
00003-ELSST195_Aftab-9780323916752

To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business use only by the author(s), editor(s), 
reviewer(s), Elsevier and typesetter Aptara. It is not allowed to publish this proof online or in print. This proof copy is the copyright property of the publisher and 
is confidential until formal publication.

To protect the rights of the author(s) and publisher we inform you that this PDF is an uncorrected proof for internal business use only by the author(s), editor(s), 
reviewer(s), Elsevier and typesetter Aptara. It is not allowed to publish this proof online or in print. This proof copy is the copyright property of the publisher and 
is confidential until formal publication.

 Copyright © 2023 Elsevier Inc. All rights reserved.
Metals and Metalloids in Soil-Plant-Water System
DOI:  1

4
Crucial plant processes under excess 
of metals/metalloids and tolerance 

through omics approaches
Debanjana Sahaa, Selukesh Paridab,c, Chiranjeevi Kulkarnib,c, 

Pratik Sahad, Udit Nandan Mishrae, Prajjal Deye, Mahipal Singh 
Kesawate, Prathibha M.D.f, Rajesh Kumar Singhalg, Hirdayesh 

Anuragih
aDepartment of Biotechnology, Centurion University of Technology and Management, Jatni, 

Odisha, India, bDepartment of Plant Physiology, Odisha University of Agriculture and 
Technology, Bhubaneshwar, Odisha, India, cDepartment of Seed Science and Technology, 

Odisha University of Agriculture and Technology, Bhubaneshwar, Odisha, India, dDepartment 
of Agricultural Biotechnology, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, West 

Bengal, India, eFaculty of Agriculture, Sri Sri University, Cuttack, Odisha, India, fICAR- 
Indian Institute of Horticultural Research, Bengaluru, Karnataka, India, gICAR- Indian 
Grassland and Fodder Research Institute, Jhansi, UP, India, hICAR-Central Agroforestry 

Research Institute, Jhansi, UP, India

4.1 Introduction

Certain trace elements are required by plants for proper functioning and overall growth. 
These trace elements are often HMs required in trace amounts as growth regulators or cofac-
tors in different biochemical pathways. They also form an integral part of various proteins 
and biomolecules (Hasanuzzaman et al., 2013). Heavy metals, when present in low quanti-
ties, stimulate growth and development of plants by acting as cofactors for a number of 
enzymes engaged in numerous metabolic and physiological pathways (Mohammed et al., 
2011). Plants’ cellular, biochemical, and molecular functions are harmed by greater HMs 
concentrations. Excessive concentration beyond normal levels of any trace elements poses 
inexorable adverse effects on plants growth and development (Pirselova et  al., 2011). HM 
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