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Abstract

Salinity is a major abiotic stressor that affects plant cell metabolism and reduces plant yield. Numerous beneficial
effects on plants' ability to withstand abiotic stressors have been linked to biostimulants like ascorbic acid (AsA). But
not much is known about AsA's effects on important medical compounds (caffeic acid, syringic acid, rosmarinic acid,
ellagic acid, ferulic acid, methyl gallate, vanillin, naringenin, rutin, daidzein, and quercetin) of barley grains produced
under different doses of salinity. So, in our study we showed the effect of different salinity levels (4000 and 8000 ppm of
sodium chloride) in the presence or absence AsA (at 100 and 200 ppm) on phenolic profile in grains of barley plant by
high-performance liquid chromatography analysis. Pigments, carbohydrates, protein, proline, phenolic and flavonoid
compounds of barley shoot (Hordeum vulgare L. (Giza 134) also investigated. AsA at 100 ppm appeared the highest
values of caffeic acid, syringic acid, rosmarinic acid, ellagic acid, ferulic acid, methyl gallate, vanillin, naringenin, rutin,
daidzein, and quercetin under 4000 ppm of salt compared with control and other treatments, AsA showed significant
improvement in contents of pigments, carbohydrates, protein, proline, phenolic, and flavonoids compounds of barley
shoot under salinity stress. By employing environmentally safe natural products, the search aims to enhance the me-
tabolites of barley plants, particularly phenolic compounds. This might lead to an improvement in the caliber of sig-
nificant crops grown in salinized environments. We also have shown that the harmful effects of salt stress on the
metabolites of Hordeum vulgare plants can be lessened by the exogenous application of AsA. In addition to improving
the physiological characteristics of barley shoots, this treatment lowers oxidative stress in plants by increasing phenolic
chemicals.
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1. Introduction

P eople started cultivating barley more than
10 000 years ago for use in beverages, soups,

animal feed, and barley bread [1]. Barley has a
relatively high salt tolerance when compared with
other cereal crops. However, barley has been the
focus of a lot of research on abiotic stress conditions
[2,3]. The negative effects of necessary elements like
salt and chlorine on the growth and development of
plants are referred to as salinity. Furthermore, it is

commonly known that salt in the soil inhibits plant
growth through osmotic stress, which is followed by
ion toxicity [4]. Salinity is the main environmental
stressor preventing the growth in demand for food
crops since it significantly affects plant productivity
and growth [3]. Depending on the degree and
duration of the stress, salinity stress impacts several
physiological and metabolic functions and ulti-
mately reduces crop yield [5]. Reductions in plant
height, shoot fresh weight, dry weight, number of
siliques plant, silique length, number of seeds
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silique�1, 1000-seed weight, and seed yield plant�1

were among the phenotypic responses of rapeseed
plants to salt stress [6]. Our previous study [7]
observed that reduced growth parameters (plant
height, number of tillers/plant, fresh and dry weight
of shoot/plant) and decreased yield components
(weight of spike, length of spike, number of grains/
spike, and weight of 100 grains) of barley plants
were the results of salinity stress at 2000, 4000, and
8000 ppm of sodium chloride (NaCl). These re-
ductions were progressively increased with
increasing salinity concentration. In the meantime,
the presence of salinity led to a considerable in-
crease in the antioxidant enzymes catalase, peroxi-
dase, polyphenol oxidase, and superoxide
dismutase. When plants growing under normal
conditions or at salt levels received foliar applica-
tions of ascorbic acid (AsA) at concentrations of 100
and 200 ppm, all growth metrics, yield and its
components, and the activity of antioxidant en-
zymes were significantly increased. On the other
hand, AsA, a nonenzymatic antioxidant found in
many plants, plays a critical role in reducing the
effects of some oxidative stressors caused by both
biotic and abiotic stress [8]. AsA effectively reduces
the generation of reactive oxygen species brought
on by a variety of abiotic stimuli and fights oxidative
stress [9]. Furthermore, AsA protects plants from
oxidative stress by removing a range of free radicals,
mainly by acting as a substrate for ascorbate
peroxidase, an essential enzyme in the ascorbate-
glutathione pathway [10]. Furthermore, AsA is a
strong contender for possible usage as a chemical in
agriculture due to its many positive benefits during
salt stress [11]. Exogenous applications of AsA
enhance the antioxidant capacity of plant tissue.
This may be explained by the fact that AsA func-
tions as a cofactor for several cellular enzymes [12].
There are many studies discuss the effect of salinity
on growth, yield, and primary metabolites, but the
effect of salinity on the medical important compo-
nents such as phenolic compounds (Gallic acid,
Chlorogenic acid, Catechin, Methyl gallate, Caffeic
acid, Syringic acid, Coumaric acid, Vanillin, Ferulic
acid, Naringenin, and Kaempferol) in presence or
absence of AsA not clear. So the novelty of this
search is estimating these important compounds in
the presence of natural, eco-friendly products (AsA)
under salinity stress. This might potentially lead to
an improvement in the quality of significant crops
grown in salinized environments. Furthermore, we
demonstrated that exogenous AsA treatment can
lessen the negative effects of salt stress on the me-
tabolites of Hordeum vulgare plants by increasing
phenolic compounds; this treatment not only

improves physiological characteristics in the plant
shoots but also lowers oxidative stress in plants by
increasing phenolic compound.

2. Materials and methods

2.1. Experimental design

During the winter (November 2020), the current
investigation was developed at Faculty of Science
(Girls, AL-Azhar University, Cairo, Egypt). To test
the effects of foliar spray with two concentrations of
AsA at 100 and 200 ppm (these concentrations were
selected according to a preliminary experiment
which caused the best growth of sunflower plant) on
barley plants watered with salt water (NaCl) at 4000
(z70 mM), and 8000 ppm (z140 mM), whereas
control plants were irrigated with tap water, barley
grains (Giza 134) were purchased from the Agri-
culture Research Centre, Giza, Egypt, and were
planted on November 15, 2020, in porcelain pots.
After 10 days from emergence, the number of
seedlings per pot was decreased to 10. The split plot
design of the experiment used three separate rep-
licates, each with five pots filled with loamy soil. The
pots were watered with a range of salinities. Three
foliar applications of AsA (at 30, 50, and 75 days after
sowing) were made. Samples of shoot at 45, 75, and
90 days post-transplantation were dried at 75 �C for
72 h to assess different metabolites (protein, carbo-
hydrates proline, phenol, and flavonoids contents),
and fresh leaves were used to asses pigments.
Powder of grains after maturity is used to determine
phenolic compounds by using high-performance
liquid chromatography.

2.2. Determination of metabolic contents in shoot

2.2.1. Pigments contents
A method for measuring the pigments present in

plant leaves was designed by researchers [13]. Using
this method, the green tissues were divided into tiny
pieces and weighed in sections of one gram. To
eliminate the plant colors, 100 ml of acetone 80%
was combined with the tissue pieces for 2 min. The
mixture was quantitatively transferred and filtered
using a Buchner filter with No. 1 filter paper. After
being transferred to a 100 ml flask, the filtrate's
volume was raised by 80% using acetone. Three
separate wavelengths (649, 665, and 470 nm) were
used to measure the optical density of the extract
using a Carl Zeiss spectrometer. These wavelengths
are found in the area that is most densely packed
with carotenoids and chlorophyll ‘a’ and ‘b’. To
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calculate the amounts of chlorophylls a, b, and their
sum in plants, use the following formulas:

Chlorophyll a (Mg/g tissue) ¼ 11.63 (A665) e 2.39
(A649).

Chlorophyll b (Mg/g leaves) ¼ 20.11 (A649) e 5.18
(A665).

Total chlorophyll aþb (Mg/g tissue) ¼ 6.45 (A665)þ
17.72 (A649).

For the estimation of carotenoid chemical compo-
sition, the method described by [14]. is applicable:

Carotenoids (mg/g fresh weight)¼(1000 * A470) e
(1.82 * chlorophyll a) e (85.02 * chlorophyll b)/198.

Note that ‘(A)’ denotes the optical density in these
calculations.

2.2.2. Soluble carbohydrates and proteins
Utilizing the methodology of [15], the total car-

bohydrates in the shoot were estimated. The pro-
cedures of [16] were used to evaluate the contents of
the total proteins of the shoot.

2.2.3. Proline content
To ascertain the proline content in the shoot, 0.5 g

from fresh leaves was homogenized in 10 ml
aqueous sulfosalicylic acid (3%). The filtrate was
combined with 2 ml of acid ninhydrin reagent and
2 ml of glacial acetic acid, and the mixture was left at
100 �C for 1 h. After the liquid cooled, 4 ml of toluene
were added to extract the proline. Toluene was used
as a blank in a spectrophotometer (VEB Carl Zeiss)
to measure the absorbance at 520 nm [17].

2.2.4. Total phenolic and flavonoid contents
The method outlined by [18] was used to measure

total phenolic of shoot (mg/100 g of dry weight) as
follows: A 25 ml volumetric flask containing 9 ml of
distilled water was filled with an aliquot (1 ml) of
extracts or a standard solution of gallic acid (20, 40,
40, 60, 80, and 100 mg/ml). Distilled water was used
to create a blank for the reagent. After adding 1 ml
of Folin-Ciocalteu phenol reagent to the mixture, it
was shaken. A 10 ml of a 7% Na2 CO3 solution were
added to the mixture after 5 min. Subsequently, the
volume was adjusted appropriately. Using a UV/Vis
spectrophotometer, the absorbance against the re-
agent blank was measured at 550 nm following a
90 min room temperature incubation period. The
amount of total phenolics was reported in milli-
grams of gallic acid equivalents.

Total flavonoids of the shoot determined by using
the aluminum chloride colorimetric method [19] as
follows. In a 10 ml volumetric flask with 4 ml of
distilled water, an aliquot (1 ml) of quercetin ex-
tracts or standard solutions (20, 40, 60, 80, and
100 mg/ml) was added. 0.30 ml of 5% NaNO2 and
0.3 ml of 10% AlCl3 were added to the flask over
5 min. The volume was increased to 10 ml with
distilled water after adding 2 ml of 1 M NaOH after
5 min. After mixing the solution, absorbance was
calculated in relation to a 510 nm blank. In milli-
grams of quercetin equivalents (QE), the total
flavonoid content was reported.

2.2.5. Determination of sodium and chloride contents
Sodium and chloride contents were determined at

the atomic spectroscopy laboratory, arid land agri-
cultural research and services center, faculty of
agriculture, Ain Shams University, Cairo, Egypt.

2.2.6. Detection of phenolic compounds of barley yield
(grains) by using HPLC
After spike maturation, for traditional extraction,

which was accomplished in a sonicate at 4 �C for
30 min, 1 g of powdered dried barely grains was
soaked in 50 ml (85%) of methanol in a stoppered
container. The powder was then allowed to stand at
room temperature for 24 h. To produce crude
extract, the extract was filtered and concentrated
using a rotary evaporator at 40 �C while under
vacuum. This was accomplished using high-perfor-
mance liquid chromatography equipment from the
Agilent 1260 series. The separation was carried out
using the Eclipse C18 column (4.6 mm � 250 mm
internal diameter, 5 m particle size). The mobile
phase contained both water (A) and acetonitrile with
0.05% trifluoroacetic acid (B), supplied at a flow rate
of 0.9 ml/min. We measured the flow rate in milli-
liters per minute. For the mobile phase, the
following linear gradient was created: 8 min (82%
A), 5e10 min (80% A), 5e12 min (60% A), 12e15 min
(82% A), 15e16 min (82% A), and 16e20 min (82%
A). A multi-wavelength detector that was calibrated
to 280 nm helped with the detection process. For
each sample solution injection, a volume of 5 ml was
utilized. A constant temperature of 40 �C was
maintained within the column.

2.2.7. Statistical evaluation
Analysis of variance was mostly used to determine

the mean differences between treatments. Tukey's
test (truly significant difference) was used for post
hoc comparisons at a significance level of P less than
0.05. The data from barley seeds was subjected to a
hierarchical two-way cluster analysis to determine

K.A. Hmaid et al. / Al-Azhar Bulletin of Science 35 (2024) 15e26 17



the concentration of phenolic chemicals. In this
work, the centered technique for normalized data
was employed.

3. Results

3.1. Photosynthesis pigments

The effects of salinity concentrations (4000 and
8000 ppm NaCl) on the amount of photosynthetic
pigments (carotenoids, chlorophyll a, and chloro-
phyll b) in barley plant leaves during the stages
under study are displayed in Table 1. Data showed
that elevating NaCl concentrations resulted in a
notable and gradual decrease in the amount of ca-
rotenoids, chlorophyll a, and b. Irrigation plants
with water containing 4000 ppm NaCl decreased
chlorophyll a, b, and carotenoids by 28.57, 31.91, and
18.75%, respectively, and by 31.43, 36.17, and
31.25%, respectively, at 8000 ppm of NaCl during
the first stage compared with control plants. The
results were in the same trend for the second and
third stages. Also, data showed the interaction effect
between NaCl concentrations in irrigation water
and the application of AsA at 100 and 200 ppm on
photosynthetic pigments of barley plants of three
taken samples during the growth season. It can be
found that chlorophyll contents significantly
increased in salinized plants treated with AsA
compared with unsprayed plants. These increments
were true through growth stages. In plants irrigated
with 8000 ppm NaCl and sprayed with high level of
AsA (200 ppm) treatment, the content of chlorophyll
a increased by 29.16, 40, and 47.06%, respectively,
over the control ones of the first, second, and third
stages. Interestingly, the same trend was detected in
the case of chlorophyll b and carotenoid content.

3.2. Carbohydrates, protein, and proline contents

Data in Table 2. showed the effects of salinity
stress at 400 ppm and 8000 ppm in the presence or
absence AsA at 100 and 200 ppm on carbohydrates
and protein contents in the shoot system at three
different stages (45, 75, and 90 days after trans-
plantation). Compared with untreated salinized
plants, it is evident that employing both AsA doses
boosted the total carbohydrate contents in the shoot
system of barley plants growing in saline circum-
stances. For instance, plants irrigated with 8000 ppm
NaCl saline water and treated with a low concen-
tration of AsA (100 ppm) increased total carbohy-
drate contents of shoot by 5.93, 6.36, and 4.04%,
respectively, at three growth stages compared with
control treatments. On the other hand, the high Ta
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concentration of AsA (200 ppm) increased total car-
bohydrate contents at the same salinization by 11.63,
18.13, and 8.97%, respectively, at the same growth
stages compared with control. The highest values of
carbohydrates content showed in presence AsA at
200 ppm under 8000 ppm of NaCl by 78.15, 88.46,
and 102.94% at 45, 75, and 90 days after trans-
plantation, respectively. Salinity at 4000 ppm caused
improvement in carbohydrates contents by 35.74,
41.53, and 55.95%, while at 8000 ppm appeared
enhancement by 59.26, 59.54, and 86.05% at 45, 75,
and 90 days after transplantation, respectively.
Table 2 also, illustrated the effect of interaction

between salinity levels (2000, 4000, and 8000 ppm
NaCl) and AsA at 100 and 200 ppm on total protein
content in the shoot system of barley plants at three
studied stages, results showed a significant decrease

in protein contents in response to a different level of
salinity, but the highest drop showed at 8000 ppm of
NaCl. It is evident that applying AsA to plants
cultivated in saltier environments considerably
enhanced their total protein contents when
compared with plants grown in salt without any
treatment. The highest increment values were
detected in plants grown under 4000 ppm NaCl and
treated with 200 ppm by 4.85, 4.76, and 4.46%,
respectively, at three growth stages. The interactive
effect between salinity concentrations in irrigation
water and AsA on proline contents at three studied
stages in the shoot system of barley plants are shown
in Fig. 1. Data showed that proline contents were
significantly increased in salinized plants treated
with AsA. For instance, the increment percentage of
proline contents for plants irrigated with 8000 ppm

Table 2. Effect of interaction between salinity and ascorbic acid on carbohydrates and protein contents of barley shoot.

Treatments Total soluble carbohydrate Total soluble protein

First sample Second sample Third sample First sample Second sample Third sample

Control 5.40 ± 0.021g 6.50 ± 0.025e 7.31 ± 0.054f 0.90 ± 0.026B 0.99 ± 0.021C 1.10 ± 0.017C
S1 7.33 ± 0.065f 9.20 ± 0.178d 11.4 ± 0.145e 1.03 ± 0.064bcd 1.05 ± 0.042ef 1.12 ± 0.010ef
S2 8.60 ± 0.081c 10.37 ± 0.065c 13.60 ± 0.085b 1.06 ± 0.042abc 1.09 ± 0.015bcd 1.14 ± 0.015cd
S1þAS 1 8.31 ± 0.185e 9.88 ± 0.136c 11.98 ± 0.042d 1.06 ± 0.006abc 1.08 ± 0.015cd 1.15 ± 0.010c
S1þAS 2 9.14 ± 0.251d 10.20 ± 0.247c 12.25 ± 0.036c 1.08 ± 0.010abc 1.10 ± 0.010bc 1.17 ± 0.015ab
S2þAS 1 9.11 ± 0.213b 11.03 ± 0.189b 14.15 ± 0.159b 1.08 ± 0.055ab 1.11 ± 0.015ab 1.16 ± 0.001bc
S2þAS 2 9.62 ± 0.021a 12.25 ± 013a 14.82 ± 0.247a 1.11 ± 0.015a 1.13 ± 0.014a 1.18 ± 0.016a
LSD 0.21 0.44 0.56 0.03 0.02 0.01

Control ¼ irrigation with tap water, S1 ¼ salinity at 4000 ppm, S2 ¼ salinity at 8000 ppm. S1þAs1 ¼ salinity at 4000 ppm þ ascorbic acid
at 100 ppm and S1þAs2¼ salinity at 4000 ppmþ ascorbic acid at 200 ppm, S2þAs1¼ salinity at 8000 ppm þ ascorbic acid at 100 ppm and
S2þAs2 ¼ salinity at 8000 ppm þ ascorbic acid at 200 ppm.

Fig. 1. Effect of interaction between salinity and ascorbic acid on proline contents of barley plant. Control ¼ irrigation tap water, S1 ¼ salinity at
4000 ppm, S1þAs1 ¼ salinity at 4000 ppm þ ascorbic acid at 100 ppm, S1þAs2 ¼ salinity at 4000 ppm þ ascorbic acid at 200 ppm S2 ¼ salinity at
8000 ppm, S2þAs1 ¼ salinity at 8000 ppm þ ascorbic acid at 100 ppm and S2þAs2 ¼ salinity at 8000 ppm þ ascorbic acid at 200 ppm.
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saline water and treated with a low concentration of
AsA (100 ppm) was 7.32, 7.41, and 6.01%, respec-
tively, at three growth stages compared with salinize
untreated plants. Also, the increment of proline
contents in plants grown under the same salinization
being 12.20, 9.88, and 16.94% as a result of the
application of the high concentration of AsA,
respectively, at the same stages compared with
salinized untreated plants.

3.3. Phenolic and flavonoid compounds in shoot

Data in Table 3. portrays the effects of salinity
stress at 400 ppm and 8000 ppm in the presence or
absence AsA at 100 and 200 ppm on phenolic and
flavonoid content in shoot system at three different
stages (45, 75, and 90 days after transplantation). All
treatment caused improvement in these contents
compared with control groups. Plants irrigated with
4000 ppm NaCl and treated with a low concentration
of AsA (100 ppm) recorded an increment of total
phenols content by 1.05, 4.66, and 7.53%, respectively,
at three growth stages Meanwhile, high concentra-
tions of AsA for same salinized plants increased total
phenols content by 1.83, 5.59, and 8.56%, respectively,
at the same growth stages. Salinity levels at 4000 ppm
NaCl and AsA at 200 ppm markedly increased total
flavonoids content by 26.18, 9.44, and 9.70%, respec-
tively, at three growth stages. While, salinity at
8000 ppm NaCl and AsA at 200 ppm caused a great
increment in total flavonoids content represented by
17.07, 11.11, and 27.27%, respectively, at three growth
stages compared with salinized untreated plants.

3.4. Mineral contents

3.4.1. Sodium content
Data recorded in Table 4 show the effect of NaCl

concentrations in irrigated water on sodium

content in the presence or absence of AsA of
shoot of barley plants at three growth samples
during the studied season. Results reveal that the
sodium content of barley plants was significantly
increased by increasing NaCl concentrations in the
growth media. NaCl at 4000 ppm NaCl caused an
increment of sodium content being 15.45, 8.28, and
10.24, respectively, at three growth samples relative
to control treatment. It could be observed that
using the concentrations of AsA decreased sodium
content of plants grown under saline conditions
compared with salinized unsprayed plants during
the three studied samples.

3.4.2. Chloride content
The effect of salinity concentrations on chloride

content in presence or absence of AsA of barley
plant is shown in Table 4. A significant and pro-
gressive increase in chloride content was detected
as a result of increasing NaCl concentration in the
growth medium. The increment of chloride content
was true for the three tested samples, during
growth season. The increment percent of chloride
content for the first stage caused by 4000 and
8000 ppm NaCl was 36.54 and 59.23%, respectively,
relative to check plants. Meanwhile, the increment
of chloride content of the second sample was 64.90
and 76.92%, respectively, as affected by 4000 and
8000 ppm NaCl treatments throughout the first
stage growth season. It is obvious from Table 4 that
the chloride content of barley plants grown under
salinity concentration and treated with AsA was
significantly reduced compared with salinized un-
sprayed ones. For instance, the reduction percent-
age of chloride content of plants grown under
4000 ppm NaCl salinity and treated with low con-
centration of AsA (100 ppm) was 28.17, 25.66, and
8.45%, respectively, at three growth samples
compared with check plants.

Table 3. Total phenols and flavonoids contents in shoots of Barley plants during different growth stages under interaction between salinity at
4000 ppm and 8000 ppm of NaCl and ascorbic acid at 100 and 200 ppm.

Treatments Phenols Flavonoids

First Second Third First Second Third

Control 3.02 ± 0.537d 2.20 ± 0.100c 2.15 ± 0.017e 1.58 ± 0.029e 1.49 ± 0.036f 1.20 ± 0.100g
S1 3.82 ± 0.855c 3.22 ± 0.215c 2.92 ± 0.835d 1.91 ± 0.458d 1.80 ± 0.200e 1.65 ± 0.000f
S2 4.11 ± 0.017b 3.35 ± 0.100b 3.22 ± 0.755b 2.05 ± 0.350c 1.98 ± 0.425c 1.87 ± 0.026c
S1þAS1 3.86 ± 0.510c 3.27 ± 0.285b 3.14 ± 0.855c 2.03 ± 0.350c 1.90 ± 0.350d 1.73 ± 0.126e
S1þAS2 3.89 ± 0.301c 3.29 ± 0.110b 3.17 ± 0.805c 2.41 ± 0.126a 1.97 ± 0.388c 1.81 ± 0.200d
S2þAS1 4.28 ± 0.400a 3.41 ± 0.144ab 3.25 ± 0.250b 2.31 ± 0.090b 2.10 ± 0.150b 2.11 ± 0.150b
S2þAS2 4.37 ± 0.200a 3.48 ± 0.371a 3.41 ± 0.312a 2.40 ± 0.100a 2.20 ± 0.100a 2.38 ± 0.225a
LSD 0.13 0.09 0.06 0.02 0.04 0.06

Control ¼ irrigation with tap water, S1 ¼ salinity at 4000 ppm, S2 ¼ salinity at 8000 ppm. S1þAs1 ¼ salinity at 4000 ppm þ ascorbic acid
at 100 ppm and S1þAs2¼ salinity at 4000 ppmþ ascorbic acid at 200 ppm, S2þAs1¼ salinity at 8000 ppm þ ascorbic acid at 100 ppm and
S2þAs2 ¼ salinity at 8000 ppm þ ascorbic acid at 200 ppm.
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3.5. Phenolic compounds in barley grains by using
HPLC analysis

Here, phenolic compounds in barley grains under
salt stress were identified and quantified using nine
phenolic acids, three phenols, and seven flavonoid
standards at 4000 and 8000 ppm in the presence or
absence of AsA at 100 and 200 ppm. Nine phenolic
acids, two phenols, and six flavonoids were found in
both control and treated plants, according to the
results in Table 5 and Fig. 2aeg. However, rutin was
only found in plants that received AsA treatment at
concentrations of 100 and 200 ppm under 4000 ppm
of NaCl. Data in Table 5 and Fig. 2aec. appeared
that salinity stress at 4000 and 8000 ppm of NaCl
caused a decrease in Gallic acid by 25.46 and 29.81%,

Chlorogenic acid by 41.17 and 52.55%, Catechin by
47.18 and 41.33%, Methyl gallate by 38.56 and
28.06%, Caffeic acid by 22.70 and 19.74%, Syringic
acid by 34.97 and 49.78%, Coumaric acid by 27.38
and 33.56%, Vanillin by 32.15 and 46.97%, Ferulic
acid by 25.19 and 27.65%, Naringenin by 6.38 and
15.82%, and Kaempferol by 19.46 and 42.19,
respectively, compared with control groups. Data
also, appeared that the high decrease in gallic acid,
chlorogenic acid, syringic acid, ellagic acid, couma-
ric acid, ferulic acid, methyl gallate, vanillin, cate-
chin, and kaempferol showed at 8000 ppm of
salinity. The highest increase of gallic acid appeared
in prescene AsA at 100 ppm under salinity 4000 ppm
by 19.50% compared with control. AsA at 100 ppm
under 4000 ppm of salinity appeared the highest

Table 5. Phenolic and flavonoids compounds in the different treatments of barley grains by using high-performance liquid chromatography analysis.

Phenolic compounds Conc. (mg/g)

Control S1 S2 S1þAs1 S1þAs2 S2þAs1 S2þAs2

Gallic acid 2029.28 1512.58 1424.29 1942.63 2425.06 2057.78 2119.69
Chlorogenic acid 1246.63 733.38 591.49 1035.22 1310.95 1099.95 1192.44
Coffeic acid 107.18 82.84 86.02 199.39 131.31 119.44 115.98
Syringic acid 207.30 134.79 104.09 235.20 221.60 189.42 194.14
Rosmarinic acid 80.22 236.99 78.93 946.30 60.72 45.41 66.92
Cinnamic acid 2.25 2.88 2.49 5.28 2.96 8.22 1.53
Ellagic acid 9.44 32.35 7.80 126.96 27.53 10.95 15.68
Coumaric acid 52.80 38.34 35.08 67.58 51.24 39.98 42.34
Ferulic acid 57.74 43.19 41.77 84.40 63.65 54.36 52.32
Methyl gallate 29.61 18.19 21.30 44.59 38.38 32.14 33.61
Vanillin 64.91 44.04 34.42 74.99 51.72 37.84 36.90
Pyro catechol 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Catechin 487.14 257.29 285.76 143.91 372.72 464.41 408.29
Naringenin 57.96 54.26 48.79 83.13 56.14 38.83 42.31
Rutin 0.00 0.00 0.00 59.63 29.50 0.00 0.00
Daidzein 8.27 12.05 8.66 40.26 14.99 22.02 5.21
Querectin 11.15 71.60 53.30 147.51 62.52 55.24 46.07
Kaempferol 139.19 112.10 80.46 222.91 117.37 42.08 109.04
Hesperetin 12.91 14.00 15.85 17.35 24.81 22.00 13.50

Control ¼ irrigation with tap water, S1 ¼ salinity 4000 ppm of NaCl, S2 ¼ 8000 ppm of NaCl, S1þAs1 ¼ salinity 4000 ppm of
NaCl þ Ascorbic at 100 ppm, S1þAs2 ¼ salinity 4000 ppm of NaCl þ Ascorbic at 200 ppm, S2þAs1 ¼ salinity 8000 ppm of
NaCl þ Ascorbic at 100 ppm, S2þAs2 ¼ salinity 8000 ppm of NaClþ.

Table 4. Sodium and chlorine contents in shoots of Barley plants during different growth stages under interaction between salinity at 4000 ppm and
8000 ppm of sodium chloride and ascorbic acid at 100 and 200 ppm.

Treatments Na Cl

First Second Third First Second Third

Control 1.23 ± 0.02e 1.57 ± 0.14c 1.27 ± 0.05d 2.60 ± 0.12c 2.08 ± 0.24c 1.30 ± 0.05e
S1 1.42 ± 0.04c 1.70 ± 0.03b 1.40 ± 0.18b 3.55 ± 0.15b 3.43 ± 0.32a 2.13 ± 0.16b
S2 1.59 ± 0.12a 1.80 ± 0.21a 1.51 ± 0.24a 4.14 ± 0.17a 3.68 ± 0.28a 2.48 ± 0.08a
S1þAS1 1.32 ± 0.21d 1.62 ± 0.13c 1.31 ± 0.17c 2.55 ± 0.15c 2.55 ± 0.19b 1.95 ± 0.18c
S1þAS2 1.20 ± 0.03e 1.59 ± 0.16c 1.28 ± 0.25cd 2.25 ± 0.08c 2.19 ± 0.08bc 1.86 ± 0.25c
S2þAS1 1.50 ± 0.15b 1.73 ± 0.14b 1.37 ± 0.09b 3.60 ± 0.04b 2.90 ± 0.24b 1.50 ± 0.19d
S2þAS2 1.45 ± 0.02b 1.69 ± 0.06b 1.32 ± 0.07bc 3.26 ± 0.23b 2.70 ± 0.29b 1.45 ± 0.08d
LSD 0.07 0.06 0.10 0.52 0.75 0.11

Control ¼ irrigation with tap water, S1 ¼ salinity at 4000 ppm, S2 ¼ salinity at 8000 ppm. S1þAs1 ¼ salinity at 4000 ppm þ ascorbic acid
at 100 ppm and S1þAs2¼ salinity at 4000 ppmþ ascorbic acid at 200 ppm, S2þAs1¼ salinity at 8000 ppm þ ascorbic acid at 100 ppm and
S2þAs2 ¼ salinity at 8000 ppm þ ascorbic acid at 200 ppm.
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value of Caffeic acid, Syringic acid, Rosmarinic acid,
Ellagic acid, Ferulic acid, Methyl gallate, Vanillin,
Naringenin, Rutin, Daidzein, and Querectin
compared with control and other treatment.
Data in Table 5 and Fig. 2d and e also, appeared

that AsA at 100 and 200 ppm caused an increase of
Gallic acid by 28.43 and 60.32%, Chlorogenic acid by
41.15 and 78.75%, Methyl gallate by 145.13 and
110.99%, Caffeic acid by 140.69 and 58.51%, Syringic
acid by 74.49 and 64.40%, Coumaric acid by 76.26
and 33.64%, Vanillin by 70.27 and 17.43%, Ferulic
acid by 95.41% and 47.37%, Naringenin by 53.206
and 3.464, Daidzein by 234.10% and 24.39%, Cin-
namic acid by 83.33 and 2.77%, Kaempferol by 98.84
and 4.70%, and Hesperetin by 23.92 and 77.21%,
respectively, under 4000 ppm of salinity compared
with salinity alone. Data in Table 3 and Fig. 2f and g
appeared that AsA at 100 and 200 ppm caused in-
crease in Gallic acid by 44.47 and 48.82%, Chloro-
genic acid by 85.96 and 101.59%, Catechin by 62.51
and 42.87%, Methyl gallate by 50.89 and 57.79%,
Caffeic acid by 38.85 and 34.82%, Syringic acid by
81.97 and 86.51%, Elagic acid by 40.38 and 101.02%,

Coumaric acid by 13.96 and 20.69%, Vanillin by 9.93
and 7.20%, Ferulic acid by 30.14 and 25.25%,
respectively, under 8000 ppm of salinity. Figure 3
presents the content and percentages of different
phenolic compounds in two groups: the control

Fig. 2. Phenolic compounds in barley grains under different treatments. Which A ¼ Control, B ¼ salinity at 4000 ppm, C ¼ salinity at 8000 ppm,
D ¼ salinity at 4000 ppm þ ascorbic acid at 100 ppm, E ¼ salinity at 4000 ppm þ ascorbic acid at 200 ppm, F ¼ salinity at 8000 ppm þ ascorbic acid
at 100 ppm and G ¼ salinity at 8000 ppm þ ascorbic acid at 200 ppm.

Fig. 3. Percentages of phenolic compounds based on high-performance
liquid chromatography analysis in the presence and absence of ascorbic
acid at 100 and 200 ppm under salinity stress treatments (4000 and
8000 ppm of NaCl).
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group and the other treatments (S1, S2, S1þAS1,
S1þAS2, S2þAS1, and S2þAS2). Nineteen phenolic
chemicals were tested, and it was discovered that
the quantities varied depending on the treatment.
This shows that the plant samples, which showed
the highest value of these phenolic compounds in
the majority of cases, were affected by the applica-
tion of AsA at 100 ppm under 4000 ppm of salt.

4. Discussion

A serious abiotic stressor, soil salinization impairs
plant growth and development, resulting in physi-
ological anomalies and ultimately endangering the
world's food supply. The ailment is brought on by
an overabundance of salt buildup in the soil, which
is mostly caused by human activities including over
fertilization, incorrect land usage, and irrigation
[20]. Data in our study showed that, salinity caused a
drop of chlorophyll a, b, and carotenoids content but
it appeared significant increment in sodium and
Chloride contents. Accumulation of Na and Cl ions
under salinity stress in the presence AsA reported
by [6] which found that exogenous application of
Asc (1 mM) of rapeseed plants under salt stress in
(75 mM and 150 mM NaCl) resulted in the higher
accumulation of sodium ions (Naþ). Application of
AsA appeared to improve chlorophyll a, b, and ca-
rotenoids content. In this concept [21], found that
salt stress (90 mM NaCl) decreased the total chlo-
rophyll, chlorophyll a, and chlorophyll b of maize
(Malika and DTC hybrid varieties). Also [22],
showed that salinity levels at 150 Mm NaCl
decreased photosynthetic pigments of barley Plants.
Overly high concentrations of Naþ, Cl�, and other
related ions in the soil can interfere with the normal
functioning of plant cells and change vital metabolic
processes like photosynthesis, severely damaging
plant tissues and, in the worst cases, even killing
them [20]. The vital role of AsA on chlorophyll
under salinity stress is reported by many studies, for
instance, In a pot experiment [23], illustrated the
positive effect of foliar spray with AsA at 100 and
300 ppm on barley plants grown in pots under saline
conditions (9.3 and 14 ds/m�1NaCl) compared with
salinized plants. Applications of AsA outside of
plants increase plant tissue's antioxidant capability
which stops degradation of chlorophyll molecules
under salinity stress. Also, the fact that AsA serves
as a coenzyme for a number of biological processes
could help to explain this. It is well known that AsA
(AsA) shields cells and organelles from reactive
oxygen species, which over proliferate as a result of
oxidative damage brought on by stress, it modifies
plant sensing, regulates cell division and growth,

and is involved in photosynthesis, hormone
biosynthesis, and antioxidant renewal. It also func-
tions as a cofactor for numerous enzymes [24].
In our study, contents of carbohydrates, protein,

proline, phenolic, and flavonoid contents showed
significant improvement in response to salinity at
4000 and 8000 ppm alone or in presence ascorbic 100
and 200 ppm concurrently with this [25], on Chia
(Salvia hispanica L.) found that, under salt stress (10,
25, 50, 75, 100, and 150 mM) shown that as NaCl
levels grew, so did the accumulation of total carbo-
hydrate, phenolic, flavonoid compounds and pro-
line contents in dried plant sprouts. Additionally
[26], found that exposed barely plants (H. vulgare L.
genotype B-14011) to 200 mM NaCl caused
increased total soluble protein content in leaves. In
regards to proline content [27], found an improve-
ment in the proline content of Okra (Abelmoschus
esculentus L.) leaves grown with increasing salinity
levels (80, 100, and 160 mMNaCl). Also [21], showed
that salt stress (at 90 mM of NaCl) appeared
significantly increase proline contents in two vari-
eties of maize (DTC (hybrid) and Malika). Proline
and soluble sugars were also found to be more
abundant in compatible solutes, in alfalfa plants that
were stressed by salt and given a 1 mM AsA treat-
ment [28]. In regards to phenol and flavonoid con-
tents under salinity stress [29], on cucumber and
tomato plants at different NaCl concentrations at
(25, 50, 100, and 200 mM), found that, both treated
plants had higher phenol and flavonoid concentra-
tions due to salinity stress. Additionally [30], on
Amaranthus tricolor plants in a pot experiment found
that total polyphenolic and flavonoid contents
dramatically increased with increasing salinity. On
the contrary [31], on Soybean plants found that
salinity stress led to reduction in content of soluble
proteins in fresh shoot samples. The vital role of
AsA on carbohydrates, proline and crud protein
contents under salinity conditions portrays in many
studies. for instance [32], investigated that, salinity
of NaCl (at 50, 100, and 150 mM) showed a signifi-
cant improvement in carbohydrates content in seeds
soaking in AsA (100 ppm) of two Vicia faba L. cul-
tivars (Giza843 and Giza 716). Also [23], showed that
exogenous application of AsA (100 and 300 ppm) on
barley plants (H. vulgare L.) grown under saline
conditions (9.3 and 14 ds/m�) appeared significantly
increment of total carbohydrates, proline, and crud
protein content compared with salinized untreated
plants.
Our results appeared showed that, gallic acid,

chlorogenic acid, caffeic acid, syringic acid, catechin,
and kaempferol are the major phenolic compounds
detected in treated plants and control. Also,
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appeared that salinity stress in the presence of AsA
showed improvement of phenolic compound espe-
cially salinity at 4000 ppm þ ascorbic at 100 ppm. In
this trend [33], showed that the phenol content of
sweet pepper (presoaked seeds in AsA) was
considerably increased by AsA (50 ppm) and salt
stress at 50, 100, 150, 200, and 250 mM NaCl.
Furthermore [34], on geranium plants cultivated in
AsA (50, 100, and 150 ppm) and salt levels (1000,
3000, and 5000 ppm) mediums, revealed that, in
comparison to salinized plants, the phenolic and
flavonoid content was raised as a result of the
interactive treatment between salinity and AsA. In
our study salinity at high dose of salinity showed
highly decrease in gallic acid, chlorogenic acid,
syringic acid, ellagic acid, coumaric acid, ferulic acid,
methyl gallate, vanillin, catechin, and kaempferol
compared with control and other treatments. A
study on leaves of wheat [35], found that, p-coumaric
acid dropped under salt stress. On the contrary, in
Amaranthus gangeticus at 100 and 50 mM of salinity
concentrations, polyphenolic profiles were much
rose than those of the control [36]. Also in a study on
Glaux maritima L. under various salinity levels
(25e500 mM in the form of NaCl) showed that the
maximum values of protocatechuic acid, catechin,
astragalin, hyperoside, rutin, isoquercitrin, and api-
genin derivative, were found to be at 100e300 mM
NaCl [37]. Data in our results showed that, AsA at
100 ppm in group subjected to 4000 ppm of salinity
appeared the highest values of coffeic acid, syringic
acid, rosmarinic acid, ellagic acid, ferulic acid,
methyl gallate, vanillin, naringenin, rutin, daidzein,
and quercetin compared with control and other
treatment. In the pharmaceutical and medical fields,

these phenolic compounds and flavonoids have the
potential to replace bioactive chemicals in order to
improve human health and prevent and treat a va-
riety of disorders. In our research, two separate
groups could be formed from the various treatments,
according to a two-way cluster analysis (Fig. 4). The
first cluster included AsA at 100 ppm under
4000 ppm of NaCl treatment, while the second
cluster encompassed two main groups, the first
group included S1 (salinity at 4000 ppm) and S2
(salinity at 4000 ppm) but the second group included
other treatment. This clustering was likely due to the
high content of phenolic compounds in presence
AsA at 4000 ppm level of salinity. Specifically, gallic
acid, chlorogenic acid, caffeic acid, Syringic acid,
Rosmarinic acid, Ellagic acid, Rutin, Daidzein,
quercetin, and Kaempferol exhibited comparable
concentrations in these two groups, explaining their
grouping together.

4.1. Conclusion and recommendation

(a) The potential advantages of phenolic compounds
for human health have also garnered attention.
Certain chemicals, such as the antioxidants and
flavonoids present in fruits, vegetables, and
seeds, may be advantageous to human health.
Additionally, they may aid in the prevention of
some types of cancer and heart disease, among
other chronic illnesses. Consequently, there is
significant economic significance to AsA's ability
to raise the concentration of these phenolic
compounds in barley grain plants.

(b) Salinity at 4000 and 8000 ppm appeared signifi-
cant decrease of pigments contents but showed

Fig. 4. Two-way cluster analysis to group the different treatments into several clusters based on the observed values of the compounds and their
percentages existing in the grains of barly plant treated or not with ascorbic acid (100 and 200 ppm).
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significant increase in carbohydrates protein,
proline, total phenol, and flavonoid contents.

(c) AsA at 100 and 200 ppm portrays improvement
in carbohydrates,protein, proline, total phenol
and flavonoid contents under saline condition

(d) AsA at 100 in saline soil at 4000 ppm appeared
highly increased in medical important com-
pounds (Caffeic acid, Syringic acid, Rosmarinic
acid, Ellagic acid, Ferulic acid, and Methyl
gallate).

(e) AsA at 200 in saline soil at 4000 ppm appeared
highly increased in Gallic acid and Chlorogenic
acid and Hesperetin

(f) We recommended that application AsA at
100 ppm or 200 ppm can alleviate the harmful
effects of salinity stress at high concentrations in
many economic plants
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