Interaction

Emerging Remediation Techniques

Parvaiz Ahmad




Plant Metal Interaction

Edited by

Parvaiz Ahmad
Department of Botany, S.P. College, Srinagar,
Jammu and Kashmir, India

p i)
AN

w1
et

AMSTERDAM ¢« BOSTON = HEIDELBERG * LONDON ¢ NEW YORK « OXFORD
PARIS « SAN DIEGO ¢ SAN FRANCISCO « SINGAPORE * SYDNEY « TOKYO



Elsevier

Radarweg 29, PO Box 211, 1000 AE Amsterdam, Netherlands
The Boulevard, Langford Lane, Kidlington, Oxford OX5 1GB, UK
225 Wyman Street, Waltham, MA 02451, USA

Copyright © 2016 Elsevier Inc. All rights reserved.

No part of this publication may be reproduced or transmitted in any form or by any means, electronic or
mechanical, including photocopying, recording, or any information storage and retrieval system, without
permission in writing from the publisher. Details on how to seek permission, further information about the
Publisher’s permissions policies and our arrangements with organizations such as the Copyright Clearance
Center and the Copyright Licensing Agency, can be found at our website: www.elsevier.com/permissions.

This book and the individual contributions contained in it are protected under copyright by the Publisher
(other than as may be noted herein).

Notices

Knowledge and best practice in this field are constantly changing. As new research and experience broaden
our understanding, changes in research methods, professional practices, or medical treatment may become
necessary.

Practitioners and researchers must always rely on their own experience and knowledge in evaluating and using
any information, methods, compounds, or experiments described herein. In using such information or methods
they should be mindful of their own safety and the safety of others, including parties for whom they have a
professional responsibility.

To the fullest extent of the law, neither the Publisher nor the authors, contributors, or editors, assume any
liability for any injury and/or damage to persons or property as a matter of products liability, negligence or
otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in the
material herein.

ISBN: 978-0-12-803158-2

British Library Cataloguing in Publication Data
A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress

For information on all Elsevier publications
visit our website at http://store.elsevier.com/

ﬂ Working together
m i to grow libraries in
msevier | Book M4 Jeveloping countries

www.elsevier.com ¢ www.bookaid.org



Plant Metal Interaction
Emerging Remediation Techniques



Dedicated to

Hakim Abdul Hameed
(1908—1999)
Founder of Jamia Hamdard (Hamdard University)
New Delhi, India.






List of Contributors

Elsayed F. Abd-Allah
Department of Plant Production, Faculty of Food & Agricultural Sciences, King Saud University,
Riyadh, Saudi Arabia

Maria Rosa Abenavoli
Dipartimento Agraria, Universita Mediterranea di Reggio Calabria, Salita Melissari, Reggio
Calabria, ltaly

Mohammad Abass Ahanger
Stress Physiology Laboratory, School of Studies in Botany, Jiwaji University Gwalior,
MP, India

Zeshan Ali
National Institute of Bioremediation, National Agricultural Research Center (NARC), Islamabad,
Pakistan

Mushtaq Ahmad
National Institute of Bioremediation, National Agricultural Research Center (NARC), Islamabad,
Pakistan

Parvaiz Ahmad
Department of Botany, S.P. College, Srinagar, Jammu and Kashmir, India

Fabrizio Araniti
Dipartimento Agraria, Universita Mediterranea di Reggio Calabria, Salita Melissari, Reggio
Calabria, Italy

Saroj Arora
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

M.M. Azooz

Department of Botany, Faculty of Science, South Valley University, Qena, Egypt:
Department of Biological Sciences, Faculty of Science, King Faisal University, Al-Hassa,
Saudi Arabia

Shagun Bali
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Savio Bastos de Souza
Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense Darcy
Ribeiro, Campos dos Goytacazes, Rio de Janeiro, Brazil

Amanda Azevedo Bertolazi
Centro de Ciéncias e Tecnologias Agrérias, Universidade Estadual do Norte Fluminense Darcy
Ribeiro, Campos dos Goytacazes, Rio de Janeiro, Brazil

Renu Bhardwaj
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Xix



XX LIST OF CONTRIBUTORS

Muhammad F. Bhatti
Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology
(NUST), Islamabad, Pakistan

Janaina Biral dos Santos
Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense Darcy
Ribeiro, Campos dos Goytacazes, Rio de Janeiro, Brazil

Marian Brestic
Department of Plant Physiology, Slovak University of Agriculture in Nitra, Nitra, Slovakia

Natalia Anatoljevna Burmistrova
Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, Moscow,
Russia

Khushboo Chaudhary
Department of Bioscience and Biotechnology, Banasthali University, Tonk, Rajasthan,
India

Devendra Kumar Chauhan
Center of Advanced Study in Botany, Banaras Hindu University, Varanasi, India

Silvana Chocobar-Ponce
Cétedra de Fisiologia Vegetal, Facultad de Ciencias Naturales e IML, Tucuman, Argentina

Antdnio Jesus Dorighetto Cogo
Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense Darcy
Ribeiro, Campos dos Goytacazes, Rio de Janeiro, Brazil

Juliana Melo da Conceicao
Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense Darcy
Ribeiro, Campos dos Goytacazes, Rio de Janeiro, Brazil

Jaime A.T. da Silva
Ikenobe, Kagawa-ken, Japan

Muriel da Silva Folli-Pereira
Laboratorio de Microbiologia Ambiental e Biotecnologia, Universidade Vila Velha, Vila Velha,
Espirito Santo, Brazil

Natalia de Aquino Portela
Universidae Federal do Espirito Santo, Goiabeiras, Vitoria, Espirito Santo, Brazil

Mehmet Demiralay
Department of Forest Engineering, Faculty of Forestry, Artvin Coruh University, Artvin,
Turkey

Murat Dikilitas
Department of Plant Protection, Faculty of Agriculture, Harran University, Sanlurfa, Turkey

Anupam Dikshit
Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad,
Uttar Pradesh, India



LIST OF CONTRIBUTORS XXi

Nawal Kishore Dubey
D. D. Pant Interdisciplinary Research Laboratory, Department of Botany, University of
Allahabad, Allahabad, India

Dilfuza Egamberdieva
Leibniz Centre for Agricultural Landscape Research (ZALF), Institute for Landcape
Biogeochemistry, Mincheberg, Germany

Frederico Jacob Eutropio
Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense Darcy
Ribeiro, Campos dos Goytacazes, Rio de Janeiro, Brazil

Frederico Figueira Firme
Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense Darcy
Ribeiro, Campos dos Goytacazes, Rio de Janeiro, Brazil

Mercedes Garcia-Sanchez
Department of Agro-Environmental Chemistry and Plant Nutrition, Faculty of Agrobiology, Food
and Natural Resources, Kamycka, Prague, Czech Republic

Vandana Gautam
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Zoya Ghori
Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology
(NUST), Islamabad, Pakistan

Asiya Hameed
Department of Botany, Faculty of Science, Jamia Hamdard, New Delhi, India

Neha Handa
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Asim Hayat
Soil Fertility Lab, Land Resources Research Institute, National Agricultural Research Center
(NARC), Islamabad, Pakistan

Mirna Hilal
Cétedra de Fisiologfa Vegetal, Facultad de Ciencias Naturales e IML, Tucuman, Argentina

Mohammad Anwar Hossain
Department of Genetics and Plant Breeding, Bangladesh Agricultural University, Mymensingh,
Bangladesh

Hira Iftikhar
Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology
(NUST), Islamabad, Pakistan

Sameen R. Imadi
Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology
(NUST), Islamabad, Pakistan



xxii LIST OF CONTRIBUTORS

Sumira Jan
Department of Biotechnology, ICAR — Central Institute of Temperate Horticulture, Srinagar,
Jammu and Kashmir, India

Rohit Joshi
Plant Molecular Biology Group, International Centre for Genetic Engineering and Biotechnology,
New Delhi, India

Dhriti Kapoor
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Nitika Kapoor
Department of Botany, Hansraj Mahila Maha Vidyalaya, Jalandhar, Punjab, India

Sema Karakas
Department of Soil Science and Plant Nutrition, Faculty of Agriculture, Harran University,
Sanliurfa, Turkey

Harpreet Kaur
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Parminder Kaur
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Satwinderjit Kaur
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Sukhmeen Kaur
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Alvina G. Kazi
Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology
(NUST), Islamabad, Pakistan

Suphiya Khan
Department of Bioscience and Biotechnology, Banasthali University, Tonk, Rajasthan, India

Sukhmeen Kaur Kohli
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Marina Sergeevna Krasavina
Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, Moscow, Russia

Rajesh Kumar
Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad,
Uttar Pradesh, India



LIST OF CONTRIBUTORS

Smita Kumar
Department of Biochemistry, University of Lucknow, Lucknow, Uttar Pradesh, India

Caterina Longo
Dipartimento Agraria, Universita Mediterranea di Reggio Calabria, Salita Melissari, Reggio
Calabria, Italy

Nina Fjodorovna Lunkova
Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, Moscow, Russia

Antonio Lupini
Dipartimento Agraria, Universita Mediterranea di Reggio Calabria, Salita Melissari, Reggio
Calabria, Italy

Antonio Mauceri
Dipartimento Agraria, Universita Mediterranea di Reggio Calabria, Salita Melissari, Reggio
Calabria, Italy

Rohit Kumar Mishra

XXiii

Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad, Uttar

Pradesh, India
Nasar-um-Minullah

Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology

(NUST), Islamabad, Pakistan
Vani Mishra

Nanotechnology Application Centre, University of Allahabad, Allahabad, Uttar Pradesh, India

Puja Ohri

Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,

Punjab, India

Eduardo Pagano
Departamento de Biologia Aplicada y Alimentos, Facultad de Agronomia, Universidad de
Buenos Aires, Buenos Aires, Argentina

Anand Pandey

Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad, Uttar

Pradesh, India
Madhu Pandey

Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad, Uttar

Pradesh, India
Manisha Pandey

Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad, Uttar

Pradesh, India
Ashwani Pareek

Stress Physiology and Molecular Biology Laboratory, School of Life Sciences, Jawaharlal Nehru

University, New Delhi, India



xxiv  LIST OF CONTRIBUTORS

Ashutosh Pathak
Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad, Uttar
Pradesh, India

Poonam
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Carolina Prado
Catedra de Fisiologia Vegetal, Facultad de Ciencias Naturales e IML, Tucuman, Argentina

Fernando E. Prado
Catedra de Fisiologia Vegetal, Facultad de Ciencias Naturales e IML, Tucuman, Argentina

Maria Polsia Princi
Dipartimento Agraria, Universita Mediterranea di Reggio Calabria, Salita Melissari, Reggio
Calabria, Italy

Afifa Qidwai
Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad, Uttar
Pradesh, India

Galina Nikolaevna Raldugina
Timiryazev Institute of Plant Physiology, Russian Academy of Sciences, Moscow, Russia

Alessandro Coutinho Ramos
Centro de Biociéncias e Biotecnologia, Universidade Estadual do Norte Fluminense Darcy
Ribeiro, Campos dos Goytacazes, Rio de Janeiro, Brazil

Bushra Rashid
Center of Excellence in Molecular Biology, University of the Punjab, Lahore, Pakistan

Nazima Rasool
Department of Botany, University of Kashmir, Jammu and Kashmir, India

Saiema Rasool
Department of Forest Management, Faculty of Forestry, University Putra Malaysia, Serdang,
Selangor, Malaysia

Amandeep Rattan
Department of Botany, Hansraj Mahila Maha Vidyalaya, Jalandhar, Punjab, India

Mariana Rosa
Cétedra de Fisiologia Vegetal, Facultad de Ciencias Naturales e IML, Tucuman, Argentina

Aykut Saglam
Department of Molecular Biology and Genetics, Faculty of Sciences, Karadeniz Technical
University, Trabzon, Turkey

Syed W. Shah
Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology
(NUST), Islamabad, Pakistan

Iti Sharma
Department of Bioscience and Biotechnology, Banasthali University, Tonk, Rajasthan, India



LIST OF CONTRIBUTORS XXV

Resham Sharma
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Shashi Kant Shukla
Biological Product Laboratory, Department of Botany, University of Allahabad, Allahabad,
Uttar Pradesh, India

Naveen K. Singh
Institute of Environment and Sustainable Development, Banaras Hindu University, Varanasi,
Uttar Pradesh, India

Rajeev P. Singh
Institute of Environment and Sustainable Development, Banaras Hindu University, Varanasi,
Uttar Pradesh, India

Shweta Singh
D. D. Pant Interdisciplinary Research Laboratory, Department of Botany, University of
Allahabad, Allahabad, India

Sneh L. Singla-Pareek
Plant Molecular Biology Group, International Centre for Genetic Engineering and Biotechnology,
New Delhi, India

Francesco Sunseri
Dipartimento Agraria, Universita Mediterranea di Reggio Calabria, Salita Melissari, Reggio
Calabria, Italy

Oksana Sytar

Department of Plant Physiology, Slovak University of Agriculture in Nitra, Nitra, Slovakia:
Plant Physiology and Ecology Department, Institute of Biology, Taras Shevchenko National
University of Kyiv, Kyiv, Ukraine

Jirina Szakova

Department of Agro-Environmental Chemistry and Plant Nutrition, Faculty of Agrobiology, Food
and Natural Resources, Kamycka, Prague, Czech Republic

Nataliya Taran
Plant Physiology and Ecology Department, Institute of Biology, Taras Shevchenko National
University of Kyiv, Kyiv, Ukraine

Rabiye Terzi
Department of Biology, Faculty of Sciences, Karadeniz Technical University, Trabzon, Turkey

Ashwani Kumar Thukral
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Durgesh Kumar Tripathi

D. D. Pant Interdisciplinary Research Laboratory, Department of Botany, University of
Allahabad, Allahabad, India;

Center of Advanced Study in Botany, Banaras Hindu University, Varanasi, India



xxvi  LIST OF CONTRIBUTORS

Prabodh K. Trivedi
CSIR-National Botanical Research Institute (CSIR-NBRI), Lucknow, Uttar Pradesh, India

Bojjam Vidya Vardhini
Department of Botany, Telangana University, Dichpally, Nizamabad, Andhra Pradesh, India

Adarsh Pal Vig
Department of Botanical and Environmental Sciences, Guru Nanak Dev University, Amritsar,
Punjab, India

Hina Waheed
Department of Botany, Pir Mehr Ali Shah Arid Agriculture University, Rawalpindi, Pakistan

Sarah Waseem
Atta-ur-Rahman School of Applied Biosciences, National University of Sciences and Technology
(NUST), Islamabad, Pakistan

Fuat Yetissin
Department of Molecular Biology and Genetics, Faculty of Arts and Sciences, Mus Alparslan
University, Mus, Turkey

Marek Zivcak
Department of Plant Physiology, Slovak University of Agriculture in Nitra, Nitra, Slovakia



About the Editor

DR PARVAIZ AHMAD (EDITOR)

Dr Parvaiz is a senior assistant professor in the Department of Botany
at Sri Pratap College, Srinagar, Jammu and Kashmir, India. He
completed his postgraduate degree in botany in 2000 at Jamia
Hamdard, New Delhi, India. After receiving a doctorate from the
Indian Institute of Technology, Delhi, India, he joined the Interna-
tional Centre for Genetic Engineering and Biotechnology, New
Delhi, in 2007. His main research area is stress physiology and
molecular biology. He has published more than 40 research papers
in peer-reviewed journals and 35 book chapters. He is also the editor
of 15 volumes (one with Studium Press Pvt. India Ltd., New Delhi,
India; eight with Springer NY USA; three with Elsevier USA; and
three with Wiley). He is a recipient of the Junior Research Fellowship
and Senior Research Fellowship awarded by the Council of Scientific
and Industrial Research, New Delhi, India. Dr Parvaiz was awarded

the Young Scientist Award under the Fast Track scheme in 2007 by the Department of Science
and Technology, Government of India. Dr Parvaiz is actively engaged in studying the molecular
and physio-biochemical responses of different agricultural and horticultural plants under environ-

mental stress.

xxvii






Preface

PLANT METAL INTERACTION: EMERGING REMEDIATION TECHNIQUES

Plants are valuable resources for all living organisms existing on planet Earth. Plants provide food,
medicine, regulate water cycle, produce oxygen, and reform climate. Any major change in environ-
ment has a negative impact on the growth and development of plants. It means change in climatic
conditions is having a direct or indirect impact on human beings. Climatic change (environmental
stress) has a drastic impact on crop yield. Food production for future generations is a major problem
because of (1) exponential increase in human population and (2) reduction in farmable land due to
environmental pollution, caused by natural and anthropogenic activities. The industrial revolution
has brought immense comforts to man, but at the same time many problems have also been reported.
Heavy metals (cadmium, chromium, copper (Cu), lead, mercury, nickel, arsenic, and zinc) produced
from industries and factories are nondegradable and have accumulated in soil and water bodies. It is
estimated that 60% of farmable land is suffering from mineral problems, such as metal toxicity and
nutritional and metal deficiencies. Heavy metal toxicity has become a major threat to plant growth
and crop yield globally. It is not limited to plants, soil, and water only—heavy metals have also
entered the human body through the food chain and caused many diseases and disorders. The mech-
anisms of heavy metal detoxification, accumulation, and tolerance have become the basis for using
plants for remediating heavy metal—contaminated soil and water. Phytoremediation is the use
of plants to uptake pollutants from the soil and water. It is a sustainable environmental cleanup tech-
nology and is used worldwide.

This edited volume Plant Metal Interaction: Emerging Remediation Techniques includes 25 chap-
ters that will shed light on different heavy metals, their impact on plants, and remedial approaches.
Chapter 1 is an overview on aluminum toxicity in plants, in which the author describes the impact
of aluminum on plants, nutrient uptake, gene expression, and so on. Chapter 2 is about the effect of
copper stress on plant growth, photosynthesis, and signal transduction. Chapter 3 discusses the effect
of lead on plant and human DNA and its damages and its impact on the environment. Chapter 4
describes resistance of plants to Cu stress (transgenesis) and includes a discussion of Cu as an essential
element, the toxic effects of high concentrations of Cu, maintenance of intracellular Cu homeostasis,
construction of transgenic plants resistant to heavy metals, etc. Chapters 5, 6, and 7 throw light on bo-
ron toxicity, chromium toxicity, and antioxidative properties of selenium on plants. Chapter 8 is about
the mitigation of heavy metal stress by brassinosteroids in plants. Chapters 9, 10, and 11 are related to
plant metallothioneins and phytochelatins; biosynthesis of phytochelatins, phytochelatins, mediated
redox homeostasis, and metallothioneins are also well-documented. Chapters 12, 13, and 14 describe
the role of plants in detoxification and tolerance of heavy metals such as mercury and trace elements
from the soil and water. Chapter 15 is related to phytoextraction—the use of plants to remove heavy
metals from soil. Chapters 16, 17, 18, and 19 explain the efficient role of different plants in accumu-
lating heavy metals from water and soil. Genetic strategies for phytoremediation potential in plants are
also thoroughly explained. Chapters 20 and 21 are related to phytoremediation of heavy metals in the
presence of microbes and plant growth—promoting rhizobacteria. Chapters 22 and 23 are about the
molecular mechanism and role of adenosine triphosphatase (HMA2, HMA3, and HMA4) in the
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