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Charcoal preserves soil carbon and increases soil fertility by having high levels
of nutrients. One of the most important polluters of the environment is heavy
metals. This study investigated the effect of different levels of charcoal obtained
from acacia wood on some growth characteristics, essential oil content, and
nutrient absorption of sage plants under cadmium stress. The experimental
treatments included different levels of charcoal (0, 1, and 2% by weight) and
cadmium stress at three levels of 0, 30, and 60 mg/kg of soil, which was factorial
in the form of a completely randomized design with 4 replications in the research
greenhouse of the Department of Horticultural Sciences, Faculty of Agriculture,
Ferdowsi University of Mashhad. The results showed that increasing the
concentration of cadmium caused a significant decrease in the growth of sage
plants in terms of height, stem diameter, number of sub-branches, leaf area,
number of leaves, biomass, and root growth. Cadmium stress also caused a
decrease in essential oil content and the amount of nitrogen, phosphorus, and
potassium elements, and increased iron, manganese, and cadmium in the aerial
parts of the sage plant. The use of charcoal reduced the harmful effects of
cadmium on growth by reducing the transfer of cadmium from roots to aerial
organs and improving the absorption of nutrients. In plants treated with
increasing charcoal concentration, the amount of essential oil in the flowering
branches of sage significantly increased. The greatest effect of charcoal on
morphological traits, percentage of essential oil, and concentration of nutrients
was observed in the highest concentration used (2% by weight) and in plants
under severe cadmium stress.
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