World Journal of Pharmaceutical Sciences

ISSN (Print): 2321-3310; ISSN (Online): 2321-3086
Published by Atom and Cell Publishers © All Rights Reserved
Available online at: http://www.wjpsonline.org/

Original Article

Ameliorating Sodium Chloride Stress by Calcium Chloride in
Pennisetum typhoides Stapf et Hubb

P. Gobinathan*, P. V. Murali
Department of Botany, T.B.M.L. College, Porayar — 609 307,Nagapattinam Dt., Tamil Nadu, India*
Stress Physiology Lab, Department of Botany, Annamalai University, Annamalainagar- 608 002, Tamil Nadu,

India

Received: 24-05-2015 / Revised: 29-06-2015 / Accepted: 16-07-2015

ABSTRACT

A pot culture experiment was carried out in Pennisetum typhoides Stapf et Hubb. Plants in order to study the
effect of calcium chloride (CaCl,) as an agent ameliorating sodium chloride (NaCl) stress. The plants were
raised in pots and salinity stress was imposed by 100 mM of NaCl. The ameliorating effect of CaCl, was studied
by giving 5mMCaCl; to the stressed plants. NaCl stressed plants showed decreased proteins, total sugars,
polyphenol oxidase and catalase activity with increased free amino acids, proline and peroxidase activities.
When CaCl, was combined with NaCl, the CaCl; altered overall plant metabolism and paved the way for partial
amelioration of the oxidative stress caused by salinity.

Key words: antioxidant enzymes, calcium chloride, Pennisetum typhoides Stapf et Hubb, proline, protein,
sodium chloride.

Abbreviations: POX — peroxidase activity, PPO — polyphenol oxidase activity, CAT — catalase, DAS — days

after sowing.

INTRODUCTION

Salt accumulation in irrigated soils is one of the
main factors that diminish crop productivity, since
most plants are not halophytic (Hoshida et al.
2000). Salt stress induces various biochemical and
physiological responses in plants and affects almost
all plant processes (Nemoto and Sasakuma 2002).
Plants are subjected to several environmental
stresses that adversely affect growth, metabolism
and vyield (Lawlor 2002). Stresses associated with
temperature, salinity and drought singly or in
combination are likely to enhance the severity of
problems to which plants will be exposed in the
coming decades (Duncan 2000). Salinity affects
plant growth and germination in a variety of ways
i.e., reducing water uptake and nutrient availability,
causing toxic accumulation of sodium chloride and
other ions. Salinity induces water deficit even in
well-watered soils by decreasing the osmotic
potential of soil solutes, thus making it difficult for
roots to extract water from their surrounding media
(Sairam and Srivastava 2002). High concentrations
of salt resulting from natural processes or
disarrangement in irrigated agriculture result in

inhibition of plant growth and yield (Demiral and
Turkan 2006). Salinity is considered a significant
factor affecting crop production and agricultural
sustainability in arid and semi-arid region of the
world, reducing the value and productivity of the
affected land (Flowers and Yeo 1992; Munns
1993). The major effect of salinity is the inhibition
of crop growth by the reduced hormone delivery
from roots to leaves (Azooz et al. 2004). Excessive
sodium (Na*) inhibits the growth of many salt-
sensitive plants and glycophytes, which include
most crop plants. The typical first response of all
plants to salt stress is osmotic adjustment.
Compatible solute accumulation in the cytoplasm is
considered a mechanism to contribute salt tolerance
(Jaleel et al. 2007a). Salinity is considered a major
factor in limiting plant growth and crop
productivity and salinization of irrigated and
surrounding areas in the arid tropics and sub-
tropics has not been diminished, it continues to
increase in arid and semi arid region (Teixeira and
Pereira 2007).

Adverse effects of salinity on crop growth stem
from two characteristics. (1) The increased osmotic
potential of the soil solution with salinity makes the
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water in the soil less available for plants and (2)
specific effects of some elements (Na, Cl, B,
etc...) present in  excesses  concentration
(Yamaguchi and Blumwald 2005; Munus 2005).
High salinity is known to cause both hyper ionic
and hyper osmotic effects in plants, leading to
membrane disorganization and metabolic toxicity
(Hasegawa et al. 2000).

An important con sequence of salinity stress in
plants is the excessive generation of ROS such as
the superoxide anion (O, ), H202 and the hydroxyl
radicals,  particularly in  chloroplast and
mitochondria (Mittler 2002). In order to survive
under stress conditions, plants are equipped with
oxygen radical detoxifying enzymes such as
superoxide dismutase, ascorbate peroxidase,
catalase (and antioxidant molecules like ascorbic
acid), a-tocopherol and reduced glutathione (Jaleel
et al. 2007b). Antioxidant mechanisms may
provide a strategy to enhance salt tolerance in
plants.

In plants, calcium ions are the second messenger
coupling physiological responses to external and
developmental signals (Reddy and Reddy 2004).
One possible approach to reducing the effect of
salinity on plant productivity is through the
addition of calcium supplements to irrigation water
(Sohan et al. 1999). Supplementing the medium
with Ca,* alleviates growth inhibition by salt in
glycophyte plants. Ca;* sustains K* transport and
K*/Na* selectivity in Na* challenged plants. The
interaction of Na* and Ca,* on plant growth and ion
relations is well established (Rengel 1992). The
effect of salt stress on nutrition is particularly
interesting because Ca," is one of the important
factors involved in the resistance of plants to salt
stress. Calcium deficiency symptoms generally
arise from differences in its allocation in the
growing regions of plants (Greenway and Munns
1980). However effectiveness in alleviating the
toxic effect of Na* depends on the Ca?* and Na*
concentration and on the species (Grattan and
Grieve 1999). Calcium is known to increase
salinity tolerance in many crop plants. Under saline
conditions root growth has been found to be
regulated by calcium and found to mitigate the
adverse effect in barley (Cramer et al. 1990).

Pennisetum typhoides Stapf et Hubb. (Family:
Poaceae), Pearl millet is one of the four most
important cereals (rice, maize, sorghum and
millets) grown in the tropics (The Syngenta
Foundation for Sustainable Agriculture, 2002).
Pearl millet is a crop of hot and dry climates, and
can be grown in areas where rainfall is not
sufficient (200-600 mm) for maize and sorghum.
Global production exceeds 10 million tons a year
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(National Research Council 1996). The food value
of pearl millet is high. Trials in India have shown
that pearl millet is nutritionally superior from
human growth when compared to maize and rice.
The protein content of pearl millet is higher than
maize and has a relatively high vitamin A content.

The ameliorative effect of CaCl, during growth
under NaCl stress requires detailed physiological
studies in P. typhoides plants. This study aims at an
understanding of the effect of salinity on the
physiological parameters of P. typhoides under
NaCl stress and also of the ameliorative effect of
CaCl; on NaCl stressed plants.

MATERIALS AND METHODS

Plant material and growth: The seeds of
Pennisetum typhoides were obtained from the
M.S.Swaminathan Research Foundation, Kolli
hills, Tamilnadu, India. The seeds were surface
sterilized with 0.2% (w/w) HgClI; solution for 5min
with frequent shaking and then thoroughly washed
with deionised water. The seeds were sown in
plastic pots (300mmdiameter) filled with 3 kg of
soil mixture containing red soil, sand soil and
farmyard manure at a 1:1:1 ratio. Ten seeds were
sown per pot and all the pots were watered to field
capacity with ground water up to 9 days after
sowing. On 10 days after sowing the pots were
irrigated with groundwater (control), 1200mM NacCl,
100 mM NaCl with 5 mM CaCl; and 5 mM CaCl,
solution. The plants were harvested randomly 15,
25 and 35 days after sowing and used for
estimating the biochemical markers and antioxidant
enzyme activities.

Biochemical analysis: The protein content was
determined by the method of (Bradford 1976).
Total free amino acids were extracted and
estimated using the method of (Moore and Stein
1948). The proline content was estimated by the
method of (Bates et al. 1973). The plant material
was homogenized in 3%aqueous sulfosalicylic acid
and the homogenate was centrifuged at 10000 g.
Supernatant was used for estimation of proline
content. The reaction mixture consisted of 2 ml
acid ninhydrin and 2 ml of glacial acetic acid,
which was boiled at 100 °C for 1 h. After
termination of the reaction in an ice bath, the
reaction mixture was extracted with 4 ml of toluene
and absorbance was read at 520 nm. Soluble sugars
were estimated from the samples by the method of
(Dubois et al. 1956). Plant samples were
homogenized in 80% ethanol (v/v). The
homogenate was refluxed over a water bath and
centrifuged. The residue was extracted twice more
with 80% ethanol. The supernatant liquids were
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combined and used for the estimation of soluble
sugars.

Antioxidant enzyme extractions and assays:
Peroxidase activity (POX) was assayed by the
method of (Kumar and Khan 1982). The assay
mixture contained 2 ml of 0.1 M phosphate buffer
(pH 6.8), 1 ml of 0.01 M pyrogallol, and 1ml of
0.005 M H0, and 0.5 ml of enzyme extract. The
solution was incubated for 5 min at 25°C after
which the reaction was terminated by adding 1 ml
of 1.25 M HySOs4. The amount of purpurogallin
formed was determined by measuring the
absorbance at 420 nm against a blank prepared by
adding the extract after the addition of 1.25 M
H,SO, at zero time. The activity was expressed in
Umg™ protein. One U is defined as the change in
the absorbance by 0.1 min? mg™ protein. The
assay of polyphenol oxidase (PPO) was carried out
by the method of (Kumar and Khan 1982). The
assay mixture contained 2 ml of 0.1 M phosphate
buffer (pH 6.0), 1 ml of 0.1 M catechol and 0.5 ml
of enzyme extract. This was incubated for 5 min at
25 °C, after which the reaction was stopped by
adding 1ml of 1.25 M H,SO.. The absorbance of
the quinine formed was read at 495 nm. To the
blank 1.25 M H,SO4 was added of the zero time of
the same assay mixture. PPO activity is expressed
in U mg™ protein (U = Change in 0.1 absorbance
min-t mg protein).

Catalase was measured according to the method of
(Chandlee and Scandalios 1984) with small
modifications. The assay mixture contained 2.6 ml
of 50 mM potassium phosphate buffer (pH7.0), 0.4
ml of 15 mM H,0, and 0.04ml of enzyme extract.
The decomposition of H,O, was followed by the
decline in absorbance at 240 nm. The enzyme
activity was expressed in U mg™ protein (U = 1
mM of H,O; reduction min™ mg protein).

Statistical analysis: Each treatment (control,
100mM NaCl, 100 mM NaCl with 5 mM CaCl,
and 5 mM CacCl; solution) was analysed with at
least six replicates and a standard deviation (S.D.)
was calculated and data are expressed in mean +
S.D. of six replicates.

RESULTS

Protein content: The NaCl lowered the protein
content and CaCl, stress in root and shoot of the
Pennisetum typhoides plants when compared with
control plants. Addition of CaCl, with NaCl
treatments increased the protein content when
compared with NaCl stressed plants (Tab.1).

Amino acids and proline content: NaCl and
CaCl, treatments increased the free amino acids
and proline content in all parts of the plants as
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compared to the control. CaCl, treatment to the
NaCl stressed plants lowered the free amino acid
and proline content in all parts when compared
with NaCl treated plants (Tab.1). Among the
organs the root showed a higher free amino acid
content. Likewise the shoot showed increase in
proline content.

Total soluble sugar content: NaCl and CaCl;
treatments decreased the total sugar content in all
organs when compared with control plants
(Tab.1).When CaCl, was combined with NaCl
treatments the plants showed increased the total
sugar content when compared with NaCl treated
plants. Among the organs, the roots showed a
higher total sugar content, followed by a shoot in
the treatment. NaCl treatment decreased the
protein, sugar content and increased the free amino
acid and proline content. CaCl, treatment improved
all these solutes examined except for the free amino
acids, which were decreased to the level of control
by CaCl; treatments. Addition of calcium increased
the protein and decreased the free amino acid in the
salt-stressed plants (Tab.1).

Antioxidant enzyme contents: NaCl and CaCl,
treated plants showed increased peroxidase activity
as compared with the control. Combining CaCl;
with the NaCl treatment decreased peroxidase
activity as compared with NaCl treated plants (Fig.
1). Under NaCl and CaCl; stress, the activities of
antioxidant enzymes like polyphenol oxidase (Fig.
2) and catalase (Fig. 3) decreased in all parts of the
plants as compared to the control. When CaCl, was
combined with NaCl, the treatment increased the
polyphenol oxidase and catalase activity as
compared with NaCl stressed plants. Among the
organs, the roots showed a higher polyphenol
oxidsae and catalase activity followed by the shoot
in all the treatments.

DISCUSSION

The NaCl lowered the protein content in sorghum
(Azooz et al. 2004) and mungbean (Dhingra and
Sharma 1993). Addition of CaCl, with NaCl
treatments increased the protein content when
compared with NaCl stressed plants. Similar results
were observed in wheat (Abdlesamad 1993).
Protein degradation in a saline environment has
been attributed to the decrease in protein synthesis,
accelerated proteolysis, decrease in the availability
of amino acid and denaturation of enzymes
involved in protein synthesis (Levitt 1980).

Free amino acids increased with an increase in
NaCl salinity in Catharanthus roseus (Jaleel et al.
2007a) and CaCl, in wheat (Abdelasmad 1993).
CaCl; treatment of the NaCl stressed plants lowered
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the free amino acids and the proline content in all
parts as compared with NaCl treated plants. Similar
results were observed in the groundnut (Girija et al.
2002). Among the organs, the shoot showed a
higher free amino acid and proline content
followed by the root in all the treatments.

NaCl and CaCl, treatments decreased the total
sugar content in Cajanus cajan (Gill and Sharma
1993). When CaCl, was combined with NaCl
treatments, the plants showed an increase of the
total sugar content as compared with NaCl streated
plants. Among the organs, the roots showed a
higher total sugar content followed by the shoot in
the treatment. Addition of calcium may increase
the o-amylase activity which leads to the
degradation of starch into sugars. a-amylase
requires Ca?* for its activity (Bilderback 1973).
Addition of calcium increased the protein and
decreased the free amino acid in the Salt-stressed
plants. So calcium treatment may reduce protein
degradation or increase protein synthesis in salt-
stressed plants.

Under salt stress, the antioxidant enzymes like
polyphenol oxidase and catalase activities
decreased in all parts of Catharanthus roseus
(Jaleel et al. 2007a). When CaCl, was combined
with NaCl, treatment increased the polyphenol
oxidase and catalase activity as compared with
NaCl stressed plants. Among the organs, the roots
showed a higher polyphenol oxidase and catalase
activity, followed by the shoot in all the treatments.
The results obtained in this study were in
accordance with those found in the roots of rice

seedlings (Lin and Kao 1999). The inhibition of
POX activity by salinity may interfere with the
regulation of auxin levels and also with cell-wall
biosynthesis (Mittova et al. 2002). Low basal rate
and decreased POX activity seem to indicate that
this enzyme does not take a crucial part in defense
mechanisms against oxidative stress or that,
suffering POX for salt toxicity; cooperation is
activated between different antioxidant enzymes
for the establishment of a proper H,O, homeostasis
(Chaparzadeh et al. 2004). NaCl and CaCl, treated
plants showed increased activity of peroxidase as
compared with the control. Similar results were
observed in spinach leaves (Ozturk and Demir
2003). Antioxidant enzymes play a significant role
in plants to protect them against the damaging
effect of reactive oxygen generated during salinity
stress (Asada 1992). Reduction in catalase activity
under salt stress may result in H,O, accumulation
and may be associated with its tolerant mechanism
through signal transduction (Jaleel et al. 2007¢). An
increase in catalase activity was previously
reported in triadimefon, a fungicide treated
Catharanthus roseus plants (Jaleel et al. 2006).

Conclusion: NaCl was shown to have greater toxic
effects than CaCl; on the growth and metabolism of
Pennisetum typhoides plants. The addition of CaCl,
to NaCl treatments had a varied effect on proteins,
total sugars, free amino acids, proline and the
activity of antioxidant enzymes in the growth of
Pennisetum typhoides plants. In general Ca?* was
shown to have an ameliorative effect on NaCl
stressed plant growth by modulating the overall
metabolism.

Figures: 1. Effect of NaCl, CaCl; and their combinations on peroxidase (POX) activity in the (a) root and
(b) shoot of P.typhoides. Values are given as mean + SD of six samples in each group. DAS — days after sowing.
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Figures: 2. Effect of NaCl, CaCl> and their combinations on polyphenol oxidase (PPO)
activity in the (a) root and (b) shoot of P.typhoides. Values are given as mean = SD of six
samples in each group. DAS — days after sowing.
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Figures: 3. Effect of NaCl, CaCl» and their combinations on catalase (CAT) activity in the
(@) root and (b) shoot of P.typhoides. Values are given as mean + SD of six samples in each
group. DAS — days after sowing.
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Table: 1. Effect of NaCl, CaCl, and NaCl + CaCl; on proteins, free amino acids, proline, and total sugars
content of P.typhoides. Values are given as mean £ SD of six samples in each group. DAS — days after sowing.

Parameters | DAS Root Shoot
100 mM 100 100 mM
Control 1N(;OCTM NaCl +5 ?:2('\:1 Control | mM NaCl +5 g?cl\l/l
mM CaCls 2 NaCl | mM CaCl 2
15 | 2553+ [2234x | 23381 2455+ | 2264+ | 1698+ 2093+ 1955+
0.912 0.770 0.957 0.885 0.809 0.629 0.748 0.698
Proteins 25 3371+ | 29.72+ | 3158+ 3217+ | 3157+ | 2583+ | 29.74+ 28.71 +
mg g DW 1.162 1.061 1.169 1.149 1.089 0.891 1.062 1.063
g5 | 3654+ |31.28% [3519%+ 3542+ [ 3429+ |27.32% 3269+ 30.26 +
1.305 1.117 1.282 1.221 1.225 0.976 1.168 1.043
= 15 6.284+ 7.153+ 6.165+ 6.639+ | 3.119+ | 3.673x | 2.826% 3.109+
Aﬁ?no 0022 |0.247 |0.220 0237 |0104 |0.27 |0.097 0.109
‘Acid o5 | 7320+ [8457x [ 7.117: 7.332+ | 4.896+ |6.019+ | 4.121 5.132+
md o DW 0.244 0.292 0.237 0.262 0.169 0.215 0.137 0.190
99 a5 | 8165t | 9219+ | B8.054% 8.274+ | 6452+ | 7.286= | 5.176% 6.982+
0.292 0.307 0.259 0.285 0.215 0.260 0.185 0.249
15 | 0419t [0518x | 0474z 0498+ | 0.468+ | 0593+ |0.513+ 0.554+
Proline 0.015 | 0.019 0.016 0018 |0.017 [0.019 |0.018 0.019
md g-'DW 25 0.821+ 1.182+ 0.958+ 1.027+ | 0.921+ | 1.237+ | 1.128+ 1.197+
99 0.029 0.042 0.033 0.037 0.033 0.044 0.048 0.043
35 0.941+ 1.326+ 1.119+ 1274+ | 1.079+ | 1.496+ | 1.227+ 1.329+
0.033 0.046 0.039 0.046 0.037 0.053 0.042 0.048
15 2.869+ 2419+ 2.612+ 2571+ | 2537+ | 2.014+x | 2.319+ 2.229+
Total 0.103 0.086 0.093 0.092 0.091 0.072 0.080 0.080
83 er o5 4,782+ 4,123+ 4327+ 4216+ | 4.487+ | 3.758+ | 4.297+ 4107+
m g DWW 0.165 0.142 0.156 0.150 0.160 0.134 0.154 0.147
99 35 5.989+ 5.107+ 5.318+ 5.253+ | 5121+ | 4563+ | 5.043% 4.389+
0.222 0.176 0.183 0.181 0.183 0.163 0.180 0.157
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