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Salinity affects ~ 950 million ha of the world’s land area. More importantly, this worldwide problem is
gradually increasing and limiting productivity. The aim of the present study was to investigate the
protective effects of ca* against NaCl induced salt stress in Lens culinaris. We comparatively analyzed
growth, oxidative stress, photosynthetic potential and antioxidant enzyme activities in red and green
lentils. Plants were allowed to germinate and then treated with or without NaCl (50, 200 mM) and/or
CaCl, (5, 10 mM) for seven days. NaCl treatment decreased growth, chlorophyll content, carotenoid
content and the activities of CAT and Ascorbate peroxidase (APX in both tested plants. Moreover MDA,
H,O, and proline levels were increased by NaCl treatment in red and green lentils, indicating that
antioxidant system was disrupted by salinity. This study indicated that Ca? ameliorated the inhibitory
effects of NaCl on growth and photosynthesis by regulating the activities of pivotal antioxidant
enzymes such as superoxide dismutase (SOD), APX and catalase (CAT) in red and green lentils. Further
studies are needed to investigate the underlying molecular mechanisms of ca* dependent protective

effects under salt stress.
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INTRODUCTION

Salinity can be defined as the presence of soluble salts
with excessive levels in soils or waters. If these salts
contain a high proportion of sodium ions, it is called
sodicity. Over six percent of the world’s land and
approximately one-third of agricultural areas are affected
by these two increasing environmental problems
(Laohavisit et al., 2013; Yadav et al., 2011). Decreasing
in crop productivity is one of the most harmful
consequences of salinity in particularly arid and semi-arid
areas of the world.

Several metabolical and physiologica processes

regulating plant growth can be damaged by salinity and
sodicity. At first, cellular ionic balance is disrupted. The
most common ions associated with salinity are Na“, Mgz+,
ClI' and HCOj3;. Because of their dominant toxicity to
plants, Na" and CI" are considered the most important.
Increased concentrations of cellular Na* and CI inhibit
most enzymes and interfere RNA binding (Serrano et al.,
1999). It is also shown that excessive uptake of Na’
disrupts Na'/K" homeostasis and may cause cellular
injury and even cell death (Lockhart., 2013). The main
phenotypic response of plants to salinity is inhibition
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of growth (Romero et al., 2001; Hilal et al., 1998). The
mechanism underlying this response directly depends on
absorption of water. When dissolved salt concentration in
the soil is higher than inside the plant roots, water tends
to move from roots to soil via osmosis, as a result,
absorption of water to plant is reduced. Moreover, salt
accumulation causes premature senescence in leaves,
reduces the photosynthesis rate and directly affects vital
processes by generating reactive oxygen species (ROS)
such as hydrogen peroxide, nitric oxide, superoxide and
hydroxyl radicals. Despite low levels of ROS can mediate
salinity tolerance, excessive levels mostly damage to
lipids, proteins, and nucleic acids (Xue et al., 2008).
Conversely, plant cells have non-enzymatic antioxidants
such as proline and antioxidant enzymes such as
catalase (CAT) and superoxide dismutase (SOD) which
are protect cell from oxidative damage. Therefore, the
balance between ROS and antioxidants is crucial for
plant survival and is needed to keep on the side of
antioxidants (Munns, 2002; Tsuganea et al., 1999).

Unlike Na* and CI, it is well known that some ions such
as Ca'? increase the adaptation of plant to salt stress by
mainly regulating ion transport and exchange
mechanisms. Moreover, calcium can also act as a
second messenger in stress signaling, stabilizes cell wall
structure and restores photosynthesis under NaCl stress.
The underlying molecular mechanism of plant cell
response to salt stress is regulated by salt overly
sensitive (SOS) signaling pathway. Salt stress induces a
cytosolic calcium-signal that activates the calcium sensor
protein SOS3. SOS3 binds and activates SOS2, which is
a member of serine/threonine kinase family. Activated
SOS2 regulates the activites of Na'/H® antiporters
localized in both plasma membrane and vacuole. This
results in Na* efflux out of cytosol or vacuole (Hadia and
Karimib, 2012).

Lens culinaris is one of the first cultivated annual plants
in Middle East and Europe. The wild subspecies, L.
culinaris orientalis, is found in particularly Middle East
including Turkey. Since this ancient plant has high protein
content and is a good source of vitamin B, iron and
phosphorus, it is widely consumed as food (Faris et al.,
2013). The aim of the Eresent study is to investigate the
protective effects of Ca”* against NaCl induced salt stress
in red and green lentils.

MATERIALS AND METHODS

Plants Material and Metal Treatment

In this study, the red (yerli) and green (kighk pul 11) lentil (L
culinaris L.cv) cultivars seeds were provided by Field Crops Central
Research Institute, Ankara, Turkey. Seeds were surface disinfected
with sodium hypochloride (30%) for 10 min and washed with sterile
water thoroughly. After imbibition, approximately 15 to 20 seeds
were planted onto plastic trays covered with filter paper and cotton
containing half-strength Hoagland’s solution. They were grown for
10 days in a growth chamber at 23+2°C with 16-h light: 8-h dark
photo-cycle at a light intensity of 40 mmol m? s™. At the 7th day of

growth, salt stress treatment was initiated by applying half-strength
Hoagland’s solution containing 1.02 g/L KNOs3, 0.492 g/L Ca(NOs)a,
0.23 g/L KH;PQOy4, 0.49 g/L MgS0..7H,0, 1.81 mg/L MnCl,.4H,0,
0.08 mg/L CuS0.4.5H,0, 0.22 mg/L ZnS0..7H,O, 0.09 mg/L
NaMo0QO,4.H,O and FeSO,.7H,O (0.5%) contained 0.6 ml/L (0.4%)
tartaric acid to seedlings. Control plants, salt stressed (50, 200 mM
NaCl) and NaCl+CaCl, treated (50 mM NaCl+5 mM Ca, 50 mM
NaCl+10 mM Ca, 200 mM NaCl+5 mM Ca, 200 mM NaCl+10 mM
Ca) and plants were grown in the growth chamber with the same
physical parameters for another 7 days. The shoot and root tissues
of 7 days old seedlings were then freshly used in the experiments.

Growth analysis

After 0 and 7 days of metal treatment, 1 g plants for each group
were taken at random and divided into separate shoot and root
fractions. The fresh weights of shoots and roots were weighed, and
root lengths were measured. The samples were then dried in a
forced draft oven at 70°C for 24 h, and the dry weights (g/g FW)
were determined.

Determination of proline and H,O, content

Proline content was determined according to the modified method
of Bates et al. (1973). 0.5 g of shoot and root tissues from control
and NaCl, Ca®" treated plants were homogenized 1 ml of 5 %
sulfosalicylic acid solution using homogenizer. The homogenate
was then centrifuged at 13.000 g for 10 min. 1 ml of the supernatant
was then added into a test tube to which 1 ml of glacial acetic acid
and 1 ml of freshly prepared acid ninhydrin solution were added
(1.25 g ninhydrin dissolved in 30 ml of glacial acetic acid and 20 ml
of 6 M orthophosphoric acid). Tubes were incubated in a water bath
for 1 h at 95°C and then allowed to cool to room temperature. 2 ml
of toluene was added and mixed on a vortex mixture for 20 s in a
fume hood. The test tubes were allowed to stand for at least 10 min
to allow the separation of toluene and aqueous phase. The toluene
phase was carefully pipetted out into a glass test tube and the
absorbance was measured at 520 nm in a spectrophotometer. The
concentration of proline was calculated from a proline standard
curve. The concentration of proline was expressed as pmol/g FW.

The hydrogen peroxide content was determined according to
Jana and Choudhuri (1981). Aliguats of fresh shoots and roots were
homogenized in 50 mM potassium phosphate, pH 6.5 and
centrifuged at 10 000 g for 25 min. The solution was mixed with 1%
titanium chloride (in concentrated HCI) and then centrifuged at 10
000 g for 15 min The absorbance of the supernatant was measured
at 410 nm and the H,O, content calculated using 0.28 uM™“cm™ as
extinction coefficient.

MDA content

Lipid peroxidation was evaluated by measuring the amount of MDA
amounts according to Heath and Packer (1968). 500 mg plant
material was homogenized with 3 ml of 0.5% TBA in 20% TCA
(W/V). The homogenized was incubated at 95°C for 30 min and the
reaction was stopped in ice. The plant samples were centrifuged at
10 000 g for 15 min and absorbance of the resulting supernatant
was recorded at 532 and 600 nm. The non-specific absorbance at
600 nm was subtracted from the 532 nm absorbance.

Chlorophyll and carotenoid contents

Concentration of chlorophylls and carotenoids were determined in
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Table 1. Effect of Ca®" enrichment on the fresh shoot weight, fresh root weight, shoot lenght root lenght and electrolyte leakage of 7-
day red lentil seedling treated with or without 5.0-10 mol L-1 CaCls, 50 to 200 mmol L™* NaCl. (a= compared to the control, b= compared

to the 50 mM NaCl , c= compared to the 200 mM NacCl).

Electrolyte Leakage

Red lentil Shoot Root S.hoot Root (uS/cm)

length(cm) length(cm) weight(g) weight(g) Shoot Root
Control 19.85 8.78 0.1426 0.0522 48.00 57.53
50 NaCl 18.44% 8.28% 0.1360° 0.0470% 75.14% 83.12%
50 NaCl +5 Ca 18.872 8.90° 0.1410° 0.0526" 60.98 % 72.11%
50 NaCl+ 10 Ca 19.71° 9.35% 0.1544 % 0.0639 ® 50.76 %" 64.45%°
200 NaCl 16.282 5.05% 0.0698° 0.0417% 120.45% 133.17%
200 NaCl+5 Ca 17.30%* 5.42% 0.0801* 0.0462 % 110.66 *° 112.10%*
200 NaCl + 10 Ca 18.78% 6.81% 0.1057 * 0.0676* 98.70% 107.11%
RSD 0.36 0.06 0.004 0.003 1.25 3.38

DMSO extract of the young fully expanded leaf by the method of RESULTS

Lichtenthaler and Wellburn (1983). The homogenate was
centrifuged at 4000xg for 10 min to remove the residue. The color
intensity of clear supernatant was measured at 665, 645 and 470
nm for chlorophyll a, chlorophyll b and carotenoids, respectively.
Results have been expressed as mg chlorophyll or carotenoids
mg/g fresh weight.

Enzyme extracted and enzyme activities assays

Fresh shoot and root samples weighting about 1 g were
homogenized using chilled mortar and pestle in 5 ml of cold 20 mM
potassium phosphate buffer (pH 7.0) containing 1.0% insoluble
polyvinyl pyrolidone (PVP) in ice bath. The homogenates were
centrifuged at 12 000 g for 30 min. The supernatant was stored at
4°C and used for enzyme assays.

Ascorbate peroxidase (EC. 1.11.1.11) activity was measured
immediately in fresh extracts and was assayed as describes by
Nakano and Asada (1981) using a reaction mixture containing 25
mM potassium phosphate buffer (pH 7.0), 0.1 mM H»O,, 0.5 mM
ascorbate and 0.1 mM EDTA. The hydrogen peroxide-dependent
oxidation of as was followed by a decrease in the absorbance at
290 nm. The activity of APX was calculated using the extinction
coefficient of 2.8 mM™* cm™.

Catalase (EC 1.11.1.6) activity was determined by monitoring the
described of H,O, which was carried out by measuring the
decrease in absorbance at 240 nm of a reaction mixture containing
25 mM potassium phosphate buffer (pH 7.0), 10 mM HO, and
enzyme extract (Aebi, 1984).

SOD (EC 1.15.1.1) activity was measured spectrophotometrically
as described by Beyer and Fridovich (1987). In this assay, 1 unit of
SOD is defined as the amount required to inhibit the photo
reduction of nitroblue tetrazolium by 50%. The activity of SOD was
expresed as Unit/g fresh weight.

Statistical analysis

All experiments were carried out in triplicate and results were
expressed as mean + S.D. Data analysis and graphs were done by
Graphpad Prism 6.0 software (La Jolla, CA, USA). Differences
were analyzed by using two-way ANOVA at level of significance of
p<0.05.

Growth analysis

For growth analysis, plants were allowed to germinate
and then treated with or without NaCl (50, 200 mM)
and/or CaCl, (5, 10 mM) for seven days in sand culture
under glass house conditions. At the end of the day 7,
growth of both red and green lentil was significantly
reduced by 50 and 200 mM NaCl treatment (Tables 1
and 2).

In 50 and 200 mM NaCl treated red lentil, shoot length
was decreased by 7.1 and 17%, while it was decreased
by 4.65 and 12% in green lentil, respectively, as
compared to untreated control. Combination of 200 mM
NaCl and 10 mM Ca®* treated resulted in an increased
shoot length in red and green lentils by 15 and 9%,
respectively as compared to 200 mM NacCl. Shoot weight
was decreased by 62 and 39% in red and green lentils
treated with 200 mM NacCl, respectively, as compared to
untreated control. Combination of 200 mM NaCl and 10
mM Ca** treated resulted in increased shoot weight by 42
and 14% in red and green lentils, respectively as
compared to 200 mM NaCl.

Chlorophyll (Chl) content

The presence of NaCl decreased total chlorophyll (Chl a
+ Chl b) and total carotenoid levels in a concentration
dependent manner in the shoots of both plants. In red
lentil, 200 mM NacCl treatment decreased Chl a, Chl b,
and total carotenoid levels by 54, 58 and 61%,
respectively, as compared to untreated control.
Combination of 10 mM Ca” and 200 mM NaCl
significantly decreased the inhibitory effects of NaCl on
Chl a, Chl b and total carotenoid levels by 22, 76 and
34%, respectively, as compared to 200 mM NaCl (Table 3).

In green lentil, 200 mM NaCl treatment decreased Chl a,



2392 Afr. J. Agric. Res.

Table 2. Effect of Ca*" enrichment on the fresh shoot weight, fresh root weight, shoot lenght root lenght and electrolyte leakage of 7- day
green lentil seedling treated with or without 5.0 to 10 mol L™ CaCl,, 50-200 mmol L™ NaCl. (a= compared to the control, b= compared to

the 50 mM NacCl , c= compared to the 200 mM NacCl).

Electrolyte Leakage (uS/cm)

Green lentil Shozz(t:rlne)ngth Root length (cm) Shoot weight (g) Root weight (g) Shoot Root
Control 21.04 8.24 0.2294 0.1422 73.02 86.26
50 NaCl 20.06° 5.01°2 0.2029° 0.0826° 90.132 102.232
50 NaCl +5 Ca 24.85% 7.71% 0.2414%® 0.1200% 72.33° 97.12%
50 NaCl +10 Ca 26.20%° 7.90% 0.2602 % 0.1321% 63.16 %" 90.10%°
200 NaCl 1852 3.40° 0.13932 0.0706 2 130.74°2 148.652
200 NaCl +5 Ca 19.35%* 6.07% 0.1558 * 0.0810%* 122.23% 145.00%
200 NaCl +10 Ca 20.21% 7.85% 0.1686 0.0933% 111.39% 127.34%
RSD 0.32 0.05 0.007 0.004 2.26 4.28

Table 3. Effect of Ca?* enrichment on the photosynthetic pigments of 7- day red lentil seedling treated with or without 5.0 to 10 mol L—1
CaCly, 50 to 200 mmol L™ NaCl. (a= compared to the control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NaCl).

Total
Red lentil Chl a Chlb Total Chl Chl a/b Carotenoid
(mg/g fresh weight) (mg/fresh weight)  (mg/g fresh weight) (mg/g fresh weight)  (mg/g fresh
weight)
Control 6.31 1.97 8.28 3.20 1.96
50 NaCl 452° 1.25% 5.77% 3.61° 1.66°
50 NaCl + 5 Ca 470 1.60% 6.33% 2.95% 1.74%
50 NaCl + 10 Ca 5.14% 1.87% 7.01%® 2.74% 1.87%
200 NaCl 2.90% 0.82% 3.72% 3.53° 0.75%
200 NaCl + 5 Ca 3.14% 0.94% 4.08% 3.34% 0.88%
200 NaCl + 10 Ca 3.56% 1.45% 5.01% 2.45% 1.01%
RSD 0.08 0.04 0.09 0.04 0.03

Table 4. Effect of Ca2+ enrichment on the photosynthetic pigments of 7- day green lentil seedling treated with or without 5.0 to 10 mol L™
CaCly, 50 to 200 mmol L™ NaCl. (a= compared to the control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NaCl).

Green lentil Chl a Chlb Total Chl Chl a/b Total Carotenoid
(mg/g fresh weight) (mg/g fresh weight) (mg/g fresh weight) (mg/g fresh weight) (mg/g fresh weight)

Control 5.56 2.91 8.47 1.91 1.65

50 NaCl 4,652 1.31° 5.96° 3.54% 1.21°2

50 NaCl + 5 Ca 567" 2.84% 851" 1.99% 1.55%

50 NaCl + 10 Ca 5.83% 2.08° 8.81 1.95° 1.66°

200 NaCl 2.58° 0.76° 3.34° 3.39° 0.86°

200 NaCl + 5 Ca 2.79% 0.95% 3.74% 2.93% 0.99 %

200 NaCl + 10 Ca 2.95% 1.13% 4.08% 2.61% 1.11%*

RSD 0.01 0.04 0.08 0.05 0.04

Chl b, and total carotenoid levels by 53, 73 and 47%, MDA, H,0,and proline contents

respectively, as compared to untreated control.
Combination of 10 mM Ca** and 200 mM NaCl The presence of NaCl led to an increase in MDA levels in

significantly decreased the inhibitory effects of NaCl on a concentration dependent manner in the shoots of both
Chl a, Chl b and total carotenoid levels by 14, 48 and plants. 200 mM NacCl treatment increased MDA levels by
29%, respectively, as compared to 200 mM NaCl (Table 4). 73 and 66% in the shoots of red and green lentils,
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Figure 1. Effect of Ca®" enrichment on the MDA content (mol/gFW) of 7-day old red and green lentil seedlings
treated with or without 5,20 mM CacCl,, 50, 200 mM NaCl. (A=Shoot, B=Root) (a= compared to the control, b=
compared to the 50 mM NacCl , c= compared to the 200 mM NacCl).
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Figure 2. Effect of Ca®* enrichment on the H,O- content (mol/gFW) of 7-day old red and green lentil seedlings
treated with or without 5,10 mM CaCl;, 50, 200 mM NaCl. (A=Shoot, B=Root) (a= compared to the control, b=

compared to the 50 mM NacCl

respectively, as compared to untreated control.
Combination of 10 mM Ca”** and 200 mM NaCl solution
reduced MDA levels by 33 and 26% in red and green
lentils, respectively, as compared to 200 mM NacCl
(Figure 1A). Same results were observed in the roots of
both plants. Combination of 10 mM Ca* and 200 mM
NaCl decreased MDA content by 44 and 20% in the
shoots of red and green lentils, respectively, as
compared to 200 mM NaCl (Figure 1B). H,0O, content
also increased in a concentration dependent manner by
NacCl treatment in the shoots of both plants. In the shoots

, c= compared to the 200 mM NacCl).

of red lentil treated with 50 and 200 mM NacCl, H,0,
content was increased by 41 and 64%, respectively,
while it was increased by 29 and 50% in the leaves of
green lentil, as compared to untreated controls (Figure
2A). Combination of 10 mM Ca”* and 200 mM NaCl
decreased H,0O, content by 28 and 27% in the shoots of
red and green lentils, as compared to 200 mM NacCl
(Figure 2B).

It was observed that proline content in both shoots and
roots were significantly increased by NaCl treatment in a
concentration dependent manner in red and green lentils
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Figure 3. Effect of Ca®" enrichment on the Prolin content (mol/gFW) of 7-day old red and green lentil seedlings
treated with or without 5,20 mM CacCl,, 50, 200 mM NaCl. (A=Shoot, B=Root) (a= compared to the control, b=
compared to the 50 mM NacCl , c= compared to the 200 mM NaCl).
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Figure 4. Effect of Ca*" enrichment on the Superoxide Dismutase (SOD) Activity (U/gFW) of 7-day old red and green
lentil seedlings treated with or without 5,10 mM CaCl;, 50, 200 mM NaCl. (A=Shoot, B=Root) (a= compared to the
control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NacCl).
(Figure 3A). In the shoots of red and green lentils, Superoxide dismutase (SOD) activity

combination of 10 mM Ca* and 200 mM NaCl
significantly decreased proline content by 43 and 24%,
respectively, as compared to 200 mM NaCl while in the
roots, proline content was decreased by 19 and 16%,
respectively, as compared to 200 mM NaCl (Figure 3B).

Activities of antioxidant enzymes

Activities of SOD, CAT and APX were measured by using
spectrophotometric methods.

SOD activity was increased by 20 and 9% in the shoots
of green and red lentils treated with 50 mM NacCl,
respectively. Combination of 50 mM NaCl and 10 mM
Ca* resulted in an increased SOD activity by 39 and
10%, respectively (Figure 4A). 200 mM NaCl treatment
increased SOD activity by 43 and 35%, respectively. In
the root of both red and green lentils, combination of 200
mM NaCl and 10 mM Ca*" resulted in an increased SOD
activity by 15 and 17.5%, respectively, as compared to
200 mM NacCl (Figure 4B).
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Figure 5. Effect of Ca?* enrichment on the Catalase (CAT) Activity (U/gFW) of 7-day old red and green lentil
seedlings treated with or without 5,10 mM CacCl,, 50, 200 mM NaCl. (A=Shoot, B=Root) (a= compared to the
control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NacCl).
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Figure 6. Effect of Ca®" enrichment on the Ascorbat Peroxidase (APX) Activity (U/gFW) of 7-day old red and
green lentil seedlings treated with or without 5,10 mM CaCl,, 50, 200 mM NaCl. (A=Shoot, B=Root) (a=
compared to the control, b= compared to the 50 mM NaCl , c= compared to the 200 mM NacCl).

Catalase (CAT) activity

In the shoot of red lentil after treatment with 50 and 200
mM NaCl, CAT activity was reduced by 27 and 52%,
while in the stem of green lentil, it was reduced by 18 and
47%, respectively, as compared to untreated control.
Combination of 200 mM NaCl and 5 mM Ca*" resulted in
an increased CAT activity in the shoot of red and green
lentils by 19 and 15%, respectively, as compared to 200
mM NacCl (Figure 5A).

Ascorbate peroxidase (APX) activity

It was found that APX activity was reduced in the shoots
and roots of both green and red lentils treated with NaCl
in a concentration dependent manner (Figure 6A). In the

shoot of red lentil treated with 50 mM and 200 mM NacCl,
APX activity was reduced by 26 and 44%, while in the
shoot of green lentil it was reduced by 18 and 35%,
respectively, as compared to untreated control.
Moreover, in the root of red lentil treated with 50 mM and
200 mM NaCl, APX activity was reduced by 51 and
76.9%, while in the root of green lentil it was reduced by
17 and 67%, respectively, as compared to untreated
control. Combination of 50 mM NaCl and 5 mM Ca*?
resulted in an increased APX activity in the root of red
and green lentils by 54 and 16%, respectively (Figure
6B).

DISCUSSION

Salinity affects approximately 950 million ha of the world’s
land area. More importantly, this worldwide problem is
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gradually increasing and limiting plant growth and
productivity. Currently, saline soil defined as having an
electrical conductivity of the saturation extract (ECe) of 4
dS m™ or more, and soils with ECe’s exceeding 15 dS m™
are considered strongly saline (Munns, 2002). From
bacteria to plants, organisms develop biochemical and
molecular mechanisms to adapt saline stress. In plants,
many cellular processes including photosynthesis,
membrane transport and protein synthesis are mainly
affected during development. Salt tolerance can be
defined as the ability of plant to complete its life cycle in
soil which contains high concentrations of soluble salt
(Parida and Das., 2005). It is well known that significant
differences are found between salt tolerant plant species
(Munns, 2002). Thus, every species and even
subspecies should be assessed individually. Lentil
species are considered extremely sensitive to salinity
(ECe < 2 dS/m) as compared to other legumes such as
soybean and broadbean (Sidari et al., 2008; Kateriji et al.,
2001). In this study, we investigated the protective effects
of Ca*? against NaCl induced salt stress in Lens culinaris,
which is widely consumed as food in Middle East and
Europe. We compared red and green lentils in terms of
several physiological parameters including growth,
chlorophyll content and antioxidant systems which are
affected by NaCl stress. Moreover, aside from the effects
of NaCl stress, ameliorative effects of Ca®* in both plants
were also investigated in this study.

The most common observed phenotypic response of
plants to salinity is reduction of growth (Romero et al.,
2001; Hilal et al., 1998). We found that NaCl (50 and 200
mM) treatment reduced growth parameters such as
length and weight of shoots and roots in both tested
plants in a dose dependent manner. Moreover, it was
interesting to find that red lentil was more sensitive than
green lentil to salt stress, according to our growth
analysis. In parallel with our study, Bandeoglu et al.
(2004) reported a dose dependent reduction in the
growth of lentil plant treated with 100 and 200 mM NacCl.
Kokten et al. (2010) were investigated the effects of
salinity on five lentil genotypes and they found that
increasing concentrations of NaCl (50 to 200 mg/L)
resulted in a significant decrease in length and weight of
shoots and roots.

Nutrient enrichment is one of the most useful
approaches to minimize the inhibitory effects of salinity
(Manaa et al., 2013). N, P, K, Mg and Ca are widely used
to reduce Na" and CI" dependent injuries in plants (Kaya
et al., 2003). In the present study, we examined the
effects of Ca* to cope with NaCl dependent salinity in red
and green lentils.

Calcium is one of the essential elements for growth and
development of several organisms including plants. At
first, plants use calcium as a seconder messenger to
control numerous cellular processes including cell
expansion, elongation, proliferation, circadian rhythms
and fertilization. A lot of evidence suggest that calcium

plays a crucial role in the adaptation of plants to different
kinds of stresses including salt stress. It stabilizes cell
wall structure, induces proline synthesis, activates
antioxidant enzymes and restores photosynthesis under
NaCl stress (Reddy and Reddy., 2004; Yang and
Poovaiah., 2002). We showed that Ca** significantly
reduced the growth inhibitory effects of NaCl in red and
green lentils. Combination of 10 mM Ca*? and 200 mM
NaCl increased length and weight of shoots and roots in
both tested plants as compared to 200 mM NacCl. Xue et
al. (2008) found that Ca®* enrichment (10 mol L™
significantly alleviated the inhibitory effect of NaCl on
growth of the Jerusalem artichoke. Cha-um et al. (2012)
were observed parallel results in Oryza sativa by using
1.98 mM CacCl, transferred to 200 mM NaCl solution.
Protective effects of calcium against NaCl stress were
also shown in soybean, Withania somnifera, linseed and
Rumex sp. (Arshi et al., 2010; Khan et al., 2010). After
the growth analysis, we measured chlorophyll and
carotenoid contents to determine the effects of NaCl on
the photosynthetic potential of red and green lentils. We
found that NaCl treatment significantly decreased Chl a,
Chl b, and total carotenoid levels in red and green lentils.
Combination of 10 mM Ca®* and 200 mM NaCl reduced
the inhibitory effects of NaCl on Chl a, Chl b and total
carotenoid levels in red and green lentils. Xue et al.
(2008) found that NaCl-treated Jerusalem artichoke
showed 12% loss in leaf chlorophyll content after 5 days
of treatment. Moreover, they reported that addition of
calcium significantly decreased the chlorophyll loss in
NaCl-treated plants. Since salt stress is strongly
correlated with the generation of reactive oxygen species
and Ca'*? activates the molecules of antioxidant system,
we measured the activities of three antioxidant enzymes
(SOD, CAT and APX ) and three well known indicators
(MDA, proline and H,0,) of ROS generation by using
spectrophotometric methods. In shoots and roots of both
plants, NaCl treatment significantly increased MDA,
proline and H,O, levels in a concentration dependent
manner. In parallel with the growth results of this study,
we observed that red lentil was more sensitive than green
lentii to salt stress dependent ROS generation.
Combination of 10 mM Ca®* and 200 mM NaCl reduced
the effects of NaCl on MDA, proline and H,O, levels in
roots and shoots of both tested plants. H,O, is one of the
most common ROS which generated in the cell under the
normal as well as stressed conditions (Sharma et al.,
2012). While it acts as a seconder messenger involved in
tolerance to various stresses at low concentrations, it is
highly toxic and leads to the programmed cell death at
high concentrations (Gill and Tuteja.,2010). Valderrama
et al. (2006) and Saha et al. (2010) showed that H,O,
content was increased in Olea europaea and Vigna
radiata under the salt stress. We have shown that Ca*
alleviated NaCl dependent excessive H,O, generation in
red and green lentils. Malondialdehyde (MDA) is one of
the final products of polyunsaturated fatty acid



peroxidation in the cell. Evaluation of MDA is commonly
used as a marker of oxidative stress (Sharma et al.,
2012). In parallel with this study, Tavallali et al. (2010)
and Ashraf et al. (2010) reported that MDA levels were
significantly increased in Pistacia vera and Triticum
aestivum under the salt stress. We also showed that Ca**
reduced NaCl dependent increased MDA levels in red
and green lentils. Proline, a non-enzymatic antioxidant, is
a scavenger of ROS under various stresses including
salinity in plants (Gill and Tuteja., 2010). Moreover,
accumulation of proline is an indicator of oxidative stress
(Hare et al.,, 1998). We found that increased proline
content under NaCl stressed red and green lentils was
attenuated by Ca** treatment.

It was reported that antioxidant enzymes can be
activated or inactivated under saline conditions. Xue et al.
(2008) also suggested that Ca®* controlled the activities
of antioxidant enzymes in stressed plants. We have
shown that NaCl treatment increased SOD activity in both
tested lentils. However, CAT and APX activities were
found to be decreased in both NaCl treated plants. We
also found that in red and green lentils, ca* regulated
these enzymes under saline conditions. SOD is the most
effective antioxidant enzyme and it provides the first line
of defense against ROS generation under various
environmental stresses including salt stress (Gill and
Tuteja., 2010). Significant increase in SOD activity under
saline stress has been reported in several plants such as
Lycopersicon esculentum (Gapinska et al.,, 2008),
Jerusalem artichoke ((Xue et al., 2008)), Chrysanthemum
morifolium (Hossain et al, 2004) and L. culinaris
(Bandeoglu et al., 2004). We found that Ca boosted SOD
activity in red and green lentils under saline stress. APX
plays an important role in scavenging particularly H,O, in
various organisms including plants. It has been shown
that increased APX levels enhanced salt tolerance in
many plants including L. culinaris (Bandeoglu et al.,
2004; Gill and Tuteja ., 2010). We have shown that Ca**
significantly increased APX activity which was reduced by
NaCl treatment in red and green lentils. Another
important H,O, scavenger is CAT, which has one of the
highest turnover rates in all enzymes. It can convert
approximately 6 million molecules of H,O, to H, and O,
per minute (Gill and Tuteja., 2010). We found that ca*
increased the activity of CAT which was reduced by NacCl
treatment in red and green lentils. Our results suggest
that in salt stressed red and green lentils, inhibition of
MDA, H,O, and proline contents may be due to the
stimulatory effects of Ca** on the activities of SOD, APX
and CAT.

In conclusion, this study indicated that Ca®* ameliorated
the inhibitory effects of NaCl on growth and
photosynthesis by regulating the activities of pivotal
antioxidant enzymes such as SOD, APX and CAT in red
and green lentils. Further studies are needed to
investigate the underlying molecular mechanisms of ca*
dependent protective effects under salt stress.
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