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Barley (Hordeum vulgare L.) is a major cereal grain and is known as a halophyte (a halophyte is a salt-
tolerant plant that grows in soil or waters of high salinity). We therefore conducted a pot experiment
to explore plant growth and biomass, photosynthetic pigments, gas exchange attributes, stomatal prop-
erties, oxidative stress and antioxidant response and their associated gene expression and absorption of
ions in H. Vulgare. The soil used for this analysis was artificially spiked at different salinity concentrations
(0, 50, 100 and 150 mM) and different levels of ascorbic acid (AsA) were supplied to plants (0, 30 and
60 mM) shortly after germination of the seed. The results of the present study showed that plant growth
and biomass, photosynthetic pigments, gas exchange parameters, stomatal properties and ion uptake
were significantly (p < 0.05) reduced by salinity stress, whereas oxidative stress was induced in plants
by generating the concentration of reactive oxygen species (ROS) in plant cells/tissues compared to plants
grown in the control treatment. Initially, the activity of antioxidant enzymes and relative gene expression
increased to a saline level of 100 mM, and then decreased significantly (P < 0.05) by increasing the saline
level (150 mM) in the soil compared to plants grown at 0 mM of salinity. We also elucidated that negative
impact of salt stress in H. vulgare plants can overcome by the exogenous application of AsA, which not
only increased morpho-physiological traits but decreased oxidative stress in the plants by increasing
activities of enzymatic antioxidants. We have also explained the negative effect of salt stress on H. vulgare
can decrease by exogenous application of AsA, which not only improved morpho-physiological
li).
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characteristics, ions accumulation in the roots and shoots of the plants, but decreased oxidative stress in
plants by increasing antioxidant compounds (enzymatic and non-enzymatic). Taken together, recogniz-
ing AsA’s role in nutrient uptake introduces new possibilities for agricultural use of this compound and
provides a valuable basis for improving plant tolerance and adaptability to potential salinity stress
adjustment.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Stress is characterized as any external limitation of abiotic
(salinity, heat, water, etc.) or biotic (herbivore) that limits the pho-
tosynthesis rate and decreases the ability of a plant to convert
energy into biomass (Alam et al., 2020; Ali et al., 2020; Nazar
et al., 2020; Zaheer et al., 2020b). World agriculture faces many
problems, such as the production of 70% more food for the increas-
ing population, and crop productivity does not increase in tandem
with food demand (Ali et al., 2021; Parihar et al., 2015; Saleem
et al., 2020b; Zaheer et al., 2020d). In certain situations, lower pro-
ductivity is due to various abiotic stresses. The reduction of crop
losses due to different environmental stressor is a major area of
concern to cope with the growing requirements for food (Deng
et al., 2021; Hassini et al., 2017; Javed et al., 2020; Jiang et al.,
2016; Zaheer et al., 2020a). The main abiotic stresses such as high
salinity, drought, cold and heat have a negative effect on the sur-
vival, development of biomass and yield of staple food crops of
up to 70% (Gupta and Thind, 2017; Hashmat et al., 2021; Yaseen
et al., 2020; Zaheer et al., 2020d). Among these abiotic stresses,
much of the crop research carried out due to global economic
losses, estimated at around $14–19 million US dollars, has centered
on soil salinity (Jing et al., 2018; Munns and Tester, 2008; Zafar
et al., 2015). Salt stress mainly affects plants in two ways, i.e.,
osmotic stress, induced by the deposition of large quantities of sol-
uble salts in the soil, which reduces the supply of soil water to
plants; and ion toxicity, caused by high salt accumulation within
the plant, which disrupts a number of metabolic processes, includ-
ing the inactivation of certain enzymes (Kaya et al., 2015; Parida
and Das, 2005; Safdar et al., 2019; Zamin and Khattak, 2017). Salin-
ization is rapidly accelerating, occupying about 20% of the total
irrigated area of the world and resulting in a 50% loss of arable land
by 2050, especially in most fertile areas of the world, i.e., the
Mediterranean region and South Asia (Alam et al., 2020; Bolat
et al., 2006; Munns and Tester, 2008; Sadak and Abdelhamid,
2015). Soil salinity has been shown to exist long before humans
and agriculture, but agricultural activities such as irrigation have
increased the issue (Iqbal et al., 2015; Rahneshan et al., 2018). In
the growth medium, high salinity concentration imposes strong
deleterious effects on plant biomass (Li et al., 2020), physiology
(Nizam, 2011) accumulation of mineral ions (Liu et al., 2020),
destroy PSII reactions (Khan et al., 2013), and biochemical damage
due to production of reactive oxygen species (ROS) which eventu-
ally leads to poor growth and metabolic damage of the plant (Zafar
et al., 2015). The disruption of the balance between the production
of ROS and antioxidant defense systems that triggers excessive
accumulation of ROS and induces oxidative stress in plants is one
of the most significant consequences of salt stress (Saleem et al.,
2020a; Saleem et al., 2020f; Saleem et al., 2020h). Notably, both
enzymatic and non-enzymatic antioxidant defense systems under
extreme salinity stresses maintain the balance between detoxifica-
tion and ROS generation (Islam et al., 2016; Kala, 2015; Shafiq
et al., 2020). These ROS include: hydrogen peroxide (H2O2), singlet
oxygen (1/2O2), superoxide anion (O2

�–), hydroxyl (HO�), alkoxyl
(RO�), peroxyl (RO2

�), and organic hydroperoxide (ROOH) and can
scavenged by varieties of antioxidants such as superoxide
4277
dismutase (SOD), peroxidase (POD) and catalase (CAT) and ascor-
bate peroxidase (APX) (Javed et al., 2021; Rehman et al., 2019;
Zaheer et al., 2020c).

Ascorbic acid (AsA), also referred to as vitamin C, is a major non-
enzyme antioxidant in plants and plays an important role in medi-
ating certain oxidative stresses caused by biotic and abiotic stress
(Akhlaghi et al., 2018; Sharma et al., 2019). AsA can enhance the
growth of a plant and boost its capacity to withstand stress and
hydroxyproline-containing proteins must be synthesized (Bilska
et al., 2019). Moreover, AsA is the first line of plant defense against
oxidative stress by removing a number of free radicals, such as O2

�–,
HO�, and H2O2, mostly as a substrate of APX, an essential enzyme of
the ascorbate–glutathione pathway (Bilska et al., 2019; Sharma
et al., 2019). Ascorbate is a cofactor for several cellular enzymes,
such as violaxanthin de-epoxidase, which is essential for photopro-
tection by xanthophyll cycle and other enzymes and is directly
involved in the removal of ROS, and the addition of exogenous
AsA will inhibit lipid peroxidation and decrease malondialdehyde
(MDA) content in plant tissues, thus improving the antioxidant
ability of plant tissues (Munir and Aftab, 2011; Zhou et al., 2016).
The effect of ascorbic acid on improving the salinity tolerance of
potatoes was studied by Sajid and Aftab (Sajid and Aftab, 2009).
They noted that the activity of most antioxidant enzymes, such
as SOD, POD, CAT and APX, increased significantly under NaCl
stress conditions after exogenous application of ascorbic acid,
thereby improving plant survival under overall environmental
stress. Younis et al. (Younis et al., 2010) also stated that a marked
and statistically significant increase in the percentage resistance to
salt stress and the growth of Vicia faba seedlings was caused by the
exogenous addition of 4 mM ascorbic acid with NaCl to the stress-
ful media during the duration of the experiment (12 days). In their
analysis, Aly et al. (Aly et al., 2012) observed that the addition of
1 mM of ascorbic acid to Egyptian clover (Trifolium alexandrinum
L.) seedlings grown in NaCl medium significantly increased the
germination of seeds, the content of carotenoids and chlorophyll
and the dry mass of seedlings grown in NaCl medium.

Hordeum vulgare L. (Barley), among the crops is one of the most
economically important plants, considered an outstanding model
for agronomy, plant physiology and abiotic stress studies, with a
rapid growth rate and high adaptability to different environments
(Hossain and Akhtar, 2014; Ullah et al., 2016). It is an important
cereal, cultivated mainly for animal feed and as a raw material
for the manufacture of alcohol. Moreover, the production of H. vul-
gare in Asia is affected by growing dryland salinity, which signifi-
cantly limits growth and decreases yields (Abdel-Hamid and
Mohamed, 2014; Agami, 2014). It is noteworthy, however, because
it can sustain growth despite accumulating high salt concentra-
tions in its tissues. Sequestration of NaCl into intracellular vacuoles
and the synthesis of compatible solutes accumulating in the cyto-
plasm are likely to require the high tissue tolerance of H. vulgare to
balance the osmotic ability of the vacuolar NaCl (Ali et al., 2011;
Ullah et al., 2016). Therefore, H. vulgare is a plant of particular
interest for metabolomic studies with the longer-term objective
of passing the tissue tolerance trait to other commercial plants
with much lower NaCl tissue tolerance, such as Triticum aestivum
and Oryza sativa. While salinity is a serious global problem, cereal
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crops such as H. vulgare are especially important for its production.
Numerous studies have been performed by scientists (Abdel-
Hamid and Mohamed, 2014; Agami, 2014; Wu et al., 2013), using
H. vulgare in salt-stressed conditions as a cereal crop and using dif-
ferent methods to mitigate its negative effect. However, minimal
studies have been investigated using AsA’s foliar application to
study various morpho-physiological characteristics and nutrient
uptake in different parts of plants in salinity soil. We therefore con-
ducted the present study to investigate different plant growth and
biomass, photosynthetic pigments, gas exchange attributes, stom-
atal properties, oxidative stress and antioxidant response and their
associated gene expression and absorption of ions in H. vulgare in
different applications of AsA in salt-stressed environments. The
results of this study will contribute to our understanding of (i)
the role of various AsA foliar levels on plant growth and biomass,
photosynthetic pigments, attributes of gas exchange and stomatal
properties, (ii) the oxidative stress and response of antioxidative
enzymes and their relative expression of genes, and (iii) the nutri-
tional status of various parts of H. vulgare grown under different
salinity in the soil. This is, to the best of our knowledge, one of
the few studies focusing on plant growth and composition through
foliar application of AsA in H. vulgare under different salinity levels.
2. Materials and methods

2.1. Plant material and experimental treatments

Apot experimentwas conducted in theUniversity of Agriculture,
Faisalabad 38040, Pakistan. Healthy and mature seeds of H. vulgare
used for the pot experiment were collected from the Ayub Agricul-
tural Institute Faisalabad (AARI), Pakistan. Seeds were surface ster-
ilized with 0.1% HgCl2, followed by distilled water for the
prevention of surface fungal/bacterial contamination. The non-
saline soil was collected from experimental stations of University
of Agriculture, Faisalabad and filled in the pots (20-cm-tall, 30-cm-
wide). Each pot contains 10 kg of soil and physico-chemical proper-
ties of non-saline soil are presented in Table 1S. The non-saline soil
was artificially applied at various concentrations of sodium chloride
(0, 50, 100 and 150mM) using sodium chloride (NaCl) salt. NaCl salt
was added in the non-saline soil after oneweekof seed sowing. After
14 days of salinity stress, all seedlings were also supplied by the
application (foliar) of AsA at various concentrations (0, 30 and
60 mM). All the spray formulations contained Tween 20 as surfac-
tant. The control plants weremock sprayedwith only Tween 20 dis-
solved in distilled water. AsA were supplied to every parts of the
plants including leaves and stems but excluding the roots of the
plants. All the plants were watered regularly and different intercul-
tural operations such as weeding were conducted when needed.
Recommended fertilization and management practices were fol-
lowed. The experiment was conducted in the winter of 2015 with
completely randomized design (CRD) with five replications of each
treatment. All plants were looked after carefully and botanical gar-
den can be covered with plastic sheet, when there were chances of
any rainfall. Moreover, in the winter, plant was placed in the open-
air botanical garden, where they received natural light with day/
night temperatures of 25/15 �C and day/night humidity of 60/70%.
The details of the treatments used in this study are as follow: (1)
(salinity 0 mM + AsA 0 mM), (2) (salinity 0 mM + AsA 30 mM), (3)
(salinity 0 mM + AsA 60 mM), (4) (salinity 50 mM + AsA 0 mM),
(5) (salinity 50 mM + AsA 30 mM), (6) (salinity 50 mM + AsA
60 mM), (7) (salinity 100 mM + AsA 0 mM), (8) (salinity
100 mM + AsA 30 mM), (9) (salinity 100 mM + AsA 60 mM), (10)
(salinity 150 mM + AsA 0 mM), (11) (salinity 150 mM + AsA
30 mM) and (12) (salinity 150 mM + AsA 60 mM).
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2.2. Sampling and data collection

All plants were harvested to study different characteristics after
45 days of AsA supplied (precisely 65 days after staring the experi-
ment). Randomly selected plants (from each treatments) were used
fordata sampling fordifferentphysiological traits. For thispurpose, a
fully expanded leaf was taken (fifth from the top) from the plant in
early morning (8:00–9:00 AM). The selected leaves were washed
with distilled water and immediately placed in liquid nitrogen and
stored at refrigerator (-80 �C). All the plants were rooted-up in the
late winter (February) 2016 to study the effect of salinity and AsA
on the plants. Grain and plant fresh weight were measured using a
digitalweighting balancemachine. Although, plant heightwasmea-
sured using a measuring tape (from root to shoot tips). However,
plant sampleswere also used tomeasured dry biomass of the plants,
byput it inoven for72hat 65 �Candweightwasalsomeasuredusing
digital weighting balance, until it become constant.

2.3. Determination of photosynthetic pigments and gas exchange
parameters

Leaves were collected for determination of chlorophyll and car-
otenoid contents. For chlorophylls, 0.1 g of fresh leaf sample was
extracted with 8 mL of 95% acetone for 24 h at 4 �C in the dark.
The absorbance was measured by a spectrophotometer (UV-
2550; Shimadzu, Kyoto, Japan) at 646.6, 663.6 and 450 nm. Chloro-
phyll content was calculated by the standard method of (Arnon,
1949). Stomata were counted at random in 30 visual sections on
the abaxial epidermis, and final tallies were used to calculate stom-
atal density. We used Image J software for measuring stomatal
lengths, density, widths, and apertures.

Gas exchange parameters were also measured during the same
days. Net photosynthesis (Pn), leaf stomatal conductance (Gs),
transpiration rate (Ts), and intercellular carbon dioxide concentra-
tion (Ci) were measured from three different plants in each treat-
ment group. Measurements were conducted between 11:30 and
13:30 on days with clear sky. Rates of leaf Pn, Gs, Ts, and Ci were
measured with a LI-COR gas-exchange system (LI-6400; LI-COR
Biosciences, Lincoln, NE, USA) with a red-blue LED light source
on the leaf chamber. In the LI-COR cuvette, CO2 concentration
was set as 380 mmol mol�1 and LED light intensity was set at
1000 mmol m�2 s�1, which is the average saturation intensity for
photosynthesis in H. vulgare (Austin, 1990).

2.4. Determination of oxidative stress indicators

The degree of lipid peroxidation was evaluated as malondialde-
hyde (MDA) contents. Briefly, 0.1 g of frozen leaves were ground at
4 �C in a mortar with 25 mL of 50 mM phosphate buffer solution
(pH 7.8) containing 1% polyethene pyrrole. The homogenate was
centrifuged at 10,000 � g at 4 �C for 15 min. The mixtures were
heatedat100 �C for15–30minand thenquickly cooled inan icebath.
The absorbance of the supernatant was recorded by using a spec-
trophotometer (xMarkTM Microplate Absorbance Spectrophotome-
ter; Bio-Rad, United States) at wavelengths of 532, 600 and
450 nm. Lipid peroxidation was expressed as l mol g�1 by using
the formula: 6.45 (A532-A600)-0.56 A450. Lipid peroxidation was
measured by using a method previously published by (Heath and
Packer, 1968).

To estimate H2O2 content of plant tissues (root and leaf), 3 mL of
sample extract was mixed with 1 mL of 0.1% titanium sulfate in
20% (v/v) H2SO4 and centrifuged at 6000 � g for 15 min. The yellow
color intensity was evaluated at 410 nm. The H2O2 level was com-
puted by extinction coefficient of 0.28 mmol�1 cm�1. The contents
of H2O2 were measured by the method presented by (Jana and
Choudhuri, 1981).
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Stress-induced electrolyte leakage (EL) of uppermost stretched
leaves was determined by using methodology of (Dionisio-Sese
and Tobita, 1998). The leaves were cut into minor slices (5 mm
length) and placed in test tubes having 8 mL distilled water. These
tubes were incubated and transferred into water bath for 2 h prior
to measuring the initial electrical conductivity (EC1). The samples
were autoclaved at 121 �C for 20 min, and then cooled down to
25 �C before measuring the final electrical conductivity (EC2). Elec-
trolyte leakage was calculated as by the following formula;

EL= (EC1/ EC2) � 100

2.5. Determination of antioxidant enzyme activities and relative gene
expression

To evaluate enzyme activities, fresh leaves (0.5 g) were homo-
genised in liquid nitrogen and 5 mL of 50 mmol sodium phosphate
buffer (pH 7.0) including 0.5 mmol EDTA and 0.15 mol NaCl. The
homogenate was centrifuged at 12,000 � g for 10 min at 4 �C,
and the supernatant was used for measurement of superoxidase
dismutase (SOD) and peroxidase (POD) activities. SOD activity
was assayed in 3 mL reaction mixture containing 50 mM sodium
phosphate buffer (pH 7), 56 mM nitro blue tetrazolium, 1.17 mM
riboflavin, 10 mM methionine and 100 lL enzyme extract. Finally,
the sample was measured by using a spectrophotometer (xMarkTM

Microplate Absorbance Spectrophotometer; Bio-Rad). Enzyme
activity was measured by using a method by (Chen and Pan,
1996) and expressed as U g�1 FW.

POD activity in the leaves was estimated by using the method of
(Sakharov and Ardila, 1999) by using guaiacol as the substrate. A
reaction mixture (3 mL) containing 0.05 mL of enzyme extract,
2.75 mL of 50 mM phosphate buffer (pH 7.0), 0.1 mL of 1% H2O2

and 0.1 mL of 4% guaiacol solution was prepared. Increases in the
absorbance at 470 nm because of guaiacol oxidation was recorded
for 2 min. One unit of enzyme activity was defined as the amount
of the enzyme.

Catalase (CAT) activity was analyzed according to (Aebi, 1984).
The assay mixture (3.0 mL) was comprised of 100 lL enzyme
extract, 100 lL H2O2 (300 mM) and 2.8 mL 50 mM phosphate buf-
fer with 2 mM ETDA (pH 7.0). The CAT activity was measured from
the decline in absorbance at 240 nm as a result of H2O2 loss
(e = 39.4 mM�1 cm�1).

Ascorbate peroxidase (APX) activity was measured according to
(Nakano and Asada, 1981). The mixture containing 100 lL enzyme
extract, 100 lL ascorbate (7.5 mM), 100 lL H2O2 (300 mM) and
2.7 mL 25 mM potassium phosphate buffer with 2 mM EDTA (pH
7.0) was used for measuring APX activity. The oxidation pattern
of ascorbate was estimated from the variations in wavelength at
290 nm (e = 2.8 mM�1 cm�1).

Quantitative real-timePCR (RT-qPCR) assaywas applied to inves-
tigate the expression levels of 4 stress-related genes, including Fe-
SOD, POD, CAT and APX. Total RNA was extracted from leaf tissue
samples using RNeasy Plant Mini kits (Qiagen, Manchester, UK).
Contaminating DNAwas then removed and first-strand cDNAswere
preparedusing Reverse Transcription kits (Qiagen,Manchester, UK).
RT-qPCR analysis was conducted as reported in the protocol of
QuantiTect SYBR Green PCR kit (Qiagen, Manchester, UK). Reaction
volume and PCR amplification conditions were adjusted as men-
tioned by (El-Esawi et al., 2020). The gene amplifications of
(Sirhindi et al., 2016) of the following genes are given in Table 2S.

2.6. Determination of non-enzymatic antioxidants, sugars and proline
contents

Plant ethanol extracts were prepared for the determination of
non-enzymatic antioxidants and some key osmolytes. For this pur-
pose, 50 mg of plant dry material was homogenized with 10 mL
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ethanol (80%) and filtered through Whatman No. 41 filter paper.
The residue was re-extracted with ethanol and the two extracts
were pooled together to a final volume of 20 mL. The determina-
tion of ascorbic acid (Azuma et al., 1999), glutathione (Lewis
et al., 1998) and total sugars (Dubois et al., 1956) was performed
from the extracts.

Fresh leaf material (0.1 g) was mixed thoroughly in 5 mL aque-
ous sulphosalicylic acid (3%). The mixture was centrifuged at
10000 � g for 15 min and aliquot (1 mL) was poured into a test
tube having 1 mL acidic ninhydrin and 1 mL glacial acetic acid.
The reaction mixture was first heated at 100 �C for 10 min and then
cooled in an ice bath. The reaction mixture was extracted with
4 mL toluene and test tubes are vortexed for 20 s and cooled.
Thereafter, the light absorbance at 520 nm was measured by using
UV–VIS spectrophotometer (Hitachi U-2910, Tokyo, Japan). The
free proline content was determined on the basis of standard curve
at 520 nm absorbance and expressed as mmol (g FW) �1 (Bates
et al., 1973).

2.7. Determination of nutrient contents

For nutrient analysis, plant roots and shoots were washed twice
in redistilled water, dipped in 20 mM EDTA for 3 s and then, again
washed with deionized water twice for the removal of adsorbed
metal on plant surface. The washed samples were then oven dried
for 24 h at 105 �C. The dried roots and shoots were digested by
using wet digestion method in HNO3: HClO4 (7:3 V/V) until clear
samples were obtained. Each sample was filtered and diluted with
redistilled water up to 50 mL. The root and shoot contents of Na, K,
and P and were analyzed by using Atomic Absorption Spectropho-
tometer (AAS) model Agilent 240FS-AA.

2.8. Statistical analysis

Statistical analysis of data was performed with analysis of vari-
ance (ANOVA) by using a statistical program Co-Stat version 6.2,
Cohorts Software, 2003, Monterey, CA, USA. All the data obtained
was tested by two-way analysis of variance (ANOVA). Thus, the dif-
ferences between treatments were determined by using ANOVA,
and the least significant difference test (P < 0.05) was used for mul-
tiple comparisons between treatment means. Logarithmic or
inverse transformations were performed for data normalization,
where necessary, prior to analysis. Pearson’s correlation analysis
was performed to quantify relationships between various analysed
variables. The graphical presentation was carried out by using
Origin-Pro 2017. The Pearson correlation coefficients, heat-map
analysis and principal component analysis between the measured
variables of H. vulgare were also calculated using the RStudio
software.
3. Results

3.1. Effect of different levels of salinity on plant growth and biomass
under the foliar application of AsA

In the present study, the effect of different saline levels (0, 50,
100 and 150 mM) on plant growth and biomass in H. vulgare, under
different foliar levels of AsA (0, 30 and 60 mM) were also mea-
sured. The data regarding plant growth and biomass of H. vulgare
are presented in Fig. 1. The findings from the present study are
depicting that salinity stress induced a significant (p < 0.05) nega-
tive effect of plant growth and biomass in H. vulgare. Compared to
the plants grown in 0 mM of NaCl in the soil, plant height, grain
weight, plant fresh and dry biomass were decreased by 46.6,
64.2, 38.7 and 68.1% respectively in the plants grown in 150 mM



Fig. 1. Effect of different concentrations of ascorbic acid on plant height (A), grain weight (B), plant fresh weight (C) and plant dry weight (D) under different levels of salinity
on H. vulgare. Values are demonstrated as means of three replicates along with standard deviation (SD; n = 3). Two-way ANOVA was performed and means differences were
tested by HSD (p < 0.05). Different lowercase letters on the error bars indicate significant difference between the treatments. Different levels of ascorbic acid application are as
follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM). Different abbreviations of salinity are used as follow: S1 (0 mM), S2 (50 mM), S3 (100 mM) and S4 (150 mM).
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of NaCl in the soil. However, results also showing that the plant
growth and biomass were increased in saline soil by the applica-
tion of AsA (Fig. 1). Results also showing that, plant height, grain
weight, plant fresh and dry biomass were increased by 4.2, 5.4,
3.8 and 11.7% respectively in the plants grown in 150 mM of salin-
ity in the soil with the foliar application of 60 mM of AsA, com-
pared to those plants which were grown in 150 mM of salinity in
the soil without the foliar application of of AsA.

3.2. Effect of different levels of salinity on photosynthetic pigments, gas
exchange characteristics and stomatal properties under the foliar
application of AsA

In the present study, the photosynthetic pigments, gas
exchange characteristics and stomatal properties were signifi-
cantly (p < 0.05) decreased in the plants grown in the increasing
levels of salinity in the soil, compared to those plants grown with-
out the addition of salinity in the soil. Although, photosynthetic
pigments, gas exchange characteristics and stomatal properties
can be increased by the foliar application of AsA, when grown in
elevating levels of salinity in the soil. The results regarding photo-
synthetic pigments, gas exchange parameters and stomatal proper-
ties in H. vulgare grown in different levels of salinity in the soil,
with or without the application of AsA are presented in Figs. 2–4
respectively. Compared to the plants grown in 0 mM of NaCl in
the soil, the total chlorophyll contents, carotenoid contents, net
photosynthesis (Pn), transpiration rate (Tr), stomatal conductance
(gs), stomatal width, stomatal length and stomatal aperture were
decreased by 76.8, 56.0, 57.4, 51.2, 68.7, 84.6, 92.7 and 62.4%
respectively in the plants grown in 150 mM of salt stress without
the foliar application of AsA. We also advocated that intercellular
CO2 (Ci) was non-significant at all levels of salinity and AsA
(Fig. 3D), while increasing levels of NaCl in the soil significantly
(p < 0.05) increased stomatal density in H. vulgare, compared to
those plants grown without addition of NaCl in the soil (Fig. 4A).
Although, application of AsA increased chlorophyll contents, caro-
tenoid contents, Pn, Tr, gs, stomatal width, stomatal length and
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stomatal aperture non-significantly by 28.7, 33.8, 12.8, 16.4, 28.7,
24.7, 6.4 and 16.7% respectively, at 150 mM of sodium chloride
in the soil with the foliar supplied with 60 mM, compared with
the plants grown in 150 mM of sodium chloride in the soil without
the foliar application of AsA.

3.3. Effect of different levels of salinity on oxidative stress and
enzymatic antioxidants under the foliar application of AsA

In the present study, we also advocated various oxidative stress
indicators, response of different enzymatic antioxidants and also
their gene expression, under varying levels of salinity in the soil
with or without the foliar application of AsA. The results regarding
oxidative stress indicators, antioxidant enzymes and their relative
gene expression are presented in Figs. 5, 6 and 7 respectively,
under increasing levels of NaCl in the soil with or without the foliar
application of AsA. The findings from the present study advocated
that the contents of malondialdehyde (MDA), hydrogen peroxide
(H2O2) and electrolyte leakage [EL (%)] increased significantly
(p < 0.05) under elevating concentrations of salinity (0, 50, 100
and 150 mM) in the soil, compared with the plants grown in
non-saline soil (Fig. 5). The activities of various antioxidants
(SOD, POD, CAT and APX) and relative gene expression (Fe-SOD,
POD, CAT and APX) were increased initially up to a salinity level
of 100 mM in the soil, while further addition of the NaCl in the soil
(150 mM) caused a significant (p < 0.05) decreased in the activities
of antioxidants and relative gene expression. These results also
advocated that application of AsA significantly (p < 0.05) decreased
oxidative stress indicators (Fig. 5), while significantly (p < 0.05)
increased activities of antioxidant enzymes (Fig. 6), while non-
significantly (p < 0.05) increased expression of their related genes
(Fig. 7), compared to those plants which were grown without the
foliar application of AsA. According to the given results, the con-
tents of MDA, H2O2, EL (%) and were increased by 287.5, 241.2
and 327.0% respectively in the plants grown in 150 mM of sodium
chloride, compared with 0 mM of sodium chloride in the soil
(Fig. 5). Compared to the plants grown in non-saline soil activities



Fig. 2. Effect of different concentrations of ascorbic acid on chlorophyll a contents (A), chlorophyll b contents (B), total chlorophyll contents (C) and carotenoid contents (D)
under different levels of salinity on H. vulgare. Values are demonstrated as means of three replicates along with standard deviation (SD; n = 3). Two-way ANOVA was
performed and means differences were tested by HSD (p < 0.05). Different lowercase letters on the error bars indicate significant difference between the treatments. Different
levels of ascorbic acid application are as follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM). Different abbreviations of salinity are used as follow: S1 (0 mM), S2
(50 mM), S3 (100 mM) and S4 (150 mM).

Fig. 3. Effect of different concentrations of ascorbic acid on net photosynthesis (A), transpiration rate (B), stomatal conductance (C), and intercellular CO2 concentration (D)
under different levels of salinity on H. vulgare. Values are demonstrated as means of three replicates along with standard deviation (SD; n = 3). Two-way ANOVA was
performed and means differences were tested by HSD (p < 0.05). Different lowercase letters on the error bars indicate significant difference between the treatments. Different
levels of ascorbic acid application are as follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM). Different abbreviations of salinity are used as follow: S1 (0 mM), S2
(50 mM), S3 (100 mM) and S4 (150 mM).
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of antioxidants such as SOD, POD, CAT and APX were increased by
180.4, 284.5, 347.6 and 371.0% respectively (p < 0.05) and their rel-
ative gene expression such as Fe-SOD, POD, CAT and APX were
increased by 166.6, 246.4, 160.4 and 69.7% respectively in the
plants grown in 100 mM of NaCl in the soil, compared to those
plants grown without saline soil. Although, the foliar application
of AsA non-significantly (p < 0.05) decreased the contents of
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MDA, H2O2, EL (%) by 12.4, 39.7 and 16.7% respectively at
150 mM of NaCl in the soil, compared to those plants grown at
0 mM of NaCl in the soil (Fig. 5). At all salinity levels, the foliar
application of AsA significantly (p < 0.05) increased activities of
antioxidants and their relative gene expression compared to those
plants which grown without the foliar application of AsA (Figs. 6
and 7).



Fig. 4. Effect of different concentrations of ascorbic acid on stomatal density (A), stomatal width (B), stomatal length (C) and stomatal aperture (D) under different levels of
salinity on H. vulgare. Values are demonstrated as means of three replicates along with standard deviation (SD; n = 3). Two-way ANOVA was performed and means differences
were tested by HSD (p < 0.05). Different lowercase letters on the error bars indicate significant difference between the treatments. Different levels of ascorbic acid application
are as follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM). Different abbreviations of salinity are used as follow: S1 (0 mM), S2 (50 mM), S3 (100 mM) and S4
(150 mM).

Fig. 5. Effect of different concentrations of ascorbic acid on malondialdehyde (MDA) contents (A), H2O2 contents (B) and electrolyte leakage (C) under different levels of
salinity on H. vulgare. Values are demonstrated as means of three replicates along with standard deviation (SD; n = 3). Two-way ANOVA was performed and means differences
were tested by HSD (p < 0.05). Different lowercase letters on the error bars indicate significant difference between the treatments. Different levels of ascorbic acid application
are as follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM). Different abbreviations of salinity are used as follow: S1 (0 mM), S2 (50 mM), S3 (100 mM) and S4
(150 mM).
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3.4. Effect of different levels of salinity on non-enzymatic compound
and osmolytes under the foliar application of AsA

The results regarding non-enzymatic antioxidants [AsA and
Glutathione (GSH) contents] and osmolytes (free proline and sol-
uble sugar) are presented in Fig. 8. These results are showing that
increasing levels of salinity in the soil cause a significant (p < 0.05)
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increase in non-enzymatic compounds and osmolytes, compared
to those plants which grown in non-saline soil (Fig. 8). Results also
showing that the contents of AsA, GSH, free proline and soluble
sugar were increased by 449.7, 263.3, 384.6 and 549.6% respec-
tively at saline level of 150 mM in the soil, compared to those
plants which grown without the addition of NaCl in the soil. We
also elucidated that application of AsA further increased the con-



Fig. 6. Effect of different concentrations of ascorbic acid on superoxidase dismutase (SOD) (A), peroxidase (POD) (B), catalase (CAT) (C) and ascorbate peroxidase (APX) (D)
under different levels of salinity on H. vulgare. Values are demonstrated as means of three replicates along with standard deviation (SD; n = 3). Two-way ANOVA was
performed and means differences were tested by HSD (p < 0.05). Different lowercase letters on the error bars indicate significant difference between the treatments. Different
levels of ascorbic acid application are as follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM). Different abbreviations of salinity are used as follow: S1 (0 mM), S2
(50 mM), S3 (100 mM) and S4 (150 mM).

Fig. 7. Effect of different concentrations of ascorbic acid of relative gene expression on superoxidase dismutase (Fe-SOD) (A), peroxidase (POD) (B), catalase (CAT) (C) and
ascorbate peroxidase (APX) (D) under different levels of salinity on H. vulgare. Values are demonstrated as means of three replicates along with standard deviation (SD; n = 3).
Two-way ANOVAwas performed and means differences were tested by HSD (p < 0.05). Different lowercase letters on the error bars indicate significant difference between the
treatments. Different levels of ascorbic acid application are as follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM). Different abbreviations of salinity are used as
follow: S1 (0 mM), S2 (50 mM), S3 (100 mM) and S4 (150 mM).
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tents of AsA, GSH, free proline and soluble sugar non-significantly
(p < 0.05) by 8.4, 6.1, 16.8 and 7.5% respectively at saline level of
150 mM with the foliar application of AsA (60 mM), compared to
those plants which were grown at saline level of 150 mM without
the foliar application of AsA (Fig. 8).
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3.5. Effect of different levels of salinity on ion uptake under the foliar
application of AsA

In the present study, different nutrients such as sodium (Na+),
calcium (Ca2+) and potassium (K+) were also determined from roots



Fig. 8. Effect of different concentrations of ascorbic acid on free proline (A), soluble sugar (B), ascorbic acid (C) and Glutathione contents (D) under different levels of salinity
on H. vulgare. Values are demonstrated as means of three replicates along with standard deviation (SD; n = 3). Two-way ANOVA was performed and means differences were
tested by HSD (p < 0.05). Different lowercase letters on the error bars indicate significant difference between the treatments. Different levels of ascorbic acid application are as
follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM). Different abbreviations of salinity are used as follow: S1 (0 mM), S2 (50 mM), S3 (100 mM) and S4 (150 mM).
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and shoots of H. vulgare grown in varying levels of salinity with or
without the application of AsA. The ion uptake from roots and
shoots of H. vulgare grown in various levels of salinity with or with-
out the application of AsA are presented in Fig. 9. According to the
results, we have advocated that increasing concentration of salinity
in the soil (0, 50, 100 and 150 mM) significantly (p < 0.05)
increased Na+ while decreased Ca2+ and K+ in both (roots and
shoots) parts of the plants, compared with the plants grown in
non-saline soil (Fig. 9). We further elucidated that the foliar appli-
cation of AsA non-significantly (p < 0.05) increased the contents of
these ions in roots and shoots of the plants, compared with the
plants grown without application of AsA at all levels of salinity
(Fig. 9). Compared to the plants grown in non-saline soil, the con-
tents of Na+ increased by 167.5% while contents of Ca2+ and K+

were decreased by 84.6 and 64.2% respectively in the roots and
also the contents of Na+ increased by 203.2% while contents of
Ca2+ and K+ were decreased by 26.4 and 19.7% respectively in the
shoots were detected in the plants grown in 150 mM of NaCl in
the soil. The contents of Na+, Ca2+ and K+ were increased by foliar
application of AsA, which were incremented by 6.7, 5.6, 11.2%
respectively in the roots and also increased by 3.4, 5.9 and 8.9%
respectively in the shoots at 150 mM of NaCl in the soil with the
foliar application of AsA (60 mM), compared to those plants which
were grown in 150 mM of sodium chloride in the soil without the
foliar application of AsA (0 mM).

3.6. Relationship between growth, physiological attributes and ions
uptake in H. Vulgare

The Pearson correlation analysis was carried out to quantify the
relationship between different studied parameters of H. vulgare
grown in the saline soil with or without the application of AsA
(Fig. 10). Na+ uptake in the shoots was negatively correlated with
K+ and Ca2+ uptake in the shoots and positively correlated with
MDA and AsA contents and activity of SOD. However, Ca2+ uptake
by the shoots was positively correlated with K+ up take by the
shoots but negatively correlated with MDA and AsA contents and
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activity of SOD. However, K+ up taken by the shoots was also neg-
atively correlated with the contents of MDA and AsA and the activ-
ity of SOD and positively correlated with total chlorophyll
contents, plant height, net photosynthesis, plant fresh weight and
stomatal length. This correlation depicted a close connection
between ion uptake by the plants with different morpho-physio-
biochemical attributes of H. vulgare grown in various concentra-
tions of salinity with or without the application AsA. A heat-map
histogram was also illustrated between variable of various treat-
ments studied in this experiment (Fig. 11). These variables show-
ing the similar results as showed in the correlation analysis
(Fig. 11).

3.7. Principal component analysis

The scores and loading plots of PCA to evaluate the effect of dif-
ferent levels of salinity with or without the foliar application of AsA
in H. vulgare are presented in Fig. 12. Of all the main components,
the first two components-Dim1 and Dim2-comprise more than
97% of the whole database and make up the largest portion of all
components. Among this, Dim1 contributes 93.1%, and Dim2 con-
tributes 4.5% of the whole dataset. According to the results, all
the respected treatments were dispersed successfully in the whole
dataset. The distribution of all the components in the dataset gives
a clear indication that the salt stress significantly affected different
morpho-physio-biochemical attributes at all the treatments stud-
ied in this experiment, with or without the foliar application of
AsA. The treatment (3) was most displaced from all other treat-
ments of the present study, indicating that the positive role of
AsA in plant growth and physiology of H. vulgare grown with or
without the addition of sodium chloride in the soil. However,
PCA also showing that Na+ uptake in the shoots and also MDA
and AsA contents and activity of SOD were positively correlated
with all other respected treatments in the database. In contrast,
K+ and Ca2+ uptake in the shoots, total chlorophyll contents, plant
height, net photosynthesis, plant fresh weight and stomatal length
were negatively correlated in database.



Fig. 9. Effect of different concentrations of ascorbic acid on sodium content in roots (A), sodium content in shoots (B), calcium content in roots (C), calcium content in shoots
(D), potassium content in roots (E) and potassium content in shoots (F) under different levels of salinity on H. vulgare. Values are demonstrated as means of three replicates
along with standard deviation (SD; n = 3). Two-way ANOVA was performed and means differences were tested by HSD (P < 0.05). Different lowercase letters on the error bars
indicate significant difference between the treatments. Different levels of ascorbic acid application are as follow: AsA 0 (0 mM), AsA 30 (30 mM) and AsA 60 (60 mM).
Different abbreviations of salinity are used as follow: S1 (0 mM), S2 (50 mM), S3 (100 mM) and S4 (150 mM).

Fig. 10. Correlation between different morphological and physiological traits of H.
vulgare studied in this experiment. The abbreviations are as follows: SOD
(superoxidase activity in the leaves), K-S (potassium content in shoots), MDA
(malondialdehyde content in leaves), Na-S (sodium content in shoots), AsA
(ascorbic acid contents in the leaves), Ca-S (calcium content in the shoots), TC
(total chlorophyll contents), PH (plant height), NP (net photosynthesis), PFW (plant
fresh weight) and SL (stomatal length).

Fig. 11. Heatmap histogram correlation between different morphological and
physiological traits of H. vulgare studied in this experiment. The abbreviations are
as follows: SOD (superoxidase activity in the leaves), K-S (potassium content in
shoots), MDA (malondialdehyde content in leaves), Na-S (sodium content in
shoots), AsA (ascorbic acid contents in the leaves), Ca-S (calcium content in the
shoots), TC (total chlorophyll contents), PH (plant height), NP (net photosynthesis),
PFW (plant fresh weight) and SL (stomatal length). The different treatments are
represented as (X1) (salinity 0 mM + AsA 0 mM), (X2) (salinity 0 mM + AsA 30 mM),
(X3) (salinity 0 mM + AsA 60 mM), (X4) (salinity 50 mM + AsA 0 mM), (X5) (salinity
50 mM + AsA 30 mM), (X6) (salinity 50 mM + AsA 60 mM), (X7) (salinity
100 mM + AsA 0 mM), (X8) (salinity 100 mM + AsA 30 mM), (X9) (salinity
100 mM + AsA 60 mM), (X10) (salinity 150 mM + AsA 0 mM), (X11) (salinity
150 mM + AsA 30 mM) and (X12) (salinity 150 mM + AsA 60 mM).
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Fig. 12. Score and loading plot of principal component analysis (PCA) on different
morphological and physiological traits of H. vulgare under different levels of salinity
with or without the application of AsA. Score plot represents separation of
treatments as (1) (salinity 0 mM + AsA 0 mM), (2) (salinity 0 mM + AsA 30 mM), (3)
(salinity 0 mM + AsA 60 mM), (4) (salinity 50 mM + AsA 0 mM), (5) (salinity
50 mM + AsA 30 mM), (6) (salinity 50 mM + AsA 60 mM), (7) (salinity 100 mM + AsA
0 mM), (8) (salinity 100 mM + AsA 30 mM), (9) (salinity 100 mM + AsA 60 mM), (10)
(salinity 150 mM + AsA 0 mM), (11) (salinity 150 mM + AsA 30 mM) and (12)
(salinity 150 mM + AsA 60 mM). The abbreviations are as follows: SOD (superox-
idase activity in the leaves), K-S (potassium content in shoots), MDA (malondi-
aldehyde content in leaves), Na-S (sodium content in shoots), AsA (ascorbic acid
contents in the leaves), Ca-S (calcium content in the shoots), TC (total chlorophyll
contents), PH (plant height), NP (net photosynthesis), PFW (plant fresh weight) and
SL (stomatal length).
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4. Discussion

For two reasons, salts in soil water can inhibit plant growth.
Firstly, the presence of salt in the soil solution decreases the water
absorption capacity of the plant and this contributes to a reduction
in the rate of growth. This is referred to as salinity’s osmotic or
water-deficit effect. Secondly, if excessive amounts of salt enter
the plant in the transpiration stream, there will be injury to cells
in the transpiring leaves and this may cause further reductions in
growth. This is called the saline-specific or ion-excess salinity
effect (Chantre Nongpiur et al., 2016; Kang et al., 2014; Munns
and Tester, 2008). Furthermore, as the death of plants and/or decli-
nes in productivity, the adverse effects of high salinity on plants
can be observed at the entire plant stage. All essential processes
such as plant growth and biomass, photosynthesis, protein synthe-
sis, and energy and lipid metabolism are impaired during the onset
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and production of salt stress within a plant (Adhikari et al., 2020;
Safdar et al., 2019; Zafar et al., 2015). Three-fold effects of salt
stress; viz. It decreases water potential and induces ion imbalance
or ion homeostasis and toxicity disturbances. This altered status of
water leads to an initial decrease in growth and a decline in plant
productivity. Since both osmotic and ionic stress are involved in
salt stress (Adhikari et al., 2020; Chantre Nongpiur et al., 2016).
Previously, high concentration of salinity in the soil significantly
(p < 0.05) decreased plant growth and biomass in Sisyrinchium
angustofolium (Nizam, 2011), H. vulgare (Xu et al., 2012), Cucumis
sativus (Kang et al., 2014) and Brassica oleracea (Hassini et al.,
2017). In the present study, we also advocated that increasing sal-
ine levels in the soil (0, 50, 100 and 150 mM) caused a significant
(p < 0.05) decreased in plant growth and biomass in H. vulgare,
compared to those plants which grown in 0 mM of NaCl in the soil
(Fig. 1). Salinity stress results in a clear stunting of plants (Jing
et al., 2018; Parida and Das, 2005; Zafar et al., 2015), because of
the lower osmotic capacity of the germination media, it induces
toxicity that alters the activities of nucleic acid metabolism
enzymes, alters protein metabolism, disturbs hormonal equilib-
rium, and decreases the use of seed reserves (Adhikari et al.,
2020; Jabeen and Ahmad, 2017; Kang et al., 2014; Xu et al.,
2012; Zafar et al., 2015).

In general, the chlorophyll and carotenoid content of leaves
decreases under salt stress. With extended periods of salt stress,
the oldest leaves begin to develop chlorosis and fall (Chantre
Nongpiur et al., 2016; Dawood and El-Awadi, 2015; Saleem et al.,
2020b; Saleem et al., 2020g). However, the decrease in gaseous
exchange parameters in plants under salt stress is primarily due
to the decrease in the demand for water. Photosynthesis is also
inhibited when large Na+ and/or Cl- concentrations are accumu-
lated in the chloroplasts, and chlorophyll is a major photosynthesis
material that directly correlates to plant development (Chantre
Nongpiur et al., 2016; Dolatabadian et al., 2011; Jabeen and
Ahmad, 2017). High concentrations of salt in soil and water create
a high osmotic potential that decreases plant water supply. Osmo-
tic stress is caused by a decrease in water potential, which reversi-
bly inactivates photosynthetic electron transport by intercellular
space shrinkage (Dolatabadian et al., 2011; Parihar et al., 2015;
Sadak and Abdelhamid, 2015). In the present study, we also advo-
cated that salinity treatments were associated with the reduction
in photosynthetic pigments (Fig. 2), gas exchange characteristics
(Fig. 3) and stomatal properties (Fig. 4), which is similar to previ-
ously described (Dolatabadian et al., 2011; Shah et al., 2011). The
reduction of CO2 supply because of closure of stomata. The reduc-
tion in stomatal conductance results in limited availability of CO2

for carboxylation reactions (Dolatabadian and Jouneghani, 2009;
Hassini et al., 2017; Kamran et al., 2019). Interestingly, the effi-
ciency of photosystem II (PSII) in the tolerant Triticum aestivum
accession was unaffected, while there was a decline in the quan-
tum yield of PSII photochemistry, coinciding with leaf ageing,
higher Na+ and/or Cl� concentrations in the leaf, and chlorophyll
degradation, in the sensitive genotype (James et al., 2002). The
internal reduction of CO2 reduces the activity of many enzymes,
including RuBisCo, following stomatal closure, thus restricting car-
boxylation and reducing the net photosynthetic rate. The intercel-
lular CO2 concentration (Ci) is another parameter that has been
used to estimate the effects of salinity on photosynthesis. In the
saline stress environment, the CO2 assimilation rate (as a function
of Ci) was shown to be better maintained by a salt tolerant species,
of Aribdopsis (Stepien and Johnson, 2009). However, it is difficult to
differentiate cause–effect relationships between photosynthesis
(source) and growth reduction (sink); also, the effects of salinity
on photosynthesis can be caused by alterations in the photosyn-
thetic metabolism, or else by secondary effects caused by oxidative
stress (Ali et al., 2020; Xu et al., 2012).
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Besides the direct influence of salinity on plants, a common
consequence of salinity is induction of excessive accumulation of
reactive oxygen species (ROS) which can cause peroxidation of
lipids, oxidation of protein, inactivation of enzymes, DNA alter-
ation, and/or interact with other important constituents of plant
cells (Kala, 2015; Shafiq et al., 2020). Soil salinity can lead to stom-
atal closure, which reduces CO2 availability in the leaves and inhi-
bits carbon fixation, exposing chloroplasts to excessive excitation
energy which in turn increase the production of ROS such as super-
oxide (O2

�–), hydrogen peroxide (H2O2), hydroxyl radical (OH�), and
singlet oxygen (1O2) (Alam et al., 2020; Ali et al., 2020; Islam et al.,
2016). The reactive oxygen species that are by-products of hyper-
osmotic and ionic stresses cause membrane disfunction and causes
cell death (Imran et al., 2020; Mohamed et al., 2020; Parveen et al.,
2020; Rana et al., 2020; REHMAN et al., 2020; Saleem et al., 2020i;
Shahid et al., 2020; Yaseen et al., 2020). The plants defend against
these ROS by induction of activities of varieties of antioxidative
enzymes such as superoxide dismutase (SOD), peroxidase (POD)
and catalase (CAT) and ascorbate peroxidase (APX), which scav-
enge ROS (Hameed et al., 2021; Imran et al., 2020; Saleem et al.,
2020c; Saleem et al., 2020d; Saleem et al., 2020e). Besides activa-
tion of ROS scavenging enzymes, other responses could be
observed in salt-treated plants. An increased abundance of toco-
pherol cyclase, a crucial enzyme in the biosynthesis of a-
tocopherol, an important compound in plant non-enzymatic ROS
scavenging mechanisms, and also increased in free proline, GSH
and AsA has been found in Chinese halophytic plant Puccinellia
tenuiflora (Yu et al., 2011). Previous studies have been shown that
soil salinity increases activities of antioxidant compounds (enzy-
matic and non-enzymatic) in H. vulgare (Zhou et al., 2012), Cucumis
sativus (Kang et al., 2014) and Vicia faba (Sadak and Abdelhamid,
2015) grown in saline soil or sea water saline soil. Moreover,
abiotic-stress-related genes also increases to mitigates anxious
effect of salinity stress which was previously reported by Barakat
(Barakat, 2003). The increasing levels of salinity caused a signifi-
cant (p < 0.05) increase in oxidative stress indicators (Fig. 5), enzy-
matic antioxidant compounds (enzymatic and non-enzymatic)
(Figs. 6, 8) and their relative gene expression (Fig. 7), when com-
pared to those plants grown in non-saline soil. The activities of
antioxidants initially increased up to a saline level of 100 mM in
the soil, then further increment in soil salinity cause a significant
(p < 0.05) decrease in the activities of antioxidant enzymes. The
decrease in antioxidant activities at saline level of 100 mM is
directly associated with their relative gene expression (Fig. 7)
and also function of some enzymes essential for protein biosynthe-
sis (Kamran et al., 2019).

Ion uptake is important not only for normal development, but
also for plant growth in saline environment, as stress disrupts
ion homeostasis (Liu et al., 2020). The nutritional disorders can
arise from the impact of salinity on the availability, competitive
absorption, transport or distribution of nutrients within the plant.
Numerous studies have shown that salinity decreases nutrient
absorption and nutrient accumulation in the plants (Dawood and
El-Awadi, 2015; Tsamaidi et al., 2017). The availability of micronu-
trients in saline soils depends on the solubility of micronutrients,
soil solution pH, soil solution redox potential, and the presence
of binding sites on the surfaces of organic and inorganic particles.
In addition, depending on crop species and salinity levels, salinity
can influence micronutrient concentrations in plants differently
(Kang et al., 2014; Sadak and Abdelhamid, 2015; Safdar et al.,
2019). In the present study, we also advocated that increasing soil
salinity caused a significant (p < 0.05) increase in Na+, up taken by
the roots and shoots in H. vulgare (Fig. 9A, B), which can reduce
plant growth and found to be similar findings associated with
(Liu et al., 2020) in H. vulgare. We also found that salinity stress
causes a significant (p < 0.05) decline in the contents of K+ and
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Ca2+ up taken by the roots and shoots in H. vulgare (Fig. 9C, D, E
and F). It was also reported that high NaCl in the soil causes a sig-
nificant reduction in the contents of K+ and Ca2+ and may lead to
plant death (Gupta and Huang, 2014; Parihar et al., 2015).

Ascorbate or ascorbic acid (AsA) is the most abundant antioxi-
dant found in plants. It participates in the redox system of the
plant by serving as an electron donor to different reactions
(Bilska et al., 2019; Khan et al., 2011; Ullah et al., 2016). Moreover,
AsA (also known as ‘‘vitamin C”) plays a central role in plant
defence, which is widely used in cell metabolism and is necessary
to synthesize hydroxyproline containing proteins (Al-Hakimi and
HAMAdA, 2011; Munir and Aftab, 2011). However, as a result of
a complex sequence of biochemical reactions such as activation
or suppression of main enzymatic reactions, induction of synthesis
of stress-responsive proteins and the development of different
chemical protection compounds, it regulates stress response
(Dolatabadian and Jouneghani, 2009; Khan et al., 2011; Zhou
et al., 2016). Although the growing growth of plants and biomass
under AsA application may accelerate cell division and cell
enlargement and improve the integrity of the membrane, which
may have led to reducing ion leakage and thus improving growth
(Akram et al., 2017). Increasing of net photosynthesis and in tran-
spiration rate indicated that these vitamins probably reflect the
efficiency of water uptake and utilization or reduction of water
loss, which consequently causes increase in leaf water potential.
Hence, it could be concluded that the beneficial effect of vitamins
on growth parameters of H. vulgare plants has been related to
the efficiency of their water uptake and utilization (Figs. 1 and
2). This increase in plant growth could attribute with the physio-
logical processes including nutrient uptake, photosynthesis and
increasing antioxidant activities as suggested by (Alhasnawi
et al., 2015). Our results also showed that the negative impact of
soil salinity can overcome by the foliar application of AsA and
can increase photosynthetic pigments (Fig. 2), gas exchange char-
acteristics (Fig. 3) and stomatal properties (Fig. 4) in H. vulgare at
all levels of salinity stress. These findings are coincide by the find-
ings of (Azooz et al., 2012), when they studied Vicia faba under var-
ious levels of salinity and noticed that application of vitamins
increased photosynthetic pigments and gas exchange parameters.
They suggested that increasing contents of photosynthetic pig-
ments under the treatments of AsA, might be due to the protecting
role of these vitamins. Researchers also reported that high contents
of salinity in the soil may lead to increase ROS in the chloroplast of
the cell and which causes the distortion of chlorophyll molecules,
while vitamin C can detoxify/nullify the negative effect of these
ROS free radicles, which may lead to increase in chlorophyll con-
tents and decrease in oxidative stress in the plants (Alhasnawi
et al., 2015; Farooq et al., 2013; Sharma et al., 2019). It was also
reported that foliar application of AsA mitigates adverse effect of
soil salinity on plant growth and composition by increasing leaf
area and photosynthetic pigments in the plant (Azooz et al.,
2012; Munné-Bosch and Alegre, 2002).

The imbalance in the production and removal of ROS is the key
threat to the plant cell in the environment of soil salinity, but addi-
tional ROS formation is also thought to serve as a signaling mole-
cule to the active plant defense system (Saleem et al., 2019a;
Saleem et al., 2019b). We have depicted that soil salinity increased
antioxidant activities (enzymatic and non-enzymatic) (Figs. 6, 8)
and relative gene expression (Fig. 7), associated with the increase
in oxidative stress in the plants (Fig. 5). Meanwhile, the activities
of antioxidant compounds further increased with the application
of AsA which indicates that soil salinity induced stress tolerance
in H. vulgare which in turn reduce the contents of MDA, H2O2

and EL (%) (Fig. 5). The increase in antioxidants in salinity stress
and also with the exogenous application of AsA might be due to
signaling molecule causing up-regulation of relative gene expres-
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sion and specific factors related with the antioxidant activities (Al-
Hakimi and HAMAdA, 2011; Aziz et al., 2018; Fatima et al., 2019).
These results indicate the key role of AsA in eliminating toxic free
radicals and conferring salinity stress tolerance through upregulat-
ing the abiotic stress-related genes. It is important to mention that
application of AsA increased the contents of Na +, K+ and Ca2+ in
roots and shoots of H. vulgare at all levels of salinity in the soil
(Fig. 9). It was reported in number of studies that application of
AsA being a non-enzymatic antioxidant and as a plant growth reg-
ular usually stimulates nutrients uptake in different plant species
(Younis et al., 2010; Zhou et al., 2016) and diminish toxic effect
of soil salinity (Dolatabadian and Jouneghani, 2009). Though, it
was also reported that application of AsA decrease the Na+ con-
tents in the plants, but up-regulates K+ and Ca2+ contents in salt
stressed soil (Alhasnawi et al., 2015; Dolatabadian and
Jouneghani, 2009; Munir and Aftab, 2011); so, exogenous applica-
tion of AsA could be a potential plant growth regulator, which
increase the plant resistance against saline condition.
5. Conclusion

The results of this experiment confirm that soil salinity causes a
significant adverse effect on plant growth and biomass, photosyn-
thetic pigments, gas exchange characteristics, stomatal properties,
ion uptake and exclusion imbalance, and also causes ROS produc-
tion and its elimination within the cell. Furthermore, plant has
strong defense system which scavenged ROS production and also
increasing activities of antioxidants has been influenced by the rel-
ative gene expression study through RT-qPCR. Although, H. vulgare
is believed to be a salinity tolerant cereal crop, but to enhance
plant growth and composition we also used AsA application which
not only increase plant growth and biomass, but also booted up
photosynthetic machinery, plant defense system and up taken of
essential nutrients from the soil. However, AsA is its self in non-
enzymatic antioxidant compound and decreases oxidative stress
in the plant by elimination of ROS generation. Hence, foliar appli-
cation of AsA mitigates salinity stress in H. vulgare and can be used
as a plant growth regulator under the saline environment. Further
studies need to be conducted to find the possible mechanism on
molecular level in cereal crops, under saline environment.
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