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Abstract The following study was carried out to investigate the cadmium (Cd) accumulating potential of Vallisneria. After subjecting plants to different concentrations of Cd, it was observed that plants are able to accumulate ample amount of metal in their roots (5,542 μg g−1 dw) and leaves (4,368 μg g−1 dw) in a concentration- and durationdependent manner. Thus, it is evident that the accumulation in roots was 1.3 times higher than the shoots. It was also noted that with increasing Cd accumulation, roots of the plant appeared darker in color and harder in texture. In response to metal exposure, amount of low molecular weight antioxidants such as cysteine and nonprotein thiols (NP-SH) and activity of enzymes such as APX and GPX were significantly enhanced at lower concentrations of Cd, followed by decline at higher doses. It was also observed that in exposed plants, activity of APX enzyme was higher in roots (ca. 3 times) as compared to leaves. However, chlorophyll and protein content was found to decline significantly in a dose-dependent manner. Results suggested that due to its high accumulation potential, Vallisneria may be effectively grown in water bodies moderately contaminated with Cd.
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Introduction In the course of industrialization, levels of toxic metals have risen tremendously and significantly exceeded those from natural sources for practically all metals. Due to mobilization of metals into the biosphere, their circulation through soil, water, and air has increased manifolds (Singh et al. 2006; Mishra et al. 2009). Among the heavy metals, cadmium (Cd) is one which is a nonessential, toxic metal that enters aquatic environment from natural (weathering) as well as anthropogenic sources (industrial effluents and agricultural runoff; Singh et al. 2006; Wang et al. 2009). It causes easily identifiable toxicity symptoms in plants at very low concentration. Submerged aquatic plants take up Cd by both adsorption and energy-dependent transport systems (Tripathi et al. 1996) and incorporate them into their own system disturbing various metabolic processes. Besides, this metal also forms a complex with the natural ligands which affects its bioaccumulation and toxicity potential. Cd is reported as a human carcinogen. Its accumulation in plants causes various symptoms such as stunted growth, chlorosis, leaf epinasty, disturbs uptake of nutrients, inhibits photosynthesis, inactivates enzymes in CO2 fixation, induces lipid peroxidation and, also inhibits pollen germination and tube growth (Mishra et al. 2006, Wang et al. 2009). Cd is a nonredox-active metal, however, it induces reactive oxygen species (ROS) which has to be kept under tight control because their accumulation result in cell death due to oxidative processes such as membrane lipid peroxidation, protein oxidation, enzyme inhibition, and
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DNA and RNA damage (Ruley et al. 2004; Mishra et al. 2008). To counteract these effects, plants are equipped with ROS-detoxifying enzymes such as peroxidases (APX and GPX), superoxide dismutases (SOD), and catalase (CAT) for protecting potential cell injury causing tissue dysfunction (Halliwell 1987; Srivastava et al. 2006). Phytoremediation is a cleanup technology where plants are used to degrade, extract, or immobilize contaminants from soils and water (Wang et al. 2009). For effective phytoremediation of metals, they must be translocated and accumulated in the aerial parts of the plants. The submerged plants may be of great use for the phytoremediation strategies of heavy metal-polluted water bodies as they do not migrate and attain equilibrium with their surroundings within a short period (Guilizzoni 1991) and possess better accumulation potential due to large exposed surface area. Therefore, in the present study Vallisneria spiralis, a rooted submerged plant was used to evaluate its potential for accumulating Cd under laboratory conditions. Effect of metal ion on some metabolic parameters, such as chlorophyll, protein, cysteine, and nonprotein thiols (NP-SH), as well as the activity of enzymes like APX and GPX in the roots and leaves of treated plants, was also studied.



Materials and methods Plant material and treatment conditions Plants were collected from water bodies of Unnao Bird Sanctuary [26.53°N 80.5°E], Unnao (Uttar Pradesh) and were grown in large tubs in the field in natural condition for healthy growth. For experimental purpose, small new plantlets (ca. 2–4 in. in length) were separated from the mother plant, transferred to laboratory, and grown in culture room in 10% Hoagland solution (Hoagland and Arnon 1950) under controlled conditions (16 h light using fluorescent tube light, 114 μ mol m−2 s−1 at 23 ± 2°C) in small plastic tub for 5 days to acclimatize in laboratory conditions. After acclimatization, plants were treated with different concentrations of Cd. The acclimatized plants were transferred to 250 ml beakers containing various concentrations of metals in triplicates and were harvested at 24, 48, 72, and 96 h exposures. The different metal concentrations of Cd (0.1, 1, 10, 25, 50, and 100 μM) were prepared by diluting 1 mM stock solution of the metal salt CdCl2 with 10% Hoagland solution. Metal accumulation Harvested plants were thoroughly washed in distilled water and oven-dried at 80°C till constant weight was obtained.
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Dried plant material (root and leaves separately) (100 mg) was powdered and wet digested in HNO3:HClO4 (3:1, v/v) at 70°C. Digested material was diluted with milli-Q water, and metal content was determined using atomic absorption spectrophotometer (GBC Avanta Σ, Australia). The standard reference material of Cd (E-Merck, Germany) was used for the calibration and quality assurance for each analytical batch. Analytical data quality of metal was ensured with three repeated analysis (n=6) of EPA quality control samples (lot TMA 989), and the results were found within (±2.820) the certified values. Recovery of Cd from the plant tissue was found to be more than 98.5% as determined by spiking samples with a known amount of metal. The blanks were run in triplicate to check the precision of the method with each set of samples. The detection limit of Cd was found to be 0.1 μg l−1. Plant growth parameters For the estimation of photosynthetic pigments, plant material (300 mg) was ground in chilled 80% acetone in dark. After centrifugation at 10,000 g for 10 min at 4°C, absorbance of the supernatant was taken at 480, 510, 645, and 663 nm. The content of chlorophylls was estimated by the method of Arnon (1949) and that of carotenoid by using the formula given by Duxbury and Yentsch (1956). Protein content was estimated following the method of Lowry et al. (1951). Estimation of nonenzymatic antioxidants Fresh plant material (500 mg) was homogenized in 5% chilled perchloric acid and centrifuged at 10,000 g for 10 min at 4°C. Cysteine content was measured in supernatant using acid-ninhydrin reagent and absorbance was recorded at 560 nm (Gaitonde 1967). NP-SH content was measured following the method of Ellman (1959). Fresh plant material (700 mg) was homogenized in 6.67% 5'-sulfosalicylic acid. After centrifugation at 10,000 g for 10 min at 4°C, NP-SH content was measured in the supernatant by reaction with Ellman reagent, and absorbance was recorded at 412 nm. Estimation of antioxidant enzymes Plant material (500 mg) was homogenized in 100 mM potassium phosphate buffer (pH 7.0) containing 0.1 mM EDTA and 1% polyvinylpyrrolidone (w/v) at 4°C. Homogenate was filtered through four layers of cheese cloth and centrifuged at 15,000 g for 15 min at 4°C. Supernatant was used to measure the activities of enzymes.
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The activity of APX was measured according to the method of Nakano and Asada (1981) by estimating the rate of ascorbate oxidation (extinction coefficient 2.8 mM−1 cm−1). The 3 ml reaction mixture contained 50 mM phosphate buffer (pH 7.0), 0.1 mM H2O2, 0.5 mM sodium ascorbate, 0.1 mM EDTA, and a suitable aliquot of enzyme extract. The change in absorbance was monitored at 290 nm, and enzyme activity was expressed as micromoles of ascorbate oxidized min−1 g−1 fw. GPX activity was assayed according to the method of Hemeda and Klein (1990). A 100 ml of reaction mixture was prepared by adding 10 ml of 1% guaiacol (v/v), 10 ml of 0.3% H2O2, and 80 ml of 50 mM phosphate buffer (pH 6.6). Enzyme extract (75 μl) was added to reaction mixture in a final volume of 3 ml. The increase in absorbance due to oxidation of guaiacol (extinction coefficient 26.6 mM−1 cm−1) was monitored at 470 nm. Enzyme activity was expressed as micromoles of guaiacol oxidized min−1 g−1 fw. Statistical analysis The experiment was done following a randomized block design. Two-way analysis of variance was done with all the data to confirm the variability of data and validity of results, and Duncan’s multiple range test was performed to determine the significant difference between treatments. Correlation analysis was performed which has been given within text at relevant places (p 
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