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Abstract: Arginine (Arg) being one of the most important amino acids of plants involved in
biosynthesis and induction of vital amino acid derivatives, enzymes, phytohormones and signaling
molecules. The effect of exogenous Arg (3.0 mM) was investigated in salt (120 and 150 mM NacCl)
treated lentil (Lens culinaris cv. BARI Mashur-2). Seven-day-old lentil seedlings were subjected to
salt stress alone and in combination with Arg for 48 h. Salt stress raised hydrogen peroxide (H202)
content and membrane lipid peroxidation. Reduced ascorbate (AsA), increased glutathione
disulfide (GSSG) content, decreased glutathione (GSH):GSSG together with altered activities of
antioxidant enzymes caused the oxidative stress in salt affected plants. Salt stress decreased leaf
relative water content (RWC) but increased proline (Pro) content. Chlorophyll (chl) a, b and total
chl contents decreased under salt stress. Arginine co-treatment with salt stress decreased oxidative
stress through improving AsA and GSH pool and activities of catalase, ascorbate peroxidase,
monodehydroascorbate reductase, dehydroascorbate reductase and glutathione reductase.
Decreased Pro level, improved RWC, chl content, growth parameters like plant height, root length
and seedling dry weight in Arg supplemented salt affected plants are the indication of
Arg-induced relaxation of salt stress and improved salt tolerance in lentil plants.
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1. Introduction

Salinity is one of the major devastating abiotic stresses causing complex alteration in the
physiology and biochemistry of plants. Salt stress primarily causes ionic stress immediate after
exposure to the plant roots. Entering the plant salt stress causes ionic and nutritional imbalance and
even toxicity. Decreased water uptake, stomatal conductance and decreased chlorophyll content can
decrease photosynthesis which negatively affect the growth and developmental processes (Bendaly
et al. 2016; Ahmed et al. 2020). Salt stress causes oxidative stress through generating reactive oxygen
species (ROS). These ROS can cause oxidative damage to the cellular components. Plant nauturally
beaing the antioxidant defense system capable of detoxifying certain amount of ROS. Beyond plants
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own antioxidant defense capacity if ROS over generate due to the effect of abiotic stress the ROS
cause oxidative damage. The antioxidant defense system of plants is collection of
ascorbate-glutathione (AsA-GSH) cycle comprising of two major non-enzymatic components:
ascorbate (AsA) and glutathione (GSH) and four enzymes: ascorbate peroxidase (APX),
monodehydroascorbate reductase (MDHAR), dehydroascorbate reductase (DHAR) and glutathione
reductase (GR). Superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPX) also
play critical function in ROS detoxification (Nahar et al. 2016).

Arginine (Arg) is one of the most important among the available amino acids in plants. It is
precursor of a range of amino acids derivatives including polyamines, agmatine, proline, glutamine
and nitric oxide. Arginine metabolism is thus imperative not only in plant developmental processes
but also in stress adaptation, defense or tolerance (Cottenie et al. 1982). There are very few studies
those consider Arg as an stress protecting agent which may modulate plant physiology and
biochemistry to improve stress tolerance. So, the present study investigates the role of Arg in
modulating the physiology of lentil plants under salt stress. This study has special focus on the
antioxidant defense mechanism of lentil plants.

2. Experiments

2.1. Plant Materials, Growth Condition, and Stress Treatments

Lentil (Lens culinaris cv. BARI Mashur-2) seedlings were grown in petri dishes under the
conditions: light, 350 mmol photon m=2 s; temperature, 25 + 2 °C; relative humidity, 65-70%;
10,000-fold diluted Hyponex solution (Hyponex, Japan) was applied as nutrient. Seven-day-old
seedlings (three sets) were exposed to two levels of salt stress (120 and 150 mM NaCl) alone and in
combination with Arg (3.0 mM) for 48 h. Control seedlings were grown with Hyponex solution.

2.2. Lipid Peroxidation and H20: Content

The level of lipid peroxidation was measured by estimating MDA using TBA according to
Heath and Packer (1968) with modifications (Hasanuzzaman et al. 2011). Hydrogen peroxide (H202)
was assayed according to Yu et al. (2003).

2.3. Extraction and Measurement of Ascorbate and Glutathione

Ascorbate content was determined following the method of Hasanuzzaman et al. (2011). Total
ascorbate was determined by the reduction of the oxidized fraction. Oxidized ascorbate (DHA)
content was determined by subtracting reduced AsA from total AsA. The glutathione pool was
assayed according to Hasanuzzaman et al. (2011). Standard curves with known concentrations of
GSH and GSSG were used. The content of GSH was calculated by subtracting GSSG from total GSH.
2.4. Leaf Relative Water Content

Leaf relative water content (RWC) was measured according to Barrs and Weatherley (1962).

2.5. Proline Content

Proline (Pro) was calculated according to Bates et al. (1973) using 3% sulphosalicyclic acid, acid
ninhydrin, glacial acetic acid, phosphoric acid and toluene.

2.6. Chlorophyll Content
Chlorophyll (chl) a, b and total chl contents were calculated according to Arnon (1949).

2.7. Protein Determination and Enzyme Extraction and Assays

The protein concentration was determined according to Bradford (1976). CAT (EC: 1.11.1.6)
activity (Hasanuzzaman et al. 2011), APX (EC: 1.11.1.11) (Nakano and Asada 1981), MDHAR (EC:
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1.6.5.4) (Hossain et al. 1984), DHAR (EC: 1.8.5.1) (Nakano and Asada 1981) and GR (EC: 1.6.4.2)
(Hasanuzzaman et al. 2011) activities were measured following standard methodologies.

2.8. Determination of Growth Parameters

Plant height and root length were measured from each set of seedlings. Ten randomly selected
fresh seedlings from each treatment were dried at 80 °C for 48 h, then weighed and considered as
seedling DW.

3. Results

3.1. Oxidative Stress Indicators

Hydrogen peroxide (H20:) is one of the major among the ROS which increased in salt affected
lentil plants. In exposure to S1 and S2 the H20:2 increased significantly. Increase of membrane lipid
peroxidation as indicated by increased MDA in also evident and proof of salt-induced oxidative
damage. Arginine addition with salt treatment reverted the H20O: generation and decreased lipid
peroxidation (Figure 1).
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Figure 1. MDA (A) and H202 (B) contents in lentil induced by Arg under salt stress. Here Arg, S1 and
S2 indicates Arg (3.0 mM), 120 and 150 mM NaCl, respectively.

3.2. Ascorbate and Glutathione Pool

Ascorbate content decreased with the increase of salt stress, compared to control whereas it’s
content restored and increased with the supplementation of Arg in salt treatment (compared to salt
stress alone).

An increase in GSH level was noticed under salt stress. The GSH level increased gradually due
to S1 and S2 levels of salt (compared to control). Glutathione disulfide content also increased due to
salt exposure. Increased GSH and decreased GSSG resulted a reduced GSH:GSSG in Arg added salt
treatment, compared to salt treatment alone (Figure 2).
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Figure 2. Contents of AsA (A), GSH (B) and GSSG (C); GSH:GSSG (D) in lentil induced by Arg under
salt stress. Here Arg, S1 and S2 indicates Arg (3.0 mM), 120 and 150 mM NaCl, respectively.

3.3. Antioxidant Enzymes

The activity of CAT decreased but the GPX activity increased under salt stress, compared to

control.
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Figure 3. Activity of CAT (A) and GPX (B) in lentil induced by Arg under salt stress. Here Arg, S1
and S2 indicates Arg (3.0 mM), 120 and 150 mM NaCl, respectively.

Among the enzymes of AsA-GSH cycle, APX and GR activity decreased but MDHAR and
DHAR activity increased under salt stress, compared to control (Figure 4).
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Figure 4. Activity of APX (A), MDHAR (B), DHAR (C) and GR (D) in lentil induced by Arg under

salt stress. Here Arg, S1 and S2 indicates Arg (3.0 mM), 120 and 150 mM NaCl, respectively.

Adding Arg with salinity the activities of antioxidant enzymes increased, compared to salt
stress alone (Figure 4).

3.4. Water Status and Pro Regulation

Salt stress decreased leaf relative water content (RWC) but increased Pro content. Arginine
addition with salt treatment decreased Pro level in S1 and S2 concentration of salinity (Table 1).

Table 1. Plant height, root length, leaf RWC, Pro content, chl g, b and total chl (a + b) contents in lentil
seedings induced by Arg under salt stress.

Root Dry Weight Leaf RWC Pro Conteint Chla Chlb Total Chl
Treatment Length Plant ) (umol g (mgg1FW)  (mg g FW) (a+b)

(cm) FW) (mg g FW)
Control 9.80+0.10a  0.025+0.001a 95.87 +2.53a 498+043d 047+0.015b 047 +0.015a  0.94+0.030a
Arg 720+0.10d 0.019+0.001bc  76.85+3.55c  12.14+0.69b 0.37+0.005d  0.33+0.002c  0.70 +0.003¢
S1 7.00+0.10c  0.018 £0.001c 71.40+0.73d 14.32+0.54a 0.28+0.026f 0.29+0.012c 0.57 +£0.037d
S1+Arg 9.70+0.10a  0.026 +0.001a 94.70 + 0.66a 5.62+050d 0.50+0.005a 0.45+0.007a  0.95+0.012a
S2 8.20+0.10b  0.022+0.001b  87.30 + 1.06b 9.37+0.73¢  042+0.009c 045+0.012a  0.88 +0.021b
S2+Arg 810+0.10b  0.021+0.001b  85.38+1.32b  11.79+092b 0.32+0.009e  0.38+0.05b  0.71 +0.059¢

3.5. Photosynthetic Pigments

Chlorophyll g, b and total chl contents decreased due to S1 level of salt treatment. When 52 was
applied chl a, b and total chl contents decreased was higher. Applying Arg with salt treated
seedlings increased the levels of photosynthetic pigments, compared to salt treated seedlings
without Arg (Table 1).

3.6. Growth Parameters

Growth parameters like plant height, root length and seedling dry weight decreased by salt
imposition and contrarily increased by Arg supplementation with salt salt treatment which are the
indication of Arg-induced relaxation of salt stress (Table 1).
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4. Discussion

Under salt stress, osmotic and ionic stress, nutritional imbalance, altered photosynthetic and
ultrastructural organelles activity are responsible for ROS generation and oxidative stress (Bendaly
et al. 2016; Akladious and Hanafy 2018; Ahmed et al. 2020). Lentil seedlings of the present study
showed high H20: generation and MDA level which was reversed by the exogenous Arg addition
with salt stress. This result is corroborating with previous research findings (Akladious and Hanafy
2018; Ahmed et al. 2020).

Lentil seedlings were not much efficient to sustain its non-enzymatic antioxidants’ pool unders
salt stress. Thus AsA and GSH levels were altered under salt stress which contributed to increase
oxidative stress. Increased AsA and GSH contents as well as higher GSH:GSSG in Arg added salt
treated plants indicating the influential role of Arg to enahnace the antioxidative capacity of lentil
plants (Nahar et al. 2016; Rady et al. 2018).

The CAT and GPX are important for scavenging ROS. The enzymes of AsA-GSH cycle, detoxify
toxic ROS in step by step process in an efficient way. Activities of antioxidant enzymes altered which
caused the oxidative stress in salt affected plants. Altered enzymatic activity induced by salt stress
was improved by Arg application which is supported by other’s findings (Akladious and Hanafy
2018; Ahmed et al. 2020).

Salt stress increases the osmotic concentration of the plant growing media which imposes
osmotic stress for plants. Increased Pro level together with decreased leaf RWC is the indication for
osmotic stress by excess salt (Nahar et al. 2016). Arginine supplementation decreased the Pro level in
salt affected plants which means the decrease of salt-induced osmotic stress (Akladious and Hanafy
2018; Ahmed et al. 2020).

Salt stress hampers the biosynthesis of photosynthetic pigment. Creating oxidative stress salt
stress can damage the outer membrane of chloroplast or the membrane of thylakoid system. Break
down of chlorophyll can be occurred under salt stress too. Increased levels of chl a, b and total chl in
Arg supplemented salt treatment confirmed the protective effect of Arg under salt stress (Bendaly et
al. 2016; Ahmed et al. 2020).

While studying the growth parameters of lentil plants under salt stress the plant height, root
length and seedling dry weight showed decreasing pattern with the increase of salt levels.
Salt-induced osmotic stress obstructs entrance of water in to the cell thus the cell expansion and cell
division are hindered under salt stress which unfavorably affect the growth process. Decreased
water uptake, stomatal conductance and decreased chlorophyll content can decrease photosynthesis
which negatively affect the growth and developmental processes (Bendaly et al. 2016; Ahmed et al.
2020). In Arg supplemented salt affected plants the growth parameters were improved, compared to
the salt stress alone. In the present study, Arg addition with salinity stress decreased osmotic stress,
increased leaf RWC and levels of photosynthetic pigments which are correlated to the improved
growth parameters supported by the results of previous research findings (Bendaly et al. 2016;
Ahmed et al. 2020).

5. Conclusions

In the present study, lentil seedlings were adversely affected due to salt exposure in the
growing media. Decreased leaf RWC and high rise of Pro indicated the osmotic stress and hindrance
of water uptake due to salt exposure. Salt stress decreased the photosynthetic pigment levels.
Altered antioxidant enzyme activities and the levels of non-enzymatic antioxidants resulted severe
oxidative damage. Arginine supplementation with salt stress improving the antioxidant defense
system alleviated oxidative stress. Arginine-induced osmoregulation, maintenance of water status,
improvement of photosynthetic pigment levels, antioxidant defense system, reduction of oxidative
damage were the clear evidence that prove the potential role of Arg. However, the long duration
experiment, the age dependent experiment in different physiological and biochemical aspects are yet
to reveal.
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Abbreviations

The following abbreviations are used in this manuscript:

AO ascorbate oxidase

APX ascorbate peroxidase

AsA ascorbic acid (ascorbate)

BSA bovine serum albumin

CAT catalase

Chl chlorophyll

DHA oxidized ascorbate

EDTA ethylenediaminetetraacetic acid
GR glutathione reductase

GSH reduced glutathione

GSSG oxidized glutathione

MDA malondialdehyde

MDHA  monodehydroascorbate

MDHAR monodehydroascorbate reductase

NADPH nicotinamide adenine dinucleotide phosphate

Pro Proline

ROS reactive oxygen species

RWC relative water content

SLG S-D-actoylglutathione

TBA thiobarbituric acid

TCA trichloroacetic acid.
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