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Abstract: The effect of three levels of salinity on physio-biochemical traits in 10 Alcea rosea (hollyhock)
varieties were evaluated. It was observed that salt stress increased both the total phenolic content
(TPC) and total flavonoid content (TFC) in some varieties and decreased them in others. The greatest
increases in both TPC and TFC were recorded in the Saman variety (104% and 62%, respectively)
when cultivated under severe salt stress, indicating that this is the most salt-tolerant variety amongst
those tested. The most abundant phenolic compound recorded was ellagic acid, and the phenolic
compounds that showed the greatest increases in concentration due to salt stress were p-coumaric
acid (87% in the Isfahan variety) and chlorogenic acid (142% in the Mahallat variety). Salt stress was
also shown to decrease the production of diphenyl-2-picrylhydrazyl (DPPH) in all varieties. The
highest concentration of DPPH (133%) was recorded in the Shiraz 1 variety, grown under conditions
of severe salt stress. Salt stress also increased the mucilage content present in the petals, leaves, and
seeds of some of the selected varieties. These data suggest that the selection of salt-tolerant varieties
of hollyhock for direct cultivation or for use in future breeding programs is feasible.

Keywords: Alcea rosea L.; hollyhock; antioxidant activity; genotypic variation; secondary metabolite;
salt stress

1. Introduction

Saline soils and groundwater pose a serious environmental threat to global food
security [1]. Unfortunately, the area of arable land in which salinity is problematic is
expanding rapidly due to increases in evaporation and decreases in precipitation as a result
of global climate change [2], the use of saline irrigation, recycled wastewater, lack of proper
drainage, excessive fertilizer use, and the global spread of desertification [3-5].

High soil salinity leads to ion toxicity, ion imbalance, reduction of osmotic potential,
and deterioration of the physical structure of soil [6]. These phenomena have subsequent
effects upon the morphology, physiology, and biochemistry of crop species when subjected
to salt stress during their cultivation. This results in a reduction in both crop quality and
yield [5,7,8].

In response to such stress stimuli, plant cells often produce a range of phenolic com-
pounds, as these low-molecular-weight non-enzymatic antioxidants can aid in the scav-
enging of reactive oxygen species (ROS) [9]. These phenolic compounds have been shown
to be effective in protecting biological systems against various oxidative stresses, playing
a crucial role in the maintenance of redox homeostasis [10]. Therefore, the adaptation of
plants to salt stress is likely to be influenced by the homeostasis between ROS and the
production of phytochemicals such as polyphenols and flavonoids.
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Phenolic compounds, including flavonoids, are the most abundant secondary metabo-
lites in the plant kingdom. These compounds play numerous biochemical and molecular
roles in plants, including cell signaling, plant defense, mediation of auxin transport, antiox-
idant activity, and free radical scavenging [11]. Several mechanisms have been proposed
to explain the observed increase in secondary metabolites when plants are exposed to
abiotic stressors, such as high levels of salinity. According to the growth-defense trade-off
hypothesis, the energy and carbon assimilated by photosynthesis are primarily consumed
for cell maintenance and plant growth, while the remainder is used for the synthesis of
defense chemicals. A second mechanism proposed by Kleinwéchter and Selmar (2015) is
that under drought and salt stress, stomatal closure limits CO; influx into leaves; thereby
reducing the Calvin cycle and consequently, NADPH consumption. Therefore, the stressed
plant redirects its metabolic pathways towards the synthesis of highly reduced compounds,
i.e., phenols, isoprenoids, or alkaloids, in order to prevent the formation of ROS and thus
avoid an over-reduced physiological cell state [12].

A variety of agricultural management practices, such as flushing and leaching, have
been used to reduce the damage caused by salt stress, but these treatments are both costly
and slow in terms of implementation [2,5]. Therefore, there is a need to develop and
apply new and more economically viable strategies to mitigate the negative effects of high
salinity in the salt-stressed regions of the world. One such approach is to select salt-tolerant
varieties within the crop species of interest. Using this approach, Grieve et al. (2012) and
Ashrafi et al. (2018) screened several plant species under different levels of soil salinity
and subsequently, categorized them as very sensitive, sensitive, moderately sensitive,
moderately tolerant, tolerant, and very tolerant to salt [6,8]. This approach has also been
used in barley to identify salt-tolerant genotypes of this species [2,7].

An alternative approach is to cultivate aromatic and medicinal plant species of high
economic value, whose levels of agronomically important secondary metabolites are known
to increase under salt stress. Salt stress has been shown to induce an accumulation of proline,
total phenolics, and other antioxidants in Rosmarinus officinalis. The phenolic content of
leaves of this species was shown to increase significantly at 50 mM NaCl (from 0.91 to
1.59), to 4.22 at 100 mM NaCl, and then to decrease at 150 mM NaCl (to 3.47). The phenolic
content in different tissues of Mentha pulegium L. from plants cultivated under different
levels of salt stress has also been reported. The phenolic content of the leaves of plants
grown under salt-stressed conditions was about 3.5 times higher than that of the control [9].
In addition, the results of a study on basil (Ocimum basilicum L.) showed that the vegetative
growth of this species was reduced with increasing salinity, and a concomitant increase in
the production of phenolic compounds was observed [13].

The observed increase in the production of secondary metabolites induced by salt
stress in some medicinal plant species suggests that the cultivation of salt-tolerant medicinal
plants may be an economically viable option for the use of marginal lands with saline soil
and/or groundwater. The subject of the current study, Alcea rosea L. (hollyhock), is an
aromatic, perennial, horticultural species, whose roots, seeds, shoots, and flowers contain
aromatic secondary metabolites that are widely used in developing countries to alleviate
symptoms of cough and sore throat, abdominal pain, and flatulence [14].

Hollyhock is physiologically well adapted to the hot and dry conditions prevalent in
the majority of Iranian arable land. Bearing in mind the limited ‘clean’” water resources
and the widespread problem of salt-contaminated irrigation water, the cultivation of plants
that are able to withstand salt stress is very relevant to the current agricultural situation
in Iran. Many studies have been published describing the unique medicinal properties of
this species [15]. However, very little has been published on the physiological response of
hollyhock to salt stress or on the biosynthesis of the secondary metabolites in this species.

Therefore, the main objective of the current study is to investigate the effect of salt
stress on the production of mucilage, phenolic acids, and flavonoid acids in a selection
of indigenous Iranian hollyhock varieties to provide physiological data on which to base
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the future selection of salt-tolerant genotypes associated with high levels of agronomically
important secondary metabolites.

2. Materials and Methods
2.1. Plant Materials and Growth Conditions

A total of 10 Iranian hollyhock varieties were used in the current study (Isfahan, Khafr,
Khomeini Shahr, Mahallat, Mashhad, Saman, Shahin Shahr, Shiraz 1, Shiraz 2, and Tabriz).
Their seeds were harvested in 2017. The varieties and their main characteristics are listed
in Table 1. For cultivation of the plants, the seeds were first soaked in water overnight prior
to planting. Here, the objective was to loosen the testa of the seed to facilitate optimal seed
germination. The seeds were then disinfected with sodium hypochlorite (5 g L=!) for 5 min
and washed with distilled water to remove any residual disinfectant. The treated seeds
were then planted.

Table 1. Geographic origin and floral phenotype of selected hollyhock varieties.

Varieties scl\ileal;ltlifc Petal Shape Petal Color Location Sites State Latitude/Longitude A(Ltrirtllslge
. Pale orange and 32.6883° N
Isfahan Alcea roesa L. Ordinary red Isfahan Isfahan, Iran 53.2019° E 1571 m
. Light pink and 28.6883° N
Khafr Alcea rosea L. Ordinary white Khafr Fars, Iran 53.2019° E 1285 m
K%?gﬁ%m Alcea rosea L. Ordinary Dark pink Kg%r;}frini Isfahan, Iran %21%%%’3; IET 1602 m
Mahallat Alcea rosea L. Ordinary Dark violet Mahallat Markazi, Iran %321512%2 IET 1721 m
. Khorasan Razavi, 36.2972° N
Mashhad Alcea rosea L. Ordinary Dark purple Mashhad Iran 59.6067° E 1050 m
. : Chahar Mahal 32.4530° N
Saman Alcea rosea L. Ordinary Pink and purple Saman Bakhtiyari, Iran 50.9103° E 1966 m
Shahin Shahr Alcea rosea L. Ordinary Pink and red Shahin Shahr Isfahan, Iran %21%?_-)%%2 I}\ET 1595 m
Shiraz 1 Alcea rosea L. Queeny Black Shiraz Fars, Iran 259255?3%)662 IET 1519 m
Shiraz 2 Alcea rosea L. Queeny White Shiraz Fars, Iran %9255%%661 IET 1519 m
Tabriz Alcea rosea L. Ordinary Pale pink Tabriz Azerbaijan, Iran i%gg%%i I}\ET 1345 m

2.2. Field Experiments

The field experiments were conducted over two growing seasons (17 March to 21
November 2019 and 11 March to 5 December 2020) at the Agricultural Research Center
of the College of Agriculture, Isfahan University of Technology, located in Lavark, Nejaf-
Abad, Iran (latitude: 32°32' N; and longitude: 51°23' E; altitude: 1630 m). The annual
rainfall and average temperature in this region were 126 mm and 18.7 °C and 133.6 mm
and 18.3 °C in 2019 and 2020, respectively. Before planting, an analysis of the characteristics
of the farm soil (at the test site) was carried out by sampling at a depth of 60 cm, and
the results were as follows. The soil at the research center was shown to be a fine loam
with pH = 7.5, EC = 1.8 dSm ™. bulk density = 1.47 g cm 3, soil organic C content = 0.7%,
and P and K contents = 7.4 and 45.6 mg kg~ !, respectively. After cultivation, an analysis
of the characteristics of the field soil (at the test site) was performed by sampling at a
depth of 60 cm and 30 cm, and the results were as follows. At a depth of 30 cm, the
pH=7.6, EC=1137dS m~1, soil organic C content = 0.7%, and P and K contents = 32.4
and 41 mg kg !, respectively, and at a depth of 60 cm, the pH = 7.52, EC = 7.22dSm™ !,
soil organic C content = 0.81%, and P and K contents = 25.3 and 32 mg kg~ !.

Three salinity levels (control (EC = 0.1 mM NaCl), moderate (100 mM NaCl) and high
salinity (180 mM NaCl)) and 10 hollyhock varieties were used in this investigation. Since
no previous studies on the effect of salinity stress on the measured traits in hollyhock had
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been published, we decided to use the levels of salinity used in previous studies of other
members of the Malvaceae family—i.e., control, moderate and severe levels of salinity stress.

In our study, the 10 hollyhock varieties were evaluated using a randomized complete
block design with three replications. An analysis of variance (ANOVA) was performed
using Proc GLM in the SAS 9.2 software to examine the differences among the three levels
of salinity, variety, growing season, and their interactions. Treatment means were compared
using the least significant difference (LSD) test at p < 0.05.

The total number of experimental units was 90 (3 x 3 x 10), with each unit occupying
an area of 3.6 m2. The number of plants in the plots was the same. The plot area was
considered to be appropriate for this study because this plot size left enough plants for
measurements after removing for the margin effect. Each plot consisted of five rows, which
were 150 cm long, with row spacing of 60 cm and 30 cm between plants (Figure 1a,b).
For the control treatment, the plants were irrigated with fresh water (EC = 0.1 mM NaCl)
throughout the experiment, and the salinity treatments were subsequently applied to the
experimental plants at the eight-leaf stage of development. Each experimental plot received
the same quantity of irrigation for both the control and experimental conditions. The
experimental plots were irrigated using an upstream tank that delivered a stock solution
of sodium chloride (1 mM NaCl) via a calibrated flowmeter to maintain the desired salt
concentration (100 mM NaCl and 180 mM NacCl). Plots were considered fully watered
when the soil moisture in the root zone exceeded 80% of field capacity ( = —0.06). Soil EC
(electrical conductivity) at 0—40 cm soil depth was measured at harvest for all treatments.
The observed mean soil EC values were 2.5, 6.2, and 11.3 dS m~! for the control and saline
field conditions, respectively.

Figure 1. Growth stages of hollyhock varieties to illustrate different growth stages of plants in the
two consecutive years of this study. (a) The first growing season: May, June, July, and September 2019
with budding, flowering, seed ripening, and ready-to-harvest seeds, respectively. (b) The second
growing season: regrowth of bushes in March, rapid growth of bushes in April, budding in May, and
flowering in June 2020. (c) Photographs illustrating the different floral phenotypes of the selected
hollyhock (Alcea rosea L.) varieties.
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Sampling was performed after the symptoms of salinity stress appeared on the plants,
which occurred about six weeks after the stress was applied. To carry out the sampling,
first the plants on the margin were omitted, and plants that were representative of the plot
were selected. For example, the semi-dried petals harvested from the field were completely
dried in a closed space away from direct sunlight and at room temperature and stored
as whole petals in glass containers. One day before the analyses, the petal samples were
ground. Five samples were collected from each plot to measure all the traits except petal
yield, and in laboratory conditions, the experiments were performed with three repetitions.

2.3. Assessment of Total Phenolic Content (TPC)

The total phenolic content of the petal extracts was determined using Folin—Ciocalteau
reagent and external calibration with tannic acid [11]. The results were expressed as tannic
acid equivalents per gram dry weight (mg TAE g~! DW).

For this method, 10 g of petals were ground into a powder and extracted with 200 mL
of 80% methanol in an orbital shaker (150 rpm) for 24 h at 25 °C. The extraction process was
then repeated three times, and the extracts were filtered. Tenfold diluted Folin—Ciocalteau
reagent (2.5 mL), methanolic extract (0.5 mL), and 7.5% sodium carbonate (2 mL) were
mixed and then heated for 15 min at 45 °C, after which the absorbance was read at 765 nmm.
TPC was expressed as tannic acid equivalents per gram dry weight of the sample.

High Performance Liquid Chromatography (HPLC) of Phenolic Compounds

The petal samples were dried, ground, and extracted with methanol (80% v/v), and
the extract was then analyzed using the HPLC (model Agilent 1090, Santa Clara, CA,
USA). Briefly, three grams of powdered petal was extracted in methanol (HPLC grade,
Merck, Darmstadt, Germany), which was later removed from the combined extracts via
evaporation under reduced pressure to dryness. For this purpose, the methanol dried
extract was dissolved in 80% (v/v) methanol. The extracts were then filtered through
Whatman No.1 filter paper. Finally, the extract was filtered through a 0.22 pm nylon
disk filter, and 20 pL of the filtered extract was injected onto an HPLC column and the
chromatogram was recorded at 260-330 nm.

Prior to injection into the analytical HPLC system, all the standards (gallic acid, caffeic
acid, p-coumaric acid, ferulic acid, ellagic acid, rosmarinic acid, syringic acid, vanillic acid,
4-hydroxybenzoic acid, chlorogenic acid, luteolin, quercetin, rutin, and apigenin) were
dissolved in methanol at concentrations ranging from 0.2 to 20 mg/L. HPLC grade methanol
was used to dissolve the standards. The stationary phase consisted of a 250 mm X 4.6 mm
(5 pm) C18 column (Waters Crop., Milford, MA, USA) (10 mm x 4 mm I.D.), and the
mobile phase consisted of formic acid (0.1% v/v) in acetonitrile (99.8% v/v) at a flow rate of
0.8 mL/min with the wavelength adjusted to 200-400 nm. The mobile phase consisted of a
combination of A (0.1% formic acid in water) and B (0.1% formic acid in acetonitrile). The
performance of the gradient conditions was characterized by the following specifications:
a linear step from 10% to 26% solvent B (v/v) for 40 min, followed by 65% solvent B for
70 min, and finally to 100% solvent B for 75 min. The phenolic and flavonoid determinations
were reported as ug per g dry weight. The standard curves of the identified compounds
are shown in Figure 2.
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2.4. Assessment of Total Flavonoid Content

The determination of total flavonoid content was based on the formation of a flavonoid-
aluminum complex, according to the method by Rahimmalek and colleagues with minor
modifications [16].

In this procedure, 0.5 mL of the methanolic extract was mixed with distilled water
(2 mL) and NaNO, solution (5%, 0.15 mL). After 6 min, an AlCl3 solution (10%, 0.15 mL)
was also added and allowed to stand for 6 min before an NaOH solution (4%, 2 mL) was
added to the solution thus obtained.

Finally, distilled water was added to the mixture (5 mL) and allowed to stand for
15 min, and the absorbance was recorded at a wavelength of 510 nm. The total flavonoid con-
tent (TFC) was expressed as quercetin equivalents per gram dry weight (mgQUEg ! DW).

2.5. Diphenyl-2-Picrylhydrazyl (DPPH) Radical Scavenging Assay

The antioxidant activity of the petal tissues was determined using the DPPH assay,
as described by Gul et al. (2017) [17] with some minor modifications. In this experiment,
the stable purple-colored chemical compound, 2, 2-diphe nylpicrylhydrazyl (DPPH), was
used to determine free radical-scavenging ability. In brief, for the antioxidant activity
assessments, the extracts were diluted in pure methanol at various concentrations including
50, 100, 300, and 500 mg/L before the DPPH solution (0.1 mM, 5 mL) was mixed with
100 pL of the diluted extracts. Each mixture thus obtained was then shaken vigorously and
incubated for 30 min at room temperature in the dark for completion of the reaction. A
mixture consisting of methanol plus the DPPH solution was used as a negative control,
and BHT was employed as the positive control compound for comparison. Finally, radical
scavenging activity was expressed as ICsy (ug mL~!)—the antiradical dose required to
cause a 50% inhibition. The absorbance of the samples was measured using a UV-visible
spectrophotometer (U-1800, Hitachi, Tokyo, Japan) at 517 nm with methanol (80% v/v)
as a blank. The inhibition percentage was plotted against the sample concentration, and
50% of the ICs (inhibitory concentration) of the DPPH values was defined using a linear
regression analysis.

2.6. Mucilage Content

Petal, leaf, and seed samples of the hollyhock varieties were air dried and ground in a
mortar and pestle. The mucilage content of these samples was then estimated according
to the technique reported by Kalyanasundaram et al. (1980) [18]. For each sample (petal,
leaf, and seed), ten milliliters of 0.1 N HCl was heated to boiling in a 100 mL Coming
flask. The flask was then removed from the flame, and 1 g of the dry sample was added.
Heating was resumed and when all samples (petal, leaf, and seed) had changed color,
the flask was removed from the flame and the samples were filtered through Whatman
No. 1 filter paper while still hot. To separate residual traces of mucilage, the samples were
washed twice in 5 mL of hot water, and the solution obtained was filtered. The combined
filtrate—containing the dissolved mucilage—was mixed with 60 mL of 95% (v/v) ethanol
and stirred and allowed to stand for 5 h at room temperature. Finally, the supernatant
was decanted, and the precipitate was oven dried at 50 °C for 48 h. The weight of the dry
precipitate was taken as the total mucilage content.

2.7. Petal Yield

Because hollyhock is an indeterminate plant, flowers were harvested throughout the
growing season during both years of cultivation in order to estimate the petal yield of the
plants (Figure 1c). Flowers were harvested from each plant twice a week for approximately
7 months. The harvested flowers were then air dried for a period of 4 d. This procedure
was carried out continuously until the end of the flowering stage of development. After
drying, the weight of the flowers was measured. At the end of the growing season and at
the end of the flowering stage, the petal yield was obtained from the sum of the weights of
the petals collected during the growing season.
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2.8. Statistical Analysis

The recorded data were subjected to an analysis of variance (ANOVA), and the least
significant difference (LSD) test for the comparison of means using SAS software (ver. 9.2).
The experiment was conducted as a randomized complete block design with three replica-
tions. Data on the biochemical characteristics, mucilage content, and flower yield obtained
in the three replications over the two study years were combined, while data on the phe-
nolic acid composition were those obtained in one growing season with two replications.
A principal component analysis (PCA) was performed and correlation coefficients were
obtained using GraphPad software (Prism version 9.0, San Diego, CA, USA).

3. Results
3.1. Total Phenolic Content

Table 2 shows the analysis of variance (ANOVA) for the biochemical characteristics,
mucilage content, and flower yield of the hollyhock varieties studied under control and
salt-stressed conditions in both 2019 and 2020. The interaction of year and stress, the
interaction of variety and stress, and the interaction of stress and year were all shown to be
significant at the 0.1 probability level (Table 2).

Table 2. Analysis of variance (ANOVA) for the biochemical properties, mucilage content, and flower
yield of the hollyhock varieties studied under control and salt-stress conditions in 2019 and 2020.

Source of Variation Degree of TPC TFC DPPH PM LM SM PY
Freedom
Stress 1632.92* 54550 846066*  44557*  87.087**  385* 1,530,848 **
Rep (Stress) 2859MS  831MS 14,1850 428™S  2787MS  (.164™S 35031
Variety 4395*  5454*  1380,007*  17535*  37.185%  7.6** 51,972 **
Stress x Variety 18 874.65*  20.83*  192,164*  43.89*  11.132*  1.15* 6616 **
Variety x Rep (Stress) 54 125.76 ™5 3.4170S 9400 ™S 770 16827 0479 215370
Year 1 74144  0228™5  216596*  176.81*  8192*  5408*  629,415**
Year x Stress 2 296.66** 2391 39,383 * 9.16™  1.058™  0354MS  24415*
Year x Variety 6245  20.50** 7908 s 736MS  2192MS  2.686* 3990
Year x Rep 2 91715 0.066™5 67150 2350 0.802™ 0530 537 s
Stress x Variety x Year 18 565.15%  92% 35,886 ** 3530 15750 (0.897*  5864M
Error 58 95.23 4.028 10,566 9.9 1.674 0.491 4051
Cv (%) 18.42 14.2 21.47 27.65 17.72 24.33 13.29

"$: non-significant; *: significant at p < 0.05; **: significant at p < 0.01. TPC: total phenolic contents; TFC: total
flavonoid content; DPPH: 2, 2-diphenyl-1-picryl-hydrazyl-hydrate; PM: petal mucilage; LM: leaf mucilage; SM:
seed mucilage; PY: petal yield.

The total quantity of phenolic compounds was observed to increase by 16% and 21%
in 2019 and 2020, respectively, in plants cultivated under conditions of severe salt stress
when compared to plants grown under control conditions. As the length of the period of
salt stress increased, the level of phenolic compounds was also observed to increase. Hence,
the highest increase in phenolic compounds was observed in the second year of cultivation
(Table 3).
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Table 3. Mean comparisons of stress and agronomic years (interaction) in relation to traits of hollyhock

varieties.
TPC TFC
DPPH PY
-1 -1 o, o, o,

Years  Stress (mggl‘}vlig (mg]())‘IIJV])Eg (ICsp, mg mL-1) PM (%) LM (%) SM (%) (Kg per ha)
C 4782 +1.71°¢ 13.04 + 0.64°  670.71 + 36.252 8.67 +0.53 6454+0299¢  1.81+0.123¢ 556 +2191°

2019 MSS 49.33 +2.73 ¢ 14.01 £0.64°>  476.66 + 30.78 9.6 + 1.048 «d 628 +0514¢  294+0.136¢ 424+ 13.08°¢
SSS 55.65 4+ 4.26 P 1523 +£ 0592 3927 +22429¢ 13084+ 0.686° 8534+02892 33640159  2274+984¢

C 54.74 +£2.56 b 1357 £ 0.6 5422 +2625°  10.09 £0479°¢ 718 +£0.313P 2214+0.1679 718 £15.44°

2020 MSS 4826 £2.74°¢ 13.82+0.39P 43894 +2746°4 1121 +0712¢ 6544+ 0.341b¢  3.12+0208P° 536+ 13.41°
SSS 65.97 + 3.06 2 15.11 + 0.422 350.78 + 63.3¢ 15.96 + 1.182 8.81+ 04962  3.82+02982 359 +10.954

C: control; MSS: moderate salt stress; SSS: severe salt stress. TPC: total phenolic content; TFC: total flavonoid
content; DPPH: 2, 2-diphenyl-1-picryl-hydrazyl-hydrate; PM: petal mucilage; LM: leaf mucilage; SM: seed
mucilage; PY: petal yield. In each column, means followed by a same letter are not significantly different according
to LSD test at 0.05 (Data were reported as mean + SD).

Table 4 shows the interaction between plant variety and level of salinity upon the
phenolic acid composition of the plant tissues. As mentioned above, the response to salt
stress varied depending on the variety and the salinity level to which the plants were
exposed (Table 4). In the majority of varieties, the quantity of phenolic compounds was
observed to increase when the plants were grown under conditions of both moderate and
high salt stress when compared to the control (Table 4).

With increasing salt stress, an increased total phenolics content was observed in the
majority of varieties. The largest increase was observed in the Saman variety, in which there
was a 104% increase in the level of phenolics produced under high salt stress compared to
the control. The smallest increase was observed in the Shahin Shahr variety, with an increase
of 7%. In some varieties, such as Tabriz and Isfahan, no significant difference was observed
between severe salt stress and control conditions. It is of interest to note that in some
genotypes, a reduction in the amount of total phenolics was observed with increasing salt
stress, and the largest decrease was observed in the Shiraz 1 variety with a 41% reduction.
The highest quantity of TPC was observed in the Saman variety grown under severe salt
stress with 79.12 mg TAE g~! DW (Table 4). However, in half of the varieties tested, the
total amount of phenolic compounds present increased in the second year compared to the
first year of cultivation. The largest increase in the total phenolic compound content was
observed in the Khomeini Shahr and Khafr varieties, which increased by 42% and 43%,
respectively, while in the Mashhad, Saman, Shahin Shahr, Isfahan, and Shiraz 2 varieties,
no significant difference was observed between the two growing seasons. In addition, a
25% decrease was observed in the Tabriz variety (Table 5).
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Table 4. Mean comparisons of stress and varieties (interaction) in relation to traits of hollyhock varieties in 2019 and 2020.
.. TPC TFC DPPH o o o PY

Varieties Stress (mgTAE g1 DW) (mgQUEg 1 DW) (ICso, mg mL-1) PM (%) LM (%) SM (%) (Kg per ha)
C 4926 +£29¢k 10.6 £ 1.62% 620.76 + 66.37 de 8.73 + 1.036 1 7.06 & 0.443 1 1.8 4 0.396 k™ 748 + 33.622

Isfahan MSS 48.37 + 4.35 ¢k 14 +1.19 47518 + 7454 Fh 13.26 + 0.727 ¢ 7.06 £ 0.659 1 3.46 + 0.266 4-f 515 + 75.57 b
SSS 40.97 + 2.58 ) 15.3 4+ 0.73 b-f 47528 + 116.7 fh 14.2 + 0.608 9 8.26 + 0.52 48 3.4 4023598 330 + 24.6 °P

C 52.79 + 4.68 <7 15.08 + 0.67 <& 777.63 + 26.96 b¢ 13.53 + 1.928 ¢8 9.8 +0.7b¢ 2.86 + 0.656 87 485 + 17.89 ik

Khafr MSS 50.89 + 4.44 ¢k 14.75 + 0.73 ¢ 593.47 + 96.5 ¢ 11.06 + 0.94 £ 7.53 + 0.59 4 3.53 + 0.348 d-f 431 + 20.54 m
SSS 55.95 4+ 8.51 ¢h 16.38 + 0.75 34 314.18 + 25.66 X 15.53 + 1.458 ¢© 12.33 £0.789 2 5.4+ 0.6262 268 + 20.06 4

C 41.92 + 3.66 % 7.61 £ 0.551 400.62 + 42.6 1k 18.06 + 1.579 be 10.66 + 0.552 P 2.2 4 0.553 1 585 + 24.05 °f

Khomeini Shahr MSS 27.61 + 3.63! 11.74 + 0.44 7 331.04 + 27.33 77 10.46 + 1.019 87% 5.73 4+ 0.669 k™ 3.66 + 0.247 de 473 4+ 19.01 77

SSS 64 + 12.1bd 11.59 + 1.29 333.92 + 36.59 ) 23.06 +1.252 2 8.8 4 0.768 <= 4.73 + 0.458 b 318 + 16.09 °4

C 60.77 + 4.48 b-e 1441 +1.26 98 852.5 + 45.63 P 10.53 + 0.994 &% 7.13 + 0.287 £ 1.86 + 0.281 km 738 + 26.33 b

Mabhallat MSS 43.16 £ 5.71 bk 13.72 £ 1.52 395.19 + 45.63 bk 12.8 +2.194 ¢ 6.8 +0.421 8k 2.93 4+ 0.247 ¢ 573 + 215148
SSS 79.78 +£1.62 18.23 +£1.32 356.08 + 30.76 1 13.93 + 0.878 d-f 11.2 +£ 0522 34402448 371 + 28.67 M©

C 4497 + 34187k 13.5 £ 2.27 b-f 526.53 + 75.65 €8 74+ 1.165%P 6.2+ 0.6161™ 2.06 + 0.305 ™ 609 £ 17.49 <-©

Mashhad MSS 57.92 + 3.87 ¢f 12.88 + 1.13 1 313.98 + 60.86 M 10.06 + 0.817 h-m 6.4 4 0.405 m 3.66 -+ 0.443 de 437 + 35.81 km

SSS 7249 + 4.16 % 17.39 +0.32 2 308.45 + 186.69 X! 20.86 + 0.87 @b 8 +0.285 90 3.86 + 0.321 <d 296 + 28.84 P4

C 38.78 4+ 3.48 M 1027 £ 1.28k 1068.57 + 28.17 2 5.53 - 0.855 °P 5.26 + 0.54 M™° 233 +0.171 Mk 706 + 32.33 2b

Saman MSS 47.47 +10.15 % 10.37 £ 0.57 k 563.68 + 64.16 ¢f 9.93 + 0.849 i-m 6.53 + 0.636 h-m 3+ 0.305¢h 537 + 20.68
SSS 79.12 +2.942 16.62 + 0.49 @< 305.81 + 7.33 K 11.6 £2.731 5 7.86 & 0.722 4 2.73 4+ 0.352 7 344 + 30.2 °P

C 48.90 £+ 9.72 ¢k 14.16 £ 0.93¢™h 605.6 + 32.24 ¢ 10.2 + 1.348 hm 7.53 + 0.447 45 2.2+ 02610 691 + 46.13P

Shahin Shahr MSS 56.97 4+ 5.7 <8 16.39 + 0.77 24 42842 +18.6 87 13.93 + 0.961 4-f 7.26 + 0.268 3.4 40.136 48 529 + 67.85 &
SSS 52.18 4+ 13.01 95 15.55 + 1.89 >-f 269.69 + 23.61! 16.8 + 0.841 <d 8.86 + 0.381 <d 453 + 0.395 be 339 + 40.75 °P

C 72.49 + 8.05 ik 17.39 + 0.87 2P 308.45 + 68.09 K 6.6 + 0.796 "P 4,06 + 0.431° 1.4+ 0.168 ™ 559 + 24.17 ¢h

Shiraz 1 MSS 55.33 £ 2.1 ¢ 16.23 £ 0.99 @ 393.74 + 32 h-k 7.13 + 1.075 ™P 426 + 0.546 ™ 2.2+ 0.368 -1 414 + 35.89 mn

SSS 4272 + 498 ab 13.65 + 1.08 8 717.35 + 133.86 <4 10.13 + 0.998 h-m 5.6 +0.836 ™ 2.2 +0.348 0! 297 + 33.04 P4

C 4296 + 497k 12.97 + 0.45 &7 563.02 + 28.53 °f 7.86 + 1.467 kP 6.2 +0.386 k™ 1.33 4+ 0.245™ 620 + 15.47 <d

Shiraz 2 MSS 48.62 £+ 7.85 K 13.83 &+ 0.45 446.21 4+ 95.96 & 644+ 1.128™P 7.26 4 0.405 34+042298 455 + 28.04 km

SSS 65.32 + 4.1 bc 15.62 + 0.69 >-f 273.37 + 26.91! 9.46 + 0413 ™ 8.46 + 0.421 <f 2.2 4+ 0.305 ! 312 + 25.74 P4
C 59.97 4 2.96 b~ 15.01 + 1.36 ¥ 341.01 + 61 52 +0516P 426 +0.304 ™ 2.06 +0.197™ 631 +43.39¢

Tabriz MsS 51.61 + 3.56 4% 152 +1.03 < 637.06 + 41 ¢ 9.0 +1.375/™ 8.2 +0.502 -8 2.6 +0.225 8K 437 £ 27.62 k™

S8 51.61 & 1.46 9K 152+ 1.28<* 637.06 &= 124.5 9¢ 9.6 +0.855 ™ 7.33 +0.499 &I 3.46 +0.197 4-f 303 £ 19.02 P4

C: control; MSS: moderate salt stress; SSS: severe salt stress. TPC: total phenolic content; TFC: total flavonoid content; DPPH: 2, 2-diphenyl-1-picryl-hydrazyl-hydrate; PM: petal mucilage;
LM: leaf mucilage; SM: seed mucilage; PY: petal yield. In each column, means followed by a same letter are not significantly different according to LSD test at 0.05. (Data were reported
as mean + SD).



Horticulturae 2024, 10, 139 11 of 26
Table 5. Mean comparisons of agronomic years and variety (interaction) in relation to traits of hollyhock varieties.
.. TPC TFC DPPH o o o PY
Varieties Year (mgTAEg ! DW) (mgQUEg 1 DW) (ICso, mg mL-1) PM (%) LM (%) SM (%) (kg per ha)
Isfahan 2019 4528 + 2238 13.81 + 1.59 4 54243 + 73.22 b=d 10.31 £2.51 & 7.46 + 1.685 48 2.26 + 0.938 h 468 +23.2 <f
2020 4712 + 223 4 12.79 + 1.07 ©f 505.05 + 78.42 ¢® 13.82 + 4.035 b-d 7.46 +0.721 948 3.51 + 1.229 be 594 + 36.54 2
Khafr 2019 4394+ 62118 16.02 £ 6.21 2 618.55 + 15.3P 12.13 £ 2.163 ¢f 924 +1.964" 3.86 +£1.918 344 + 15.69 hi
2020 62.47 +3.612< 14.79 + 3.61 <d 504.97 + 74.92 ¢ 14.62 + 4.079 be 10.53 4 2.749 2 4411662 445+ 14.76 ¢8
Khomeini Shahr 2019 36.67 +7.96 8 12.03 +7.96f 401.11 +31.22Fh 15.73 + 5.106 2P 8.13 + 2473 b-e 2.8 +0.774 4 399 + 15.65 8h
2020 52.35 + 2.64 4 859 +2.648 309.27 + 26.24 1 18.66 + 8.074 2 8.6 4 2.856 > 4.26 + 0.708 @ 518 + 23.63 b¢
Mahallat 2019 51.80 =+ 5.25 4 13.9 + 5.25 d-f 538.42 4 21.26 b 11.37 + 2.06 ¢ 7.73 4+ 1.979 4 2.71 4 0.742 ¢ 515 + 20.88 ©
2020 70.66 +3.112 17.01 £3.11°2 530.076 + 22.32 b-¢ 13.46 + 3.538 b-¢ 9.02 +2.7b¢ 2.75 + 0.988 ©f 607 + 25.01 2
Mashhad 2019 53.20 + 3.22 de 14.81 + 3.22¢<«d 405.41 + 41.36 fh 11.77 + 7.091 <8 6.26 & 0.721 8h 2.8 +1.058 9 399 + 23.67 8h
2020 4931 £+ 2.35 4 12.79 4+ 2.35 ¢ 379.91 + 152.3 8h 13.77 £ 7.73 b= 74+ 187698 342 +1b4d 484 + 17.27 ¢
Saman 2019 55.64 + 6.28 b-d 12.24 4+ 6.28 < 718.15 £ 25.252 7.55 + 2.88 ik 6.66 + 1.697 fh 2.97 4+ 0.918 ¢-f 450 4+ 21.27 48
2020 54.60 4 5.03 <d 12.6 + 5.03 ¢f 573.89 + 50.99 be 10.48 + 3.59 e 6.4+ 1.8378h 24+04¢h 609 + 34.452
Shahin Shahr 2019 52.55 + 12.49 4-f 13.92 + 12.49 4 477.26 + 58.99 <f 12.66 + 3.768 ¢f 791 +1.83¢¢ 2.71 + 1.072 ¢ 462 + 41.47 <t
2020 52.82 + 6.43 4 16.82 + 6.43 2P 391.88 + 50.7 Fh 14.62 + 3.842 be 7.86 + 1.148 < 4.04 +1.1482 578 + 20.88 2b
Shiraz 1 2019 50.53 + 3.62 4-f 14.81 + 3.62 <d 502.5 + 70.83 ¢¢ 7.46 + 1.876 % 5.02 4+ 1.662 2.04 4+ 0.733 8h 337 +£27.21
2020 63.16 + 5.25 2 16.71 + 5.252b 443.86 + 65.03 ©8 8.44 4+ 2.803 h-k 43 +1.091J 1.77 £ 0.603 P 510 £+ 21.1 <
Shiraz 2 2019 55.59 + 5.15 b-d 14.41 + 5.15¢¢ 45142 +23.41 48 8.44 + 1.702 bk 6.22 +1.733 hi 1.91 + 0.843 8h 413 +22.1218
2020 49.01 + 4.33 & 13.87 + 4.33 & 391.88 + 69.77 Fh 7.37 + 2.316 & 6.4 +2.6458h 1.91 + 0.625 8h 511 + 12.15°¢
Tabriz 2019 64.11 +2.04 2P 14.97 +1.05bd 478.3 + 39.95 < 6.93 & 2.465 % 6.22 4+ 1.97h 297 +0.827 ¢¢ 395 + 28.63 &1
2020 48.42 4+ 3.17 ¢ 15.66 + 1.09 24 396.55 + 92.36 fh 893 +2.742 5 6.97 + 1.767 ¢ 2.44 +0.705 8 519 + 30.77 be

TPC: total phenolic content; TFC: total flavonoid content; DPPH: 2, 2-diphenyl-1-picryl-hydrazyl-hydrate; PM: petal mucilage; LM: leaf mucilage; SM: seed mucilage; PY: petal yield. In
each column, means followed by a same letter are not significantly different according to LSD test at 0.05 (Data were reported as mean 4= SD).
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In this study, gallic acid, chlorogenic acid, caffeic acid, p-coumaric acid, ellagic acid,
ferulic acid, vanillic acid, and ellagic acid were the most abundant phenolic acids detected.
For illustration purposes, an example chromatogram of one variety of hollyhock is depicted
in Figure 3, in which phenolic and flavonoid determinations are reported as mg per 100 g
of the sample’s dry weight. The interaction of variety and salt stress upon the production of
gallic acid, chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, vanillic acid, ellagic
acid, luteolin, and rutin was shown to be significant at the 1% probability level (Table 6).

Table 6. Analysis of variance of phenolic acids and flavonoids of the hollyhock varieties studied
under control and salt-stress conditions.

Souceof | Gallic  Chlorogenic  Cafde p-Coumaric Terufe  Vanilic Bl pucoin  Rutin
Stress 17.75 ™% 121 ** 3485 ** 101 ** 867 ** 766 ** 5087 ™S 132 ** 7579 **
Rep (Stress) 7.29 ns 42218 43.14 s 9.21 s 2.57ns 14.95 s 1611 ™S 2.371ns 124 ns
Variety 74.15 ** 116 ** 2844 ** 82.24 ** 314 ** 1474 ** 7497 ** 65.11 ** 3989 **
Stress x Variety 56.85 ** 34.99 ** 1729 ** 31.24 ** 161 ** 1374 ** 55,132 ** 123 ** 2754 **
Erorr 5.8 4.25 115 5.11 10.65 20.77 1962 10.69 78.86
CV (%) 14.69 17.09 23.5 18.85 17.02 16.89 12.72 21.11 16.76

$: non-significant; **: significant at p < 0.01.

The gallic acid levels were observed to range from 7.66 (Mashhad under control
conditions) to 30.92 (Mahallat under severe salt stress) mg per 100 gDW (Table 7). The
gallic acid content was observed to increase by 119% in Mahallat and decrease by 69% in
Tabriz under severe salt stress (Table 7). The chlorogenic acid content ranged from 3.86
(Khomeni Shahr under control conditions) to 27.7 (Shiraz 1 under control conditions) mg
per g DW. Chlorogenic acid increased by 1143% in Mahallat but decreased by 63% in Shiraz
1 under high salt stress (Table 7). The caffeic acid content ranged from 15.76 (Mashhad
under high salinity stress) to 152.18 (Shiraz 1 under control conditions) mg per 100 g DW
under our experimental conditions. In the Tabriz variety, this level increased by 53% and in
Khafr and Shiraz 1, it decreased by 74% under the highest salt stress treatment (Table 7).
The levels of p-coumaric acid ranged from 3.9 mg per 100 g DW (dry weight) (Shiraz 2
under control) to 26.62 (Isfahan under moderate salt stress). The largest increase (126%)
was observed in the Mahallat variety, while the largest decrease (21%) was observed in the
Khafr variety under severe salt-stress conditions (Table 7). The ferulic acid levels ranged
from 8.28 (Mashhad under severe salt stress) to 51.04 (Saman under control conditions)
mg per 100 g DW. The ferulic acid levels increased by 210% in Shiraz 2 under severe salt
stress and decreased by 79% in Khafr also under severe salt-stress conditions (Table 7).
Vanillic acid ranged from 12.24 (Mashhad under control conditions) to 151.66 (Shiraz 1
under control conditions) mg per 100 g DW (Table 7). The largest increase (183%) was
recorded in Shiraz 2 under high salt stress, and the largest decrease (83%) was recorded in
Shiraz 1 also under high salinity stress conditions. Under our experimental conditions, the
ellagic acid content ranged from 87 (Shahin Shahr under high salinity stress) to 969.6 (Tabriz
under high salinity stress) mg per 100 g DW. Its level increased by 237% in Tabriz under the
highest salt-stress conditions but was shown to be reduced by 76% in Shahin-Shahr also
under severe salt-stressed conditions (Table 7).
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Table 7. Individual phenolic acid and flavonoid contents of the petals of the hollyhock varieties cultivated under control and salt-stress conditions.
Varieties Stress Gallic Acid Chlorogenic Acid Caffeic Acid p-Coumaric Acid Ferulic Acid Vanillic Acid Ellagic Acid Luteolin Rutin
(mg 100 g_1 DW)

C 1134 £ 1kn 6+017%° 3098 + 1.4 10.92 + 0.87 ¢ 17.12 + 0.92 £ 15.94 + 0.13 & 3374+ 7798 8.26 + 0.28 18.1 + 0.24 ™

Isfahan MSS 18.83 + 1.49 48 8.94 + 0.6 ™ 45.46 + 2.08 de 26.62 +1.432 22.5 + 0.56 4-f 3758 +0.14 ¢ 4774 4+25¢ 8.18 +0.59 <8 166.4 +1.8b
SSS 17.84 £0.19 ¢ 10.44 + 0.79 &7 4744214 20.44 +0.64° 16.56 + 0.26 £ 21.64 + 1.04 9 479.4 + 1349 ¢ 11.84 + 0.17 8 118.82 £ 7.62 ¢
C 22.59 + 0.6 > 13.06 + 1.19 & 110.18 £ 7.8 12.8 +0.9¢7 43.04 £ 0.65 bc 4936 +£522b 2282 + 13271 31+3352 2474 +0.84 10

Khafr MSS 18.43 +1.054h 18.74 + 1.39 b 68.68 + 1.56 8.98 4+ 0.418™ 20.86 £ 1.2748 2244 +0.005 41 27324391 14.68 + 0.45 45 64.06 + 2.35 ¢f
SSS 16.52 + 0.95 5 13.1+0.15¢* 29.06 + 1.19 5 10.16 + 0.24 fm 9.144031™ 2038 +£ 0589+ 1594 + 158 km 9.76 + 0.14 25.42 +3.48%k

C 14.05 + 0.79 871 3.86 + 0.18 ™ 2546 + 0.45 & 898 +1.2385™Mm 2442 4 1.57 de 15.48 +0.19 & 528.6 + 16.7 b¢ 20.06 4 0.33 <d 51.56 4 0.4 -1

Khomeini Shahr MSS 16.13 + 0.19 87 8.04 + 0471 26.76 + 1.27 & 5.82 +0.9¢® 12.32 + 1.08 im 18.1 + 0.95 4 3758 + 7.424 19.06 + 1.03 «f 17.72 £ 1.8
SSS 16.41 + 0.58 &5 51+033° 38.92 4 0.39 ¢-f 18.77 + 1.5 b 1424 +£1.658™ 2346+ 31398 2448 4+ 11.41h* 9.8 + 0.45 - 19.58 + 0.6 ™©

C 14.12 + 0.46 871 5.71 4 0.28 ™° 16.86 + 1.17 628 +0.16'™ 18.7 + 0.52 14.04 4 0.58 871 199.2 + 7.16 7% 10.34 + 1.06 1! 48.72 4414

Mabhallat MSS 16.21 + 0.2 8% 13.85+ 0.19¢™h 25.68 + 0.39 &7 11.14 + 126 &% 38.64 £ 0.75 ¢ 13.86 & 0.42 M 481 +543°¢ 18.76 + 0.75 «* 4266+ 1781
SSS 30.92 + 1.452 13.85 + 0.62 ¢ 2244 +0.181 14.22 + 0.43 9 11.24 + 0.08 k™ 18.8 + 0.62 4 357 +0.19 &f 4284+ 0.83! 40.36 + 1.3 11

C 8.28 + 0.26 ™0 12+1.295 30.64 + 4.14 ¢ 8.38 + 0.89 ™ 19.16 + 1.34 0 12.24 +£0.231 320.4 4+ 3.23 4 27.48 + 1.5 59.48 + 4.41 H
Mashhad MSS 7.66 + 0.8 9.08 4 0.55 ™ 19.34 + 1.57 1 5.82 4 0.64 ™™ 12.08 + 0.21 ™ 14.82 4+ 1.03 871 270 + 4.53 5 13.8 £ 2.2 32.14 £ 2.227°
SSS 11.91 + 047 ™ 4.54 + 0.57 m-° 15.76 + 0.89 7.36 + 0.07 k1 828 +0.03™ 14.12 + 0.31 8 258.8 + 7.43 &7 9.8 +0.19 1 30.94 4+ 0.97°

C 14.59 + 0.55 81 6.92 + 0.46 k- 51.48 +5.14 4 15.22 4 0.41 <= 51.04 +252 17.5 4+ 0.35 ¢ 34144151298 1922 4+ 0.94 39.1+4.148k

Saman MSS 12.99 + 0.16 ! 17.28 + 0.46 > 115.48 4+ 3.94° 1844 + 1.16 b 46.24 + 1.68 2P 14.32 + 1.11 81 579.2£99P 18.16 + 1.53 <8 196.8 + 8,512
SSS 10.35 + 0.07 I 14.56 + 0.74 -8 27.38 + 2245 13.6 + 1.38°8 11.82 + 1.657™ 17.82 + 0.45 ¢ 606.2 +£24.1b 1242 + 15 Fk 56.62 + 6.9 fh

C 21.32 4 0.66 <f 842 +1.15/™ 29.86 4+ 0.28 & 9.24 +0.438™M 18 +1.38 5 23.08 40429 367241744 23.88 4 0.64 bc 65.54 + 2.3 o

Shahin Shahr MSS 22.83 4 0.41 b-d 15.24 + 1.36 4 36.72 + 1.2 98 8.18 £ 0.8/ ™ 26.86 4+ 2.34 4 22.28 4+ 1.524-h 277 +£9.2¢7 16.68 + 1.22 48 36.46 +1.9™
SSS 14.56 + 0.44 871 7.94 +0.317° 22.96 + 0.56 87 5.68 + 0.33 mn 11.74 £ 0.77™ 26.08 + 1.04 de 87 +0.83™ 15.28 + 0.21 4+ 28.4 +0.61%°

C 25.82 4+ 222 bc 2772 +£1.212 152.18 £5.332 109 £ 1.3¢1 16.86 &+ 1.13 £« 151.66 & 0.51 2 3328+ 7.64h 19.48 + 0.81! 59.48 + 0.2 8

Shiraz 1 MSS 18.16 + 0.9 4-h 21.44 +£0.39b 65.76 + 1.38 <d 14.28 + 0.05 ¢-f 13.32 + 0.87 hm 27.34+0.024 240.2 + 8.87k 10.48 + 0.64 11 87.8+2324
SSS 15.11 + 0.57 871 10.22 + 0.7 b1 39.58 + 1.53 ¢ 13.54 + 0.27 ¢ 9.94 4+ 0.49 I'm 2522 4 2.32 4 229.6 + 17.8 71 13.1 + 0.47 &7 19.22 + 1.5 ™™°

C 15.44 + 1.6 8% 83+ 0.34/™ 253+14H 39+05n 8.6+ 0.12™ 20.38 4 4.3 - 355.8 4+ 19.2 4-f 436+ 037¢ 14.06 + 1.52 ©
Shiraz 2 MSS 16.8 + 0.47 87 16.6 + 0.24 ¢® 31.94 4+ 031 ¢h 19.57 + 0.84 be 11.74 + 0.51 7™ 18.18 + 1.41 9 288 + 0.26 7 19.8 + 2.03 < 32.76 + 3.91 ™
SSS 14.48 + 0.8 81 7.14 + 0.49 ko 36.58 4+ 0.77 48 7.76 + 0.49 k- 26.62 & 0.07 8™ 57.58 +1.78 146.2 + 1.8 m 33.82+1.112 56.14 + 0.73 fh

C 26.79 + 1.06 2P 13.38 £ 0.32¢™h 27.62 4+ 0.84 5 8.92 + 0.59 h-m 22.22 4+ 1.26 fh 15.38 +1.27 871 287.6 4 7.54 4 18.72 + 0.93 «f 38.94 + 1.6 11

Tabriz MSS 13.08 + 0.32 Fm 20.28 £ 0.62 bc 106.28 + 6.4 P 11.32 £ 0.81 % 14.74 + 0.92 8™ 20.72 £ 0.3 4+ 3428 £5198 62+0.23K 7844 +3.64
SSS 8.22 £ 0.75mn 20.48 + 1.1 bc 27.06 + 0.5 12.94 +0.72 ¢ 8.82 +0.09™ 394+196°¢ 969.6 + 612 6.04 +£0.63K 14.76 + 0.6 ™

C: control; MSS: moderate salt stress; SSS: severe salt stress. In each column, means followed by a same letter are not significantly different according to the LSD test at 0.05.
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Figure 3. HPLC chromatographic separation of methanolic extract of Alcea rosea L. in 330 nm (a) and
270 nm (b). The chromatogram of a sample grown under severe salt stress showing the identified
peaks of gallic acid, chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, vanillic acid, ellagic
Acid, luteolin, and rutin compounds.

3.2. Total Flavonoid Content (TFC)

The interaction between stress and year, variety and total flavonoid content, and
total flavonoid content and year were all shown to be significant at the 1% probability
level (Table 2). In the data presented, it was observed that the total flavonoid content
increased with increasing salinity in both growing seasons. In 2019 and 2020, increases
of 17% and 11% were recorded in plants grown under severe salt stress compared to the
control. However, no statistically significant difference was observed between plants grown
under severe salt stress during the two-year period (Table 3).

TFC was shown to increase in most varieties and decrease in the remainder, except
for Shiraz 1. The largest increase (62%) was obtained in the Saman genotype, while the
largest decrease (22%) was observed in Shiraz 1, grown under high salt-stress conditions.
No significant difference was observed in the Tabriz variety. The highest amount of TFC
was observed in the Mahallat variety with 18.23 mg QE g~! DW in plants grown under
severe salt stress (Table 4).
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The total flavonoid content in half of the varieties increased in the second year com-
pared to the first year of cultivation. The highest rate of increase was recorded in the
Mabhallat (22%) and Shahin Shahr (21%) varieties, and the lowest (4.5%) was observed in
the Tabriz variety. The total flavonoid content recorded in the Khomeini Shahr variety was
reduced by 29% in the second year compared to the first year (Table 5). In summary, these
data indicate that of those tested, the Saman variety is the most salt tolerant.

3.3. Diphenyl-2-Picrylhydrazyl (DPPH) Radical Scavenging Assay

ICs is defined as the concentration of antioxidant required to reduce the initial con-
centration of DPPH by 50% [19] and is a widely used measure to quantify the antioxidant
activity present in biological samples. Thus, the lower the IC5q value, the higher the antiox-
idant activity. In the present study, it was observed that the ICsy value decreased, which
means the antioxidant activity increased in both growing seasons.

The interaction of year and stress was significant at the 5% probability level, and the
interaction of stress and variety and the interaction of year and variety were significant
at the 1% probability level (Table 2). A decrease of 42% and 35% was observed in plants
cultivated under severe salt stress when compared to the control conditions in 2019 and
2020, respectively. The largest reduction was recorded under high salt stress in the second
growing season, but the difference between the moderate and severe salt stress levels in
the two years was not statistically significant (Table 3).

A consistent decrease in the ICsy value was observed under salt-stressed conditions,
and this decrease was shown to be variety specific (Table 4). In most varieties, the amount
of DPPH recorded under moderate and severe salt-stress conditions decreased compared to
the control (Table 4). The lowest ICs5) values (highest antioxidant activity) were recorded in
Shiraz 1, Mashhad, and Shiraz 2 under control, moderate, and extreme salt-stress conditions,
respectively. The largest decrease in ICsy values (71%) were recorded in the Saman variety
grown under severe salt-stress conditions and in the Mahallat variety (58%) when grown
under moderate salt-stress conditions. The highest increase (133%) was recorded in Shiraz
1 under severe salt stress. The lowest amount of DPPH was observed in the Shahin Shahr
variety grown under severe salt-stress conditions at 270 mg mL~! (Table 4). In the majority
of varieties, a decrease in the amount of DPPH was observed and in the Isfahan, Mashhad,
and Shahin Shahr varieties, there was no significant difference between the second year
compared to the first year of the experiment (Table 5).

3.4. Mucilage Content

The interaction between stress and year in relation to seed mucilage content was
shown to be significant at the 1% probability level. In addition, the interaction of stress
and variety in relation to petal, leaf, and seed mucilage content was significant at the
1% probability level (Table 2). The seed mucilage content decreased with increasing
stress in the two growing seasons. The content of seed mucilage in plants grown under
severe salt stress (compared to the control level) in 2019 and 2020 decreased by 59% and
51%, respectively. However, the difference between these two values was not statistically
significant (Table 3). With few exceptions, salt stress was observed to increase mucilage
content in the petals, leaves, and seeds of plants grown under severe salt stress compared to
the control. Mucilage accumulation was shown to be the highest in petal tissues, followed
by leaves and seeds, respectively (Table 4). The highest petal mucilage content was recorded
in the Khomeini Shahr, Isfahan, and Shahin Shahr varieties when plants were grown under
control, moderate, and severe salt stress, respectively (Table 4). As the salinity level
increased, the mucilage content of the plants increased. The highest increase (182%) in petal
mucilage was recorded in the Mashhad variety. The smallest increase in petal mucilage was
observed in the Khafr variety with a 15% increase. The largest increase in petal mucilage
was observed in the Khomeini Shahr variety grown under severe salt stress, for which a
23.1% increase was recorded. The largest increase in leaf mucilage (72%) was observed in
the Tabriz variety, while the highest increase in seed mucilage (89%) was measured in the
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Khafr and Isfahan varieties, which were all grown under severe salt stress. Leaf mucilage
increased in all varieties, except the Khomeini Shahr, which decreased by 17% compared
to the control. The most leaf mucilage was observed in the Khafr variety under severe
salt stress with a 12.33% increase. The lowest rate of seed mucilage increase was observed
in the Shahin Shahr variety with an 11% increase. The highest rate of seed mucilage was
observed after severe salt-stress treatment in the Khafr variety with 5.4% seed mucilage
(Table 4).

3.5. Petal Yield

In terms of petal yield, the interaction of salt stress and variety is significant at the 1%
probability level, and the interaction of year and stress is significant at the 5% probability
level (Table 2).

It was observed that the petal yield decreased with increasing salinity (Table 4). Under
moderate salt stress, the highest reduction (31%) was observed in the Isfahan and Tabriz
varieties, while the lowest (11%) was observed in the Khafr variety. However, under high
salt stress, the highest (56%) and lowest (45%) reductions were observed in the Isfahan and
Khafr varieties, respectively (Table 4). The highest petal yield in the Isfahan variety was
observed under control conditions with a yield of 748 kg per ha, and the lowest petal yield
was observed in plants grown under severe salt stress with 268 kg per ha (Table 4).

In all varieties, the petal yield increased in the second year compared to the first year.
The largest increase in the second year compared to the first year was observed in Shiraz 1
with an increase of 51%, and the lowest increase was recorded in Mahallat with an increase
of 18% (Table 4).

3.6. Effect of Salinity Stress Levels on Secondary Metabolites

Figure 4A—C shows the effect of salt stress on the recorded traits including TPC, TFC,
gallic acid, chlorogenic acid, p-coumaric acid, ferulic acid, rutin, and luteolin. In general,
the results show that moderate salt stress results in an increase in TPC, TFC, chlorogenic
acid, p-coumaric acid, and rutin compared to the control levels. Meanwhile, severe salt
stress led to decreases in TPC, TFC, rutin, gallic acid, chlorogenic acid, and ferulic acid
compared to the control and moderate salt stress. When plants grown under severe salt
stress were compared to those grown under moderate stress, the maximum reduction
was observed in the levels of ferulic acid (51%), rutin (43%), and chlorogenic acid (28%),
respectively. The extent of the reduction in TPC observed in plants exposed to severe salt
stress compared to the control was 27%. In fact, although the level of these traits increased
under moderate salt stress when compared to the control plants; severe salt stress led to a
decrease in the amounts of these compounds.

In Figure 4A,B, the observed increase in the levels of TPC, TFC, chlorogenic acid,
and rutin in plants exposed to severe salt stress compared to the control is well known.
However, there are exceptions for other traits. For example, the amount of ferulic acid
was higher in the control than in plants grown under conditions of moderate (but not
significant) and severe salt stress, respectively. The level of gallic acid produced in plants
grown under control conditions was higher than those under severe salt stress. However,
the levels observed at moderate salt stress were not significantly different from the control
and those recorded in plants grown under high salt stress. Salt stress does not seem to have
had a statistically significant effect on gallic acid synthesis. The level of p-coumaric acid
also increased under moderate and severe salt stress compared to the control. However,
no significant difference was observed between the amounts of p-coumaric acid produced
under conditions of moderate and severe salt stress (Figure 4C). Given the effect of salt
stress on TPC and TFC and the phenolic and flavonoid compounds included in our study,
it can be concluded that moderate salt stress led to an increase in the amounts of secondary
compounds but that severe salt stress led to a decrease in the levels of these compounds.
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Figure 4. The effect of salt stress on secondary metabolite production. The effect of salt stress on TPC
(A), on TEC (B) and chlorogenic acid, gallic acid, p-coumaric acid, ferulic acid, rutin, and luteolin (C).
Significance (p < 0.05) is indicated by different letters.

3.7. Correlation Analysis

The correlations between TPC, TFC, gallic acid, chlorogenic acid, caffeic acid, p-
coumaric acid, ferulic acid, luteolin, vanillic acid, ellagic acid, and rutin traits at all three
salinity levels was investigated (and Tables 8-10). The evaluation of the correlation co-
efficients of the total phenolic compounds with phenolic components, including gallic
acid, chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid, vanillic acid, and ellagic
acid, showed that there was no significant correlation between the mentioned traits in the
control (Table 8). However, with increasing levels of salt stress, significant and positive
correlations, such as the correlation of TPC with gallic acid (r = 0.51 *) and with chlorogenic
acid (r = 0.57 *) that were positive and significant, were observed (Table 9).

No significant correlation was observed between TPC and the majority of phenolic
acid compounds at high levels of salt stress (Table 10). This indicates that moderate salt
stress led to an increase in phenolic compounds, whilst severe salt stress led to a decrease
in the levels of these compounds. In the control, no significant correlation was observed
between TFC and luteolin, but a significant positive correlation was observed between
TFC and rutin (r = 0.44 *). The correlation between TFC and luteolin was significant and
negative and equal to r = 0.569 * (Table 9).
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No significant correlation was observed between the recorded traits in the severe

salt-stressed plants (Table 10). In the control, positive and significant correlations between
caffeic acid and chlorogenic acid (r = 0.9 **), vanillic acid and chlorogenic acid (r = 0.9 *¥),
vanillic acid and caffeic acid (r = 0.99 **), and ferulic acid were observed. Under severe salt
stress, no statistically significant correlations were observed Table 10).

Table 8. Correlation between traits of hollyhock varieties at control level in 2020.

Gallic acid 1
Chlorogenic acid 0.629 1
Caffeic acid 0.517 0.904 ** 1
p-Coumaric acid 0.172 0.173 0.258 1
Ferulic acid 0.074 —0.103 —0.058 0.830 ** 1
Luteolin 0.260 0.302 0.159 0.519 0.513 1
Vanillic acid 0.562 0.901 ** 0.994 ** 0.228 —0.073 0.168 1
Ellagic acid —0.205 —0.231 —0.050 —0.023 —0.137 —0.033 —0.069 1
Rutin 0.219 0.336 0.336 0.152 0.006 0.454 0.310 0.030 1
Total phenolic -0.177 —0.311 —0.250 0.016 0.069 0.113 —0.221 —0.443 0.014 1
Total flavonoids 0.592 0.668 * 0.479 —0.074 —0.102 0.281 0.515 —0.713 * 0.444 0.113 1
** Values in bold are different from 0 with a significance level alpha = 0.01; * Values in bold are different from 0
with a significance level alpha = 0.05.
Table 9. Correlation between traits of hollyhock varieties at moderate salt stress levels in 2020.
Vaibles  Gilic Chlgrmenic  Caffe  pCoumaric  Fewle e Vil Bl puin ol Tl
Gallic acid 1
Chlorogenic acid 0.196 1
Caffeic acid —0.115 0.596 1
p-Coumaric acid 0.218 —0.174 0.135 1
Ferulic acid 0.130 0.086 0.381 0.107 1
Luteolin 0.246 —0.553 —0.434 0.402 0.370 1
Vanillic acid 0.526 —0.033 —0.018 0.539 —0.258 —0.132 1
Ellagic acid —0.102 —0.248 0.374 0.525 0.777 * 0.424 —0.087 1
Rutin 0.009 0.150 0.664 * 0.618 0.541 0.007 0.381 0.672 1
Total phenolic 1 0.570 0.367 0.096 0.005 —0.439 0.697 * —0.234 0.432 1
Total flavonoids 0.196 0.648 * 0.114 -0.277 —0.072 —0.569 0.357 —0.470 —0.014 0.719 1
* Values in bold are different from 0 with a significance level alpha = 0.05.
Table 10. Correlation between traits of hollyhock varieties at severe salt stress levels in 2020.
Gallic acid 1
Chlorogenic acid —0.064 1
Caffeic acid 0.024 —0.095 1
p-Coumaric acid 0.260 0.180 0.668 * 1
Ferulic acid 0.225 —0.322 0.720 * 0.505 1
Luteolin -0.217 —0.498 0.364 —0.298 0.514 1
Vanillic acid —0.245 0.069 0.276 —0.255 0.264 0.732 1
Ellagic acid —0.329 0.781 * —0.019 0.386 —0.146 —0.452 0.053 1
Rutin 0.182 —0.026 0.490 0.390 0.670 * 0.159 —0.049 0.037 1
Total phenolic 0.546 —0.006 —0.303 —0.078 —0.254 —0.070 —0.116 —0.252 —0.468 1
Total flavonoids 0.604 0.493 —0.218 —0.066 0.044 —0.187 0.100 0.158 0.146 0.353 1

* Values in bold are different from 0 with a significance level alpha = 0.05.
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3.8. Principle Component Analysis

The results of the principal component analysis (PCA) between the measured traits and
the hollyhock plants cultivated under both control and salt-stress conditions in the second
year of cultivation (2020) are shown in Figure 5. The cosine of the angles between vectors
indicates the extent of the correlation between traits. The acute angles (<90°) represent
positive correlations, whereas the wide angles (90°<) indicate negative correlations. The
intensity of correlation increases for the angles near 0° and 180°, and the length of the
vectors connecting traits to the origin shows the extent of variability and contribution of
each trait in the PCA. Under control conditions, TPC and TFC were shown to be negatively
correlated with flower yield. The Mahallat and Khomeini Shahr varieties had a positive
correlation with flower yield under control conditions, and the Mahallat variety had a
strong correlation with TPC and TFC at this level. Shiraz 1 had the highest TPC and TFC
values as well as the lowest antioxidant activity (highest ICsy value), while the highest
flower yield is attributed to the Mahallat variety.

In order to assess the relationship between the traits of TPC, TFC, DPPH, mucilage
(petal, leaf, and seed), and yield and the grouping of the populations, analyses were
performed on these traits at the control and high stress levels and the biplot of the two
components. The PCA results indicate that 63% and 73% of the total variability could be
explained by the first two principal components under normal and salt-stress conditions,
respectively (Figure 5a,b).

The graphical results of the PCA indicate that 70% and 60% of the total variability could
be explained by the first two principal components in the control and stress conditions,
respectively (Figure 5a,b).

The PCA plot shows that all the hollyhock varieties studied could be divided into
five groups (Figure 5). These multivariate analyses make it possible to make conclusions
about the underlying causes of the antioxidant activity of different varieties on the basis of
their chemical compositions. The population of Khafr alone was placed in a high mucilage
group. The populations of Mashhad, Shahin Shahr, and Khomeini Shahr were placed in a
group with high values of flower yield. The populations of Saman, Mahallat, and Isfahan
were also in the same group and possessed a high antioxidant capacity.
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Figure 5. Projections (axis 1 and 2 of a principal component analysis) of antioxidant activity (DPPH),
total phenolic acid content (TPC), total flavonoid acid content (TFC), mucilage (petal, leaf, and seed)
content, and petal yield of 10 hollyhock varieties (Isfahan, Khafr, Khomeini Shahr, Mahallat, Mashhad,
Saman, Shahin Shahr, Shiraz 1, Shiraz 2, and Tabriz) under control (a) and severe salinity stress;
(b) condition in the year 2020. Projections (axis 1 and 2 of a principal component analysis) of gallic
acid, chlorogenic acid, caffeic acid, p-coumaric acid, ellagic acid, ferulic acid, vanillic acid, and ellagic
acid of 10 hollyhock varieties (Isfahan, Khafr, Khomeini Shahr, Mahallat, Mashhad, Saman, Shahin
Shahr, Shiraz 1, Shiraz 2, and Tabriz) under control (c) and severe salinity stress; (d) condition in the
year 2020.

By evaluating the biplot of TPC, TFC, DPPH, petal mucilage, leaf mucilage, seed
mucilage, and petal yield under both control and stress conditions (Figure 5a,b), it was
found that the Khafr variety had a high yield in terms of mucilage and that the Saman and
Mahallat varieties under control conditions had a high yield in terms of DPPH (in terms
of ICsp), which means that under salt-stressed conditions, their antioxidant capacity was
weak. Also under stress conditions, the Mahallat and Saman varieties were shown to be the
most productive in terms of TPC and TFC, respectively. The Shahin Shahr and Khomeini
Shahr varieties were shown to be more salt-tolerant varieties and were significant in terms
of the petal yield and mucilage yield traits. It seems that the Shiraz 1 and Shiraz 2 varieties
are salt sensitive in terms of the aforementioned traits.

According to Figure 5¢,d, the populations are divided into four groups. Shiraz 2,
Mabhallat, and Isfahan were placed in the same group and had strong correlations with
regards to their ellagic acid content. The Khafr and Saman varieties were also in the
same group and had a strong correlation with respect to their ferulic acid, p-coumaric
acid, luteolin, and rutin content. However, Shiraz 1 was placed in a category by itself
and contained high levels of vanillic acid, caffeic acid, and gallic acid. The Tabriz and
Shahin Shahr varieties were also placed in a separate category. According to Figure 5d,
Shiraz 2 was placed in separate category and displayed a high correlation with the luteolin
and vanillic acid compounds. The Isfahan and Khomeini Shahr varieties displayed a high
correlation with regards to the ferulic acid, gallic acid, rutin, p-coumaric acid, and gallic
acid compounds. Saman, Mahallat, and Tabriz also performed strongly in terms of their
chlorogenic acid and ellagic acid content.

Figure 5¢,d show that the Shiraz 2 variety cultivated under both the control and salt-
stressed conditions had a markedly different yield compared to the other varieties and
was placed in a different group with its vanillic acid and luteolin content as the indicator
compounds. Under control conditions, the Mahallat and Saman varieties were particularly
productive, and they are indicators in terms of ellagic acid composition, which is the most
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abundant compound measured in the petal extracts of the hollyhock varieties. Although
for the Shiraz 1 and Shiraz 2 varieties under control conditions, the vanillic acid and ellagic
acid content were at a high level, under salt-stress conditions, they showed a sharp decrease
in the synthesis of these compounds. The Mashhad, Khafr and Shiraz 1 varieties were all
greatly affected by exposure to salt stress. They are the most salt sensitive varieties of those
tested. In contrast, the Mahallat and Saman varieties had the highest yield and in terms
of TPC, TFC, chlorogenic acid and ellagic acid, they are the most productive variety. In
general, the Saman variety was found to contain significant amounts of polyphenols such
as luteolin, p-coumaric acid and ferulic acid. Perhaps, these polyphenols played a larger
contribution to the antioxidant activity than the other phenolic compounds.

4. Discussion

In the current study, exposure to moderate and severe salt stress was shown to signifi-
cantly increase the total phenolic content in some of the varieties tested compared to the
control plants (0 mM NaCl), such as Kahfr and Shiraz 1, while in others, such as Mahallat
and Shriraz 2, a decrease in the amount of these compounds was observed when exposed
to salt stress. Previous studies have reported similar results in salt-stressed plant species.
For example, Valifard et al. (2014) reported an increase in phenolic content in response to
salt stress in Salvia mirzayani [20]. In another study, Lim et al. (2012) reported an increase in
phenolic content under the influence of salt stress in Fagopyrum esculentum M., and the high-
est increase was associated with isoorientin, orientin, rutin, and vitexin compounds [21].
Bistgani et al. (2019), who studied Thymus vulgaris L. and Thymus daenensis reported that
the total phenolic content in these species increased by about 20% after the application of
60 mM NaCl compared to the plants grown under control conditions [22].

Soil salinity is known to be a major environmental constraint on plant growth and
productivity and is a serious problem especially in agricultural systems that rely heavily
on irrigation. Salt stress causes a shortening of the photosynthetic electron transport chain
and promotes the production of reactive oxygen species (ROS), resulting in oxidative stress.
Higher plants have developed a variety of adaptive mechanisms to reduce the oxidative
damage resulting from salt stress through the biosynthesis of a cascade of antioxidants.
Among them, phenolic compounds, such as phenolic acids, flavonoids, and proanthocyani-
dins, play an important role in scavenging free radicals. Phenolic acids are secondary
metabolites widely distributed throughout the plant kingdom that are critical for plant
growth and development and are produced in response to adverse environmental factors
(light, cold, salinity, pesticide, heavy metal, etc.) and in response to injuries [11,20-22].
Therefore, environmental stresses that induce oxidative damage often result in the increased
biosynthesis of phenolic compounds [23]. Thus, the study of phenolic acids present in
salt-stressed plants can help provide a better understanding of the role of these compounds
in plant stress resistance [24,25].

In our study, the most abundant phenolic compound was ellagic acid, and the greatest
increase in a phenolic compound induced by salt stress was recorded for p-coumaric acid
and chlorogenic acid. A previous study reported the accumulation of phenolic acids in the
leaves of Amaranthus tricolor L. (a leafy vegetable) in response to salt stress, including caffeic
acid, chlorogenic acid, ferulic acid, gallic acid, 4-hydroxybenzoic acid, p-coumaric acid,
salicylic acid, sinapic acid, and vanillic acid [26]. A significant increase in the accumulation
of p-coumaric acid can reduce oxidative pressure because p-coumaric acid has high radical
scavenging activity due to its hydroxyl nature. The presence of ferulic acid under osmotic
stress may be related to the strengthening of the plant cell wall and overall reduction
in cell elongation. In addition, ferulic acid is known to play a role in drought tolerance
by increasing lipid peroxidation through the activation of antioxidant enzymes and by
increasing proline and soluble sugar content in cucumber leaves [20]. These data, together
with the differential accumulation of TPC and TFC, provide further evidence that phenolic
compounds play important physiological and biochemical roles in plant cells, particularly
in ameliorating abiotic stress [27].
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The observed levels of both chlorogenic acid and p-coumaric acid were shown to
increase under salt-stressed conditions. An increase in the amount of ferulic acid and p-
coumaric acid was observed in salt-tolerant varieties, such as Saman and Mahallat (Table 7).
The presence of ferulic acid under osmotic stress may be related to the strengthening of the
plant cell wall and a reduction in cell elongation. Salt-tolerant plants have higher levels
of certain phenolic acids and suffer less from metabolic stress disorders when exposed to
salt stress. The scavenging capacity of hydroxyl radicals in seedlings grown under high
levels of salt stress increased to the maximum after caffeic and sinapic acid treatments. The
proven sequence of efficacy was as follows: caffeic acid > chlorogenic acid > ferulic acid >
p-coumaric acid [28].

In addition, it was found that salt stress led to an increase in flavonoids. As mentioned
above, salt stress is known to significantly affect the accumulation of secondary metabolites
in plant tissues, and flavonoids are effective scavengers of ROS in plants exposed to salt
stress [29]. Salt has been shown to increase phenolic and flavonoid content as observed in
Leucojum aestivum [30], yam plants, and grapevine [31]. A significant increase in flavonoid
content was observed in the leaves of Carthamus tinctorius L. under different NaCl concen-
trations (50, 100, and 150 mM) [32]. Martinez et al. (2016) also reported that the increased
levels of flavonoids in tomato plants exposed to abiotic stress correlated with the protective
effect of these substances against stress-induced biochemical damage [10]. Furthermore, in
a study of Stevia rebaudiana under conditions of low salt stress (30 mM NaCl), the content of
diterpene glycosides was increased (8.25%), and conversely, exposure to higher salt levels
(90 mM NaCl) resulted in a decrease (4.2%) [33].

Our results indicate that the Saman hollyhock variety, which was observed to produce
increased levels of TPC and TFC when grown under both severe and moderate salt-
stress conditions, could achieve the highest levels of DPPH radical scavenging activity
and is therefore a highly salt-tolerant variety. DPPH free radicals are neutralized by the
interaction of antioxidants and DPPH through electron transfer. In this regard, other studies
have shown an increase in DPPH antioxidant activity when phenolic and total flavonoid
concentrations increase [34]. For example, Lim et al. (2012) reported that DPPH levels
increased in wheat under moderate salt stress [21]. Another study reported that higher
levels of DPPH radical scavenging activity were correlated with improved stress tolerance
in rice, cucumber, and wheat seedlings [35].

The results of our study show that salt stress in hollyhock caused an increase in
mucilage content in the petals, leaves, and seeds in some varieties and a decrease in others.
Mucilage is a polysaccharide mixture with a highly variable chemical composition that may
play an important role in salt tolerance by modulating water retention and regulating water
uptake, ion homeostasis, and ion transport [36]. For example, Ghanem et al. (2010) reported
an increase in mucilage content in shoots, stems, and roots in response to salt stress in
Kosteletzkya virginica [36]. In another more recent study, Golkar et al. (2017) cultivated
Plantago ovata genotypes under salt stress, and the expressed mucilage content increased
in all genotypes as salt increased from the control level (0 mM) to 100 mM NaCl and then
decreased at 200 mM NaCl [36,37].

Moderate abiotic stress often causes the stomata in mesophile angiosperms to close
and thereby limit gas exchange, which results in a decrease in the absorption of carbon
dioxide [38,39]. The reduction of stomatal conductance thus reduces the amount of carbon
dioxide available for carboxylation, which leads to a reduction in photosynthetic uptake
and as a result, a reduction in the production of assimilates sufficient for growth and
yield [40]. Severe levels of stress also cause a disturbance of plant metabolism, disturbance
in the enzyme production and structural activities of cells, and finally, a reduction in
yield [41].

In line with this observation, Razmjoo et al. (2008) found that the fresh and dry flower
weights of Matricaria chamomila were reduced by salinity [42], which is in agreement with
our data. Elevated salt levels are known to cause a wide variety of detrimental effects on
plant growth and development.
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Elevated levels of salt reduce the growth of seedlings and flowers, the formation of
spikelets, pollen germination, and successful fertilization [43]. Increasing salt concentra-
tions have been shown to negatively affect productivity in a wide variety of medicinal
plants including Foeniculum vulgare (fennel), Cuminum cyminum (cumin), Trachyspermum
ammi (ajwain), and Silybum marianum (milk thistle) [44]. Growth parameters were also
found to be repressed under salt stress in Withania somnifera, Catharanthus roseus, Achillea
fragratissima, Salvia officinalis, and Chamomilla recutita [44-46].

The results of our study, show that salinity stress in hollyhock caused an increase
in TPC and TFC in the petals of plants grown under moderate salt stress (Figure 4A,B),
while there were decreases in the petal yield in the control and plants cultivated under
conditions of severe salt stress (Table 4). The reduction in growth and yield induced by salt
stress may have resulted in a new pattern of resource partitioning providing additional
carbon skeletons for phenolic biosynthesis. The highest content of TPC was recorded
in moderately salt-stressed plants relative to the control. Similarly in pepper and Cakile
maritimie plants, Navarro et al. (2006) and Ksouri et al. (2007) found that salinity induced
significant increases in TPC [47]. In fact, plants divert the synthesis of carbohydrates to
produce secondary metabolites under saline conditions. It is thought that moderate salinity
induces the salt tolerance biochemical pathway by increasing a plant’s content of total
phenolic compounds. Environmental signals, such as excess salt concentration, trigger
a plant to respond to its growing conditions by controlling the ion partitioning between
different sink tissues. In this regard, a study was conducted on safflower, which showed
that flavonoids were increased under moderate stress levels compared to control and severe
stress conditions [46]. In a study on Salvia mirzayanii, an increase in TPC was reported
under salt-stressed conditions. The increase was most pronounced under moderate salt
stress [17,23]. In our study, at the moderate stress level, an increase in TFC was observed.
In a study on rice, rice varieties showed an increase in TPC and TFC at a salinity level of
5 dS/m, while at a higher salinity level of 10 dS/m, the TPC and TFC levels of all varieties,
except the tolerant varieties to salinity, decreased [23].

The observed positive relationship between TPC and TFC is most likely explained
by the fact that they originate from the same functional biosynthetic pathway [16], as a
consequence of the need to suppress H,O, production. The varieties differ in their total
phenolics and flavonoids and antioxidant activities as measured by DPPH as well as in
their individual polyphenolic compounds. Taxonomically related plants seem to show
a tendency to produce quite similar phytochemicals, including flavonoids and phenolic
compounds [47]. In contrast, negative relationships were observed among DPPH and TPC
and leaf mucilage, petal mucilage, and seed mucilage.

Plants grown under salt stress display different growth and metabolomic responses,
the extent of which depends on their genetic variation and their content of primary and
secondary metabolites [38]. The profiling of secondary metabolites in stressed plants may
provide useful information regarding the tolerance or sensitivity of plants to stress [48].
Some sensitive plants respond to stress by accumulating some primary and secondary
metabolites as a mechanism to tolerate different types of stresses [49].

From an examination of the total amount of precipitation, the average monthly tem-
perature, the minimum temperature, and the maximum temperature in the years 2019 and
2020, it was observed that there was no significant difference in terms of monthly average
temperature, minimum temperature, and maximum temperature between the two growing
seasons. However, with regards the total monthly precipitation, a significant difference
was observed in the months of February (before planting in the first year and before the
active growth of plants in the second year) and September and December. As such, a
possible explanation for some of the observed differences in plant performance during
the two growing seasons may be related to the total amount of rainfall. However, since
the total amount of precipitation is quite low, it seems more likely that the issues of plant
establishment and stress memory had a more significant impact on the growth of the plants
in 2020 as compared to 2019.
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5. Conclusions

We have shown that the ornamental, aromatic/medicinal hollyhock species produces a
variety of phytochemicals and that the levels of these metabolites depend on the respective
variety in combination with the salinity regime and the interaction between these two
factors. Increasing the amount of phenolic and flavonoid compounds in plant tissues can
play a vital role in protecting plants against salt stress. As a result, better plant growth
is enabled under salt-stressed conditions. The total content of phenolic and flavonoid
compounds was shown to increase in some varieties and decrease in others with increases
in salt stress. The largest observed increase was observed in the Saman variety grown
under severe salt stress, while the largest decrease was observed in Shiraz 1 cultivated
under severe salt stress. The Shiraz 1, Shahin Shahr, and Mahallat varieties produced their
highest TPC levels under control, moderate, and severe salt stress, respectively. The wide
variation among varieties in their response to increasing salinity indicates that the selection
of more salt-tolerant varieties for direct use or use in future breeding programs is possible.
Among the varieties tested, we recommend the Saman variety for commercial production
due to its phenolic and flavonoid content in high salinity soils. Based on these results, it can
be concluded that Alcea rosea can be cultivated in salt-affected areas, which could increase
its production of secondary metabolites.
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