Physiological response of Cistus monspeliensis L. to increasing Zn application rates to a sandy soil
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Abstract

Zinc is an essential micronutrient for plants. This element is involved in many physiological and metabolic processes such as respiration, photosynthesis and biosynthesis of hormones. However, Zn excess in plants can be toxic and causes nutrient imbalance, growth problems, root darkening, biomass reduction, chlorosis of leaves and inhibition of photosynthesis. It also generates an increase in reactive oxygen species (ROS), which leads to increased oxidative stress, and plant damage at the cellular level.
In the present study conducted in potted plants in a greenhouse, Cistus monspeliensis L. was used to evaluate its tolerance to high concentrations of Zn, the effects of this metal on its development and the adaptation and defence mechanisms of this species against oxidative stress.
Cistus monspeliensis seeds were collected in the São Domingos mine area (SE Portugal) and their germination occurred on moist filter paper in Petri dishes. Thirty seedlings were transplanted to each pot containing 2 kg of a sandy soil with very low organic matter and nutritional level. The plants were irrigated, at 80 % of the water retention capacity, with an aqueous nutrient solution for 90 days. After this, the plants were thinned in order to leave 10 individuals per pot. After four months of growth, the pots were separated in five groups (n=4) corresponding to control and four different rates of Zn application. Plants were then irrigated with nutrient solution to which were added different concentrations of Zn2+ (0, 500, 1000, 1500 or 2000 µM).
After 45 days, plants were harvested and the aerial part separated from roots. The plants height and fresh biomass were quantified. Root and shoot samples of the plants were digested and analysed for N and P content by visible spectrophotometry and for Zn and other elements (Ca, Cu, Fe, K, Mg, Mn and Na) concentrations by AAS. Pigments (chlorophylls, anthocyanins and carotenoids), glutathione, ascorbate, H2O2 and the activities of several key antioxidative enzymes were quantified in shoots.
The Zn contents in control plants were very low (roots: 0.09 ± 0.02; shoots: 0.04 ± 0.01 g/kg), while plants irrigated with the solutions containing 2000 µM of Zn presented the highest Zn concentrations (roots: 8.46 ± 0.81; shoots: 4.96 ± 0.73 g/kg). Independently of the treatment, Zn was mainly retained in the roots (translocation coefficient <1). The plants with the highest concentrations of Zn showed toxicity symptoms as chlorosis, low leaf size and decrease in biomass production. Thus, for 2000 µM of Zn application, the dry biomass of the shoots decreased significantly (7.6 g; Control: 14.2 g) while that of the roots was similar compared to control (2000 µM: 2.9 g; Control: 2.6 g). At the highest Zn application rates, the stems of C. monspeliensis were longer and thinner. However the plant heights did not show significant differences between treatments (cm − Control: 14.5; Zn treatments: 12.8−15.9). High concentrations of Zn in shoots do not cause nutrient deficiencies in C. monspeliensis. 
Plants with high concentrations of Zn showed a decrease in chlorophylls, anthocyanins, ascorbic acid levels and percentage of glutathione. Furthermore, H2O2 contents were higher in plants with the highest levels of Zn, and an increase of ROS and oxidative stress was observed at 2000 µM of Zn. The high concentrations of Zn in shoots of C. monspeliensis triggered defence mechanisms against oxidative stress, in the form of increased antioxidative enzyme activity. As a general conclusion, these results reveal that C. monspeliensis has potential for Zn phytostabilization and its tolerance to high Zn concentration is conferred mainly by triggering antioxidative stress mechanisms.
