
INTRODUCTION

Soil salinity affects plant growth in a variety of ways,
reducing water uptake, causing toxic accumulation
of sodium and chloride, and reducing nutrient avail-
ability. Salinity also induces water deficit even in
well-watered soils by decreasing the osmotic poten-
tial of soil solutes, thus making it difficult for roots
to extract water from their surrounding media
(Jaleel et al., 2007a). Excessive sodium inhibits the
growth of many salt-sensitive plants, which includes
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 impart salt tolerance
(Hare et al., 1998; Jaleel et al., 2007b).

Chemical treatment and crop management
practices have been tried to alleviate salinity effects
without much success. A widespread practice to
reduce salt content in soils is leaching. With the ris-
ing cost of water, this method may not be feasible in
the future. In addition, economic pressures on water
supplies may force agriculture to use greater
amounts of lower-quality water with higher salinity.
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; Jaleel et al., 2007c). Under saline condi-

tions, root growth has been found to be regulated by
calcium, and to mitigate the adverse effects in barley
(Cramer et al., 1990; Jaleel et al., 2007d). 

Several scales of physiology have been applied to
study responses to salt stress tolerance mechanisms
and methods to overcome salt stress in field crops
over recent years (Panneerselvam et al., 1998; Sankar
et al., 2006). However, little information has been
gained about the physiological basis of salt stress in
medicinal plants (Jaleel et al., 2007e). Therefore it
seems useful to test important medicinal plants for
their halotolerance, and methods to overcome salt
stress. Roots and tubers are the most important food
crops in the tropics and subtropics; they are of very
ancient origin and are intimately associated with
human survival and socio-economic history. White
yam (Dioscorea rotundata Poir.) is one of the impor-
tant edible tuber crops cultivated in India and many
other tropical countries including those of Africa
(Jaleel et al., 2007f). Yams are a valuable source of
carbohydrates and fiber, and are low in fats, which
makes them a good dietary source (Jaleel et al.,
2007g,h). In Dioscorea rotundata plants the amelio-
rative effect of CaCl2 during growth under NaCl stress
has not been subjected to detailed physiological study.
This study aims to understand the effect of salinity on
the physiological parameters of Dioscorea rotundata
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under NaCl stress and also the ameliorative effect of
CaCl2 on NaCl-stressed plants. 

MATERIAL AND METHODS

Tubers of Dioscorea rotundata cv. Sree Priya
(Family: Dioscoreacae) were obtained from the
Central Tuber Crop Research Institute (CTCRI;
Kerala, India) and planted at the Botanical Garden
of Annamalai University. The seed tubers were sur-
face- sterilized with 0.2% (w/v) HgCl2 solution for 5
min with frequent shaking and then thoroughly
washed with deionized water. The seeds were sown
in plastic pots (open type, 300 mm diameter) filled
with 3 kg of soil mixture containing red soil, sand
and farmyard manure at a 1:1:1 ratio. Ten seeds
were sown per pot and all the pots were watered
with groundwater up to 19 days after sowing (DAS).
At 20 DAS the pots were irrigated with groundwater
(control), 80 mM NaCl, 80 mM NaCl with 5 mM
CaCl2, or 5 mM CaCl2 solution. The plants were har-
vested randomly at 30, 40 and 50 DAS and used for
biochemical and antioxidant enzyme assays.

BIOCHEMICAL PARAMETERS

Protein content was determined by the method of
Bradford (1976). Total free amino acid was extracted
and estimated according to Moore and Stein (1948).
Proline content was estimated by the method of Bates
et al. (1973). Estimation of soluble sugars was done by
the method of Dubois et al. (1956). 

ANTIOXIDANT ENZYME ACTIVITIES

POX and PPO activity was assayed by the method of
Kumar and Khan (1982). POX activity was

expressed in U mg-1 protein. One U is defined as the
change in the absorbance by 0.1 min-1 mg-1 protein.
PPO activity was expressed in U mg-1 protein (U =
Change in 0.1 absorbance min-1 mg-1 protein). CAT
was measured according to Chandlee and
Scandalios (1984). CAT activity was expressed in U
mg-1 protein (U = 1 mM of H2O2 reduction min-1 mg-1

protein). 

RESULTS AND DISCUSSION

NaCl treatment lowered the protein content in leaves
of Dioscorea rotundata plants as compared with
control plants. Combining CaCl2 with NaCl treat-
ment increased protein content versus NaCl-
stressed plants (Tab. 1). Similar results have been
reported in sorghum (Azooz et al., 2004) and fungi-
cide-treated Catharanthus roseus (Jaleel et al.
2007i). Protein degradation in a saline environment
has been attributed to decreased protein synthesis,
accelerated proteolysis, decreased availability of
amino acids, and denaturation of enzymes involved
in protein synthesis (Levitt, 1980). 

Separate NaCl and CaCl2 treatments increased
the free amino acid and proline content in Dioscorea
rotundata plants versus the control. Proline and
amino acid content was increased under NaCl stress
in Catharanthus roseus plants (Jaleel et al.,
2007b). NaCl-stressed plants simultaneously treat-
ed with CaCl2 had lower free amino acid and proline
content than plants treated with NaCl alone (Tab. 1).
Similar results were observed in Phyllanthus
amarus (Jaleel et al., 2007e). Free amino acids
increased with increasing NaCl salinity in soybean
(Panneerselvam et al., 1998) and CaCl2 in wheat
(Abdelsamad, 1993). 

Jaleel et al.64

TABLE 1. Effect of NaCl, CaCl2 and their combination on proteins, free amino acids, proline, total sugar contents (mg g-1

dry weight) of leaves of Dioscorea rotundata (values are means ± SD of 3 replicates)



Treatment with NaCl or CaCl2 alone decreased
total sugar content in Dioscorea rotundata versus
the control plants (Tab. 1). When CaCl2 was com-
bined with NaCl the plants showed an increase in
total sugar content as compared with NaCl-treated
plants. Similar results were observed in Cajanus
cajan (Gill and Sharma, 1993). Addition of calcium
may increase α-amylase activity, which leads to the
degradation of starch into sugars; α-amylase
requires Ca2+ for its activity (Jaleel et al., 2007d,e).
In this work, addition of calcium increased the pro-
tein content and decreased the free amino acid con-
tent of the salt-stressed plants. Calcium treatment
apparently may reduce protein degradation or
increases protein synthesis in salt-stressed plants.

Plants treated with NaCl alone showed
increased activity of peroxidase versus the control,
but the result is not clear for CaCl2-treated plants.
Combined CaCl2 and NaCl treatment decreased the
peroxidase activity versus NaCl stressed plants (Fig.
1c). Under stress of NaCl or CaCl2 alone, the activi-
ty of antioxidant enzymes like polyphenol oxidase
(Fig. 1b) and catalase (Fig. 1a) decreased in
Dioscorea rotundata plants versus the control.

When CaCl2 was combined with NaCl, polyphenol
oxidase and catalase activity was higher than in
NaCl-stressed plants. Similar results were reported
in groundnut (Sulochana et al., 2002). Our results
accord with those from roots of rice seedlings (Lin
and Kao, 1999). Inhibition of POX activity by salini-
ty 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
seems to indicate that this enzyme does not play a
crucial role in defense mechanisms against oxidative
stress, or that cooperation is activated between dif-
ferent antioxidant enzymes to establish a proper
H2O2 balance when POX activity is reduced by salt
toxicity (Chaparzadeh et al., 2004; Jaleel et al.,
2008a). Plants treated with NaCl showed increased
activity of peroxidase versus the control. Similar
results have been reported in spinach leaves (Ozturk
and Demir, 2003) and Vigna radiata (Manivannan
et al., 2007a). Reduction of catalase activity under
salt stress may result in H2O2 accumulation and
may be associated with its tolerance mechanism
through signal transduction (Shim et al., 2003). An
increase of catalase activity was previously reported
in Catharanthus roseus plants treated with the fun-
gicide triadimefon (Jaleel et al., 2006), salt-stressed
Catharanthus roseus plants (Jaleel et al., 2008b)
and propiconazole-treated Vigna unguiculata under
drought stress (Manivannan et al., 2007b).

NaCl exhibited greater toxic effects on growth
and metabolism of Dioscorea rotundata plants
than CaCl2 did; the former was dosed at a higher
concentration than the latter. Combining CaCl2
with NaCl treatment had varied effects on pro-
teins, total sugars, free amino acids, proline and
antioxidant enzyme activity. Supplementing the
medium with Ca2+ alleviates growth inhibition by
salt in glycophyte plants. Ca2+ sustains K+ trans-
port and K+/Na+ selectivity in Na+-challenged plants
(Sohan et al., 1999). Calcium is known to increase
halotolerance in many crop plants. Generally,
Ca2+ had an ameliorative effect on the growth of
NaCl-stressed plants, by modulating overall
metabolism. 
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