chlorophyll decreasing is more related to
the increase in reactive oxygen species (ROS) production. Moreover, under drought, stress
photosynthesis is strongly inhibited by stomatal closure and reduces enzyme activity
such as Rubisco [42—44]. The application of potassium bicarbonate to drought-stressed
plants significantly increased chlorophyll content compared to the drought-stressed plants
through the protection of a photosynthetic apparatus and partial recovery of chlorophylls
content. The highest positive effect of potassium bicarbonate has been determined for the
cultivar “Red Rubin”.

It has been documented that potassium regulates equipoise between anions and
cations in the cytoplasm, stimulates ATPase activity, and regulates stoma opening and
closing [45-47]. Xu et al. [48] found that exogenously applied potassium significantly
increased the biomass of apple dwarf rootstock seedlings. A reduction in fresh and dry
weight in basil under drought conditions has been reported by Kordi et al. [35] and Barick-
man et al. [49]. In our study, drought stress significantly decreased the fresh and dry weight
of sweet basil in comparison with well-watered plants. Wei et al. [50] reported that the
application of K,COj significantly increased shoot and root masses of winter wheat under
drought stress in their studies. In our study, the application of potassium bicarbonate to
drought-stressed plants resulted in a significant increase in fresh and dry weight compared
to the drought-stressed plants.

An increase of total phenolic content under drought stress was observed in sweet
basil [35], Achillea pachycephala Rech.f. [51], and Amaranthus tricolor L. [52]. In contrast, any
significant effect of drought stress on phenolic content in tested cultivars has not been
determined in our study. The application of potassium bicarbonate significantly increased
total phenolic content in the cultivar “Cinnamon” grown under well-watering conditions,
as well as in cultivars “Cinnamon” and “Aromatico Della Riviera Ligure” grown under
drought stress.

Abiotic stress especially produces the ROS when this plant is exposed to the stress
condition and produces antioxidants, flavonoids, and secondary metabolites for protecting
the plant for detoxifying ROS and protecting the abnormal condition (i.e., stress) and
protein and amino acid stabilization [53,54]. Potassium application had a significant effect
on the DPPH radical scavenging capacity of basil leaves in Nguyen et al. [55] studies,
but the positive effect was strongly affected by the cultivars. In our study, a significant
effect of potassium bicarbonate on DPPH radical scavenging capacity in well-watered
plants has not been obtained. On the other hand, potassium bicarbonate significantly
increased the antioxidant activity measured by the ABTS method in the well-watered basil
cultivars “Red Rubin”, “Dark Opal”, and “Aromatico Della Riviera Ligure”. Moreover, the
application of potassium bicarbonate significantly increased the DPPH radical scavenging
capacity in basil plants grown under drought conditions. Antioxidant activity measured
by ABTS method significantly increased in the cultivars “Cinnamon”, “Red Rubin”, and
“Aromatico Della Riviera Ligure” grown under drought stress. Several groups reported
a high correlation between total phenolic content and antioxidant activity [56—60]. In our
study, free radical scavenging capacity increased with increasing phenols concentration
in extracts. A high correlation was found between antioxidant activity data from DPPH
(r =0.99) and ABTS (r = 0.98) assays and total phenolic contents of basil extracts made
from different well-watered plants and from basil cultivars with potassium bicarbonate
application—r = 0.86 and r = 0.84, respectively.

4. Materials and Methods
4.1. Experiment Conditions

This investigation was performed with the sweet basil cultivars “Cinnamon”, “Red
Rubin”, “Dark Opal”, “Palla Compato”, and “Aromatico Della Riviera Ligure”. The seeds
were placed in plastic pots 12 cm in diameter and 10 cm in height and grown in a greenhouse
with a 16:8 h photoperiod, 25/22 °C (day/night) temperature, and 150 pmol m~2 s~ light
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density. The pots were filled with a substrate which was composed of peat and sand at
3:1 volume ratio. At the cotyledon stage of seedlings, they were thinned to five per pot. The
seedlings with the 5-6 true leaves were divided into 2 groups, and one group of seedlings
were sprayed with 10 mM potassium bicarbonate (KHCO3). Three days after potassium
bicarbonate treatment half of the plants from each group were subjected to a water deficit
(drought stress), and the other half were grown under stress-free conditions (well-watered).
The samples for testing were collected after seven weeks of germination.

4.2. Determination of Chlorophyll Content

Chlorophyll a and b content were determined according to Sims, Gamon [61]. A total
of 0.2 g of fresh well-developed leaves was homogenized with acetone (80% v/v) and then
centrifuged at 3000 rpm. The supernatant was used to measure of absorbance at 663 and
647 nm using spectrophotometer Spectro UV-VIS Dual beam (Labomed Inc., Los Angeles,
CA, USA).

4.3. Determination of Fresh and Dry Weight

At the end of the experiment, all plants in each pot were cut at the soil surface, and
shoot fresh weight was recorded by a digital scale. Shoots were dried in a thermostat under
55 °C temperature and their dry weight was recorded by digital scale.

4.4. Determination of Phenolic Compound Contents, DPPH and ABTS Radical Scavenging Capacity

The phenolic compound contents DPPH and ABTS radical scavenging capacity were
determined in 96% ethanolic extracts prepared by homogenizing 0.3 g plant material in
10 mL of 96% ethanol solution. The homogenates were centrifuged at 4500 g for 30 min,
and the supernatant was used for further analysis. The Folin—Ciocalteu method was used
for the determination of the total phenolic compound content. To a test tube containing
100 pL of plant extract 300 uL of 0.2 M Folin—Ciocalteu, reagent was added and incubated
for 10 min at room temperature in darkness. After that, 5 mL of 7.5% NayCOj3 solution was
added and the absorbance of the reaction mixture was measured after 30 min of incubation
(room temperature, darkness) at 765 nm using the spectrophotometer Spectro UV-VIS Dual
beam (Labomed Inc., Los Angeles, CA, USA). The estimation of TPC was performed using
a calibration curve with gallic acid solutions as standards. Samples were analyzed in
triplicate. Results were expressed as mg gallic acid equivalent (GAE) per gram dry weight.

The total antioxidant activity of basil extracts was measured using DPPH (1,1-diphenyl-
2-picrylhydrazyl) and ABTS+ (2,20-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) radi-
cal scavenging activity assays as described by Yim, Nam [62]. For analysis, 96% ethanolic
extracts from ground basil leaves were used. The antioxidant activity was expressed as
mg Trolox equivalents (TE) per gram dry weight. Before analysis, the 60 uM DPPH stock
solution was diluted with ethanol to give an absorbance of 0.8 & 0.03 at 517 nm. For
analysis, the 10 uL of basil extract and 3 mL of diluted DPPH solution were added to the
tube and shaken vigorously, followed by incubation at room temperature for 30 min in
the dark.

The decrease in absorbance in the presence of DPPH was measured at 517 nm us-
ing a spectrophotometer (UVS-2800, Labomed Inc., Los Angeles, CA, USA). The radical
scavenging capacity was expressed as a % of the inhibition of DPPH- radicals using the
following equation: DPPH radical scavenging capacity (%) = (1 — (A1/A0)) x 100. Where:
AQ is the absorbance of the DPPH itself; Al is the absorbance of sample. The ABTS radical
scavenging activity of the basil extracts was measured by the ABTS cation decolorization
assay. The ABTS radical cation (ABTS+-) was produced by a reaction of 2 mM ABTS stock
solution with 0.0095 g potassium persulfate, which was allowed to stand in the dark at
room temperature for 16 h before use. Before analysis, the ABTS + solution was diluted
with ethanol to give an absorbance of 0.8 & 0.03 at 734 nm. For analysis, 20 pL of ethanolic
basil extract was allowed to react with 3 mL of the ABTS+ solution for 60 min in the dark,
after the absorbance of the mixture was measured at 734 nm. The radical scavenging
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capacity was expressed as the % of the inhibition of ABTS radicals using the following
equation: ABTS radical scavenging capacity (%) = (1 — (A1/A0)) x 100, where: AQ is the
absorbance of the ABTS itself; Al is the absorbance of sample.

4.5. Statistical Analysis

Experiments were arranged with a complete randomization, and the assay was per-
formed in triplicate. The data analysis was computed using the software package TIBCO
Statistica, version 10 (TIBCO Software, Palo Alto, CA, USA). The statistical difference
(p < 0.05) among the means was analyzed by Tukey’s post hoc test. The mean values of
the chlorophyll a, chlorophyll b, fresh weight, dry weight, phenolic compound contents,
DPPH and ABTS radical scavenging capacity, and standard error (SE) were calculated on
the basis of the number of independent replicates. The effect of factors (drought stress and
potassium bicarbonate) and their interaction with investigated variables were studied by
two-way ANOVA. The Tukey’s honestly significant difference (HSD) test was carried out
with the significance level of p < 0.05. The principal component and hierarchical clustering
analysis were performed to evaluate the relationships between the drought stress and
application of potassium bicarbonate on the evaluated parameters with XLSTAT software
version 2021.3.1 (Addinsoft, Paris, France).

5. Conclusions

In the present study, the effects of exogenously applied potassium bicarbonate on the
morphophysiological parameters, phenolic content, and the antioxidant activity of sweet
basil under drought conditions were investigated. The obtained results showed that the
application of potassium bicarbonate to drought-stressed plants resulted in significant
increases in chlorophyll content, fresh and dry weight, total phenolic content in two of
the tested cultivars, and antioxidant activity. The application of potassium bicarbonate
to drought-stressed plants significantly increased chlorophyll content compared to the
drought-stressed plants through the protection of a photosynthetic apparatus and partial
recovery of chlorophyll content. Moreover, the application of potassium bicarbonate to
drought-stressed plants resulted in a significant increase in fresh, dry weight, and total
phenolic content compared to the drought-stressed plants. Based on our results, foliar
spraying with potassium bicarbonate could be an effective method to mitigate the negative
effects of drought stress on sweet basil.

Author Contributions: Conceptualization, N.B. and A.B. (Ausra Blinstrubiené); methodology, N.B.
and A.B. (Ausra Blinstrubiené); software, N.B. and A.B. (Aldona Baltusnikiene); validation, N.B. and
A.B. (Ausra Blinstrubiené); formal analysis, N.B. and A.B. (Aldona Baltusnikiene); investigation, A.B.
(Aldona Baltusnikiené) and J.D.; resources, N.B.; data curation, N.B. and A.B. (Ausra Blinstrubiene);
writing—original draft preparation, N.B. and A.B. (Ausra Blinstrubiené); writing—review and editing,
N.B., A.B. (Ausra Blinstrubiené), A.B. (Aldona Baltusnikiené) and J.D; visualization, N.B.; supervision,
N.B.; project administration, A.B. (Ausra Blinstrubiené); funding acquisition, N.B and A.B. (Ausra
Blinstrubiené) All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not Applicable.
Informed Consent Statement: Not Applicable.

Data Availability Statement: Not Applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Plants 2022, 11, 1716 13 of 15

References

1.  Singletary, K.W. Basil: A brief summary of potential health benefits. Nutr. Today 2018, 53, 92-97. [CrossRef]

2. Mahmoud, G.I. Biological effects, antioxidant and anticancer activities of marigold and basil essential oils. ]. Med. Plants Res.
2013, 7, 561-572. [CrossRef]

3. Kavoosi, G.; Amirghofran, Z. Chemical composition, radical scavenging and anti-oxidant capacity of Ocimum basilicum essential
oil. J. Essent. Oil Res. 2016, 29, 189-199. [CrossRef]

4. Ahmed, A F; Attia, FAK; Liu, Z; Li, C.; Wei, ].; Kang, W. Antioxidant activity and total phenolic content of essential oils and
extracts of sweet basil (Ocimum basilicum L.) plants. Food Sci. Hum. Wellness 2019, 8, 299-305. [CrossRef]

5. Kathirvel, P; Ravi, S. Chemical composition of the essential oil from basil (Ocimum basilicum Linn.) and its in vitro cytotoxicity
against HeLa and HEp-2 human cancer cell lines and NIH 3T3 mouse embryonic fibroblasts. Nat. Prod. Res. 2012, 26, 1112-1118.
[CrossRef] [PubMed]

6. Oliveira, J.S.; Porto, L.A.; Estevam, C.S.; Siqueira, R.S.; Alves, R.B.; Niculau, E.S.; Blank, A.F.; Reinaldo, N.; Almeida, R.N;
Marchioro, M.; et al. Phytochemical screening and anticonvulsant property of Ocimum basilicum leaf essential oil. Bol. Latinoam.
Caribe Plantas Med. Aromdt. 2009, 8, 195-202.

7.  Arranz, E.; Jaime, L.; de las Hazas, M.L.; Reglero, G.; Santoyo, S. Supercritical fluid extraction as an alternative process to obtain
essential oils with anti-inflammatory properties from marjoram and sweet basil. Ind. Crop. Prod. 2015, 67, 121-129. [CrossRef]

8.  Suanarunsawat, T.; Devakul Na Ayutthaya, W.; Songsak, T.; Thirawarapan, S.; Poungshompoo, S. Lipid—-lowering and antioxida-
tive activities of aqueous extracts of Ocimum sanctum L. leaves in rats fed with a high-cholesterol diet. Oxid. Med. Cell Longev.
2011, 2011, 962025. [CrossRef]

9. Vlase, L,; Benedec, D.; Hanganu, D.; Damian, G.; Ioan Csillag, I.; Sevastre, B.; Mot, A.C.; Radu Silaghi-Dumitrescu, R.; Tilea, L.
Evaluation of Antioxidant and Antimicrobial Activities and Phenolic Profile for Hyssopus officinalis, Ocimum basilicum and Teucrium
chamaedrys. Molecules 2014, 19, 5490-5507. [CrossRef]

10. IPCC. 2018: Global Warming of 1.5 °C. An IPCC Special Report on the Impacts of Global Warming of 1.5 °C Above Pre-Industrial
Levels and Related Global Greenhouse Gas Emission Pathways, in the Context of Strengthening the Global Response to the
Threat of Climate Change, Sustainable Development, and Efforts to Eradicate Poverty. Available online: https:/ /www.ipcc.ch/
site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf (accessed on 12 September 2021).

11.  Christensen, J.H.; Christensen, O.B. A summary of the PRUDENCE model projections of changes in European climate by the end
of this century. Clim. Chang. 2007, 81, 7-30. [CrossRef]

12.  Dai, A. Increasing drought under global warming in observations and models. Nat. Clim. Chang. 2013, 3, 52-58. [CrossRef]

13. Trenberth, K.E.; Dai, A.; van der Schrier, G.; Jones, P.D.; Barichivich, J.; Briffa, K.R.; Sheffield, J. Global warming and changes in
drought. Nat. Clim. Chang. 2014, 4, 17-22. [CrossRef]

14. Seleiman, ML.F; Al-Suhaibani, N.; Ali, N.; Akmal, M.; Alotaibi, M.; Refay, Y.; Dindaroglu, T.; Abdul-Wajid, H.H.; Battaglia, M.L.
Drought Stress Impacts on Plants and Different Approaches to Alleviate Its Adverse Effects. Plants 2021, 10, 259. [CrossRef]

15. Bhusal, N.; Lee, M.; Han, A.R.; Han, A.; Kim, H.S. Responses to drought stress in Prunus sargentii and Larix kaempferi seedlings
using morphological and physiological parameters. For. Ecol. Manag. 2020, 465, 118099. [CrossRef]

16. Zargar, SM.; Gupta, N.; Nazir, M.; Mahajan, R.; Malik, F.A.; Sofi, N.R.; Shikari, A.B.; Salgotra, R.K. Impact of drought on
photosynthesis: Molecular perspective. Plant Gene 2017, 11, 154-159. [CrossRef]

17. Wang, Z.; Li, G.; Sun, H.; Ma, L.; Guo, Y.; Zhao, Z.; Gao, H.; Mei, L. Effects of drought stress on photosynthesis and photosynthetic
electron transport chain in young apple tree leaves. Biol. Open 2018, 7, bi0035279. [CrossRef] [PubMed]

18.  Azeem, M.; Haider, M.Z,; Javed, S.; Saleem, M.H.; Alatawi, A. Drought stress amelioration in maize (Zea mays L.) by inoculation
of Bacillus spp. strains under sterile soil conditions. Agriculture 2022, 12, 50. [CrossRef]

19. Reddy, A.R; Chaitanya, K.V,; Vivekanandan, M. Drought-induced responses of photosynthesis and antioxidant metabolism in
higher plants. J. Plant Physiol. 2004, 161, 1189-1202. [CrossRef]

20. Farooq, M.; Wahid, A.; Kobayashi, N.; Fujita, D.; Basra, S.M.A. Plant drought stress: Effects, mechanisms and management. Agron.
Sustain. Dev. 2009, 29, 185-212. [CrossRef]

21. Cattivelli, L.; Rizza, F,; Badeck, F.-W.; Mazzucotelli, E.; Mastrangelo, A.M.; Francia, E.; Mare, C.; Tondelli, A.; Stanca, A.M.
Drought tolerance improvement in crop plants: An integrated view from breeding to genomics. Field Crops Res. 2008, 105, 1-14.
[CrossRef]

22. Gornall, J.; Betts, R.; Burke, E.; Clark, R.; Camp, J.; Willett, K.; Wiltshire, A. Implications of climate change for agricultural
productivity in the early twenty-first century. Philos. Trans. R. Soc. B Biol. Sci. 2010, 365, 2973-2989. [CrossRef] [PubMed]

23. Donatelli, M.; Srivastava, A.K.; Duveiller, G.; Niemeyer, S.; Fumagalli, D. Climate change impact and potential adaptation
strategies under alternate realizations of climate scenarios for three major crops in Europe. Environ. Res. Lett. 2015, 10, 75005.
[CrossRef]

24. Farooq, M.; Hussain, M.; Wahid, A.; Siddique, K.H.M. Drought Stress in Plants: An Overview. In Plant Responses to Drought Stress:
From Morphological to Molecular Features; Aroca, R., Ed.; Springer: Berlin, Germany, 2012; Volume 1, pp. 1-33.

25.  Lobell, D.B.; Burke, M.B.; Tebaldi, C.; Mastrandrea, M.D.; Falcon, W.P.; Naylor, R.L. Prioritizing climate change adaptation needs
for food security in 2030. Science 2008, 319, 607—-610. [CrossRef] [PubMed]

26. Wreford, A.; Adger, W.N. Adaptation in agriculture: Historic effects of heat waves and droughts on UK agriculture. Int. |. Agric.

Sustain. 2010, 8, 278-289. [CrossRef]


http://doi.org/10.1097/NT.0000000000000267
http://doi.org/10.5897/JMPR12.350
http://doi.org/10.1080/10412905.2016.1213667
http://doi.org/10.1016/j.fshw.2019.07.004
http://doi.org/10.1080/14786419.2010.545357
http://www.ncbi.nlm.nih.gov/pubmed/21939371
http://doi.org/10.1016/j.indcrop.2015.01.012
http://doi.org/10.1155/2011/962025
http://doi.org/10.3390/molecules19055490
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/06/SR15_Full_Report_High_Res.pdf
http://doi.org/10.1007/s10584-006-9210-7
http://doi.org/10.1038/nclimate1633
http://doi.org/10.1038/nclimate2067
http://doi.org/10.3390/plants10020259
http://doi.org/10.1016/j.foreco.2020.118099
http://doi.org/10.1016/j.plgene.2017.04.003
http://doi.org/10.1242/bio.035279
http://www.ncbi.nlm.nih.gov/pubmed/30127094
http://doi.org/10.3390/agriculture12010050
http://doi.org/10.1016/j.jplph.2004.01.013
http://doi.org/10.1051/agro:2008021
http://doi.org/10.1016/j.fcr.2007.07.004
http://doi.org/10.1098/rstb.2010.0158
http://www.ncbi.nlm.nih.gov/pubmed/20713397
http://doi.org/10.1088/1748-9326/10/7/075005
http://doi.org/10.1126/science.1152339
http://www.ncbi.nlm.nih.gov/pubmed/18239122
http://doi.org/10.3763/ijas.2010.0482

Plants 2022, 11, 1716 14 of 15

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Wang, M.; Zheng, Q.; Shen, Q.; Guo, S. The critical role of potassium in plant stress response. Int. . Mol. Sci. 2013, 14, 7370-7390.
[CrossRef] [PubMed]

Amtmann, A; Troufflard, S.; Armengaud, P. The effect of potassium nutrition on pest and disease resistance in plants. Physiol.
Plant. 2008, 133, 682-691. [CrossRef]

Rombheld, V,; Kirkby, E.A. Research on potassium in agriculture: Needs and prospects. Plant Soil 2010, 335, 155-180. [CrossRef]
Kanali, S.; Moghaieb, R.E.; El-Shemy, H.A.; Panigrahi, R.; Mohapatra, PX,; Ito, J.; Nguyen, N.T.; Saneoka, H.; Fujita, K. Potassium
deficiency affects water status and photosynthetic rate of the vegetative sink in green house tomato prior to its effects on source
activity. Plant Sci. 2011, 180, 368-374. [CrossRef]

European Commission. Expert Group for Technical Advice on Organic Production. Final Report on Plant Protection Products
(II). 2014. Available online: https://ec.europa.eu/info/sites/default/files/food-farming-fisheries /farming/documents/egtop-
final-report-plant_protection_products-ii_en_1.pdf (accessed on 15 October 2021).

Wenneker, M.; Kanne, J. Use of potassium bicarbonate (Armicarb) on the control of powdery mildew (Sphaerotheca mors-uvae) of
gooseberry (Ribes uva-crispa). Commun. Agric. Appl. Biol. Sci. 2010, 75, 563-568.

Marku, L.; Vrapi, H.; Hasani, M. Effect of potassium bicarbonate (Armicarb) on the control of apple scab (Venturia inequalis) in the
region of Puka in Albania. Int. Refereed |. Eng. Sci. 2014, 3, 25-30.

Burbulis, N.; Vainoriené, R.; Blinstrubiené, A.; Jonytiené, V.; Liakas, V. Effect of potassium bicarbonate on photosynthetic
parameters of Setaria viridis under drought conditions. Zemdirbyste-Agriculture 2014, 104, 79-84. [CrossRef]

Kordi, S.; Saidi, M.; Ghanbari, F. Induction of Drought Tolerance in Sweet Basil (Ocimum basilicum L.) by Salicylic Acid. Int. J.
Agric. Food Res. 2013, 2, 18-26. [CrossRef]

Damalas, C.A. Improving drought tolerance in sweet basil (Ocimum basilicum) with salicylic acid. Sci. Hortic. 2019, 246, 360-365.
[CrossRef]

Zulfiqar, F.; Chen, J.; Finnegan, PM.; Younis, A.; Nafees, M.; Zorrig, W.; Hamed, K.B. Application of Trehalose and Salicylic Acid
Mitigates Drought Stress in Sweet Basil and Improves Plant Growth. Plants 2021, 10, 1078. [CrossRef]

Ghafar, M.A.; Akram, N.A.; Saleem, M.H.; Wang, J.; Wijaya, L.; Alyemeni, M.N. Ecotypic morphological and physio-biochemical
responses of two differentially adapted forage grasses, Cenchrus ciliaris L. and Cyperus arenarius Retz. to drought stress. Sustain-
ability 2021, 13, 8069. [CrossRef]

Bhusal, N.; Lee, M.; Lee, H.; Adhikari, A.; Han, A.R,; Han, A.; Kim, H.S. Evaluation of morphological, physiological, and
biochemical traits for assessing drought resistance in eleven tree species. Sci. Total Environ. 2021, 779, 146466. [CrossRef]
Al-Hugqail, A.; El-Dakak, R.M.; Sanad, M.N.; Badr, R.H.; Ibrahim, M.M.; Soliman, D.; Khan, F. Effects of Climate Temperature
and Water Stress on Plant Growth and Accumulation of Antioxidant Compounds in Sweet Basil (Ocimum basilicum L.) Leafy
Vegetable. Scientifica 2020, 2020, 3808909. [CrossRef]

Schiitz, M.; Fangmeir, E. Growth and yield response of spring wheat (Triticum aestivum L. cv. Minaret) to elevated CO, and water
limitation. Environ. Pollut. 2001, 11, 187-194. [CrossRef]

Cornic, G. Drought stress inhibits photosynthesis by decreasing stomatal aperture, not by affecting ATP synthesis. Trends Plant
Sci. 2000, 5, 187-188. [CrossRef]

Maroco, ].P.; Rodrigues, M.L.; Lopes, C.; Chaves, M.M. Limitations to leaf photosynthesis in grapevine under drought-metabolic
and modelling approaches. Funct. Plant Biol. 2002, 29, 451-459. [CrossRef]

Flexas, J.; Bota, J.; Galmés, J.; Medrano, H.; Ribas-Carb6, M. Keeping a positive carbon balance under adverse conditions:
Responses of photosynthesis and respiration to water stress. Physiol. Plant. 2006, 127, 343-352. [CrossRef]

Dias, M.C.; Briiggemann, W. Limitations of photosynthesis in Phaseolus vulgaris under drought stress: Gas exchange, chlorophyll
fluorescence and Calvin cycle enzymes. Photosynthetica 2010, 48, 96-102. [CrossRef]

Oosterhuis, D.; Loka, D.; Kawakami, E.; Pettigrew, W. The physiology of potassium in crop production. Adv. Agron. 2014, 126,
203-234. [CrossRef]

Hu, W,; Jiang, N.; Yang, J.; Meng, Y.; Wang, Y.; Chen, B.; Zhao, N.; Oosterhuis, D.M.; Zhou, Z. Potassium (K) supply affects K
accumulation and photosynthetic physiology in two cotton (Gossypium hirsutum L.) cultivars with different K sensitivities. Field
Crops Res. 2016, 196, 51-63. [CrossRef]

Xu, X.; Du, X;; Wang, F; Sha, J.; Chen, Q.; Tian, G.; Zhu, Z.; Ge, S.; Jiang, Y. Effects of potassium levels on plant growth,
accumulation and distribution of carbon, and nitrate metabolism in apple dwarf rootstock seedlings. Front. Plant Sci. 2020,
11, 904. [CrossRef]

Barickman, T.C.; Bikash Adhikari, B.; Sehgal, A.; Walne, C.H.; Reddy, K.R.; Gao, W. Drought and elevated CO, impacts
photosynthesis and biochemicals of basil (Ocimum basilicum L.). Stresses 2021, 1, 223-237. [CrossRef]

Wei, J; Li, C; Li, Y,; Jiang, G.; Cheng, G.; Zheng, Y. Effects of external potassium (K) supply on drought tolerances of two
contrasting winter wheat cultivars. PLoS ONE 2013, 8, e69737. [CrossRef]

Gharibi, S.; Tabatabaei, B.E.S.; Saeidi, G.; Talebi, M.; Matkowski, A. The effect of drought stress on polyphenolic compounds and
expression of flavonoid biosynthesis related genes in Achillea pachycephala Rech. f. Phytochemistry 2019, 162, 90-98. [CrossRef]
Sarker, U.; Oba, S. Drought stress effects on growth, ROS markers, compatible solutes, phenolics, flavonoids, and antioxidant
activity in Amaranthus tricolor. Appl. Biochem. Biotechnol. 2018, 186, 999-1016. [CrossRef]

Khaleghi, A.; Naderi, R.; Brunetti, C.; Maserti, B.E.; Salami, S.A.; Babalar, M. Morphological, physiochemical and antioxidant
responses of Maclura pomifera to drought stress. Nature 2019, 9, 19250. [CrossRef]


http://doi.org/10.3390/ijms14047370
http://www.ncbi.nlm.nih.gov/pubmed/23549270
http://doi.org/10.1111/j.1399-3054.2008.01075.x
http://doi.org/10.1007/s11104-010-0520-1
http://doi.org/10.1016/j.plantsci.2010.10.011
https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/farming/documents/egtop-final-report-plant_protection_products-ii_en_1.pdf
https://ec.europa.eu/info/sites/default/files/food-farming-fisheries/farming/documents/egtop-final-report-plant_protection_products-ii_en_1.pdf
http://doi.org/10.13080/z-a.2017.104.011
http://doi.org/10.24102/ijafr.v2i2.149
http://doi.org/10.1016/j.scienta.2018.11.005
http://doi.org/10.3390/plants10061078
http://doi.org/10.3390/su13148069
http://doi.org/10.1016/j.scitotenv.2021.146466
http://doi.org/10.1155/2020/3808909
http://doi.org/10.1016/S0269-7491(00)00215-3
http://doi.org/10.1016/S1360-1385(00)01625-3
http://doi.org/10.1071/PP01040
http://doi.org/10.1111/j.1399-3054.2006.00621.x
http://doi.org/10.1007/s11099-010-0013-8
http://doi.org/10.1016/B978-0-12-800132-5.00003-1
http://doi.org/10.1016/j.fcr.2016.06.005
http://doi.org/10.3389/fpls.2020.00904
http://doi.org/10.3390/stresses1040016
http://doi.org/10.1371/journal.pone.0069737
http://doi.org/10.1016/j.phytochem.2019.03.004
http://doi.org/10.1007/s12010-018-2784-5
http://doi.org/10.1038/s41598-019-55889-y

Plants 2022, 11, 1716 15 of 15

54.

55.

56.

57.

58.

59.

60.

61.

62.

Bhusal, N.; Hanb, S.G.; Yoon, T.M. Impact of drought stress on photosynthetic response, leaf water potential, and stem sap flow
in two cultivars of bi-leader apple trees (Malus x domestica Borkh.). Sci. Hortic. 2019, 246, 535-543. [CrossRef]

Nguyen, PM.; Kwee, E.M.; Niemeyer, E.D. Potassium rate alters the antioxidant capacity and phenolic concentration of basil
(Ocimum basilicum L.) leaves. Food Chem. 2010, 123, 1235-1241. [CrossRef]

Tosun, M.; Ercisli, S.; Sengul, M.; Ozer, H.; Polat, T. Antioxidant properties and total phenolic content of eight Salvia species from
Turkey. Biol. Res. 2009, 41, 175-181. [CrossRef]

Shirazi, M.T.; Gholami, H.; Kavoosi, G.; Rowshan, V.; Tafsiry, A. Chemical composition, antioxidant, antimicrobial and cytotoxic
activities of Tagetes minuta and Ocimum basilicum essential oils. Food Sci. Nutr. 2014, 2, 146-155. [CrossRef] [PubMed]

Ahmed, A.F; He, N.; Xia, Z.Y.; Kang, W.Y. Total phenolic and flavonoid content and antioxidant properties of Nigella sativa L.
seeds. Curr. Top. Nutraceutical Res. 2018, 16, 147-154.

Ahmed, A.F; Shi, M,; Liu, C.; Kang, W.Y. Comparative analysis of antioxidant activities of essential oils and extracts of fennel
(Foeniculum vulgare Mill.) seeds from Egypt and China. Food Sci. Hum. Wellness 2019, 8, 67-72. [CrossRef]

Javanmardi, J.; Stushnoff, C.; Locke, E.; Vivanco, ].M. Antioxidant activity and total phenolic content of Iranian Ocimum accessions.
Food Chem. 2003, 83, 547-550. [CrossRef]

Sims, D.A.; Gamon, J.A. Relationships between leaf pigment content and spectral reflectance across a wide range of species, leaf
structures and developmental stages. Remote Sens. Environ. 2002, 81, 337-354. [CrossRef]

Yim, S.-H.; Nam, S.-H. Physiochemical, nutritional and functional characterization of 10 different pear cultivars (Pyrus spp.).
J. Appl. Bot. Food Qual. 2016, 89, 73-81. [CrossRef]


http://doi.org/10.1016/j.scienta.2018.11.021
http://doi.org/10.1016/j.foodchem.2010.05.092
http://doi.org/10.4067/S0716-97602009000200005
http://doi.org/10.1002/fsn3.85
http://www.ncbi.nlm.nih.gov/pubmed/24804073
http://doi.org/10.1016/j.fshw.2019.03.004
http://doi.org/10.1016/S0308-8146(03)00151-1
http://doi.org/10.1016/S0034-4257(02)00010-X
http://doi.org/10.5073/JABFQ.2016.089.009

	Introduction 
	Results 
	The Effect of Drought Stress and Potassium Bicarbonate Application on the Chlorophyll a and b Content 
	The Effect of Drought Stress and Potassium Bicarbonate Application on the Fresh and Dry Weight 
	The Effect of Drought Stress and Potassium Bicarbonate Application on the Total Phenolic Content 
	The Effect of Drought Stress and Potassium Bicarbonate Application on the Antioxidant Activity 
	Principal Component and Hierarchical Clustering Analysis 

	Discussion 
	Materials and Methods 
	Experiment Conditions 
	Determination of Chlorophyll Content 
	Determination of Fresh and Dry Weight 
	Determination of Phenolic Compound Contents, DPPH and ABTS Radical Scavenging Capacity 
	Statistical Analysis 

	Conclusions 
	References

