
Cold Tolerance in Plants



Shabir Hussain Wani • Venura Herath
Editors

Cold Tolerance in Plants
Physiological, Molecular and Genetic 
Perspectives



ISBN 978-3-030-01414-8    ISBN 978-3-030-01415-5 (eBook)
https://doi.org/10.1007/978-3-030-01415-5

Library of Congress Control Number: 2018960924

© Springer Nature Switzerland AG 2018
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

Editors
Shabir Hussain Wani
Mountain Research Centre for Field Crops 
Khudwani, Sher-e-Kashmir University  
of Agricultural Sciences and Technology  
of Kashmir
Srinagar, Jammu and Kashmir, India

Venura Herath
Department of Agricultural Biology
Faculty of Agriculture,  
University of Peradeniya
Peradeniya, Sri Lanka

https://doi.org/10.1007/978-3-030-01415-5


Peter was born in Adelaide in 1953 to a 
Czech mother and a New Zealand father. He 
was brought up in Canberra where he 
studied at the Australian National University. 
When he graduated, he took up a job in 
Germany at the University of Freiburg. 
During his 4 years in Germany, he also met 
and married his German wife, Ursula, who is 
also a scientist. In 1984, he moved to the 
University of Adelaide. He became a 
Professor in 1996 and from 1998 was the 
inaugural Research Director of the 
Cooperative Research Centre for Molecular 

Emeritus Professor Peter Langridge FTSE



Plant Breeding. In 2003, Peter became the 
Chief Executive Officer and Director of the 
Australian Centre for Plant Functional 
Genomics (ACPFG) when it was established 
and remained in this role until 2014. ACPFG 
was a major research centre based in 
Adelaide set up by the Australian Federal 
Government through the Australian Research 
Council and the Grains Research and 
Development Corporation. When he left 
ACPFG, Peter was appointed Emeritus 
Professor at the University of Adelaide; he is 
also an Honorary Professor at the Kazakh 
National Agrarian University. He is a Fellow 
of the Australian Academy of Technological 
Sciences and Engineering and an Honorary 
Fellow of Food Standards Australia and New 
Zealand (FSANZ) and James Hutton 
Institute, UK.

Since 2011, Peter has been chair of the 
Scientific Board of the Wheat Initiative. 
The Wheat Initiative was established by 
the G20 group of countries to provide 
global coordination of wheat research. The 
secretariat moved from Paris to Berlin at 
the beginning of 2018. Peter also chairs 
several science advisory committees for 
research organisations in Europe and 
North America. He chaired the steering 
committee for the CGIAR Research Program 
on Dryland Cereals and led a major review 
of biotechnology capabilities across the 
CGIAR system. In 2011, he chaired an expert 
scientific panel for the Australian Government 
on “Food security in a changing world”.
Peter is Editor-in-Chief of the Journal 
Agronomy (MDPI Publishers, Switzerland) 
and associate editor of eight other  



journals. In 2011, he was selected as the 
South Australian Scientist of the Year,  
and he has received other awards in 
Australia and Europe.

Peter’s research has focused on plant 
molecular biology and the science of plant 
breeding, and he has published over 300 
research papers, books and reviews.



ix

Preface

Human population is increasing at an alarming pace and believed to exceed 9.7 
 billion by 2050, whereas at the same time the agricultural productivity is decreasing 
due to the growing environmental constraints as a result of global climate change. 
Cold stress is one of the widespread abiotic stresses affecting crop productivity 
particularly in temperate regions. Plants have developed various anatomical, physi-
ological and genetic strategies to cope with the cold stress. Conventional breeding 
methods have resulted in inadequate success in improving the cold tolerance of 
vital crop plants through inter-specific or inter-generic hybridization. Therefore, it 
is of the essence to speed up the efforts for unraveling the biochemical, physiologi-
cal and molecular mechanisms underlying cold stress tolerance in plants. While 
quite a few programs have been taken up in leading global research institutes but 
the pace of development of cold stress tolerant cultivars is not up to the mark when 
compared to ever-increasing pressure of abiotic stresses including cold stress due 
to global climate change. Moreover, the intricate genetic mechanisms involved in 
plant adaptation to cold stresses have been a key obstacle for crop improvement 
using conventional plant breeding tools. Omics technologies including genomics, 
transcriptomics and proteomics have facilitated elucidation of complex mechanisms 
involved in plant adaptation to cold stress. Through this book “Cold Tolerance in 
Plants - Physiological, Molecular and Genetic Perspectives”, we have tried our best 
to include chapters unfolding the implication of cold stress in plants under climate 
change scenario and the eventual scientific advancements being applied utilizing 
the existing high throughput omics technologies to come up with novel strategies 
to mitigate cold stress by unraveling molecular mechanisms responsible for cold 
stress in plants.

This book provides systematic and comprehensive reference material for 
researchers, teachers, and graduate students involved in abiotic stress tolerance 
studies in plants particularly cold stress using physiological, molecular and genomic 
tools by unfolding principles and application of recently developed technologies 
and their application in development of stress resilience in plants against cold 
stresses. The chapters are written by globally reputed researchers and academicians 
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in the field of plant stress biology. We express sincere thanks and gratefulness to our 
revered authors, without their untiring efforts this book project would not have been 
possible. We are also thankful to Springer Nature for providing such opportunity to 
complete this book project. We are also thankful to all our family members for their 
support during the entire book project completion.

Srinagar, India Shabir Hussain Wani
Peradeniya, Sri Lanka Venura Herath
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