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Applications of ascorbic acid or proline increase resistance to salt stress
in barley seedlings
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Abstract

The present study was carried out to examine the effects of seed soaking in 1 mM ascorbic acid (AA) or 1 mM proline
on the growth, content of photosynthetic pigments and proline, relative water content, electrolyte leakage, antioxidant
enzymes and leaf anatomy of Hordeum vulgare L. Giza 124 seedlings grown in greenhouse under 100 or 200 mM
NaCl. The plants exposed to the NaCl stress exhibited a significant reduction in growth, relative water content, leaf
photosynthetic pigments, soluble sugars, as well as alterations in leaf anatomy. However, the treatment with AA or
proline ameliorated the stress generated by NaCl and improved the above mentioned parameters. NaCl increased
electrolyte leakage, proline content, and activities of antioxidant enzymes (SOD, CAT, and POX). The antioxidant
enzymes and leaf anatomy exhibited considerable changes in response to AA or proline application in the absence or
presence of NaCl.
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Introduction

High salinity in soils inhibiting crop growth and yield is a
frequent constraint to agriculture in arid and semi-arid
regions. Increasing Na™ and CI” content in plant tissue can
increase oxidative stress, which causes deterioration in
chloroplast ultrastructure and even loss in chlorophyll
(Khosravinejad and Farboondia 2008). Cucumber
seedlings exposed to 75 mM NaCl for 5 d show reduced
root and leaf dry masses, leaf area, and net CO,
assimilation rate (Zhen et al. 2012). High salinity results
in  hyperosmolarity, ion disequilibrium, nutrient
imbalance, and production of reactive oxygen species
(ROS), such as superoxide radical, hydrogen peroxide
and hydoxyl radical (Nawaz et al. 2010), which are
responsible for the damage to membranes, proteins,
DNA, and lipids. Various changes in activities of various
antioxidant enzymes under salinity stress have been
reported (Dolatabadian and Saleh 2009). For example, a
salt stress increases a catalase (CAT) activity, whereas a
superoxide dismutase (SOD) activity is not changed in
cashew leaves (Ferreira-Silva et al. 2012). The induction
of salt tolerance in plants is crucial to maintain their
economic yield. This can be achieved either through
genetic modifications or by chemical treatments (Hamdia
and Shaddad 2010). The strategies of plant breeding and

genetic  engineering are long-term and complex
endeavours to develop salt tolerance that still has limited
success (Ashraf et al. 2008). Alternatively, the appli-
cation of non-enzymatic antioxidants, such as ascorbic
acid, is an efficient technique to cope with the deleterious
effects of salinity on plants (Khan ef a/. 2006). During
stress, the endogenous content of growth regulators is
often lowered which can be overcome by their
application. Also, the application of fertilizers and plant
growth regulators has been successfully used to minimize
the adverse effects of salinity on plant growth and yield
(Tuna et al. 2008, Ashraf et al. 2010, Kaya et al. 2010).

Ascorbic acid (AA) is regarded as one of the most
effective compounds able to ameliorate abiotic stresses
(Conklin 2001). AA not only acts as an antioxidant but it
activates a complex of defence mechanisms (Conklin and
Barth 2004). It has been used to counteract the adverse
effects of salt stress in many crop plants (Bassuony et al.
2008, Beltagi 2008, Khan ef al. 2010).

One of the most common stress responses in plants is
overproduction of different types of compatible organic
solutes (Serraj and Sinclair 2002) which can contribute to
cellular osmotic adjustment, detoxification of ROS,
protection of membrane integrity, and stabilization of
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enzymes/proteins (Yancey et al. 1982, Bohnert and
Jensen 1996). These solutes include proline, sucrose,
trehalose, polyols, and many others (Rhodes and Hanson
1993). Proline is one of the well-known osmoprotectants
and its accumulation is widely observed in various
organisms under salt stress. Proline content is dependent
on its synthesis, catabolism, and transport from other
tissues. Further, foliar spray of proline or glycinebetaine
counteracted the growth inhibition induced by NaCl in
rape seeds (Makela et al. 1999), rice (Rahman et al. 2002,
Roy et al., 1993), wheat (Raza et al. 2006), and maize (Ali
et al. 2007). The proline application effectively regulates

Materials and methods

Two pot experiments were conducted at the Faculty of
Agriculture, Southeast Fayoum, Egypt, during two
successive seasons. Seeds of barley (Hordeum vulgare L.
Giza 124) were obtained from the Agricultural Research
Center, Egypt. Seeds of a uniform size were washed with
distilled water after surface sterilizing with a 10 %
sodium hypochlorite solution. Then seeds were imbibed
in water, 1 mM ascorbic acid (AA), or 1.0 mM proline
for 12 h. The selections of the concentrations and the
duration of soaking were based on a preliminary
experiment (data not shown). On the 15™ November 2011
and 15™ November 2012 the seeds were sown in plastic
pots (20 cm in diameter) equally filled with sand
moistened with distilled water and grown in a greenhouse
under day/night temperatures of 20 = 5/10 £+ 2 °C, relative
humidities of 82/63 %, and natural irradiance with a
photoperiod of 10 to 11 h. At the third leaf stage, the
seedlings were supplemented with NaCl (0.0, 100, or 200
mM) along with a half-strength Hoagland’s nutrient
solution. The seedlings were irrigated with the
Hoagland’s solution every 3 d throughout the experiment.
Samples of leaves were collected at 49 d after sowing to
assess content of chlorophylls, carotenoids, proline, and
soluble sugars, electrolyte leakage, relative water content,
and activities of antioxidant enzymes. At the end of the
experiment (56 d after sowing), the plants were removed
from the pots, washed in water, and the lengths of shoots
and roots were measured. A number of leaves was
counted and a leaf area was recorded by a LI-3000
portable area meter (LI-COR, Lincoln, NE, USA). The
plants were weighed to record a plant fresh mass and then
placed in an oven run at 80 °C for 24 h. The dried plants
were weighed to record a plant dry mass.

Leaf chlorophylls and carotenoids were determined in
acetone extracts according to Arnon (1949) using a
spectrophotometer (Schimadzu, Kyoto, Japan). Leaf
soluble sugars were assessed by the method
recommended by the Association of Official Agricultural
Chemists (1990) using phenol sulphuric acid reagent
method. A proline content was measured by the rapid
colorimetric method as suggested by Bates ez al. (1973).
The total inorganic ions leaked out from the leaf tissues
were determined by a digital conductivity meter (/nolab,
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osmotic potential and plays a vital role in sustaining plant
growth under an osmotic stress (Serraj and Sinclair 2002,
Ali et al. 2007, Ashraf and Foolad 2007, Hoque et al
2007).

Barley growth and development is greatly affected by
salt stress (Hussain et al. 1997, Mer et al. 2000). The
present study was designed to evaluate whether the
adverse effects of a NaCl stress on barley seedling
growth, leaf anatomy, some metabolites, and antioxidant
system could be mitigated by pretreatments with ascorbic
acid and proline.

Weilheim, Germany) following Dionisio-Sese and Tobita
(1998). For determination of electrolyte leakage (EL),
20 leaf discs were put in a tube containing 10 cm’ of
deionized water and electrical conductivity was measured
(ECO) after 2 h. The tube was heated to 50 - 60 °C in a
water bath and after 25 min EC was measured (EC1).
Then, the content was boiled at 100 °C for 10 min and the
EC was again recorded (EC,). EL was calculated using
the formula: EL [%] = (EC, - ECy) / (EC, - ECy) x 100.

A relative water content (RWC) was estimated as
described by Yamasaki and Dillenburg (1999). The
fourth leaves from an apex (to minimize the age effect on
the variability of results) were cut, weighed (FM), and
floated in distilled water in closed Petri plates and
weighed periodically till their full saturation with water
(WSM). At the end, they were placed in an oven at 80 °C
for 48 h to obtain dry mass (DM), and RWC was calcu-
lated as: RWC [%] = [(FM - DM) / (WSM - DM)] x 100.

For antioxidant enzyme activity determinations, 1.0 g
of fresh leaves was ground in an ice-cold mortar with a
pestle with 10 cm® of a 50 mM phosphate buffer (pH 7.0).
The homogenate was centrifuged at 20 000 g and 4 °C for
30 min. The supernatant filtered through two layers of
cheese-cloth was used for the assays of enzymatic
activities. The SOD (EC: 1.15.1.1) activity was
determined according to the method of Fridovich (1975).
One unit of the SOD activity was defined as the amount
of the enzyme required to cause 50 % inhibition in the
rate of nitroblue tetrazolium (NBT) photooxidation
measured spectrophotometrically at 560 nm. The CAT
(EC: 1.11.1.6) activity was determined by employing the
method suggested by Luck (1975) estimating the residual
H,0, by oxidation with KMnQ, titrimetrically. The POD
(EC: 1.11.1.7) activity was estimated using the method of
Thomas et al. (1981) using guaiacol as the substrate. The
absorbance was measured at 436 nm. One unit of POD
activity was defined as the amount of enzyme which
caused a change of 0.01 in absorbance per min.

For observation of leaf anatomy, samples were taken
from the apex of the fourth leaf and fixed in FAA
solution (containing 50 cm’ of 95 % (v/v) ethanol +
10 cm® of formaldehyde + 5 cm’® of glacial acetic acid +
35 cm® of distilled water) for 48 h. Thereafter, the
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samples were washed in 50 % ethanol, dehydrated and
cleared in tertiary butanol series, and embedded in
paraffin wax. Cross sections, 25 um thick, were cut by a
rotary microtome (Leitz, Wetzlar, Germany), adhered by
a Haupt’s adhesive, stained with a crystal violet-
erythrosin combination (Sass 1961), cleared in carbol
xylene, and mounted in Canada balsam. The sections
were observed and documented using an upright light
microscope (AxioPlan, Zeiss, Jena, Germany). Measure-

Results

An increase in NaCl concentrations to 100 or 200 mM
significantly reduced the length of shoot, number of
leaves, leaf area per plant, and plant fresh and dry masses
(Table 1). Compared to the control, the above mentioned
parameters were decreased under 200 mM NaCl by 44.6,
28.5, 56.9, 90.1, and 83.5 %, respectively. After the
treatment of the barley seeds with AA or proline and in
absence of the NaCl stress, the growth was generally
higher than that of the control (P < 0.05). AA or proline
also improved the growth of the plants grown under the
NaCl stress and the wvalues in most cases were
significantly higher than those of the plants grown under

ments were done using a micrometer eyepiece and
average of five readings was calculated.

All the pots (261) were arranged in a complete
randomized design with six pots per replicate and four
replicates per treatment. Analysis of variance was
performed using the SPSS software package to determine
the least significant difference (LSD) among treatments at
P < 0.05, and the Duncan’s multiple range tests were
applied for comparing the means.

the stress alone. AA was more efficient than proline in
this concern.

The NaCl stress significantly decreased the content of
chlorophyll (Chl) @, Chl b, and carotenoids (Car)
(Table 2). The 200 mM NaCl was more toxic compared
to the 100 mM one and the decrease compared to the
control reached 48.6, 50.0, and 17.2 % for Chl a, Chl b,
and Car, respectively. However, soaking the barley seeds
in AA or proline increased the content of Chl a, Chl b,
and Car especially in the absence of the NaCl stress. The
AA treatments were more effective than the proline ones.

An increase in salinity significantly reduced the total

Table 1. Effects of 1 mM ascorbic acid (AA) or I mM proline (Pro) applications on the shoot length [cm], number of leaves [plant],
leaf area [cm? plant™'], fresh mass [g plant™'], and dry mass [g plant™'] of barley plants grown under the 100 or 200 mM NaCl stress.
Means + SD, n = 5. Mean values in each column followed by different letters are significantly different (P < 0.05) according to the
Duncan’s multiple range test.

Parameters 0 (control) 100 200 0+AA 100+ AA  200+AA 0+Pro 100 +Pro 200 + Pro
Shoot length 47.0+1.0b  32.7+0.3¢ 26.0+1.0f 50.0+1.5a 42.840.6c 36.3+0.6d 49.6+1.5a 45.7+0.4b  36.6+1.1d
Leaf number 5.6+0.6a 4.3+0.6bc  4.0£0.0c  6.0£0.0a  5.3+0.6ab  5.0£1.0abc 5.610.6a 5.3£0.6ab  5.0+0.0abc
Leaf area 20.9£0.4bc  11.9£0.2ef 9.0+£0.3f 26.0£1.0a 17.1£0.5cd 14.84£0.7de 24.3+0.8ab 17.7£1.0cd 14.2+0.4de
Plant FM 8.5+0.3b 1.440.0e  0.8£0.0f 10.6x0.4a  5.240.1c 4.7£0.0c  10.4£1.0a 4.0£0.0d 3.7+0.1d
Plant DM 1.7£0.1¢ 0.5£0.0f 0.3%0.0g 2.1+£0.0a  1.2+0.0d 1.1£0.0e 1.940.1b 1.1£0.0e 1.1£0.0e

Table 2. Effects of 1 mM ascorbic acid (AA) or 1 mM proline (Pro) appplications on the content of Chl @, Chl b, Car, total soluble
sugars, and endogenous proline [mg g'(FM)] in leaves of barley plants grown under the 100 or 200 mM NaCl stress. Means + SD,
n = 5. Mean values in each column followed by different letters are significantly different (P < 0.05) according to the Duncan’s
multiple range test.

Parameters 0 (control) 100 200 0+ AA 100+ AA 200+AA O0+Pro 100 + Pro 200 + Pro

Chla 1.094£0.09b 0.86+0.26d 0.56+0.0le 1.65£0.06a 0.97+0.01c 0.81+0.01d 1.15+£0.02b 1.11+0.05b 1.08+0.04b
Chl b 0.30£0.00b 0.25£0.00d 0.15+0.00f 0.34+0.00a 0.27+£0.00c 0.23£0.00e 0.27£0.00c 0.33+0.00a 0.29+0.00b
Car 0.29£0.00e  0.24£0.00f 0.24+0.01f 0.38+0.00a 0.32+£0.00d 0.25£0.00f 0.36£0.00b 0.34+0.01c 0.37£0.00ab
Sugars 38.60£0.23b 23.70+0.37f 20.40+0.33g 44.70£0.31a 30.10£0.13c 28.40+0.45¢ 38.70+0.23b 30.10+0.16¢ 28.90£0.51d
Proline 0.13£0.00g 2.40£0.26d 4.00£0.07a 0.12+0.01g 1.80+0.00f 2.10£0.0le 0.32+0.00g 2.80+0.14c 3.70+0.13b

soluble sugar content of the barley leaves (Table 2). At
100 and 200 mM NaCl, the decrease was 38.6 and
47.1 %, respectively, in comparison with the control.
Soaking the seeds in AA or proline increased the content
of total soluble sugars in the presence or absence of the

NaCl stress. The amount of proline in leaves significantly
increased in response to the NaCl stress and the
maximum was found in the plants subjected to 200 mM
NaCl. Soaking the seeds in AA did not bring about a
significant change in the proline content of the unstressed
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plants, but as was expected, soaking the seed in proline
increased the leaf proline content. However, in
association with NaCl, AA or proline significantly
reduced the proline content in leaves compared to plants
subjected to 200 mM NacCl alone.

Increasing NaCl concentration led to a significant
decrease in RWC (Table 3). Soaking the seeds in AA or
proline improved the RWC in presence of NaCl. The
NaCl stress increased EL as compared to the control and
maximum EL was recorded in the plants exposed to
200 mM NaCl. Under unstressed conditions AA or
proline only slightly affected EL but decreased it under
the stress.

The antioxidative enzyme activities increased in
response to the NaCl stress (Table 3). The AA or proline
pretreatments caused a significant increase in the

activities of SOD and CAT but the POD activity was only
slightly increased as compared to the control. Thus,
maximum activities of these enzymes were recorded in the
plants pre-treated with AA or proline and exposed to
200 mM NaCl.

As concerns the leaf anatomical structure, the
thickness of midvein, blade, mesophyll, adaxial and
abaxial epidermes, and average diameter of vessels were
decreased in response to 200 mM NaCl by 29.8, 41.9,
45.8, 25.0, 33.3, and 31.8 %, respectively, in comparison
to the control. However, soaking the seeds in AA or
proline caused positive changes in the above mentioned
characteristics in the absence or presence of the NaCl
stress. For example, the maximum midvein thickness was
observed in the AA pretreated plants in absence of the
NaCl stress as compared to other treatments.

Table 3. Effects of 1 mM ascorbic acid (AA) or 1 mM proline (Pro) applications on RWC [%], EL [%], and the activities of SOD
[U g'(FM)], POD [U g '(EM)], and CAT [mmol(H,0,) g (FM) min™'] in the leaves of barley plants grown under the 100 or 200 mM
NaCl stress. Means + SD, n = 5. Mean values in each column followed by different letters are significantly different (P < 0.05)
according to the Duncan’s multiple range test.

Parameters 0 (control) 100 200 0+AA 100+ AA 200+ AA 0+ Pro 100+ Pro 200 + Pro

RWC 76.40£0.26c 52.20+0.17h 50.20£0.111 88.60+0.15b 67.70£0.47¢ 64.20+0.20g 89.70£0.32a 69.10+0.96d 65.70£0.20f
EL 10.10£0.11f 11.80+0.05b 12.80£0.10a 9.90+0.20f 10.60+0.15¢ 11.50+0.15¢ 10.10£0.20f 10.90+0.11d 11.80+0.05b

SOD 19.30£0.15h 21.30£0.15f 22.40+0.11e 20.50£0.10g 23.50£0.20d 24.10+0.15¢ 20.60£0.20g 24.50+0.36b 25.60£0.15a
POD 0.65£0.01g 0.89+0.02¢ 0.92+0.0le 0.69+0.01fg 1.05£0.03d 1.16£0.04c 0.72+£0.01f 1.27+0.04b 1.34+0.02a
CAT 25.70+0.12f 27.70£0.19d 28.40+0.32¢c 26.40+0.24e 29.50+0.20b 30.50+0.26a 26.80+0.11e 29.90+0.14b 30.70+0.55a

Table 4. Effects of 1 mM ascorbic acid (AA) or 1 mM proline (Pro) applications on the thickness of midvein, blade, mesophyll,
adaxial epidermis, abaxial epidermis and vessel diameter [pum] of leaves of the barley plants grown under the 100 or 200 mM NaCl
stress. Means + SD, n = 5. Mean values in each column followed by different letters are significantly different (P < 0.05) according
to the Duncan’s multiple range test.

Parameters 0 (control) 100 200 0+AA 100+ AA 200+AA 0+Pro 100 + Pro 200 + Pro
Midvein 570£15bc  430+10e  400+5.0f 610+£10a  590+13ab  540+14d 590+17ab  560£8.0cd  540+6.0d
Blade 310+8.0a 1704£5.0¢  180+9.0e 240+5.0c  280£7.0b  270+9.0b  210+£6.0d  220+6.0d  180+4.0¢
mesophyll  240+5.0a 100£2.0g 130+6.0e 150+3.0d 170+£7.0c  220+8.0b 130£6.0e 150+£5.0d  12043.0f
Adax. ep. 40+2.0c 40£3.0c  30+1.5d  50%1.3b 6013.0a 30+2.1d 50+2.0b 40+£1.0c 30+2.0d
Abax. ep. 30+1.0c 30+2.0c  20£0.5d  40+2.0b 5043.0a 20+1.0d 30+1.0c 30+1.5¢ 30+2.0c
Vessel dia.  33+1.0c 26£2.0d  22+0.5¢  33£0.2¢c 37+2.5a 3610.6b 28+1.0d 3240.8¢ 25+1.0
Discussion

The present study shows that the NaCl stress reduced all
the studied growth traits. These inhibitory effects of NaCl

These results are in agreement with the AA induced
improvement in the salt tolerance of wheat (Athar et al.

stress on plant growth and biomass production are well
known (Hajer et al. 2006, Alqurainy 2007, Long et al.
2008, Ma et al. 2013). In addition, salinity leads to
dehydration and a decrease in the pressure potential
(Munns 2002) and consequently to a reduction in the
meristem activity and cell elongation (Shah 2007). In the
present investigation, soaking the seeds in AA greatly
increased the growth traits of the barley plants under the
following NaCl stress as compared to the stress alone.
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2008, 2009) and sorghum (Arafa et al. 2009). The
application of proline also increased the growth traits of
the barley plants under the NaCl stress as compared to the
plants grown under the stress alone. Under stress
conditions, proline acts as osmoprotectant (Hartzendorf
and Rolletschek 2001), membrane stabilizer (Bandurska
2001) and ROS scavenger (Matysik et al. 2002). The
acceleration of the activities of antioxidant enzymes and
an increased pool of endogenous proline found in the
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present study resulted in an increase in the tolerance to
the NaCl stress manifested in terms of improved growth
traits and in the content of photosynthetic pigments. The
reduction in growth traits in plants subjected to NaCl
stress is often associated with a decrease in photo-
synthetic pigments, and a reduction in Chl content due to
a NaCl stress was also reported in maize, wheat, canola,
etc. (Al et al. 2007). Soaking the seeds in AA or proline
increased the Chl a, Chl b, and Car content in the
presence or absence of the NaCl stress. Similar findings
were obtained by Khan er al (2010) in Brassica
campestris. An increase in the NaCl concentration
significantly reduced the total soluble sugars content of
the barley leaves. This might be due to the consumption
of the total soluble sugars during synthesis of
antioxidants or osmoprotectants including proline.
Soaking the seeds in AA or proline increased the total
soluble sugars content of the barley leaves in presence or
absence of the NaCl stress. It may be important as sugars
also act as osmoprotectants in many plants (Everard et al.
1994). As mentioned above, the proline content
significantly increased in the barley seedlings exposed to
the salt stress and might serve as a compatible solute
(Vinocur and Altman 2005). It was shown that proline
accumulates in a larger amount than any other amino
acids and regulates the cell osmotic potential (Ali et al.
1999). It is also hypothesized that proline, besides being
an osmolyte, is also involved in scavenging free radicals
(Okuma et al. 2004, Ashraf and Foolad 2007). It has been
found that a salt stress up-regulated the enzymes involved
in proline biosynthesis (Hare et al. 1999, Munns 2005).
The proline content of the barley leaves also shows an
increasing trend after the AA application under the NaCl
stress. Similar results have been reported in sorghum
(Azooz et al. 2004), rice (Gurmani et al. 2006), maize
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