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Amelioration of NaCl Salinity Stress by Calcium Chloride: Lipid
Peroxidation, Superoxide Dismutase and Catalase Activities
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Leaf discs of Vigna unguiculata L., when treated with sodium chloride, showed an increase in lipid
perioxidation and a decrease in superoxide dismutase and catalase activities, but a reverse trend was
observed when treated with calcium chloride. The NaCl induced lipid peroxidation and the reduced
activities of Catalase and SOD were mitigated by CaCl,. The results suggest that the adverse effects of
sodium chloride on membrane deterioration may be relieved by calcium chloride by the modulation of
lipid peroxidation through maintaining higher levels of cellular scavengers such as SOD and Catalase.

Key Words: NaCl salinity, Amelioration, CaCl,, Enzyme activities

Introduction

Membranes of soybean leaf tissues reportedly be-
come increasingly leaky as the concentration of
NaClincreased (Leopold & Willings 1984). CaCl,
protects leaf membranes against the leakiness in-
duced by NaCl and (NH4),SO4 (Levitt 1972, Poov-
aiah & Leopold 1976).

The mechanism by which CaCl, protects the
membranes from NaCl damage is not clearly unde-
rstood. It is likely that the free radical-induced li-
pid peroxidation mediates the membrane deterio-
ration in plant tissues (Dhindsa et al. 198]). The
present investigation was undertaken to examine
whether CaCl; can inhibit the free radical-induced
membrane deterioration caused by sodium chlori-
de.

Cowpea leaf discs were selected as the experi-
mental plant material. Effect of sodium chloride
and calcium chloride individually and in combina-
tion on lipid peroxidation, SOD and catalase acti-
vities were studied.

Materials and Methods

Cowpea (Vigna unguiculata 1..) plants were grown
for 10 days in earthenware pots containing farmy-
ard manure mixed with red soil (1:3) under natural

photoperiods of 11 hr day ™ !. The maximum temp-
erature varied between 30+ 2°C and the minimum
between 16 and 20°C.

The primary leaves of 10-day-old plants were
harvested and washed thoroughly with tap water
and then blotted dry with filter paper. Leaf discs of
about 5 mm diameter were taken with the help of a
cork borer from either side of the midrib. Twenty
leaf discs were allowed to float in each petridish of
7.5 cm diameter containing 50 ml of test solutions
viz., sodium chloride (50 mM), calcium chloride (5
mM); sodium chloride (50 mM) + calcium chlor-
ide (5 mM). Glass-distilled water was used in the
control set. The leaf discs of control and treatments
were illuminated (500 pEsec ™! m™2) for 6 hours.

After 6 hr of incubation, lipid peroxidation and
the activities of SOD and catalase were measured.

The level of lipid peroxidation in th leaf discs was
measured in terms of amalonaldehyde (MDA) a
product of lipid peroxidation by thiobarbituric
acid (TBA) reaction. The reactivity of TBA was
determined with minor modifications (Heath &
Packer 1968).

The level of superoxide dismutase was assayed
by measuring its activity to inhibit the photoche-
mical reaction of nitro blue tetrazolium (NBT)
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(Beauchamp & Fridovich 1971). Catalase activity
was assayed by measuring the initial rate of the
disappearance of hydrogen peroxide (Chance &
Maehly 1955).

Results

The level of MDA during 6 hr of the light incuba-
tion of cowpea leaf discs are shown in table 1. The
NaCl-treated leaf discs showed higher level of lipid
peroxidation and the increase was 13.24% over
control. The lipid peroxidation in the CaCl,-trea-
ted leaf discs was very low when compared to either
control or the NaCl-treated leaf discs. The decre-
ase in lipid peroxidation is 12.59% over control.
NaClin the presence of CaCl, showed a little incre-
ase in the lipid peroxidation and the per cent of
increase is only 1.32.

NaCl treatment caused a large decrease in the
specific activity of superoxide dismutase over con-
trol during the 6 hr of incubation (table 2). The
decrease was 24.5% over the control. On the other
hand, the CaCl,-treated leaf discs maintained a
higher level of enzyme activity over control. The
increase in the enzyme level was 30.3% over contr-
ol. However, the specific activity of SOD moved
nearer to the control in the leaf discs treated with
NaCl + CaCl, (2.42% over control).

The catalase activity showed a sharp decrease of
17.1% over the control in the leaf discs treated with
NaCl. The CaCl,-treated leaf discs were found to
have a higher (15.6%) catalase activity over cont-
rol. However, in the interaction between NaCl and
CaCl,, the enzyme activity was close to the control
leaf discs, the increase being 1.6% over control
(table 3).

Discussion
The results obtained in this study show that 1)
NaCl stress of leaf discs is accompanied by an incr-
ease in lipid peroxidation, (ii) CaCl, apparently
alleviated NaCl stress, atleast in part, by maintain-
ing high levels of SOD and catalase activities which
might be expected to control lipid peroxidation.
The leaf discs treated with NaCl showed a decre-
ase in the activities of SOD and catalase and an
increase in lipid peroxidation. The increase in lipid
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Table 1 Influence of NaCl (50 mM), CaCl (5 mM) and their
interaction on malonaldehyde (MDA) content of cowpea leaf
discs (MDA n mol g=' frwi) (Values are mean of 3
replications)

Treatment MDA content % Increase (+)
or decrease (—)
over control
Control 37.75 (£0.11)
NaCl 42.75 (+0.22) +13.24
CaCl, 33.00 (£0.32) —12.59
NaCl+CaCl, 38.25(40.14) -01.32

Values in the parentheses indicate standard error (+)

Table 2 Influence of NaCl (50 mM), CaCl, (5 mM) and their
interaction on specific activity of super oxide dismutase of con-
pea leaf discs (MDA nmol g™ fr wi) (Values are mean of 3
replications)

Treatment SOD activity %-Increase (+)
or decrease (—)
over control
Control 3.30(£0.27)
NaCl 2.49 (£0.09) —24.55
CaCl, 4.30 (£0.77) +30.30
NaCl +CaCl, 3.38 (+0.11) +2.42

Values in the parentheses indicate standard error (+)

Table 3 Influence of NaCl (50 mM), CaCl, (5 mM) and their
interaction on calalase activity of cowpea leaf discs. Activity
expressed as mg of H,0, destroyedin S min/g fr.wt (Values are
mean of 3 replications)

Treatment Catalase % Increase (+)
activity or decrease (—)
over control
Control 0.64 (£0.06) —
NacCl 0.53(£0.2) -17.19
Cadl, 0.74 (£ 0.03) —15.63
NaCl + CaCl, 0.65 (+0.03) —01.56

Values in the parentheses indicate standard error (+)
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peroxidation was correlated with the decreased le-
vels of both catalase and superoxide dismutase
(Fridovich 1976). Superoxide dismutase and cata-
lase remove O, and H,O; respectively. An interac-
tion between O, and H,O; can generate OH, and O,
(Kellogg & Fridovich 1975). The ability of OH, O,
and O; to initiate lipid peroxidation has been dem-
onstrated (Fang 1984, Pederson & Aust 1973).
Therefore a decrease in SOD and catalse activities
could result in a greater availability of the free radi-
cals which in turn increases lipid peroxidation and
result in membrane deterioration.
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The unique importance of Ca2* for stabilizat-
ion of membranes is well known (Marinos 1962).
The results of this study show that the alleviation of
NaCleffect by Ca?* is mediated, atleast in part, by
the maintenance of high level of activities of SOD
and catalase.

In conclusion, the present study shows that free
radical-induced lipid peroxidation is involved in
NaCl stress and that Ca2 " alleviating the effect of
Na(Cl salinity, atleast in part by modulating lipid
peroxidation and by maintaining higher levels of
superoxide dismutase and catalase activities.
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