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Responses of Ceriops roxburghiana to NaCl stress
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Abstract

Responses of Ceriops roxburghiana Arn. leaves to the sodium chloride, applied at
different concentrations (ranging {rom 100 to 600 mM), has been evaluated. Total
amino acid content decreased with increasing NaCl concentration, while the protein
content increased significantly up to 400 mM concentration and decreased therealter.
Total sugar content decreased at concentrations beyond 400 mM. Proline and glycine
betaine were accumulated with inereasing NaCl coneentration. Protease and ATPase
activities were increased whereas proline oxidase activity were decreased with
increasing salinity. Peroxidase and malate dehydrogenase (NADH-MDID activities
did 1ot significantly differ under various NaCl concentrations.

Additional key words: ATPase. glyeine hetaine, malate dehyvdrogenase. peroxidase, proline, protine
oxidase. protease. salt stress.

Mangraves on the coastal region represent a fragile ecosysteny. The salt tolerance due
to osmotic adaptations of mangroves to the low and the variable water potential of
their environment have long been a matter of interest. Osmotic adjustment involves
both uptake and accumulation of fons and synthesis of low molecular mass organic
solutes. The aim of present study, was to determine the organic constituents formed
in the leaves and activities of some key enzymes in the seedlings of mangrove
Ceriops roxburghiana Arm. under NaCl stress.

Seedlings of Ceriops roxhurghiona Arn. of uniform size with a pair of leaves were
collected from the Pichavaram mangrove forest on the northeast coast of India
{11° 24' N and 79° 44' £). Scedlings were established in polythene sleeves in cight
plats consisting of 30 scedlings per plot under sunlight [14-h photoperiod. muximum
irradiance of 1600 pimol (phaton) m™ '], temperature 28 + 2 °C and treated with
NaCl at varying concentrations ranging from 100 to 1000 mM besides an untreated
control. The seedlings treated with NaCl above 600 mM did not survive.
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Leal samples were collected randomly on 30" and 60" day after salt treatment,
washed thoroughly with tap water followed by distilled water. The content of free
amino acids was estimated according to Moore and Stein {1948), the content of
protein according o Lowry ¢ «f. (1931). proline according to Bates er al. {1973),
total phenols aceording to Bray and Thorpe (1934), and sugars according o Nelson
(1944, Samples were oven-dried at 80 °C and then ground for the estimation ol
elveine betaine (Storey and Wyn Jones 1977). Tnzymes activities were measured
spectrophotometrically in o homogenate of the leaves, which was prepared by
arinding approximaltely 300 mg of tissue in 10 em’ of a solution containing sucrose
(00 mM} and Tris-HCl buffer (20 mM Tris, pH 7.0). centrifuged at 10 000 g for | Iy
and then dialysed for 22 h against Tris-HCL (5 mM. pll 7.0} Peroxidase
{(EC 111.1.7) was assayed using p-phenyline diamine, the ATPase (EC 3.6.1.3) was
assayed by determining the relcase of Pi from ATP (Flowers 1972). Protease
(EC 3.4.2.2) was assayed by the measurement of releasing a-NI1; duc to hydrolysis
of reserve protein at 570 nm (Prisco ef @/, 1975), while proline oxidase (FC 1.4.3)
was assayed at 600 nm by following the reduction of DCPIP at room temperature
(Huang and Cavalieri 1979). Malate dehydrogenase (NADH-MDH; EC 1.1.1.37) was
assayed by following the oxidation of NADH at 340 nm at 27 °C (Flowers 1072},

A number of low molecular mass orpanic compounds (proline, glycine betaine and
other quaternary ammonium compounds) called compatible solutes (Popp and Albert
1996). The type of compound stored by a certain species may have some
consequence for its nitrogen and carbon economy as well as for its ecological
distribution.  The proline content  progressively increascd  with  increasing
concentration of NaCl (Table 1). The high accumulation of proline with increasing
sahinity is associated with stimulation of proline synthesis from glutamate (Boggers
ef al. 1976) and inhibition of proline oxidation. In our study (Table 2), the increased
preline content was well correlated with the decreased proline oxidase activity.
Similar resulis were ohserved in Salicornia brachiate (Reddy er al. 1993), degialitis
annufata and Xylocarpus granatum (Popp and Albert 1996).

I this present investigation, also glyeine betaine accumulated significantly with
increasing NaCl concentrations (Table 1). The content of amino acids progressively
decreased with the increasing concentrations of NaC'l (Table 1). The decrease in
amino acids content up 10 400 mM may be duc to the active synthesis of proteins as a
significant increase in total protein content was noticed up to 400 mM NaCl, beyond
that concentration the protein content declined slightly (Table 1), The decreased
protein content at higher concentrations of NaCl might be due to enhancement of the
protease activity (Table 2). These results are comparable with the earlier studies in
Seswvinm portulacastrum (Venkatesalu er al. 1994), Salicornia brachiata (Reddy
ef al. 1993) and Phalaris arundinacea (Maeda ef al. 1995).

The accumulation of polyphenols increased with the increasing NaCl
concentration upto 400 mM and beyond that concentration less phenol content was
observed (Table 1). Polyphenol synthesis in mangroves is mainly controlled by the
aclivity of polyphenol degrading enzymes and also partially by the age of the plants
(Jamale and Joshi 1977). Similar results of increased polyphenols in natural saline
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fields were obtained in Soureratic atha, Rhizophora mucronaia and Avicennia athe
{Jamale and Joshi 1977).

Carbohydrate storage is one of the three mechanisms proposcq by Ackerson and
Younger (1975) for salinity toleranee of plants. The results of the present study
showed an increased sugar content at 400 mM NaCl, heyond that the sugar .C(.)nlcm
declined (Table 1). Increased content of sugars was observed at low salinity in
Salicornia brachiata (Reddy ef af. 1993), Swaeda fruticosa, Sesuvium sesuviodes and
Cressa cretica (Mohammed and Sen 1994).

High salinity induces a slight increase in A'TPase activity (Table 2). The energy
produced by the hydrolysis of ATP is very much required for water absorption,
selective ion uptake and to maintain the metabolism in the NaCl-stressed plants.
There are previous reports on sall stimulated ATPase aclivity in Avicennia nitida
(Kylin and Gee 1970) and Swaeda maritima (Flowers 1972), Peroxidase activity did
not differ much at different concentrations of NaCl (Table 2) which is important to
protect the cells from accumulation of taxic oxygen. NaC'l stress did not alter malate
dehydrogenase activity significantly and morcover the activity was very less in
Ceriops roxburghiana leaves. There are previous reports of inhibition of malate
dehydrogenase aetivity at higher concentrations of NaCl (0.33 M} in Swaeda
maritima, Halimione portidacoides and Salicornia ramosissime (Flowers 1972).
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