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Preface

Thus far conventional plant breeding methods have been successfully used for sus-
tainable food production worldwide. Human population is increasing at an alarming
rate in developing countries, and food availability to feed the additional mouths
could gradually become a serious problem. Moreover, agriculture production is
being adversely affected as a result of environmental pollution, rapid industrializa-
tion, water scarcity, erosion of fertile topsoil, limited possibility of expanding arable
land, lack of improvement of local plant types, erosion of genetic diversity, and
dependence on a relatively few crop species for the world’s food supply. According
to FAO, 70 % more food must be produced over the next four decades to feed the
projected 9 billion people by the year 2050. Only 30 plant species are used to meet
95 % of the world’s food requirements, which are considered as the major crops.
The breeding programs of these crops have been very much dependent on the ready
availability of genetic variation, either spontaneous or induced. Plant breeders and
geneticists are under constant pressure to sustain and expand food production by
using innovative breeding strategies and introducing minor crops which are well
adapted to marginal lands and provide a source of nutrition as well as crops having
abiotic and biotic stress tolerances. In traditional breeding, introgression of one or a
few genes in a cultivar is carried out via backcrossing for several generations. Now,
new innovative additional plant breeding tools, including molecular breeding and
plant biotechnology, are available to plant breeders, which have a great potential to
be used along with the conventional breeding methods for sustainable agriculture.
With the development of new molecular tools such as genomics, molecular marker-
assisted backcrossing has made possible rapid introgression of transgenes, reduc-
tion of linkage drag, and manipulation of genetic variation for the development of
improved cultivars. For example, molecular breeding has great potential to become
a routine standard practice in the improvement of several crops. However, a multi-
disciplinary approach of traditional plant breeding, plant biotechnology, and molec-
ular biology would be strategically ideal for developing new improved crop varieties
worldwide to feed the world. This book highlights the recent progress in the devel-
opment of plant biotechnology, molecular tools, and their usage in plant breeding.
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The basic concept of this book is to examine the use of innovative methods aug-
menting traditional plant breeding toward the development of new crop varieties,
grown under different environmental conditions, to achieve sustainable food
production.

This book consists of two volumes: Volume 1 subtitled Breeding, Biotechnology
and Molecular Tools and Volume 2 subtitled Agronomic, Abiotic and Biotic Stress
Traits. This volume contains 18 chapters highlighting breeding strategies for spe-
cific plant traits including improved nutritional and pharmaceutical properties as
well as enhanced tolerance to insects, diseases, drought, salinity, and temperature
extremes expected under global climate change. Chapters addressing these topics
are grouped into four parts: Part I Sustainability, Nutrition and Pharmaceuticals;
Part II Forage and Tree Traits; Part III Abiotic Stress Tolerance; and Part IV Biotic
Stress Resistance.

Each chapter begins with an introduction covering related backgrounds and pro-
vides in-depth discussion of the subject supported with high-quality color photos,
illustrations, and relevant data. The chapter concludes with prospects for future
research directions and a comprehensive list of pertinent references to facilitate fur-
ther reading.

The book is an excellent reference source for plant breeders and geneticists
engaged in breeding programs involving biotechnology and molecular tools together
with traditional breeding. It is suitable for both undergraduate and postgraduate
students specializing in agriculture, biotechnology, and molecular breeding, as well
as for agricultural companies.

Chapters were written by internationally reputable scientists and subjected to a
review process to assure quality presentation and scientific accuracy. We greatly
appreciate all chapter authors for their participation toward the success and quality
of this book. We are proud of this diverse collaborative undertaking, especially
since the two volumes represent the efforts of 105 scientists from 29 countries. We
are also grateful to Springer for giving us an opportunity to compile this book.

Al-Hassa, Saudi Arabia Jameel M. Al-Khayri
Helsinki, Finland Shri Mohan Jain
Cincinnati, OH, USA Dennis V. Johnson



Contents

PartI Sustainability, Nutrition and Pharmaceuticals

1 Sustainable Agriculture and Plant Breeding...................ccccooevveviennnn. 3
Dinesh Narayan Bharadwaj

2 Breeding Crop Plants for Improved Human Nutrition
Through Biofortification: Progress and Prospects...............c.cccoveenennne 35
Prakash I. Gangashetty, Babu N. Motagi, Ramachandra Pavan,
and Mallikarjun B. Roodagi

3 Role of Genomics in Enhancing Nutrition Content of Cereals............. 77
Mehanathan Muthamilarasan and Manoj Prasad

4 Molecular Farming Using Transgenic Approaches..................cccceeeuenn. 97
Ramandeep Kaur Jhinjer, Leela Verma, Shabir Hussain Wani,
and Satbir Singh Gosal

PartII Forage and Tree Traits

5 Forages: Ecology, Breeding Objectives and Procedures ....................... 149
Saeed Rauf, Dorota Sienkiewicz-Paderewska, Dariusz P. Malinowski,
M. Mubashar Hussain, Imtiaz Akram Khan Niazi, and Maria Kausar

6 Breeding vis-a-vis Genomics of Tropical Tree Crops..............c.ccocuo...... 203
Padmanabhan M. Priyadarshan

7 Coconut Breeding in India ............ccccoooviiiiiniiiiiiniiceeeeceeeeeee 257
Raman V. Nair, B.A. Jerard, and Regi J. Thomas
Part III  Abiotic Stress Tolerance

8 Molecular Breeding to Improve Plant Resistance
10 ADIOLIC SEIESSES........oovviiiiiiiieieeee e 283
Gundimeda J.N. Rao, Janga N. Reddy, Mukund Variar,
and Anumalla Mahender

vii



viii

10

11

12

13

14

Contents

Single Nucleotide Polymorphism (SNP) Marker

for Abiotic Stress Tolerance in Crop Plants..................ccccoeviiiinnniennnnn. 327
Ratan S. Telem, Shabir H. Wani, Naorem Brajendra Singh,

Raghunath Sadhukhan, and Nirmal Mandal

Transgenic Approaches for Abiotic Stress Tolerance in Crop Plants... 345
Shabir Hussain Wani, Saroj Kumar Sah, Mohammad Anwar Hossain,
Vinay Kumar, and Sena M. Balachandran

Breeding Strategies to Enhance Drought Tolerance in Crops............... 397
Saeed Rauf, Jameel M. Al-Khayri, Maria Zaharieva,
Philippe Monneveux, and Farghama Khalil

Breeding Strategies for Enhanced Plant Tolerance to Heat Stress....... 447
Viola Devasirvatham, Daniel K.Y. Tan, and Richard M. Trethowan

QTLs for Genetic Improvement Under Global Climate Changes........ 471
Ramén Molina-Bravo and Alejandro Zamora-Meléndez

Genotype x Environment Interaction Implication:
A Case Study of Durum Wheat Breeding in Iran.....................c..cc...... 515
Reza Mohammadi and Ahmed Amri

Part IV Biotic Stress Resistance

15

16

17

18

Breeding Strategies for Improving Plant Resistance
B0 DHS@ASES ......oniiniiiiiiiiieiceeeee e 561
Thomas Miedaner

Breeding and Genetics of Resistance to Fusarium
WILtIN MELON........ooiiiiiiiiiiicec e 601
Ali Oumouloud and José M. Alvarez

Viral, Fungal and Bacterial Disease Resistance

in Transgenic Plants..............ccccoooiiriiiiiiniiiicc e 627
Vinod Saharan, Devendra Jain, Sunil Pareek, Ajay Pal,

R.V. Kumaraswamy, Sarita Kumari Jakhar, and Manvendra Singh

Current Status of Bacillus thuringiensis: Insecticidal
Crystal Proteins and Transgenic Crops.............ccocceeveevieeneeniieeneencnennne 657
Devendra Jain, Vinod Saharan, and Sunil Pareek



Contributors

Jameel M. Al-Khayri Department of Agricultural Biotechnology, College of
Agriculture and Food Sciences, King Faisal University, Al-Hassa, Saudi Arabia

José M. Alvarez Centro de Investi gacion y Tecnologia Agroalimentaria de Aragén,
Zaragoza, Spain

Ahmed Amri Genetic Resources Unit, International Center for Agricultural
Research in the Dry Areas (ICARDA), Rabat, Morocco

Sena M. Balachandran Biotechnology Section, ICAR-Indian Institute of Rice
Research Rajendranagar, Hyderabad, India

Dinesh Narayan Bharadwaj Department of Genetics and Plant Breeding,
C.S. Azad University of Agriculture and Technology, Kanpur, Uttar Pradesh, India

Viola Devasirvatham Department of Agriculture and Environment, Plant
Breeding Institute, University of Sydney, Cobbitty, NSW, Australia

Prakash 1. Gangashetty Research Program — Dry Land Cereals, International
Crops Research Institute for Semi-Arid Tropics (ICRISAT), West and Central
Africa (WCA), ICRISAT Sahelian Center, Niamey, Niger

Satbir Singh Gosal School of Agricultural Biotechnology, Punjab Agricultural
University, Ludhiana, India

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

M. Mubashar Hussain Department of Plant Breeding and Genetics, University
College of Agriculture, University of Sargodha, Sargodha, Pakistan

Devendra Jain Department of Molecular Biology and Biotechnology, Rajasthan
College of Agriculture, Maharana Pratap University of Agriculture and Technology,
Udaipur, Rajasthan, India



X Contributors

Sarita Kumari Jakhar Department of Molecular Biology and Biotechnology,
Rajasthan College of Agriculture, Maharana Pratap University of Agriculture and
Technology, Udaipur, Rajasthan, India

B.A. Jerard Central Plantation Crops Research Institute, Kasaragod, Kerala, India

Ramandeep Kaur Jhinjer School of Agricultural Biotechnology, Punjab
Agricultural University, Ludhiana, India

Maria Kausar Department of Plant Breeding and Genetics, University College of
Agriculture, University of Sargodha, Sargodha, Pakistan

Farghama Khalil Department of Plant Breeding and Genetics, University College
of Agriculture, University of Sargodha, Sargodha, Pakistan

Vinay Kumar Department of Biotechnology, Modern College of Arts, Science
and Commerce (University of Pune), Pune, India

R.V. Kumaraswamy Department of Molecular Biology and Biotechnology,
Rajasthan College of Agriculture, Maharana Pratap University of Agriculture and
Technology, Udaipur, Rajasthan, India

Anumalla Mahender Division of Crop Improvement, Central Rice Research
Institute, Cuttack, Odisha, India

Dariusz P. Malinowski Texas AgriLife Research, Texas A&M University, Vernon,
TX, USA

Nirmal Mandal Department of Agricultural Biotechnology, BCKYV, Mohanpur,
Nadia, West Bengal, India

Thomas Miedaner State Plant Breeding Institute, Universitaet Hohenheim,
Stuttgart, Germany

Reza Mohammadi Cereal Department, Dryland Agricultural Research Institute
(DARI), AREEO, Kermanshah, Iran

Ramén Molina-Brave School of Agrarian Sciences, National University of Costa
Rica, Heredia, Costa Rica

Philippe Monneveux International Potato Center (CIP), La Molina, Lima, Peru

Babu N. Motagi Grain Legumes Research Program, International Crops Research
Institute for Semi-Arid Tropics (ICRISAT), West and Central Africa (WCA),
Tarauni, Kano, Nigeria

Mehanathan Muthamilarasan Department of Plant Molecular Genetics and
Genomics, National Institute of Plant Genome Research, New Delhi, India

Raman V. Nair Central Plantation Crops Research Institute, Kasaragod, Kerala,
India



Contributors Xi

Imtiaz Akram Khan Niazi Department of Plant Breeding and Genetics, University
College of Agriculture, University of Sargodha, Sargodha, Pakistan

Ali Oumouloud Institut Agronomique et Vétérinaire Hassan II, Ait Melloul,
Morocco

Ajay Pal Department of Biochemistry, College of Basic Sciences and Humanities,
CCS Haryana Agricultural University, Hisar, Haryana, India

Sunil Pareek Department of Horticulture, Rajasthan College of Agriculture,
Maharana Pratap University of Agriculture and Technology, Udaipur, Rajasthan,
India

Ramachandra Pavan Department of Genetics and Plant Breeding, University of
Agricultural Sciences, Bangalore, Karnataka, India

Manoj Prasad Department of Plant Molecular Genetics and Genomics, National
Institute of Plant Genome Research, New Delhi, India

Padmanabhan M. Priyadarshan Central Experiment Station, Rubber Research
Institute of India, Thompikandom, Kerala, India

Gundimeda J.N. Rao Division of Crop Improvement, Central Rice Research
Institute, Cuttack, Odisha, India

Saeed Rauf Department of Plant Breeding and Genetics, University College of
Agriculture, University of Sargodha, Sargodha, Pakistan

Janga N. Reddy Division of Crop Improvement, Central Rice Research Institute,
Cuttack, Odisha, India

Mallikarjun B. Roodagi Department of Soil Science and Agricultural Chemistry,
University of Agricultural Sciences, Dharwad, Karnataka, India

Raghunath Sadhukhan Department of Genetics and Plant Breeding, BCKYV,
Mohanpur, Nadia, West Bengal, India

Saroj Kumar Sah School of Agricultural Biotechnology, Punjab Agricultural
University, Ludhiana, India

Vinod Saharan Department of Molecular Biology and Biotechnology, Rajasthan
College of Agriculture, Maharana Pratap University of Agriculture and Technology,
Udaipur, Rajasthan, India

Dorota Sienkiewicz-Paderewska Department of Agronomy, Warsaw University
of Life Sciences, Warsaw, Poland

Manvendra Singh Department of Molecular Biology and Biotechnology,
Rajasthan College of Agriculture, Maharana Pratap University of Agriculture and
Technology, Udaipur, Rajasthan, India



Xii Contributors

Naorem Brajendra Singh Department of Plant Breeding and Genetics. COA,
Central Agricultural University, Imphal, Manipur, India

Daniel K.Y. Tan Department of Agriculture and Environment, Plant Breeding
Institute, University of Sydney, Cobbitty, NSW, Australia

Ratan S. Telem Farm Science Centre (KVK), Kangpokpi, Manipur, India

Regi J. Thomas Central Plantation Crops Research Institute, Regional Station,
Kayamkulam, Alappuzha, Kerala, India

Richard M. Trethowan Department of Agriculture and Environment, Plant
Breeding Institute, University of Sydney, Cobbitty, NSW, Australia

Mukund Variar Central Rainfed Upland Rice Research Station, Hazaribagh,
India

Leela Verma School of Agricultural Biotechnology, Punjab Agricultural
University, Ludhiana, India

Shabir Hussain Wani Division of Plant Breeding and Genetics, SKUAST-K,
Shalimar Srinagar, Kashmir, India

Maria Zaharieva National Agricultural University La Molina (UNALM), Lima,
Peru

Alejandro Zamora-Meléndez School of Agrarian Sciences, National University
of Costa Rica, Heredia, Costa Rica



	Preface
	Contents
	Contributors

