EDI.TED BY
ZED RENGEL
IVICA DJALOVIC

THE ROOT SYSTEMS IN
SUSTAINABLE AGRICULTURAL
INTENSIFICATION

WILEY Blackwell



Table of Contents

Cover

Title Page

Copyright Page

List of Contributors

Preface

1 Sustainable Intensification
1.1 Introduction

1.2 Meaning of,_and Need for, Sustainable
Intensification

1.3 Components or Pillars of Sustainable
Intensification

1.4 Current Global Assessment of Sustainable
Intensification

1.5 Role of Root Systems in Selected Examples of
Sustainable Intensification Practices

1.6 Conclusions and Future Outlook
Acknowledgments
References

2 Genetic and Molecular Regulation of Root Growth
and Development

2.1 Introduction

2.2 Molecular Regulation of Root Initiation and
Development

2.3 Regulation of RSA in Plants
2.4 Future Perspectives
References


file:///tmp/calibre_5.42.0_tmp_hrp7ujb8/460hdq_5_pdf_out/OPS/cover.xhtml

3 Plant Roots for Sustainable Soil Structure
Management in Cropping_Systems

3.1 Introduction

3.2 Methodological Approaches to the Root-Soil
Structure Relations

3.3 Roots in the Aggregate and Pore Hierarchies
3.4 Plant Roots for Soil-Structure Management
3.5 Conclusions

References

4 Dynamics of Root Systems in Crop and Pasture
Genotypes over the Last 100 Years

4.1 Introduction
4.2 Root Morphology and Physiology.

4.3 Key Elements of Root System Architecture
Relevant to Crop and Pasture Genotypes

4.4 Genetics of Root System Architecture
4.5 Conclusions and Perspectives
References

5 Interplay Between Root Structure and Function in
Enhancing_Efficiency of Nitrogen and Phosphorus
Acquisition

5.1 Root Structure and Function in Structured Soils
5.2 Root Growth in Structured Soils
5.3 Root Sensing_of Soil Nutrients

5.4 Root/Rhizosphere Processes Influenced by

Spatial and Temporal Heterogeneity of Soil
Nutrients Supply.

5.5 Root/Rhizosphere Management in the Field to
Enhance Nutrient-use Efficiency

5.6 Concluding Remarks



References

6 Root-microbe Interactions Influencing Water and
Nutrient Acquisition Efficiency

6.1 Introduction

6.2 PGPR and Nutrient-use Efficiency

6.3 Role of PGPR in Promoting_Plant Growth
6.4 Plant Growth Enhancement

6.5 Role of PGPR in Plant Tolerance to Stresses
6.6 Conclusions

References

7 The Interplay Between Roots and Arbuscular
Mycorrhizal Fungi Influencing Water and Nutrient
Acquisition and Use Efficiency

7.1 Introduction

7.2 A Trait-based Approach towards Mycorrhizal
Root Systems

7.3 Acquisition and Use of Water by Arbuscular
Mycorrhizal Plants

7.4 Acquisition and Use of Nutrients by Arbuscular
Mycorrhizal Plants

7.5 Breeding_to Enhance Mycorrhizal Benefits

7.6 Managing_Diversity and Abundance of
Mycorrhizal Fungi

7.7 Conclusions and Outlook
References

8 Role of Seed Priming in Root Development and Crop
Production

8.1 Introduction

8.2 Physiology of Root Development During
Germination




8.3 Seed Priming_and Root Development

8.4 Seed Priming_and Root Development Under
Abiotic Stresses

8.5 Seed Priming and Sustainable Crop Production
8.6 Conclusions and Perspectives
References

9 Water Uptake in Drying_Soil
9.1 Putting Soil Drying_in Context
9.2 Balancing Water Uptake with Water Demand
9.3 Regulation of Root Growth in Drying_Soil

9.4 Phytohormonal Regulation of Root Hydraulic
Conductance

9.5 Phytohormonal Root-to-Shoot Signalling
9.6 Shoot-to-Root Signalling

9.7 Partial Root-zone Drying: a Case Study
9.8 Conclusions

Acknowledgments
References

10 Winter Wheat and Summer Maize Roots in Agro-
Ecosystems on the North China Plain

10.1 Background
10.2 General Information on the Study Area
10.3 Methods

10.4 Root Research on Winter Wheat and Maize in
the North China Plain: a Brief Overview

10.5 Relationship Between Roots, Water Use, and
Crop Yield

10.6 Conclusions
References




11 Intercropping to Maximize Root-Root Interactions in
Agricultural Plants

11.1 Introduction
11.2 Concept of Rhizosphere Sharing

11.3 Dynamics of Mineral Nutrients in the
Rhizosphere

11.4 Microbial Interactions in the Rhizosphere
11.5 Examples of Intercropping_Experiments Aimed

at Improving Nutrient Accumulation in Crops
11.6 Conclusions and Perspectives
Acknowledgments

References

12 Intercropping to Maximize Root-Root Interactions in
Agricultural Plants

12.1 Intercropping_in the World

12.2 Importance of Root-Root Interactions in
Intercropping

12.3 Root-Root Interactions and Interspecific
Facilitation Effects on Nutrient Availability

12.4 Root-Root Interactions and the Competition-
Recovery Principles

12.5 Conclusions
References
13 The 3-D Imaging of Roots Growing_in Soil

13.1 Why Do We Need 3D Imaging_of Roots
Growing_in Soils?

13.2 Overview of Noninvasive Imaging_Techniques
- NT, MRI, and X-Ray CT

13.3 Image Analysis




13.4 Typical Applications of 3D Imaging of Roots
Growing_in Soil

13.5 Future Developments
References

14 Simulating the Diversity and Plasticity of Root
Systems Using 3D Models of the Root System
Architecture

14.1 Introduction
14.2 Main Principles

14.3 Applications
14.4 Perspectives
14.5 Conclusions
References
15 Phenotyping-Modelling_Interfaces to Advance

15.1 Introduction

15.2 Improving Root Systems - Which Traits to
Target?

15.4 Root Systems Tailored to Specific Stress
Environments

15.5 Envirotyping
15.6 Conclusions
Acknowledgments
References

Index

End User License Agreement

List of Tables



Chapter 4

Table 4.1 Influence of nutrient availability on root
length.

Table 4.2 Influence of nutrient availability on root
hair growth.

Table 4.3 Influence of nutrient availability on root
branching.

Table 4.4 Genes involved in regulation of root
growth and nutrient and water ...

Chapter 6

Table 6.1 List of beneficial bacteria investigated in
recent studies in contr...

Chapter 7

Table 7.1 Shifts in plant trait values due to
arbuscular mycorrhizal symbiosi...

Table 7.2 Major crops for which genetic variation in
mycorrhizal responsivene...

Chapter 8

Table 8.1 Seed-priming-mediated root growth and
crop productivity.

Chapter 10

Table 10.1 The percentages of wheat, maize, and
total grain production and th...

Table 10.2 Wheat root system density in the top 1 m
of soil and grain yield i...

Table 10.3 Maize root system density and grain
yield over five seasons on the...

Chapter 11



Table 11.1 Organic acid anions identified in root
exudates and the rhizospher...

Table 11.2 Evidence for facilitation of nutrient
uptake (nitrogen [N],_phosph...

Chapter 13
Table 13.1 Comparison among_the NT, MRI, and

industrial X-ray CT methods for ...
Chapter 15

Table 15.1 Parameters of a single root in CRootBox.

Table 15.2 Root system architecture parameters of
CRootBox.

Table 15.3 Inference restrictions associated with
root phenotyping_by differe...

Table 15.4 Root parameters of durum wheat
(Triticum turgidum subsp. durum cv....

Table 15.5 Global extent of abiotic stresses
effecting arable land.

List of lllustrations

Chapter 2

Figure 2.1 Simplified organization of the root apical
meristem

Figure 2.2 Simplified models of the root system
architecture of dicots and m...

Chapter 3

Figure 3.1 Feedback between plant roots and soil
structure. Roots influence ...




Figure 3.2 Roots as visual indicators of adverse soil
structure. (a)_sparse ...

Figure 3.3 Relationship between percent coverage
of indicator plants for soi...

Figure 3.4 Setup of an ultrasonic fatigue testing

range with major influen...

Figure 3.6 Environmental scanning_electron
micrographs (ESEM) showing the ef...

Figure 3.7 Example of the influence of root systems
on the pore-size distrib...

Figure 3.8 Pore evolution in relation to cover crops
(mean of two cover crop...

Figure 3.9 Above-ground and soil-related factors
driving_shoot and root grow...

Figure 3.10 Wheat roots growing_in a biopore filled
with nutrient-rich earth...

Figure 3.11 Root- and tillage-related measures to
mitigate various degrees o...

Figure 3.12 Shift in pore sizes towards smaller-
sized classes (pore classifi...

Figure 3.13 A qualitative estimate of species effects
on the two main aspect...

Chapter 4

Figure 4.1 Root classifications. Most widely used
root classification is bas...

Chapter 5



Figure 5.1 Interactions between root architecture
and soil conditions.

Figure 5.2 Root-soil feedbacks in cropping system
based on temporal and spat...

Figure 5.3 Root/rhizosphere management for
improving nutrient-use efficiency...

Chapter 6

Figure 6.1 ESEM micrographs of root surface (a),
microdissected transversal ...

Figure 6.2 Root parameters in seedlings of Triticum
aestivum L. following se...

Chapter 8

Figure 8.1 Seed-priming-mediated root growth and
abiotic stress tolerance. P..

Figure 8.2 Physiology of root development in
primed seeds during_germination...

Figure 8.3 Abiotic stresses mediate growth and
yield reduction in plants via...

Chapter 9

Figure 9.1 Local root growth rate (relative
segmental elongation rate) of ma...

Figure 9.2 Root ABA concentration in well-watered
(hollow bars) and stressed...

Figure 9.3 Root xylem ABA concentration of
containerized, split-root potato ...

Chapter 10

Figure 10.1 Topographic map of the North China
Plain.



Figure 10.2 Root length distribution (%)_of winter
wheat along_the soil prof...

Figure 10.3 15N in winter wheat grain from the
tracer placed at six soil dep...

Figure 10.4 Root dry weight (RDW) density at three
growth stages and the rel...

Figure 10.5 Variation in root dry weight of two
maize genotypes (ZD958 and D...

Figure 10.6 Maize root length density at various
soil depths and in various ...

Figure 10.7 The root density of wheat in the top 1 m
of soil during_five gro...

Figure 10.8 Wheat roots density in the top 1 m of
soil in various growth sta...

Figure 10.9 Distribution of root length density
down the soil profile depth ...

Figure 10.10 Distribution of wheat root length
density down the soil profile...

Figure 10.11 Distribution of wheat root dry weight
density in the soil profi...

Figure 10.12 The intra- and inter-seasonal
variability in maize root density...

Chapter 11

Figure 11.1 Direct root-mediated facilitation and
indirect microbe-mediated ...

Chapter 13

Figure 13.1 Root system architecture drawings of
faba bean (Vicia faba)_ on t...




and after irrigation. The...

Figure 13.3 MRI and CT images of a bean

Figure 13.4 Root segmentation of maize (Zea mays)
with the algorithm Rootine...

three-dimensional root ...

Figure 13.7 Digitally rendered 3D volume from a
high-resolution synchrotron ...

Figure 13.8 Deformation behaviour is shown
qualitatively for a 2D section of...

Chapter 14

Figure 14.1 Examples of root systems illustrating
the diversity of roots in ...

Figure 14.2 Examples of root systems differing_in
their developmental strate...

Figure 14.3 Distribution of the ages of root

Figure 14.4 Two types of simulated root systems
grown in a homogeneous and f...

Figure 14.5 Profiles of root length versus depth for
the two simulated plant...

Figure 14.6 Effect of soil temperature. (a),

Figure 14.7 Effect of temperature gradient and
gradual soil drying. (a) Puta...



Chapter 15

Figure 15.2 Approaches for identification and
classification of distinctive ...

Figure 15.3 Unsupervised root system classification

Figure 15.4 Four conceptual scales in CRootBox:
(a)_functionality of specifi...

Figure 15.5 Interaction of the submodels in
CRootBox: (a—)_local root respon...

Figure 15.6 Durum wheat (Triticum turgidum
subsp. durum cv. Floradur) grown ...

root systems measured in t...

Figure 15.8 Models to bridge different scales of
root system descriptions. (

Figure 15.9 Upscaling of a 3D root system (left;
lateral extension centred o...

Figure 15.10 Target environment characteristics
dictate an optimal rooting p...

Figure 15.11 Potential target traits for root
improvement at different scale...



The Root Systems In
Sustainable Agricultural
Intensification

Edited by

Zed Rengel
UWA School of Agriculture and Environment, University of

Western Australia
Perth, Australia

Ivica Djalovic

Institute of Field and Vegetable Crops
Novi Sad, Serbia

WILEY Blackwell



This edition first published 2021
© 2021 John Wiley & Sons Ltd

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 law.
Advice on how to obtain permission to reuse material from this title is available
at http://www.wiley.com/go/permissions.

The right of Zed Rengel and Ivica Djalovic to be identified as the authors of the
editorial material in this work has been asserted in accordance with law.

Registered Office(s)

John Wiley & Sons, Inc., 111 River Street, Hoboken, NJ 07030, USA

John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex,
PO19 8SQ, UK

Editorial Office
The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

For details of our global editorial offices, customer services, and more
information about Wiley products visit us at www.wiley.com.

Wiley also publishes its books in a variety of electronic formats and by print-on-
demand. Some content that appears in standard print versions of this book may
not be available in other formats.

Limit of Liability/Disclaimer of Warranty

The contents of this work are intended to further general scientific research,
understanding, and discussion only and are not intended and should not be
relied upon as recommending or promoting scientific method, diagnosis, or
treatment by physicians for any particular patient. In view of ongoing research,
equipment modifications, changes in governmental regulations, and the
constant flow of information relating to the use of medicines, equipment, and
devices, the reader is urged to review and evaluate the information provided in
the package insert or instructions for each medicine, equipment, or device for,
among other things, any changes in the instructions or indication of usage and
for added warnings and precautions. While the publisher and authors have
used their best efforts in preparing this work, they make no representations or
warranties with respect to the accuracy or completeness of the contents of this
work and specifically disclaim all warranties, including without limitation any
implied warranties of merchantability or fitness for a particular purpose. No
warranty may be created or extended by sales representatives, written sales
materials or promotional statements for this work. The fact that an
organization, website, or product is referred to in this work as a citation and/or
potential source of further information does not mean that the publisher and
authors endorse the information or services the organization, website, or
product may provide or recommendations it may make. This work is sold with
the understanding that the publisher is not engaged in rendering professional
services. The advice and strategies contained herein may not be suitable for
your situation. You should consult with a specialist where appropriate. Further,


http://www.wiley.com/go/permissions
http://www.wiley.com/

readers should be aware that websites listed in this work may have changed or
disappeared between when this work was written and when it is read. 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 Cataloging-in-Publication Data

Names: Rengel, Zdenko, editor. | Djalovic, Ivica, editor.

Title: The root systems in sustainable agricultural intensification / Zed Rengel,
Ivica Djalovic.

Description: Hoboken, NJ : Wiley, [2021] | Includes index.

Identifiers: LCCN 2020056309 (print) | LCCN 2020056310 (ebook) | ISBN
9781119525400 (hardback) | ISBN 9781119525387 (adobe pdf) | ISBN
9781119525431 (epub)

Subjects: LCSH: Roots (Botany) | Plants-Water requirements. | Plant-soil
relationships. | Sustainable agriculture.

Classification: LCC QK644 .R6566 2021 (print) | LCC QK644 (ebook) | DDC
581.4/98-dc23

LC record available at https://Iccn.loc.gov/2020056309

LC ebook record available at https://lccn.loc.gov/2020056310

Cover Design: Wiley
Cover Image: © VR19/iStock/Getty Images



https://lccn.loc.gov/2020056309
https://lccn.loc.gov/2020056310

List of Contributors

Sebastian R.G.A. Blaser

Department of Soil System Science Helmholtz-Centre for
Environmental Research GmbH - UFZHalle (Saale)
Germany

Gernot Bodner

Department of Crop Sciences

Division of Agronomy

University of Natural Resources and Life Sciences BOKU
Vienna

Tulln an der Donau

Austria

Cristian Dal Cortivo

Department of Agronomy, Food, Natural Resources,
Animals and the Environment

University of Padua

Legnaro - Padua

Italy

D.M.S.B. Dissanayaka

Graduate School of Biosphere Science
Hiroshima University
Higashihiroshima

Japan;

Department of Crop Science

Faculty of Agriculture

University of Peradeniya

Kandy

Sri Lanka

M. Djanaguiraman
Department of Crop Physiology
Tamil Nadu Agricultural University



Coimbatore
Tamil Nadu
India

Ian C. Dodd
Lancaster Environment Centre
Lancaster University

Lancaster
UK

Kun Du

Key Laboratory of Ecosystem Network Observation and
Modeling, Institute of Geographic Sciences and Natural
Resources Research

Chinese Academy of Sciences

Beijing

China;

Shandong Yucheng Agro-ecosystem National Observation
and Research Station

Ministry of Science and Technology

Yucheng

China;

University of Chinese Academy of Sciences

Beijing

China

Muhammad Farooq

Department of Plant Sciences

College of Agricultural and Marine Sciences Sultan Qaboos
University

Al-Khoud

Oman;

Department of Agronomy

University of Agriculture

Faisalabad

Pakistan



Kemo Jin

Department of Plant Nutrition National Academy of
Agriculture Green Development

College of Resources and Environmental Sciences Key
Laboratory of Plant-Soil Interactions Ministry of Education
China Agricultural University

Beijing

P.R. China

Katharina Keiblinger

Department of Forest- and Soil Sciences Institute of Soil
Research

University of Natural Resources and Life Sciences BOKU
Vienna

Vienna

Austria

Nicolai Koebernick

Institute of Agricultural and Nutritional Sciences
Martin-Luther-University Halle-Wittenberg

Halle (Saale)

Germany

Guzel Kudoyarova
Department of Plant Physiology
Ufa Institute of Biology
Russian Academy of Sciences
Ufa

Russian Federation

Thomas W. Kuyper

Soil Biology Group

Wageningen University & Research
Wageningen

The Netherlands

Dong-Jin Lee
Department of Crop Sciences and Biotechnology



Dankook University
Cheonan-si
South Korea

Daniel Leitner

Simulationswerkstatt - Services in Computational Sciences
Linz

Austria

Peifang Leng

Key Laboratory of Ecosystem Network Observation and
Modeling, Institute of Geographic Sciences and Natural
Resources Research

Chinese Academy of Sciences

Beijing

China;

Shandong Yucheng Agro-ecosystem National Observation
and Research Station

Ministry of Science and Technology

Yucheng

China;

University of Chinese Academy of Sciences

Beijing

China

Fadong Li

Key Laboratory of Ecosystem Network Observation and
Modeling

Institute of Geographic Sciences and Natural Resources
Research

Chinese Academy of Sciences

Beijing

China;

Shandong Yucheng Agro-ecosystem National Observation
and Research Station

Ministry of Science and Technology

Yucheng



China;

University of Chinese Academy of Sciences
Beijing

China

Long Li

China Agricultural University

Beijing

China

Xiao-Fei Li

Institute of Cotton Research

Chinese Academy of Agricultural Sciences

Anyang, Henan
China

Yang Li

Division of Plant Sciences

University of Missouri

Columbia, MO

USA;

National Key Laboratory of Crop Genetics and Germplasm
Enhancement

National Center for Soybean Improvement

Nanjing Agricultural University

Nanjing

China

Zhao Li

Key Laboratory of Ecosystem Network Observation and
Modeling, Institute of Geographic Sciences and Natural
Resources Research

Chinese Academy of Sciences

Beijing

China;

Shandong Yucheng Agro-ecosystem National Observation
and Research Station

Ministry of Science and Technology



Yucheng

China;

University of Chinese Academy of Sciences

Beijing

China

Yan Li

National Key Laboratory of Crop Genetics and Germplasm
Enhancement

National Center for Soybean Improvement

Nanjing Agricultural University

Nanjing

China

Shanbao Liu

Key Laboratory of Ecosystem Network Observation and
Modeling

Institute of Geographic Sciences and Natural Resources
Research

Chinese Academy of Sciences

Beijing

China;

Shandong Yucheng Agro-ecosystem National Observation
and Research Station

Ministry of Science and Technology

Yucheng

China;

University of Chinese Academy of Sciences

Beijing

China

Yi-Xiang Liu

Yunnan Agricultural University

Kunming, Yunnan

China

Axel Mentler
Department of Forest- and Soil Sciences



Institute of Soil Research

University of Natural Resources and Life Sciences BOKU
Vienna

Vienna

Austria

Mary N. Muchane

Botany Department
National Museums of Kenya
Nairobi

Kenya

Faisal Nadeem

Department of Agronomy

The University of Haripur
Haripur

Khyber Pakhtunkhwa, Pakistan

Alireza Nakhforoosh

Global Institute for Food Security
University of Saskatchewan
Saskatoon

Canada

Henry T. Nguyen

Division of Plant Sciences

University of Missouri

Columbia, MO

USA

Loic Pages

INRA UR PSH 1115 Centre PACAAvignon cedex 9
France

Anna Panozzo

Department of Agronomy, Food, Natural Resources,
Animals and the Environment

University of Padua



Legnaro - Padua
Italy

P.V.V. Prasad

Department of Agronomy; and Feed the Future Innovation
Lab for Collaborative Research on Sustainable
Intensification

Kansas State University

Manhattan, KS

USA

Yunfeng Qiao

Key Laboratory of Ecosystem Network Observation and
Modeling, Institute of Geographic Sciences and Natural
Resources Research

Chinese Academy of Sciences

Beijing

China;

Shandong Yucheng Agro-ecosystem National Observation
and Research Station

Ministry of Science and Technology

Yucheng

China;

University of Chinese Academy of Sciences

Beijing

China

Abdul Rehman

Department of Crop Sciences and Biotechnology
Dankook University

Cheonan-si

South Korea

Zed Rengel

UWA School of Agriculture and Environment
University of Western Australia

Perth

Australia



Boris Rewald

Department of Forest and Soil Sciences
University of Natural Resources and Life Sciences
Vienna

Austria

Steffen Schliter

Department of Soil System Science
Helmholtz-Centre for Environmental Research Gmb
H - UFZHalle (Saale)

Germany

Andrea Schnepf

Institute of Bio- and Geosciences IBG-3
Forschungszentrum

Julich

Germany

Kadambot H.M. Siddique

The UWA Institute of Agriculture and School of Agriculture
& Environment

The University of Western Australia
Perth, WAAustralia

Jianbo Shen

Department of Plant Nutrition

National Academy of Agriculture Green Development
College of Resources and Environmental Sciences
Key Laboratory of Plant-Soil Interactions Ministry of
Education

China Agricultural University

Beijing

P.R. China

Teofilo Vamerali

Department of Agronomy, Food, Natural Resources,
Animals and the Environment

University of Padua



Legnaro - Padua
Italy

Doris Vetterlein

Department of Soil System Science

Helmholtz-Centre for Environmental Research GmbH -
UFZHalle (Saale)

Germany;

Institute of Agricultural and Nutritional Sciences
Martin-Luther-University Halle-Wittenberg

Halle (Saale)

Germany

Giovanna Visioli

Department of Chemistry, Life Sciences and Environmental
Sustainability

University of Parma

Parma

Italy

Liyang Wang

Department of Plant Nutrition

National Academy of Agriculture Green Development
College of Resources and Environmental Sciences
Key Laboratory of Plant-Soil Interactions

Ministry of Education

China Agricultural University

Beijing

P.R. China

Xin Wang

Department of Plant Nutrition

National Academy of Agriculture Green Development
College of Resources and Environmental Sciences
Key Laboratory of Plant-Soil Interactions

Ministry of Education

China Agricultural University



Beijing

P.R. China

Xinxin Wang

Mountain Area Research Institute
Agricultural University of Hebei
Baoding

PR. China

Jun Wasaki

Graduate School of Integrated Sciences for Life
Hiroshima University

Higashihiroshima

Japan;

Graduate School of Biosphere Science
Hiroshima University

Higashihiroshima

Japan

Chuanyong Xiong

Department of Plant Nutrition

National Academy of Agriculture Green Development
College of Resources and Environmental Sciences
Key Laboratory of Plant-Soil Interactions

Ministry of Education

China Agricultural University

Beijing

P.R. China

Heng Ye

Division of Plant Sciences

University of Missouri

Columbia, MO

USA

Jiangsan Zhao
Division of biotechnology and Plant Health



Norwegian Institute of Bioeconomy Research (NIBIO)
As, Norway

Nong Zhu

Key Laboratory of Ecosystem Network Observation and
Modeling, Institute of Geographic Sciences and Natural
Resources Research

Chinese Academy of Sciences

Beijing

China;

Shandong Yucheng Agro-ecosystem National Observation
and Research Station

Ministry of Science and Technology

Yucheng

China;

University of Chinese Academy of Sciences

Beijing

China



Preface

Major challenges lay ahead in providing food, feed, and
fibre for increasing population on the planet using
diminishing water and nutrient resources and being faced
with pronounced climate change and variability. There are
increasingly severe shortages of good-quality water to be
used for irrigation as well as exacerbated frequency and
severity of droughts in the areas reliant on rain-fed food
production. Moreover, raw materials used in producing
some fertilizers (e.g. P and K) are becoming scarce and
expensive, and the high price of energy (production of N
fertilizers has a high energy demand) combine to push
fertilizer prices up. Food security is also threatened by
declining average yield increases of staple crops in recent
years, emphasizing the need for a shift in thinking about
food production.

Sustainable agricultural intensification has been
increasingly popular and important in expanding food
production and enhancing efficiency of water and nutrient
use in a range of agricultural systems, particularly in Africa
and Asia. Increasing efficiency of water and nutrient use
(i.e. increasing food production per unit of water and
nutrient input) is crucial in (i) maintaining food security
and food quality for increased global population and (ii)
decreasing potentially negative environmental impacts of
growing food, feed, and fibre.

Improved root systems capable of efficient acquisition of
water and nutrients from soils underpin increased
efficiency of utilization of soil resources that is essential for
sustainable agricultural intensification of food production.
The importance of roots has been recognized by scientists
worldwide, with the number of published research papers



