Edited by
Mohamed Mahgoub Azooz - Parvaiz Ahmad

Legumes under Environmental Stress
Yield, Improvement and Adaptations

- »f—&:.«;;
WILEY Blackwell

\




Legumes under
Environmental
Stress

Yield, Improvement and
Adaptations

EDITED BY

Mohamed Mahgoub Azooz

South Valley University, Egypt

Parvaiz Ahmad

S.P. College, Srinagar, J&K, India

WILEY Blackwell



This edition first published 2015. © 2015 by John Wiley & Sons, Ltd.

Registered Office
John Wiley & Sons, Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 85Q, UK

Editorial Offices

9600 Garsington Road, Oxford, 0X4 2DQ, UK

The Atrium, Southern Gate, Chichester, West Sussex, PO19 85SQ, UK
111 River Street, Hoboken, NJ 07030-5774, USA

For details of our global editorial offices, for customer services and for information about how to apply for permission to reuse the copyright
material in this book please see our website at www.wiley.com/wiley-blackwell.

The right of the author to be identified as the author of this work has been asserted in accordance with the UK Copyright, Designs and
Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means,
electronic, mechanical, photocopying, recording or otherwise, except as permitted by the UK Copyright, Designs and Patents Act 1988,
without the prior permission of the publisher.

Designations used by companies to distinguish their products are often claimed as trademarks. All brand names and product names used in
this book are trade names, service marks, trademarks or registered trademarks of their respective owners. The publisher is not associated
with any product or vendor mentioned in this book.

Limit of Liability/Disclaimer of Warranty: While the publisher and author(s) 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 titness for a particular purpose. It is sold on the understanding that the publisher is not engaged in
rendering professional services and neither the publisher nor the author shall be liable for damages arising herefrom. If professional advice
or other expert assistance is required, the services of a competent professional should be sought.

Library of Congress Cataloging-in-Publication Data

Azooz, M. M.
Legumes under environmental stress : yield, improvement and adaptations / Mohamed Mahgoub Azooz, Parvaiz Ahmad.
pages cm
Includes bibliographical references and index.
ISBN 978-1-118-91708-4 (cloth)
1. Legumes—Effect of stress on. 2. Legumes-Yields. 3. Legumes—Adaptation. [. Ahmad, Parvaiz. IL. Title.
SB177.L45A96 2015
633.3-dc23
2014025842

A catalogue record for this book is available from the British Library.
wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be available in electronic books.
Set in 8.5/12pt Meridien by SPi Publisher Services, Pondicherry, India

Printed in Singapore by C.0.S. Printers Pte Ltd

1 2015



Legumes under Environmental Stress



oL, =B SEEEPDFIE U 0] : www. ertongbook. com



List of contributors

Mohammad Abass Ahanger
School of Studies in Botany

Jiwaji University

Gwalior

India

Fakiha Afzal

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

Pakistan

Parvaiz Ahmad
Departiment of Botany
S.P. College

Srinagar

Jammu and Kashmir
India

Shakeel Ahmad
Department of Agronomy
Bahauddin Zakariya University
Multan

Pakistan

Md. Mahabub Alam

Laboratory of Plant Stress Responses
Department of Applied Biological Science
Kagawa University

Kagawa

Japan

Mohammad Ali

Institute of Biotechnology
Bahauddin Zakariya University
Multan

Pakistan

Saroj Arora

Department of Botanical and Environmental Sciences
Guru Nanak Dev University

Amritsar

India

Sadia Arshad

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

Pakistan

Mohamed Mahgoub Azooz
Department of Botany

Faculty of Science

South Valley University

Qena

Egypt

Mustafeez Mujtaba Babar

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

Pakistan

P. Osman Basha

Department of Genetics and Genomics
Yogi Vemana University
Vemanapuram

India

Fozia Bashir

Department of Botany

Krishna College of Science and Information Technology
Bijnor

Uttar Pradesh

India

Renu Bhardwaj

Department of Botanical and Environmental
Sciences

Guru Nanak Dev University

Amritsar

India

Syeda Fatma Hasan Bukhari

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

Pakistan



viii  List of contributors

Viola Devasirvatham

Faculty of Agriculture and Environment
Plant Breeding Institute

The University of Sydney

Cobbitty

NSW

Australia

Genoveva Devinar
Laboratorio de Fisiologia Vegetal
Departamento de Ciencias Naturales
Facultad de Ciencias Exactas
Fisico-Quimicas y Naturales
Universidad Nacional de Rio Cuarto
Rio Cuarto

Argentina

Dilfuza Egamberdieva

Department of Microbiology and Biotechnology
Faculty of Biology and Soil Science

National University of Uzbekistan

Tashkent

Uzbekistan

Masayuki Fujita

Laboratory of Plant Stress Responses
Department of Applied Biological Science
Kagawa University

Kagawa

Japan

Pooran M. Gaur

International Crops Research Institute
for the Semi-Arid Tropics

Patancheru

Telangana

India

Vandana Gautam

Department of Botanical and Environmental Sciences
Guru Nanak Dev University

Amritsar

India

Subramaniam Gopalakrishnan

International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT)

Patancheru

Andhra Pradesh

India

Neha Handa

Department of Botanical and Environmental Sciences
Guru Nanak Dev University

Amritsar

India

Abdul Hannan

Office of Assistant Land Reclamation Officer — Factory area

near Madni Masjid

Sargodha

Directorate of Land Reclamation
Irrigation Department

Punjab

Pakistan

Mirza Hasanuzzaman
Department of Agronomy

Faculty of Agriculture

Sher-e-Bangla Agricultural University
Dhaka-1207

Bangladesh

Syed Sarfraz Hussain
Australian Centre for Plant Functional
Genomics (ACPFG)

University of Adelaide

Glen Osmond

Australia

Ayesha lhsan

Atta-ur-Rahman School of Applied Biosciences
National University of Sciences and
Technology (NUST)

Islamabad

Pakistan

Sumira Jan

Center for Research and Development (CORD)
University of Kashmir

Srinagar

India

Harpreet Kaur

Department of Botanical and Environmental Sciences
Guru Nanak Dev University

Amritsar

India

Tajinder Kaur

Department of Botanical and Environmental
Sciences

Guru Nanak Dev University

Amritsar

India

Alvina Gul Kazi

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

Pakistan



List of contributors

Ammarah Khan

Atta-ur-Rahman School of Applied Biosciences
National University of Sciences

and Technology (NUST)

Islamabad

Pakistan

P.S. Sha Valli Khan
Department of Botany
Yogi Vemana University
Vemanapuram

India

Saifullah Khan

Atta-ur-Rahman School of Applied Biosciences
National University of Sciences

and Technology (NUST)

Islamabad

Pakistan

Tahira Khan

Atta-ur-Rahman School of Applied Biosciences
National University of Sciences

and Technology (NUST)

Islamabad

Pakistan

Sukhmeen Kaur Kohli

Department of Botanical and Environmental
Sciences

Guru Nanak Dev University

Amritsar

India

Vinod Kumar

Department of Botanical and Environmental Sciences
Guru Nanak Dev University

Amritsar

India

Arafat Abdel Hamed Abdel Latef
Department of Botany

Faculty of Science

South Valley University

Qena

Egypt

Analia Llanes

Laboratorio de Fisiologia Vegetal
Departamento de Ciencias Naturales
Facultad de Ciencias Exactas
Fisico-Quimicas y Naturales
Universidad Nacional de Rio Cuarto
Rio Cuarto

Argentina

Virginia Luna

Laboratorio de Fisiologia Vegetal
Departamento de Ciencias Naturales
Facultad de Ciencias Exactas
Fisico-Quimicas y Naturales
Universidad Nacional de Rio Cuarto
Rio Cuarto

Argentina

Haythem Mhadhbi

Laboratory of Legumes

Centre of Biotechnology of Borj Cedria
Hammam lif

Tunisia

Photini V. Mylona

Agricultural Research Center of Northern Greece
Thermi

Greece

Kamrun Nahar

Laboratory of Plant Stress Responses
Department of Applied Biological Science
Kagawa University

Kagawa

Japan

Alexios N. Polidoros

Department of Genetics and Plant Breeding
School of Agriculture

Aristotle University of Thessaloniki

Greece

Saiema Rasool

Forest Biotech Laboratory
Department of Forest Management
Faculty of Forestry

Universiti Putra Malaysia

Serdang

Selangor

Malaysia

Hammad Raza

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

Pakistan

Abdul Gaffar Sagoo
MLL Land Reclamation Research Station, Bhakkar, Punjab,
Pakistan

Anket Sharma

Department of Botanical and Environmental Sciences
Guru Nanak Dev University

Amritsar

India



x  List of contributors

Ram Sharma

International Center for Agricultural Research in the Dry

Areas (ICARDA)
Tashkent
Uzbekistan

Bujun Shi

Australian Centre for Plant Functional
Genomics (ACPFG)

University of Adelaide

Glen Osmond

Australia

Vyacheslav Shurigin

Department of Microbiology and Biotechnology
Faculty of Biology and Soil Science

National University of Uzbekistan

Tashkent

Uzbekistan

Ravinder Singh

Department of Botanical and Environmental Sciences

Guru Nanak Dev University
Amritsar
India

Daniel K.Y. Tan

Faculty of Agriculture and Environment
Plant Breeding Institute

The University of Sydney

Cobbitty

NSW

Australia

Ashwani Kumar Thukral

Department of Botanical and Environmental
Sciences

Guru Nanak Dev University

Amritsar

India

Richard M. Trethowan

Faculty of Agriculture and Environment
Plant Breeding Institute

The University of Sydney

Cobbitty

NSW

Australia

Muhammad Waqas

Directorate General of Agricultural Extension
Office of Agricultural Officer

Kahna Nau

Lahore

Pakistan

Najam-us-Sahar Sadaf Zaidi
Atta-ur-Rahman School of Applied Biosciences
National University of Sciences

and Technology (NUST)

Islamabad

Pakistan



Preface

Legumes represent the most utilized plant family with
20,000 species and are among the most important crops
worldwide, having major impacts on agriculture, the
environment, and human/animal nutrition and health.
Legumes rank third behind cereals and oilseeds in world
production, accounting for 27% of the world’s primary
crop production. Grain legumes constitute an important
dietary constituent for humans and animals and these
alone contribute 33% of the dietary protein nitrogen (N)
needs of humans besides being a source of income and
livestock feed. These perfectly match the requirements
of small-scale, low-income farmers in the developing
countries where they accounted for 61.3 million hect-
ares in 2002, compared to 8.5 million hectares in
developed countries. The primary dietary legumes are
common beans, pea, chickpea, broad bean, pigeon pea,
cowpea and lentil. Legumes are also major sources for
vegetable oil, with soybean and peanut providing more
than 35% of the world’s processed vegetable oil.

Legumes are often exposed to environmental stresses
(biotic and abiotic) that decrease productivity throughout
the world. Abiotic stresses (salt, drought, temperature,
UV, nutrient deficiency) alone are responsible for more
than 50% yield reductions of some major crops. Abiotic
stress causes osmotic and oxidative stress within the
plant. The oxidative stress is caused by the generation of
reactive oxygen species (ROS). These ROS react with
biomolecules like proteins, nucleic acids, membrane
lipids, etc. and hamper their normal functioning in the
cell. Plants respond to these stresses through synthesis of
metabolites and antioxidant enzymes that enhance tol-
erance mechanisms in plants under stress. Biotechnology
approaches are also used for the improvement of legume
crops under environmental stresses. The present volume
comprises 17 chapters that provide detailed information
on legumes, yields, mitigation strategies for different abi-
otic stresses, and new approaches in alleviating
environmental stress in legumes.

Chapter 1 gives an overview of legumes and breeding
under abiotic stress. Different abiotic stresses, and
breeding of cool and warm season food legumes, are

well documented. Chapter 2 discusses the effect of salt
stress on leguminous crops. Omics approaches for under-
standing salt stress responses in legumes are also
mentioned. Chapter 3 throws light on the effect of differ-
ent abiotic stresses on legumes. The effects of nutrient
deficiency, methods to control nutrient deficiency and
the role of these nutrients in alleviating abiotic stress are
well explained. Chapter 4 is about chickpea, its role and
responses under abiotic and biotic stress. The role of
omics in investigating chickpea under abiotic stress, and
breeding of chickpea to resist biotic stress are also
explained in detail. Chapter 5 deals with the effect of
temperature stress on chickpea at different growth
stages. Chapters 6 and 7 explain the effects of pesticides
on legumes. Chapter 8 highlights the symbiotic
association between legumes and rhizobia under abiotic
stress, the nodulation process, and the effect of osmotic
stress on nodule integrity and functioning. Chapter 9
deals with microbial strategies for improving legume
production under hostile environments. Chapter 10 dis-
cusses the role of abscisic acid (ABA) in legumes under
abiotic stress. ABA regulation of leaf expansion, and
nodulation under abiotic stress is well documented.
Chapter 11 describes the exogenous application of phy-
toprotectants in legumes to combat environmental
stress. The roles of phytohormones, compatible solutes,
nutrients and trace elements are nicely explained.
Chapter 12 is about genetic and molecular responses of
legumes under changing environments. Chapter 13
deals with omics approaches and abiotic stress tolerance
in legumes. Transcriptomics, proteomics, genomics,
metabolomics, transgenomics, functional genomics and
phenomics of different legumes under stress are well
documented. Chapter 14 discusses microRNA (miRNA)-
mediated regulatory functions under abiotic stresses in
legumes. Here the authors discuss miRNA identification,
functional diversity, and expression profiling under abi-
otic stress in legumes. Chapter 15 deals with
biotechnological approaches to overcome biotic and abi-
otic constraints in legumes. Chapter 16 explains gene
pyramiding and enhance

omics approaches 1o



xii  Preface

stress tolerance in leguminous plants. Finally, Chapter 17
discusses how to combat phosphorus deficiency on
alkaline calcareous soils by using an adsorption isotherm
technique for legume crops in arid environments.

This volume is a comprehensive account of current
knowledge about the physiological responses and adapt-
ability of legumes to salt, temperature and other
environmental stresses. We have tried our best to ensure
the accuracy of the information in this volume, how-
ever, there is a possibility that some errors remain, for
which we seek readers” indulgence and feedback. We
are also very grateful to the authors for their valuable

contributions. Gratitude is also due to the publisher,
John Wiley & Sons, Ltd., particularly Gudrun Walter
(Editorial Director, Natural Sciences), Fiona Seymour
(Senior Project Editor), Laura Bell (Assistant Editor),
Renee Last, and all the other staff members of Wiley,
who were directly or indirectly associated with us in this
project for their constant help, valuable suggestions,
and efforts in bringing out the timely publication of this
volume.

M.M. Azooz
Parvaiz Ahmad
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CHAPTER 1

Legumes and breeding under abiotic

stress: An overview

Arafat Abdel Hamed Abdel Latef' and Parvaiz Ahmad?

! Department of Botany, Faculty of Science, South Valley University, Qena, Eqypt

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

1.1 Introduction

The present world population of 7.2 billion is expected
to reach 9.6 billion by the middle of the 21st century
due to the high growth rate, particularly in developing
countries. There is a need to produce about 70% more
food to feed this excessive population (Varshney &
Roorkiwal, 2013).

Legumes belong to the family Fabaceae/Leguminosae
(with about 700 genera and 18,000 species). Legume
crops can be divided into two groups according to their
ability to grow in different seasons, namely cool season
food legumes and warm or tropical season food legumes
(Miller er al., 2002; Toker & Yadav, 2010). The cool
season food legumes include broad bean (Vica faba),
lentil (Lens culinaris), lupins (Lupinus spp.), dry pea
(Pisum sativum), chickpea (Cicer arietinum), grass pea
(Lathyrus sativus) and common vetch (Vicia sativa) crops
(FAOSTAT 2009; Andrews & Hodge, 2010). These are
among the world’s oldest cultivated plants (Materne
et al, 2011). Dry pea, chickpea, broad bean and lentil
are the four major cool season grain legume crops
produced for human consumption. They are grown on
all continents except Antarctica. Lupin species — e.g.
Lupinus albus (white lupin) and Lupinus luteus (yellow
lupin) — and vetches — in particular, common vetch — are
important for animal feed (Andrews & Hodge, 2010).
On the other hand, the warm season food legumes
include pigeon pea (Cajanus cajan), cowpea (Vigna
unguiculata), soybean (Glycine max L.), mung bean (Vigna
radiata var. radiata) and urd bean (Vigna mungo) crops,
which are mainly grown in hot and humid climatic

conditions. Warm season food legumes are popular in
different parts of world; for example, pigeon pea is
mainly grown in India and African countries, cowpea
and soybean are important crops in the USA, while
mung bean and urd bean are important crops in
Southeast Asian countries, especially in the Indian sub-
continent (Singh er al.,, 2011).

Legumes rank third after cereals and oilseeds in world
production and have major effects on the environment,
agriculture, and animal and human nutrition and health
(Graham & Vance, 2003; Dita et al, 2006; Mantri et al.,
2013). Legumes are a primary source of amino acids and
provide around one-third (20-40%) of all dietary pro-
tein (Zhu et al., 2005; Kudapa et al, 2013). Legumes
produce secondary metabolic compounds that can pro-
tect the plant against pathogens and pests (Kudapa et al.,
2013).

Legumes are second to cereals in providing food for
humans worldwide (Kamal et al, 2003; Ashraf et al.,
2010; Kudapa ef al., 2013). In comparison with cereal
grains, legume seeds are rich in protein, and thus are a
source of nutritionally rich food (Ahlawat et al., 2007;
Ashraf er al.,, 2010; Kudapa et al., 2013). Grain legumes
such as chickpea, pigeon pea, cowpea, dry pea, lentil,
mung bean, urd bean, bean (Phaseolus vulgaris L.), broad
bean and grass pea are the main source of dietary pro-
tein for vegetarians, and are an integral part of the daily
diet in several forms worldwide. In addition, grain
legumes, predominantly peanut (Arachis hypogaea 1.)
and soybean are also major sources for vegetable oil,
providing more than 35% of the world’s processed veg-
etable oil (Sharma et al., 2010).

Legumes under Environmental Stress: Yield, Improvement and Adaptations, First Edition. Edited by Mohamed Mahgoub Azooz and Parvaiz Ahmad.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.



2 Chapter 1

Legumes play an important role in diet and they are
often referred to as ‘poor man’s meat’. Legumes are an
important source of protein, oil, fibre and micronutri-
ents, and play a vital role in cropping cycles due to their
ability to fix atmospheric nitrogen (El-Enany er al., 2013;
Mantri et al., 2013).

Under conducive environmental conditions, legumes
develop symbiotic associations with arbuscular mycor-
rhizal (AM) fungi, leading to the formation of sites of
phosphorus nutrient exchange
(Parniske, 2008; Mantri et al., 2013).

Biological fixation of nitrogen (N) is considered more
ecofriendly than industrial N fixation because the NH,
produced in the former process is readily assimilated
into organic forms by the plant (Valentine et al, 2011).
Biological nitrogen fixation (BNF) in legume nodules
occurs with differentiated forms of rhizobia, termed bac-
teroids, withinspecialized structures called symbiosomes,
inside the host plant cells (Arrese-Igor er al., 2011).
Thus, these symbiotic associations have strongly driven
the investigation and application of biotechnology tools
for legumes (Dita et al., 2006).

called arbuscules

It is estimated that crops grown on 90% of arable
lands experience one or more environmental stresses.
Abiotic stress causes more than 50% of crop loss world-
wide (Rasool et al, 2013; Rodziewicz et al, 2014).
‘Abiotic stress” is a broad term that includes multiple
stresses (drought, waterlogging, salinity, heat, chilling
and mineral toxicities) and negatively affects the adapt-
ability and yield of legumes. Application of biotechnology
tools to legume crops can help in solving or reducing the
problems resulting from abiotic stress.

This chapter aims to review the main abiotic stresses
that have a negative impact on the production of some
important food legumes. It also summarizes the selec-
tion criteria and available genetic resources for stress
resistance under abiotic stress conditions.

1.2 Legumes under abiotic stress

1.2.1 Legumes under drought

Drought is a type of water stress that is imposed due to
lack of rainfall and/or inadequate irrigation. About 60%
of all crop production suffers from drought conditions
(Grant, 2012; Naeem ef al., 2013). For legumes, drought
stress has adverse effects on total biomass, pod number,
seed number, seed weight and quality, and seed yield per

plant (Toker et al, 2007b; Charlson et al, 2009; Khan
et al, 2010; Toker & Mutlu, 2011; Impa et al, 2012;
Hasanuzzaman et al., 2013; Pagano, 2014). Drought alone
resulted in about a 40% reduction in soybean yield
(Valentine ef al., 2011). Faba bean and pea are known to
be drought-sensitive, whereas lentil and chickpea are
known as drought-resistant genera (Toker & Yadav,
2010). Singh et al. (1999) arranged warm season food
legumes in increasing order of drought tolerance:
soybean<blackgram < greengram < groundnut < Bambara
nut<lablab<cowpea. Sinclair and Serraj (1995) reported
that legumes such as faba (broad) bean, pea and chickpea
export amides (principally asparagine and glutamine) in
the nodule xylem are generally more tolerant to drought
stress than cowpea, soybean and pigeon pea, which
export ureides (allantoin and allantoic acid).

The symbiotic nitrogen fixation (SNF) rate in legume
plants rapidly decreased under drought stress due to
(i) the accumulation of ureides in both nodules and
shoots (Vadez et al., 2000; Charlson et al., 2009), (ii)
decline in shoot N demand, (iii) lower xylem transloca-
tion rate due to a decreased transpiration rate, and (iv)
decline of metabolic enzyme activity (Valentine et al.,
2011). Several reports have indicated that drought
stress led to inhibition in nodule initiation, nodule
growth and development as well as nodule functions
(Vadez et al., 2000; Streeter, 2003; Valentine eral., 2011).
The decrease in SNF under drought conditions was
associated with the reduction of photosynthesis rate in
legumes (Ladrera ef al., 2007; Valentine ef al. 2011).

In many nodules of legumes, water stress resulted in
stimulation of sucrose and total sugars (Gonzdlez et al.,
1995, 1998; Ramos et al., 1999; Streeter, 2003; Galvez et
al., 2005; Valentine er al,. 2011). This was consistent
with a study on pea mutants, which showed that sucrose
synthase (SS) is essential for normal nodule development
and function (Craig er al., 1999; Gordon et al., 1999).

Drought stress induces oxidative damage in legumes
and this has a harmful effect on nodule performance
and BNF (Arrese-Igor et al., 2011). Some reports suggest
that nodules having an increment in enzymatic antiox-
idant defence can display a higher tolerance to drought/
salt stress in common bean (Sassi et al, 2008) and
chickpea (Kaur er al., 2009). In addition to this, Verdoy
et al. (2006) reported improved resistance to drought
stress in Medicago truncatula by overexpression of A-pyr-
roline-5-carbolyate synthetase resulting in accumulation
of high proline levels.



