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ARTICLE INFO ABSTRACT

Keywords: Water stress is a worldwide agricultural challenge that limits crop growth and quality. Chemical compounds that
Peppermint promote tolerance to water stress, such as omeprazole showed recently promising results. The present study
Water stress investigates the effect of weekly drenching applications of 0, 10, 50, 100, or 200 uM omeprazole on Mentha
Omeprazole piperita (peppermint) subjected to water stress by watering at 100%, 70%, and 50% of container substrate
Menthol biosynthesis . . . . . .

Antioxidants capacity for 7 weeks in an experiment that spanned two seasons. Peppermint that received higher doses of

omeprazole showed increased plant height, leaf number, leaf area, and dry weight under normal and water stress
conditions. The amounts of chlorophyll and proline in the leaves as well as gas exchange increased in ome-
prazole-treated plants relative to the control plants. Omeprazole treatment also resulted in increased activity of
the enzymes catalase and ascorbate peroxidase, reduced accumulation of the reactive oxygen species hydrogen
peroxide, increase in the essential oil ratio, and improvement in essential oil composition. Omeprazole-treated
plants showed higher ratios of menthol and menthone composition relative to the control plants. The changes in
essential oil composition were associated with increased expression of genes associated with the menthol bio-
synthesis pathway. These findings indicate that omeprazole can ameliorate water stress in peppermint by in-
creasing vegetative and root growth; increasing chlorophyll amount, photosynthetic rate, and gas exchange;
reducing water loss by boosting leaf water potential and relative water content; increasing proline content; and
modulating the gene expression of secondary metabolites.

Gene expression

1. Introduction

Water stress is a worldwide agricultural challenge that limits crop
growth and development by reducing vegetative growth, flowering and
fruiting through decreased gas exchange, inhibited photosynthesis,
metabolic alterations, and molecular regulation (Argyrokastritis et al.,
2015; Osakabe et al., 2014; Zhong et al., 2019). Plants have developed
several mechanisms to overcome water stress, including modulation of
membrane transport (Babak et al., 2013), increased expression of
drought-responsive gene (Fard et al., 2017), early response of proteins
localized to membranes (Maathuis, 2013), alterations in photosynthetic
metabolism, accumulation of sugar and proline (Al-Ghamdi and
Elansary, 2018; Velazquez-Marquez et al., 2015), reduction in gas ex-
change (Dias et al., 2018; Elansary, 2015), and accumulation of anti-
oxidants that control the build-up of reactive oxygen species (Chandra
Rai et al.,, 2012; Elansary et al., 2017). Exogenous stress tolerance

elicitors have been used in agriculture, including seaweed extracts
(Elansary et al., 2016a; Salvi et al., 2019), trinexapac ethyl (Elansary,
2017; Sheikh Mohammadi et al., 2017), and omeprazole, recently in-
troduced as a saline stress ameliorant (Rouphael et al., 2018).
Omeprazole is a synthetic molecule (345 Da) and a member of the
group of pharmacological proton pump retardants, which play an es-
sential role in controlling stomach acid production in humans by sup-
pressing the proton pump in the stomach (Shin and Sachs, 2008). It is
classified as a proton pump inhibitor (PPI) belonging to the benzimi-
dazoles, which control the movement of H+/K + -ATPases across
membranes in the gastric system. It was recently introduced as a salt
stress ameliorant and vegetative growth stimulant in tomato (Rouphael
et al., 2018; Van Oosten et al., 2017). It achieves these effects in plants
by stimulating cutin biosynthesis, phenolic and carotenoid accumula-
tion, and antioxidant build-up, leading to ion homeostasis and salt
stress tolerance (Rouphael et al., 2018). It also has hormone-like
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functions that modulate natural hormone-signaling networks (Van
Oosten et al.,, 2017). Recent work on salt stress tolerance in basil
(Ocimum basilicum) indicated that omeprazole applications might have
different effects on different genotypes and might function through the
interaction of complex mechanisms (Cirillo et al., 2019). Nevertheless,
no studies have explored the effects of omeprazole as a water stress
ameliorant in plants.

Mentha piperita L. (peppermint) belongs to the family Lamiaceae,
which contains several species that have economic value. M. piperita is
the most popular of these and is used in drinks, including tea; for
cooking; in cosmetics; and in the food industries as a flavoring material.
Traditionally, the plant is used to treat gastric flatulence, vomiting,
nausea, anorexia, indigestion, and ulcerative colitis (Iscan et al., 2002).
The essential oil obtained from the plants has a long history of med-
icinal use and wide applications in the pharmacological industries
(Grigoleit and Grigoleit, 2005). Peppermint tolerates light to moderate
water stress that modulates the composition profiles of phenolic and
essential oils (Elansary, 2017; Figueroa-Perez et al., 2014). More severe
water stress may shift the essential oil profile by molecular regulation of
specific known genes (Rahimi et al., 2017). The effects of omeprazole
application on this plant have not been studied before.

The purpose of the present investigation was to elucidate the mor-
phological, physiological, and molecular responses of M. piperita plants
to omeprazole application under water stress conditions. Omeprazole
has shown obvious value as a saline stress ameliorant in other crops.
The effects of omeprazole on peppermint may be associated with phy-
siological parameters such as gas exchange, amounts of proline and
chlorophyll, leaf water potential, and essential oil profile. The detection
of the molecular mechanism of new elicitors such as omeprazole during
water stress on model medicinal plants such as peppermint will add to
our minimal knowledge about these elicitors.

2. Material and methods
2.1. Plant material and treatments

Young Mentha piperita L. plants were obtained in January 2017 and
January 2018 from a local nursery in Alexandria, Egypt, and vouchered
at the Faculty of Agriculture, Alexandria University. The plants were
repotted in 14-cm PVC pots containing a soil mixture of peat:perlite
(2:1), then maintained under controlled greenhouse conditions.
Compound fertilizer (Crystalonﬁ, NPK, 19:19:19, Chema Industries,
Cairo, Egypt) was added to the growing soil at 2gL~'. The photo-
synthetic active radiation was around 1000 pmolm~2 s~! and the
daily temperature was between 15 and 28 °C. A full container substrate
field capacity (CSC) was obtained by drip irrigation at 38-50 mL/plant/
day during the experiment. The CSC or field capacity was determined
using the gravimetric method by saturating the soil, then leaving the
pots to drain for 60 min. The water loss was quantified, and CSC was
calculated as the difference between the supplied and lost water vo-
lumes. The plants were then subjected to 100%, 70%, and 50% CSC
and/or weekly substrate drenching applications of 0, 10, 50, 100, or
200 uM omeprazole (Globe Pharmaceuticals, Cairo, Egypt) for 7 weeks.
Untreated plants were used as a control. The experiment was repeated
in three blocks (repetitions) and each treatment was represented by five
replicates. The total number of plants per block was 75 [3 (water levels
of 100%, 70%, and 50% CSC) X 5 (doses of omeprazole) X 5 (re-
plicates) = 75] in a split plot experimental design.

2.2. Morphological measurements

Plant heights (cm), leaf number (leaf plant™1), leaf area (cm?
plant™1), plant dry weight (g), and root dry weights (g) were de-
termined at the end of each season (after 7 weeks of treatment). The
leaf area was determined using a digital area meter. The plant fresh
weight was determined by weighing the vegetative and root parts after
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cleaning the remaining soil particles. The dry weight was determined
by drying the plants in an oven (35 °C) until they reached constant
weight.

2.3. Physiological measurements

Stomatal conductance (gs), net photosynthetic rate (A), and tran-
spiration rate (E) were measured using a photosynthesis system ana-
lyzer (Bioscientific Ltd., Hoddesdon, UK) at the end of the experiment
in clear and sunny conditions. Leaf midday water potential and leaf
midday relative water contents were measured following Elansary and
Salem (2015). Leaf proline content was calculated (Elansary and
Yessoufou, 2015) and the total chlorophyll content was quantified
(Moran and Porath, 1980). Catalase (CAT) activity, ascorbate perox-
idase (APX) activity, amount of hydrogen peroxide (H,0-) in the leaves,
and free ascorbate were quantified in frozen leaf tissues (Elansary et al.,
2017).

2.4. Essential oil and gas chromatography/mass spectrometry (GC/MS)

The dried leaves were hydro-distilled for 1h in a Clevenger appa-
ratus, and the essential oil (EO) ratio was determined per treatment.
The obtained EOs were exposed to anhydrous sodium sulfate and then
stored at 4 °C. A Thermo Scientific Trace GC Ultra machine was used,
coupled with MS (ISQ) and a TG-1MS column (narrow bore, length
30m x 0.32mm ID, 0.25-um film thickness). The carrier gas was he-
lium, and the temperature was gradually increased from 45 °C to 165 °C
(4°C min~ 1) and then 280 °C (15 °C min ™). The injection volume was
2 uL in splitless mode flow of 1 mL/min, splitless time 3 min and split
flow 10 mL/min. The same column and program were used for the
flame ionization detector (FID) analyses. A homologous series of n-al-
kanes (C;9-Cs36) standard (Sigma-Aldrich, Berlin, Germany) was used to
identify the compounds by the retention time and indices, coupled with
MS program (NIST ver. 2.0) and WILEY libraries. Selected references
from the literature were also used for comparison (Elansary and
Ashmawy, 2013; Elansary et al., 2016b).

2.5. Menthol biosynthesis and antioxidant genes

To study menthol biosynthesis-related gene expression in M. pi-
perita, several genes involved in menthol and menthofuran biosynthesis
during stress conditions were investigated, including menthofuran
synthase (Mfs), limon-3-hydroxylase (L3oh), limonene synthase (LS),
trans-isopiperitenol dehydrogenase (Ipd), menthol dehydrogenase
(Mdeh), isopiperitenone reductase (Ipr), and pulegone reductase (Pr)
(Rahimi et al., 2017). Mentha spicata actin (KM044035.1) was used as a
reference gene to normalize the transcription levels.

2.6. Statistical analyses

Watering levels represented the main plot and omeprazole was the
subplot in a split plot experimental design. Experiments were repeated
twice in two successive seasons of 2017 and 2018. The two season
showed comparable data with no significant differences, then the data
was merged. The least significant differences (LSD) were determined for
all means in the ANOVA test (SPSS, PASW Ver. 21).

3. Results
3.1. Morphological measurements

Under normal watering conditions (100% CSC), the plants treated
with omeprazole showed increases in height compared with the control
plants. The highest increase was the treated of 100 and 200 uM ome-
prazole, as shown in Fig. 1. Plant height was limited under 70% and
50% CSC, but this effect was remarkably reduced following treatment
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Fig. 1. Effects on plant height, leaf number, leaf area, and plant dry weight of watering levels of 100%, 70%, and 50% container substrate field capacity (CSC) and
omeprazole applications at 10, 50, 100, and 200 uM. Means followed by different lowercase letters indicate significant differences between treatments based on LSD

test (p = 0.05).
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Fig. 2. Effects on root dry weight and percentages of essential oils of watering levels of 100%, 70%, and 50% container substrate field capacity (CSC) and omeprazole

applications at 10, 50, 100, and 200 uM.

with 100 and 200 uM omeprazole. Leaf number, leaf area, and plant dry
weight followed a comparable pattern to plant height. There were re-
ductions in leaf number, leaf area, and plant dry weight in plants
subjected to 70% and 50% CSC (Fig. 1). These reductions were much
lower in plants subjected to high doses of omeprazole. The reduction in
plant dry weight were due to a reduction in root dry weight, and these
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reductions were also much lower in plants treated with omeprazole
(Fig. 2).

3.2. Physiological measurements

Omeprazole applications increased the A under 100%, 70%, and
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Fig. 3. Effects on photosynthetic rate, transpiration rate, and stomatal conductance of watering levels of 100%, 70%, and 50% container substrate field capacity

(CSC) and omeprazole applications at 10, 50, 100, and 200 pM.

50% CSC, compared with control plants, as shown in Fig. 3. The E in-
creased in omeprazole-treated plants compared with control plants
under 70% and 50% CSC. However, only high doses of omeprazole
resulted in increases in the E. The gs increased in plants subjected to
omeprazole compared with control (under water stress). However,
under normal irrigation, the increase in the gs was visible only in plants
that received high doses of omeprazole. Leaf water potential increased
in plants subjected to high omeprazole doses, compared with control
(under normal and stress conditions) (Fig. 4). The relative water con-
tent increased in plants subjected to omeprazole, compared with the
control, and the highest increases were in the groups that received 100
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and 200 uM. Proline composition increased significantly in plants that
received omeprazole under stress conditions, and the chlorophyll
composition increased in plants that received 100 uM, compared with
the control treatment, as shown in Fig. 5. The activity level of anti-
oxidant enzymes (CAT and APX) significantly increased in plants sub-
jected to omeprazole treatment under normal and water stress condi-
tions, compared with the control, as shown in Fig. 6. The reactive
oxygen species (ROS), measured as the amount of H,0, in the leaves,
was reduced in plants that received omeprazole treatment, compared
with the control group, under water stress conditions. Free ascorbate
increased in plants that received omeprazole treatments, compared
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Fig. 5. Effects on amounts of proline and chlorophyll of watering levels of 100%, 70%, and 50% container substrate field capacity (CSC) and omeprazole applications

at 10, 50, 100, and 200 pM.

with the control, under water stress conditions. The EO ratio increased
in omeprazole-treated plants, compared with the control, under normal
watering and stress conditions, as shown in Fig. 7. Major EOs were 1-
menthone, L-menthol, menthofuran, pulegone, caryophyllene, and
germacrene-D (Table 1). There were increases in the amounts of 1-
menthone and L-menthol in omeprazole-treated plants, compared with
the control group. These increases were associated with decreased
amounts of menthofuran and pulegone. Under water stress conditions,
1-menthone and L-menthol decreased in control plants. The application
of omeprazole increased the amounts of 1-menthon, L-menthol, car-
yophyllene, and germacrene-D and reduced the amounts of pulegone
and menthofuran compared with the control.

3.3. Gene expression

There were increases in the expression of Mfs, Ipd, and Ipr in ome-
prazole-treated plants compared with the control plants under normal
and water stress conditions, as shown in Figs. 8 and 9. LS and L3oh
expression increased under 70% CSC but decreased under 50% CSC.
The largest increases were found in mint treated with high doses of
omeprazole. There were significant increases in the expression of Mdeh
in omeprazole-treated plants under stress conditions. However, only a
slight increase in Mdeh expression was found in plants that received
high doses of omeprazole under normal conditions, compared with the
control. Significant increases were detected in the expression of Pr in
omeprazole-treated plants compared with control. The largest increase
was found in plants treated with 100 uM omeprazole.
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4. Discussion

Water stress causes reduced vegetative growth, affecting plant
height, leaf number and area, and plant dry weight, which is the natural
response of plants to stress conditions and is caused by restricted cell
proliferation and expansion (Bechtold and Field, 2018; Wang et al.,
2018). Previous investigations revealed that peppermint shows reduced
vegetative growth under water stress and is sensitive even to moderate
water stress (Zade et al., 2019). In the present study, we noted reduc-
tions in the root dry weight in plants subjected to lower CSC, suggesting
that peppermint is indeed sensitive to water stress. The roots mediate
the uptake of water from soil; under stress conditions, this function is
regulated by several pathways, such as hydrotropism and natural
growth regulators, including ABA and auxins (Dietrich, 2018).

Peppermint plants subjected to omeprazole were taller under all
conditions, compared with the control. This result appears to confirm
previous work on tomato during saline conditions (Rouphael et al.,
2018; Van Oosten et al., 2017) and suggests that omeprazole amelio-
rated water stress and augmented the growth of treated plants, serving
as a water stress adaptation mechanism. The effect of omeprazole on
root dry weight during stress conditions supports the conclusion that
omeprazole interacts with ABA and auxins (Van Oosten et al., 2017).
The dose of 100 uM was associated with the best vegetative growth. In a
previous study of tomato, 1uM omeprazole stimulated vegetative
growth (increasing the fresh and dry weight of shoots and roots), but
higher doses (=10 uM) inhibited growth (Van Oosten et al., 2017). In
another study, 10 or 100 uM omeprazole increased shoot dry weight in
tomato subjected to saline stress (Rouphael et al., 2018). In basil, the
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increase/decrease in plant height, stem diameter, and leaf area in re-
sponse to omeprazole treatment was cultivar dependent (Cirillo et al.,
2019). The present study indicates that the physiological response to
omeprazole during water stress is dose dependent.

A reduction in gs is a strong indicator of water stress in crops. In the
present study, there were increases in the photosynthetic and E and the
gs in plants that received omeprazole under normal and water stress
conditions, compared with the control group. These increases were
associated with increased chlorophyll composition. They may be at-
tributed to increased expression of the key photosynthetic genes found
in tomato plants (Van Oosten et al., 2017). The increase in the photo-
synthetic content and rates reflect increases in the E and gs. In a pre-
vious study of mint, reduction in the leaf water potential and relative
water content were indicators of stress conditions (Elansary, 2017). In
another study, meadowsweet subjected to water stress and treated with
omeprazole showed increased leaf water potential and content, evi-
dence of water stress tolerance (Stanton and Mickelbart, 2014). The
reduction of water loss and maintenance of leaf water potential after
omeprazole treatment reflects increased water uptake due to enhanced
root growth and overall vegetative performance.

Table 1
Essential oils main constitutes (%) as affected by different watering levels of 100, 70 and 50% CSC and omeprazole applications at 10, 50, 100 and 200 pM.
RI 100% CSC 70% CSC 50% CSC
Cont. 10 uM 50pM  100pM  200uM  Cont. 10pyM 50pM  100puM 200 uM  Cont. 10uyM 50puM 100uM 200 uM

1-menthone 1153  29c 30c 32b 34.7a 32.8b 21.8¢c 23.7b 24.8b  27.4a 26.4 ab 18.6d 21.2¢ 24.7b 27.9a 26.1a
Menthofuran 1163  9.5a 9b 7.5¢ 5.5e 6.4d 21.46a 19.5b  16.5¢ 12.9¢ 14.9d 24.54a 21.9b 17.8c  13.5e 14.8d
L-menthol 1172 31.3c  32.4bc  33b 35.6a 34.7a 25.3¢ 26.9b 27.5b 29.2a 28.5ab 24.67c¢  25.7c 27.6b 29.7a 28.1ab
Pulegone 1237 5.4a 4.7b 3.3c 2d 2d 6.7bc 6.4c 7.2a 6.5¢ 6.8b 7.94a 7.6b 7.4bc  6.5d 7c
Caryophyllene 1425  6.1c 6.5bc 6.7b 6.8a 6.7b 5.2¢ 5.4bc  5.6b 5.9a 5.8a 4.2¢c 4.4b 4.6b 5a 4.8a
Germacrene-D 1500  6.2d 6.4c 6.4c 6.7a 6.6b 5.6¢ 5.7b 5.7b 5.9a 5.8ab 5.3d 55cd  5.6¢ 5.9a 5.8ab

RI: Retention Index

Different letters among values within a row and watering level indicate least significant differences at p < 5%.
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Fig. 8. Effects on the expression of the genes Mfs, LS,L3oh, pd, and Iprl of watering levels of 100%, 70%, and 50% container substrate field capacity (CSC) and

omeprazole applications at 10, 50, 100, and 200 uM.

Proline is a non-protein amino acid that accumulates in stressed
plants. Plants treated with omeprazole showed significantly higher ra-
tios of proline. Proline is an osmolyte that maintains osmotic leaf po-
tential during water stress and maintains turgor. High production of
proline under water stress could be an adaptation to stress; this amino
acids functions as a scavenger that supplies osmolytes and energy to
stressed tissues and helps the plant to tolerate stress.

Water stress stimulates the production of ROS in plants, including
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hydrogen peroxide, which attacks and damages DNA and promotes cell
death. One of the important mechanisms that enable plants to tolerate
drought is the control of ROS during stress conditions through the
production of antioxidant enzymes, such as CAT and APX. A previous
study found that peppermint increased the production of these enzymes
during water stress conditions. In the present study, the application of
omeprazole increased the production of these enzymes and reduced the

accumulation of hydrogen peroxide, which indicates that the
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CS|
100% CSC 70% CSC 50% CSC
= = £ £ sz £ £ § s s 2 1
ES ES o o ES ES o o ES ES o o
8 8 8 R &8 8 8 R 8 88 8 R§
ARRERRR

o |

I a
(o}

SGhboNRrRoRrN®

Fig. 9. Effects on the expression of the genes Mdeh and Pr of watering levels of 100%, 70%, and 50% container substrate field capacity (CSC) and omeprazole

applications at 10, 50, 100, and 200 uM.
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antioxidant mechanism for drought control was activated in pepper-
mint as a response to omeprazole application.

The oil glands of Mentha sp. are mainly distributed on the leaf
surface of the plants, and increased leaf area and number are associated
with an increased oil ratio per plant. In the present study, there were
increases in the essential oil ratio of omeprazole-treated plants com-
pared with the control, a result that might be attributed to increased
leaf area and leaf number of treated plants, as well as the improvement
of the overall physiological status of treated plants.

The typical main composition of EOs in peppermint is 1-menthone,
L-menthol, menthofuran, and pulegone, as found in the present study.
The menthol terpenoid metabolism originates in the plastids of the
secretory glandular structures of peppermint. There were increases in 1-
menthone and L-menthol and decreases in menthofuran and pulegone
in omeprazole-treated plants compared with the control plants. These
changes in the composition of major EOs in peppermint are commonly
associated with molecular expression of menthol and menthofuran
biosynthesis genes. This finding indicates that omeprazole may have
stimulatory effects on genes associated with menthol biosynthesis. In
addition, the higher ratios of menthone and menthol are favored by the
horticultural and pharmaceutical industries, while pulegone and its
metabolite menthofuran have toxic effects. Interestingly, the pepper-
mint EO profile is used to identify genuine peppermint EOs during
production and market evaluation. This finding may have important
economic applications for the agricultural and pharmaceutical in-
dustries.

There were increases in the expression of key genes associated with
menthol biosynthesis, including Mfs, LS, L3oh, Ipd, Ipr, Mdeh, and Pr in
omeprazole-treated plants, compared with control plants, under normal
and water stress conditions. The increase in the expression of these
genes is usually associated with modification of the composition of
major EOs in peppermint. Previous investigation on peppermint re-
vealed that water stress may increase the expression of Ipd, Ipr, and Mfs
and decrease the expression of Mdeh and Pr (only at 25% field capa-
city). Results of the present study were comparable, but the most im-
portant finding was the stimulatory effect of omeprazole on these genes
and the enhanced composition of EOs. In the menthol pathway of
peppermint), limonene is formed by cyclization of geranyl diphosphate
using LS. Then trans-isopiperitenol is formed by the hydroxylation of
limonene using L30OH. Trans-isopiperitenol goes through three reac-
tions (using Ipd, Ipr, and Ipi) to form pulegone. Pulegone is either
converted to menthone/isomenthone using Pr or converted to men-
thofuran. Menthone is converted to menthol using Mdeh. In the present
study, there was upregulation in the expression of LS, L3oh, r, and Mdeh
in omeprazole-treated plants, which suggests that the menthol pathway
was activated. This upregulation resulted in the accumulation of men-
thol and menthone.

Treatment with omeprazole increased morphological parameters,
including plant height, leaf number, leaf area, and plant and root dry
weights, by increasing gas exchange, chlorophyll composition, proline
accumulation, leaf midday water potential, and relative water content.
The physiological improvements were associated with an increased EO
ratio and enhanced composition of the EOs. The essential oils function
as secondary metabolites and were upregulated by the increased ex-
pression of the specific menthol and pulegone genes Mfs, LS, L3oh, Ipd,
Ipr, Mdeh, and Pr. These results provide strong evidence that omepra-
zole has water stress—ameliorating effects on peppermint achieved by
activating different water stress adaptation mechanisms, such as os-
motic adjustment, enhanced gas exchange, and upregulation of men-
thol/menthofuran biosynthesis genes.

5. Conclusion
This is the first report on the effect of omeprazole as a water stress

ameliorant and as an elicitor of genes associated with menthol/men-
thofuran pathway biosynthesis. Peppermint plants that received higher
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doses of omeprazole showed increased plant height, leaf number, leaf
area, and dry weights under normal and water stress conditions. They
also showed increases in the amounts of chlorophyll and proline in the
leaves and gas exchange parameters compared with the control plants.
Increased activity of CAT and APX and reduced accumulation of H,0,
were found in omeprazole-treated plants as antioxidative mechanisms
to tolerate water stress. Omeprazole-treated plants also showed in-
creases in the EO ratio, improved EO composition, and higher ratios of
menthol and menthone composition compared with the control plants.
The changes in EO composition were associated with increased ex-
pression of menthol biosynthesis pathway genes. These findings in-
dicate that omeprazole ameliorates water stress in peppermint by in-
creasing vegetative and root growth as an adaptation mechanism,
increasing chlorophyll composition and the photosynthetic rate, in-
creasing gas exchange, reducing water loss by increasing leaf water
potential and relative water content, enhancing the amount of proline,
and modulating the gene expression of secondary metabolites.
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