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Abstract

With growing industrialization and nonjudicious use of chemical fertilizers, heavy metal–mediated

chemical toxicity has become a major environmental threat for plants around the globe. Heavy metal

ions cause damage to the structural, enzymatic, and nonenzymatic components of plant cells, often

resulting in loss of cell viability and thus negatively affecting plant growth, development, and finally

crop productivity. Like the majority of heavy metals, cadmium (Cd) enters the environment and

ecosystem mainly from industrial processes and fertilizer applications and is eventually transferred

to the food chain through plants. Thus, Cd toxicity is considered a major threat for humans, animals,

and plants. Cd accounts for about 0.1 ppm of the earth's crust. In nature, Cd contamination in soil and

water generally comes from natural, agricultural, industrial, and domestic wastes. Often Cd

contamination in soil may occur naturally during weathering processes. In biological systems

including plants, Cd uptake mainly takes place in the form of Cd(II). After entering into plant cells, Cd

generally binds to the –SH (thiol) groups of proteins and thus disrupts protein structure and function.

Furthermore, Cd toxicity induces oxidative and genotoxic stress via reactive oxygen species

production, which then causes oxidative damage to cellular macromolecules and the photosynthetic

apparatus. The overall effects are reflected at physiological and biochemical levels with decreased

membrane stability and pigment production leading to compromised photosynthetic yield, hormonal

and nutrient imbalance, and the inhibition of DNA replication, gene expression, and cell division. This

chapter mainly illustrates our present understanding of the physicochemical properties and

molecular mechanism of Cd-mediated toxicity and stress response in plants and also highlights the

importance of identifying potential targets in the associated pathways for improved tolerance to Cd

stress in crops.

Recommended articles

� �

Share Cite

10/30/24, 1:15 PM Cadmium Toxicity in Plants: Unveiling the Physicochemical and Molecular Aspects - ScienceDirect

https://www.sciencedirect.com/science/article/abs/pii/B9780128157947000084 1/3

https://www.sciencedirect.com/science/book/9780128157947
https://doi.org/10.1016/B978-0-12-815794-7.00008-4
https://s100.copyright.com/AppDispatchServlet?publisherName=ELS&contentID=B9780128157947000084&orderBeanReset=true
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/chemical-fertilizer
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cell-viability
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/fertilizer-application
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/macromolecule
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/dna-replication
https://www.sciencedirect.com/
Serial No. 55



References (0)

Cited by (26)

Heavy metal and metalloid toxicity in horticultural plants: Tolerance mechanism and

remediation strategies

����, Chemosphere

Citation Excerpt :

…Similarly, in R. sativus the Pb stress activates four MAPK encoding genes (MAPKKK7, MAPK6, MAPK8, and

MPAK20) (Wang et al., 2013), while eight MAPK encoding genes (MAPKKK18, MAPKKK19, MAPK3, MAPK16,

MAPK17, MAPK18, MAPK19, and MAPK20) are induced under Cr stress (Xie et al., 2015). Hence, it is presumed

that MAPKs are activated in response to HMs stress, and are known to transmit signals to activate TFs involved in

the activation of HMs stress-responsive genes (Ghosh and Roy, 2019). In plants, HM toxicity alters the function of

Ca2+ channel and increases calcium flow into cells.…
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…In this plant, root cells may actively avoid Cd cations due to an advanced uptake system of the roots (Cobbett

and Goldsbrough, 2002; Marschner, 2011). In addition, roots of many plants can retain heavy metals and

significantly reduce their translocation into the shoots (Bose and Bhattacharyya, 2008; Lux et al., 2011; Ghosh

and Roy, 2019). The restriction in root to shoot transfer may be stronger for some specific heavy metals such as

Pb and in particular Cd (Lux et al., 2011; Marschner, 2011) that offer a good opportunity regarding edible crops.…
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