| ‘ | )
Improvmg Crop

/ Resmtance{t
Abiotic Str}ess

...u.a Edited by Narendra Tuteja,

, Sarvajeet Singh Gill,
Antonio F. Tiburcio,
\and Renu Tuteja

| R EEs - ACKWE’






Edited by

Narendra Tuteja,
Sarvajeet Singh Gill,
Antonio F. Tiburcio, and
Renu Tuteja

Improving Crop Resistance
to Abiotic Stress



Related Titles

Meksem, K., Kahl, G. (eds.)

The Handbook of Plant Mutation
Screening
Mining of Natural and Induced Alleles

2010
ISBN: 978-3-527-32604-4

Hirt, H. (ed.)

Plant Stress Biology
From Genomics to Systems Biology

2010
ISBN: 978-3-527-32290-9

Hayat, S., Mori, M., Pichtel, J.,
Ahmad, A. (eds.)

Nitric Oxide in Plant Physiology

2010
ISBN: 978-3-527-32519-1

Jenks, M. A., Wood, A. J. (eds.)

Genes for Plant Abiotic Stress

2009
ISBN: 978-0-8138-1502-2

Yoshioka, K., Shinozaki, K. (eds.)

Signal Crosstalk in Plant Stress
Responses

2009
ISBN: 978-0-8138-1963-1

Kahl, G., Meksem, K. (eds.)

The Handbook of Plant
Functional Genomics
Concepts and Protocols

2008
ISBN: 978-3-527-31885-8



Edited by Narendra Tuteja,
Sarvajeet Singh Gill,
Antonio F. Tiburcio, and
Renu Tuteja

Improving Crop Resistance
to Abiotic Stress

F)WILEY-BLACKWELL



The Editors

Dr. Narendra Tuteja

International Center for Genetic Engineering
and Biotechnology (ICGEB)

Aruna Asaf Ali Marg.

New Delhi 110 067

India

Dr. Sarvajeet Singh Gill

International Center for Genetic Engineering
and Biotechnology (ICGEB)

Aruna Asaf Ali Marg

New Delhi 110 067

India

Prof. Antonio F. Tiburcio
Universitat de Barcelona
Facultat de Farmacia

Av. Joan XXIII, S/N

08028 Barcelona

Spain

Dr. Renu Tuteja

International Center for Genetic Engineering
and Biotechnology (ICGEB)

Aruna Asaf Ali Marg

New Delhi 110 067

India

Picture Credits for Cover

Wheat Field Detail, PhotoDisc, Inc.

Cotton Plant, PhotoDisc, Inc./Getty Images

Woman working in rice paddy, China, Corbis Digital Stock
Ear of corn, Corbis Digital Stock

Sunflowers, Corbis Digital Stock

Tea Harvest in China, PhotoDisc, Inc./Getty Images
Potato Sacks, PhotoDisc, Inc./Getty Images

Canola, © LianeM - Fotolia.com

Abiotic stress tolerance QTLs mapped on the barley genome,
excerpt, for further information see Fig 34.1.

Limit of Liability/Disclaimer of Warranty: While the publisher
and author have used their best efforts in preparing this book,
they make no representations or warranties with respect to the
accuracy or completeness of the contents of this book and
specifically disclaim any implied warranties of merchantability
or fitness for a particular purpose. No warranty can be created
or extended by sales representatives or written sales materials.
The Advice and strategies contained herein may not be
suitable for your situation. You should consult with a
professional where appropriate. Neither the publisher nor
authors shall be liable for any loss of profit or any other
commercial damages, including but not limited to special,
incidental, consequential, or other damages.

Library of Congress Card No.: applied for

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

Bibliographic information published by

the Deutsche Nationalbibliothek

The Deutsche Nationalbibliothek lists this publication in the
Deutsche Nationalbibliografie; detailed bibliographic data are
available on the Internet at http://dnb.d-nb.de.

© 2012 Wiley-VCH Verlag & Co. KGaA,
Boschstr. 12, 69469 Weinheim, Germany

Wiley-Blackwell is an imprint of John Wiley & Sons, formed by
the merger of Wiley’s global Scientific, Technical, and Medical
business with Blackwell Publishing.

All rights reserved (including those of translation

into other languages). No part of this book may be reproduced
in any form - by photoprinting, microfilm, or any other means
— nor transmitted or translated into a machine language
without written permission from the publishers. Registered
names, trademarks, etc. used in this book, even when not
specifically marked as such, are not to be considered
unprotected by law.

Composition Thomson Digital, Noida, India
Printing and Binding Strauss GmbH, Mérlenbach
Cover Design Adam Design, Weinheim

Printed in the Federal Republic of Germany
Printed on acid-free paper

Print ISBN:
ePDF ISBN:
oBook ISBN:

978-3-527-32840-6
978-3-527-63294-7
978-3-527-63293-0


http://dnb.d-nb.de
http://www.Fotolia.com

Foreword |

We are guests of green plants on this planet. Plants are a source of food, fiber, and
materials for shelter. Ornamental plants contribute to our esthetic environment.
Numerous plants are sources of pharmaceuticals. Our civilization developed pro-
gressively after the domestication of plants about 10 000 years ago. Since then plants
were constantly improved through conscious and unconscious selection by ancient
farmers for more than 9000 years. During the last century, crop improvement
became a scientific endeavor after the rediscovery of Mendel’s laws of inheritance.
The science of genetics provided many additions to plant breeder’s tool kit and major
advances in food production were made. Green Revolution is a shining example of
these advances. It has been possible to feed 6 billion of Earth’s inhabitants.

Human population continues to increase unabated. It is estimated that there will
be 9 billion people on this planet in 2050 and this will require doubling of food
production. To meet this challenge, we must increase the yield potential of our food
crops and close the yield gap. The average yield of most crops is about half their
potential yield. For example, yield potential of rice is 10 ton ha !, but farmers on
average harvest about 5 ton ha™". This yield gap is due to losses caused by biotic and
abiotic stresses. Abiotic stresses include drought, submergence, salinity, and unfa-
vorable temperatures.

Very little progress has been made in developing crops with tolerance to abiotic
stresses through conventional breeding approaches. Breakthroughs in molecular
biology and biotechnology have provided new tools such as molecular marker-aided
selection (MAS) and genetic engineering. These technologies have opened new
avenues for developing crops with tolerance to abiotic stresses.

Editors of this volume have done an admirable job of assembling a wealth of
information on these new approaches for crop improvement. They have sought
contributions from knowledgeable authors from all over the world. The number of
crops included in the volume is comprehensive. These include grain, oil, fruits,
vegetable, and ornamental crops and sugarcane, tea, tobacco, and cassava. Several
chapters provide overview of latest advances in molecular biology such as genomics,
transcriptomics, proteomics, and metabolomics, collectively called “omics.” There is
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an excellent chapter on the role of plant transporters in abiotic stress tolerance. The
chapter on improving crop productivity under changing environment is a welcome
addition in view of concerns about the impact of climate change on crop productivity.
This comprehensive volume should prove useful for basic researchers, plant scien-
tists, and students interested in crop improvement, as well as teachers.

I would like to congratulate the editors for their labor of love for preparing this
valuable scientific resource.

University of California Gurdev S. Khush, FRS
Davis, California, USA
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Together with other photosynthetic organisms, plants are the primary producers and
the foundation of the global biogeochemical cycles that sustain terrestrial life. As
such, plants are also the main biological resource for humans by providing food,
feed, and various biomaterials such as oils, fibers, and wood. Taking into account
population growth, urbanization, climate change, and the limitation of natural
resources, global food security has become a strategic challenge just half a century
after the “Green Revolution.” There is a need for higher stability of yield to ensure
global food security and repartitioning and lowering the prices of plant products.
Moreover, the need to cut CO, emissions and the foreseeable end of the oil era
makes the transition from conventional fossil fuels to alternative and renewable
resources a priority, resulting in a growing demand for plant biomass for alternative
energies and green chemistry.

Agriculture is also challenged by increasing urbanization and industrial pollution,
resulting in the overexploitation of fossil resources, water, and arable land. Seventy
percent of freshwater is used for irrigation, making water one of the most critical
parameters in plant production. The predictions in climate change for this century
are estimated to further negatively affect water supplies and agricultural productivity
leading to the potential amplification of catastrophic incidents. Forty percent of the
Earth’s land surface is now used for agriculture. However, this area cannot be
enlarged and instead, we foresee a reduction in arable land due to urbanization,
pollution, and climate change in the next decades. If this was not enough, the world
population will reach 9.2 billion by 2050, revealing that food production will have to
double and farm productivity to increase by 1.75% each year.

In the face of these challenges, there is an urgent need to develop new crop lines
that can perform better but under conditions of less water, less nutrient inputs, and
by better withstanding abiotic and biotic stresses. This book, edited by Drs. Narendra
Tuteja, Sarvajeet Singh Gill, Antonio F. Tiburcio, and Renu Tuteja, comes at the right
time to tackle the problems plants face under abiotic stress conditions and will
clearly be of major value for researchers and breeders. The editors have achieved to
assemble a number of experts that share their knowledge in a very complementary
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way. The volume thereby provides both an excellent overview and a detailed account
of the field of plant abiotic stress response mechanisms. Importantly, the contribu-
tions range from established concepts in model plants to applied questions in
specific crops. The book thereby will enlighten readers of various disciplines and
at various levels, bridging text book knowledge to application.

Paris Heribert Hirt
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