10.1002/9781119745884.fmatter, Downloaded from https:/onlinelibrary.wiley.com/doi/10.1002/9781119745884.fmatter by University Of Agriculture In, Wiley Online Library on [25/01/2023]. See the Terms and Conditions (! wiley. d- on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

Nanotechnology in Plant Growth Promotion

and Protection



Nanotechnology in Plant Growth
Promotion and Protection

Recent Advances and Impacts

Edited by

Avinash P. Ingle

Biotechnology Centre

Department of Agricultural Botany

Dr. Panjabrao Deshmukh Agricultural University
Akola, Maharashtra

India

WILEY

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

oo oI

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



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 Avinash P. Ingle to be identified as the author of the editorial material in this work has been
asserted in accordance with law.

Registered Offices
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, 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 is applied for
9781119745853

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

Set in 9.5/12.5pt STIXTwoText by Straive, Pondicherry, India

10 9 8 7 6 54 3 21

SUONIPUOD L SULR | 841385 [£202/T0/S2] U0 AR1q1T aulluo A8|IM ‘ulaiminouby JO AIsAIUN Aq JIRw) ¥885Y26TTT8L6/200T OT/10p/W0d AB| I Aseiq iUl |UO//SdNY 0L papeojumod ‘YR ¥885Y.6TTT826/200T 0T

folmA

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



Contents

List of Contributors xii
Preface xvi

1 Nanotechnology as a Smart Way to Promote the Growth of Plants and Control
Plant Diseases: Prospects and Impacts 1
Heba Mahmoud Mohammad Abdel-Aziz and Mohammed Nagib Abdel-ghany

Hasaneen
1.1 Introduction I
1.2 Nanofertilizers 2

1.2.1  Methods for Application of Nanofertilizers 2
1.2.1.1 Seed Priming 2
1.21.2 InSoil 2
1.2.1.3 Foliar Application 3
1.2.2  Possible Ways for Uptake and Translocation of Nanofertilizers in Plants 3
1.2.3  Macronutrient Nanofertilizers 3
1.24  Micronutrient Nanofertilizers 5
1.2.5  Non-nutrient Nanofertilizers 6
1.2.6  Advantages of Nanofertilizers 6
1.2.7  Limitations of Nanofertilizers 7
1.3 Nanopesticides and Nanoantimicrobials 7
1.3.1  Nano-Insecticides 8
1.3.2  Nanobactericides 8
1.3.3  Nanofungicides 8
1.34  Nano-Antivirals 9
1.3.5  Advantages of Using Nanopesticides 9
1.3.6  Risks of Using Nano-based Agrochemicals 9
1.4 Conclusions 10
References 11

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



vi

Contents

2.1
2.2
2.3
231
2.3.2
2.3.3
2.34
24
2.5

2.6

31

3.2
321
3.2.2
3.2.3
324
33
3.3.1
332
3.3.21
3.3.2.2
3323
3324
3.4
341
34.2
3.5

4.1
4.2
4.3
4.4
4.5

Effects of Titanium Dioxide Nanomaterials on Plants Growth 17
Martin Sebesta, llla Ramakanth, Ondrej Zvétina, Martin Seda, Pavel Divis,
and Marek Kolencik

Introduction 17

Properties of TiO,NPs Important for Biological Interaction 18
Pathways and Interaction of TiO,NPs with Plants 20

Foliar Exposure 20

Root Exposure 21

Seed Exposure 22

Interaction of TiO,NPs with Plants 22

Effect of Different Concentrations of TiO,NPs on Plants 23
Benefits of Using TiO,NPs Alone and in Complex Formulations on
Plant Growth and Yield 31

Conclusion and Future Perspective 35

References 37

The Emerging Applications of Zinc-Based Nanoparticles in Plant Growth
Promotion 45

Anil Timilsina and Hao Chen

Introduction 45

Applications and Effects of Zn Based NPs on Plant Growth Promotion 46

Zn NPs in Seed Treatments and Its Effects 46

Effects of Zn NPs on Seed Germination 46

Effects of Seed Treatment on Plant Growth 50

Molecular Mechanisms Involved in Effects of Zn NPs on Seed 50

ZnO NPs in Enhanced Plant Growth 50

Application Methods 51

Effects of Zn NPs on Plant Growth Promotion 51

Effects of Zn NPs Via Foliar Application 51

Effects of Zn NPs Used in Agar Media and Hydroponic Application 55
Effects Zn NPs Through Soil Application 55

Effects of Zn NPs on Plant Physiological and Biochemical Changes 56
Zn NPs in Crop Protection 56

Improvement on Disease Resistance 56

Enhancement of Stress Tolerance 57

Conclusions 57

References 58

Nanofertilizer in Enhancing the Production Potentials of Crops 63
C. Sharmila Rahale, K.S. Subramanian, and A. Lakshmanan
Introduction 63

Nanofertilizers 64

Synthesis of Nanofertilizer 64

Uptake, Translocation, and Fate of Nanofertilizers in Plants 66
Percolation Studies to Assess Nutrient Release Pattern 67

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



4.6
4.7
4.8
4.9
4.10

5.1
5.2
521
5.2.2
5.2.3
5.2.3.1
5.2.3.2
5233
5.2.3.4
5.3
5.3.1
5.3.1.1
5.3.1.2
5.4
54.1
54.2
5.5

5.6

6.1

6.2
6.2.1
6.2.2
6.2.2.1
6.2.2.2
6.2.2.3
6.2.2.4
6.2.2.5
6.2.2.6
6.2.2.7

Contents

Application of Nanofertilizers in Plants 68

Specific Properties of Nanofertilizers 70

Biosafety Issues in Nanofertilizer Application 70

Nanofertilizer Studies at Tamil Nadu Agricultural University (TNAU) 71
Conclusion 74

References 75

Potential Applications of Nanobiotechnology in Plant Nutrition and Protection
for Sustainable Agriculture 79

Vishnu D. Rajput, Abhishek Singh, Tatiana M. Minkina, Sudhir S. Shende, Pradeep
Kumar, Krishan K. Verma, Tatiana Bauer, Olga Gorobtsova, Svetlana Deneva, and
Anna Sindireva

Introduction 79

Nanomaterial in Sustainable Crop Production 81

Nanomaterial in Soil Management 81

Nanomaterials in Nutrient Use Efficiency (NUE) 82

Nanomaterials in Plant Protection 82

Nanomaterials as Nano-Pesticides 83

Nanomaterials as Nano-Insecticides 83

Nanomaterials as Nano-Fungicides 84

Nanomaterials as Nano-Herbicides 84

Nanomaterials in Crop Improvement 85

Abiotic Stresses 85

Drought Stress 86

Salinity Stress 86

Nanomaterials in Plant Genetic Engineering 87

Nanoparticle’s Mediated Transformation 87

Non-vector Mediated Transformation 87

Future Perspectives and Challenges 88

Conclusions 89

References 89

Immunity in Early Life: Nanotechnology in Seed Science and Soil Feed 93
Garima Shandilya and Kirtan Tarwadi

Introduction 93

Nano Frontiers in Agricultural Development 94
Nanoagronomics 94

Smart Systems for Agrochemicals Delivery 94
Nanocapsules 94

Liposomes 96

Nanoemulsions 96

Nanogels 96

Nanoclays 97

Nanodispersions 97

Nanobionics 97

vii

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



viii

Contents

6.3
6.3.1
6.3.2
6.3.3
6.4
6.4.1
6.4.2
6.4.3
6.4.4
6.4.5
6.5
6.6

7.1
7.2

7.3
7.4

7.5

8.1
8.2
8.2.1
8.2.2
8.2.3
8.3
8.3.1
8.3.2
8.4

9.1
9.2
9.3

Nanotechnology in Agriculture 99

Effects of Nanoparticles on Plants 99

Nanoparticle-Plant Hormones Interactions 99

Effect of Nanoparticles on Crop Quality 100

Immunity in Early Life 101

Seed 101

Pre-sowing Treatments and Priming as Tools for Better Seed Germination 102
Phenomenon of Seed Priming 102

Gene Therapy for Seed 103

Immuning Seeds Using Nanoparticles 104

Nanotechnology in Soil Feed and Waste Water Treatment 104
Conclusions 106

References 107

Effects of Natural Organic Matter on Bioavailability of Elements from Inorganic
Nanomaterial 113

Martin Urik, Marek Kolencik, Nobuhide Fujitake, Pavel Divis, Ondrej Zvéfina,
Illa Ramakanth, and Martin Seda

Introduction 113

Effect of Natural Organic Matter on Nanoparticles’ Aggregation

and Agglomeration 114

Natural Organic Matter Effects on Nanoparticles’ Dissolution 116

Effect of Mutual Interactions of Natural Organic Matter and Nanoparticles
on Their Bioavailability 117

Conclusions 120

References 120

Induction of Stress Tolerance in Crops by Applying Nanomaterials 129

Yolanda Gonzdlez-Garcia, Magin Gonzdlez-Moscoso, Hipdlito Herndndez-Herndndez,
Alonso Méndez-Ldpez, and Antonio Judrez-Maldonado

Introduction 129

Impact of Stress on Crops 130

Losses of Crops Due to the Main Stress Conditions 130

Plant Responses to Abiotic Stress 133

Plant Responses to Biotic Stress 135

Impact of Nanomaterials on Crops 137

Induction of Tolerance to Abiotic Stress by the Application of Nanomaterials 138

Induction of Tolerance to Biotic Stress by the Application of Nanomaterials 146
Conclusions 151
References 151

Nanoparticles as Elicitors of Biologically Active Ingredients in Plants 170
Sumaira Anjum, Amna Komal, Bilal Haider Abbasi, and Christophe Hano
Introduction 170

Routes of Exposure, Uptake, and Interaction of NPs into Plant Cells 172
Elicitation of BAIs of Plants by Nanoelicitors 175

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



9.3.1
9.3.2
9.3.3
9.3.4
9.4
9.5

10

10.1
10.2
10.3

10.4
10.5
10.5.1
10.5.2
10.5.3
10.5.4
10.6

11

11.1
11.2
11.3
11.3.1
11.3.2
11.3.3
11.3.4
11.3.5
11.3.6
11.4
11.4.1
11.4.2
11.4.3
11.5

12

12.1
12.2

Contents |ix

Elicitation of Polyphenols by Nanoelicitors 175
Elicitation of Alkaloids by Nanoelicitors 184
Elicitation of Terpenoids by Nanoelicitors 186
Elicitation of Essential Qils by Nanoelicitors 189
Mechanism of Action of Nanoelicitors 191
Conclusions 191

References 193

Dual Role of Nanoparticles in Plant Growth and Phytopathogen
Management 203

Tahsin Shoala

Introduction 203

Nanoparticles: Notion and Properties 206

Mode of Entry, Uptake, Translocation and Accumulation of Nanoparticles
in Plant Tissues 207

Nanoparticle-Plant Interactions 208

Impact of Nanoparticles 209

Influence of Nanoparticles on Photosynthesis 209
Nanoparticles in Plant Growth 211

Nanoparticles in Enhancement of Root and Shoot Growth 212
Impact of Nanoparticles in Phytopathogen Suppression 213
Conclusions 214

References 215

Role of Metal-Based Nanoparticles in Plant Protection 220
Avinash P. Ingle and Indarchand Gupta

Introduction 220

Nanotechnology in Agriculture 221

Metal-Based Nanoparticles in Plant Protection 222
Silver-Based Nanoparticles 222

Copper-Based Nanoparticles 224

Zinc-Based Nanoparticles 225

Magnesium Oxide Nanoparticles 226

Titanium Dioxide Nanoparticles 227

Other Metal-Based Nanoparticles 228

Possible Antimicrobial Mechanisms for Metal-Based Nanoparticles 228
Cell Membrane Damage 229

ROS Generation 230

DNA Damage 230

Conclusions 230

References 231

Role of Zinc-Based Nanoparticles in the Management of Plant Diseases 239
Anita Tanwar

Introduction 239

Plant Diseases and Their Symptoms 241

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



x| Contents

12.3 Importance of Zn for Plants 242
12.4 Distribution of Zn in Plants 242
12.5 Efficiency of Zn in Plants 243
12.6 Deficiency Symptoms 243
12.7 Effects of Zn on Microbial Activity 245
12.8 Nanotechnology and Agriculture 246
12.9 Zn-Based Nanoparticles in Plants 247
12.9.1 ZnONPs 249
12.9.1.1 Antimicrobial Activity 250
12.9.1.2 Seed Germination and Plant Growth 251
12.9.1.3 Mechanism of Action of ZnONPs 252
12.10 Conclusions 253

References 253

13 Effects of Different Metal Oxide Nanoparticles on Plant Growth 259
Harris Panakkal, Indarchand Gupta, Rahul Bhagat, and Avinash P. Ingle
13.1 Introduction 259
13.2 Effects of Nanoparticles on Plant Growth and Development 261
13.2.1  Effect of Titanium Dioxide Nanoparticles on Plant Growth 262
13.2.2  Effect of Copper Oxide Nanoparticles on Plant Growth 263
13.2.3  Effect of Iron Oxide Nanoparticles on Plant Growth 264
13.2.4  Effect of Zinc Oxide Nanoparticles on Plant Growth 264
13.2.5  Effect of Cerium Oxide Nanoparticles on Plant Growth 266
13.2.6  Effect of Other Nanoparticles on Plant Growth 268
13.3 Mechanisms of Nanoparticles and Plant Interactions 269
13.4 Conclusions 271
References 271

14 Biostimulation and Toxicity: Two Levels of Action of Nanomaterials
in Plants 283
Adalberto Benavides-Mendoza, Magin Gonzdlez-Moscoso, Ddmaris Leopoldina
Ojeda-Barrios, and Laura Olivia Fuentes-Lara

14.1 Introduction 283

14.2 Induction of Biostimulation or Toxicity in Plants Due to the Physical Properties
of the NMs 285

14.3 Induction of Biostimulation or Toxicity in Plants Due to the Chemical
Properties of NM Core and the Composition of Corona 290

144 Examples of Biphasic Phenotypic Responses of Plants to Nanomaterials

Concentration 294
14.5 Conclusions 298
References 299

15 Toxicological Concerns of Nanomaterials in Agriculture 304
Ryan Rienzie and Nadeesh Adassooriya

15.1 Introduction 304

15.2 Uptake and Translocation of Nanomaterials 305

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



15.3

15.4
15.5
15.5.1
15.5.1.1
15.5.1.2
15.5.1.3
15.5.2
15.5.3
15.5.4
15.6
15.6.1
15.6.2
15.6.3
15.6.4
15.6.5
15.6.6
15.6.7
15.6.7.1
15.6.7.2
15.6.8
15.6.9
15.6.10
15.6.11
15.6.12
15.6.13
15.7

15.8

15.9
15.10

15.10.1
15.10.2
15.10.3
15.11

Mechanisms and Factors Affecting Uptake and Translocation

of Nanomaterials 305

Nature and Factors Affecting Nanomaterial Phytotoxicity 306
Non-Metallic Nanomaterials 307

Carbon Nanotubes (CNTs) 307

Graphene Family Nanomaterials 308

Mesoporous Carbon Nanoparticles 308

Carbon Dots 308

Nanoclay-Based Systems 309

Nano-Hydroxyapatite (nHAP) 309

Nanoplastics 309

Metallic Nanoparticles 310

Silver Nanoparticles (AgNPs) 310

Mn-Based Nanoparticles 310

NiO Nanoparticles 311

ZnO Nanoparticles 311

TiO, Nanoparticles 312

Au Nanoparticles 312

Cu-Based Nanoparticles 313

Cu Nanoparticles 313

CuO Nanoparticles 313

MgO Nanoparticles 314

CdS Nanoparticles 314

Fe-Based Nanoparticles 314

Al,O3 Nanoparticles 315

Rare Earth Element Nanoparticles 315

Multi-Metallic Nanoparticles 315

Alteration of Toxic Effects Caused by Nanomaterials; Co-Exposure
Experiments 316

Effects of Nanomaterials on Enzymatic and

Non-Enzymatic Defense Systems 318

Antioxidant-Mediated Removal of Reactive Oxygen Species (ROS) 318
Effects of Nanomaterials on Micro and Macro Organismal Communities
Associated with Soil in Agroecosystems 319

Plant Growth-Promoting Rhizobacteria (PGPR) 319

Effects of Nanomaterials on Soil Dwelling Earthworms 320
Effects on Organisms Associated with Aquatic Ecosystems 321
Conclusions 321

References 322

Index 331

Contents

Xi

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



List of Contributors

Bilal Haider Abbasi
Department of Biotechnology
Quaid-i-Azam University
Islamabad

Pakistan

Heba Mahmoud Mohammad Abdel-Aziz
Botany Department

Faculty of Science

Mansoura University

Mansoura

Egypt

Nadeesh Adassooriya

Department of Chemical and Process
Engineering

Faculty of Engineering

University of Peradeniya

Peradeniya

Sri Lanka

Sumaira Anjum

Department to Biotechnology
Kinnaird College for Women
Lahore

Pakistan

Tatiana Bauer
Federal Research Center the Southern

Scientific Center of the Russian Academy

of Sciences
Rostov-on-Don
Russia

Adalberto Benavides-Mendoza
Department of Horticulture
Autonomous Agricultural University
Antonio Narro

Saltillo

Mexico

Rahul Bhagat

Department of Biotechnology
Government Institute of Science
Aurangabad

Maharashtra

India

Hao Chen

Department of Agriculture
University of Arkansas
Pine Bluff

AR

USA

Svetlana Deneva
Institute of Biology of Komi Scientific

Centre of the Ural Branch of the Russian

Academy of Sciences
Nalchik
Russia

Pavel Divis

Faculty of Chemistry

Brno University of Technology
Brno

Czech Republic

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



Laura Olivia Fuentes-Lara
Department of Animal Nutrition
Autonomous Agricultural University
Antonio Narro

Saltillo

Mexico

Nobuhide Fujitake

Graduate School of Agricultural Sciences
Kobe University

Kobe

Japan

Olga Gorobtsova

Institute of Mountain Ecology of Russian
Academy of Science

Nalchik

Russia

Yolanda Gonzdlez-Garcia
Department of Horticulture
Autonomous Agrarian University
Antonio Narro

Saltillo

Mexico

Magin Gonzdlez-Moscoso

PhD Program in Protected Agriculture
Autonomous Agricultural University
Antonio Narro

Saltillo

Mexico

Indarchand Gupta

Department of Biotechnology
Government Institute of Science
Aurangabad

Maharashtra

India

Christophe Hano

Laboratoire de Biologie des Ligneux et
des Grandes Cultures (LBLGC)

INRA USC1328

Université d’Orléans

France

List of Contributors

Mohammed Nagib Abdel-ghany Hasaneen
Botany Department

Faculty of Science

Mansoura University

Mansoura

Egypt

Hipdlito Herndndez-Herndndez
Institute of Agro-engineering
Papaloapan University
Oaxaca

Mexico

Avinash P. Ingle

Biotechnology Centre

Department of Agricultural Botany
Dr. Panjabrao Deshmukh Agricultural
University

Akola

Maharashtra

India

Antonio Judrez-Maldonado
Departament of Botany
Autonomous Agrarian University
Antonio Narro

Saltillo

Mexico

Marek Kolencik

Nanotechnology Centre

VSB Technical University of Ostrava
Ostrava

Czech Republic

Department of Soil Science and Geology

Faculty of Agrobiology and Food Resources

Slovak University of Agriculture in Nitra
Nitra
Slovakia

Amna Komal

Department to Biotechnology
Kinnaird College for Women
Lahore

Pakistan

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



Xiv

List of Contributors

Pradeep Kumar
Department of Forestry

North Eastern Regional Institute of Science

and Technology
Nirjuli, Arunachal Pradesh
India

A. Lakshmanan

Department of Nano Science & Technology

Tamil Nadu Agricultural University
Coimbatore

Tamil Nadu

India

Alonso Méndez-Lopez
Departament of Botany
Autonomous Agrarian University
Antonio Narro

Saltillo

Mexico

Tatiana M. Minkina
Southern Federal University
Rostov-on-Don

Russia

Ddmaris Leopoldina Ojeda-Barrios
Laboratory of Plant Physiology
Autonomous University of Chihuahua
Chihuahua

Mexico

Harris Panakkal

Department of Biotechnology
Government Institute of Science
Aurangabad

Maharashtra

India

C. Sharmila Rahale

Department of Nano Science &
Technology

Tamil Nadu Agricultural University
Coimbatore

Tamil Nadu

India

Vishnu D. Rajput

Southern Federal University
Rostov-on-Don

Russia

lila Ramakanth

Department of Chemistry

Rajiv Gandhi University of Knowledge
Technologies

Nuzvid

India

Ryan Rienzie
Agribusiness Centre
Faculty of Agriculture
University of Peradeniya
Peradeniya

Sri Lanka

Martin Sebesta

Institute of Laboratory Research on
Geomaterials

Faculty of Natural Sciences
Comenius University in Bratislava
Bratislava

Slovakia

Martin Seda

Department of Applied Chemistry
Faculty of Agriculture

University of South Bohemia
Ceské Budgjovice

Czech Republic

Anna Sindireva
University of Tyumen
Tyumen

Russia

Abhishek Singh

Sardar Vallabhbhai Patel University of
Agriculture and Technology

Meerut

Uttar Pradesh

India

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



Garima Shandilya

Nanotechnology Unit

Department of Mechanical Engineering
Bharati Vidyapeeth Deemed University
College of Engineering

Pune

Mabharashtra

India

Sudhir S. Shende

Southern Federal University
Rostov-on-Don

Russia

Sant Gadge Baba Amravati University
Amravati

Maharashtra

India

Tahsin Shoala

Environmental Biotechnology
Department

College of Biotechnology

Misr University for Science and
Technology

6th of October City

Egypt

K. S. Subramanian

Department of Nano Science & Technology
Tamil Nadu Agricultural University
Coimbatore

Tamil Nadu

India

Anita Tanwar

Department of Chemistry
GDC Memorial College
Bahal

Haryana

India

List of Contributors | xv

Kirtan Tarwadi

Nanotechnology Unit

Department of Mechanical Engineering
Bharati Vidyapeeth Deemed University
College of Engineering

Pune

Maharashtra

India

Anil Timilsina

Department of Agriculture
University of Arkansas
Pine Bluff, AR

USA

Martin Urik

Institute of Laboratory Research on
Geomaterials

Faculty of Natural Sciences
Comenius University in Bratislava
Bratislava

Slovakia

Krishan K. Verma

Sugarcane Research Institute

Chinese Academy of Agricultural Sciences
and Guangxi

Academy of Agricultural Sciences
Nanning

Guangxi

China

Ondrej Zvéfina

Department of Public Health
Faculty of Medicine
Masaryk University

Brno

Czech Republic

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



XVi

Preface

Agriculture is the backbone of several developing countries because their economy is
directly relying on agriculture; moreover, developed countries are also depending on agri-
culture for their food. However, a continuous increase in the worldwide population and
currently available agricultural practices has led to major global concerns such as produc-
tion and supply of good quality food, and food security. To date, various advancements have
been made in agriculture through the discovery of effective agrochemicals and other farm-
ing technologies. Despite all these developments, agriculture is still facing several severe
challenges like crop loss due to plant pathogens, soil fertility issues due to extensive use of
synthetic agrochemicals, soil pollution, imbalance of beneficial microflora, resistance in
microbial pathogens, etc. Unfortunately, the extensive use of synthetic agrochemicals like
pesticides, fungicides, and fertilizers, are mostly responsible for all these problems.
Therefore, it is need of the hour to develop effective farming technologies in addition to the
development of potent, economically viable, and eco-friendly products that can sustaina-
bly manage the plant pathogens and enhances crop production.

In this context, nanotechnology can be used as the most innovative solution for such
issues and has the great potential to rapidly take forward the agriculture and allied sectors
with the help of modern tools. The nanomaterials can be effectively used in the develop-
ment of various nano-based products like nanoantimicrobials and nanofertilizers.
Moreover, various nanoparticles can also be used as nanoscale carriers for the delivery of
agrochemicals and other nutrition. Besides, modern nano-based tools can be promisingly
used in precision farming for the detection of plant pathogens, nutrient deficiencies, etc.
The use of above-mentioned nano-based products helps to enhance plant growth, protect
plants through the management of plant pathogens, and also reduces soil pollution.
Considering these facts, the editor attempted to discuss the recent advances and role of
nanotechnology in plant growth promotion and protection through this book.

In this book there are total 15 chapters, which are broadly focused on the recent advances
and the role of nanotechnology in plant growth promotion and protection. Chapter 1 is
mainly focused on effective application of nanotechnology in agriculture, particularly, in
plant growth promotion and control of plant diseases through the management of plant
pathogens. Chapter 2 is about the application of titanium-based nanomaterials such as
titanium dioxide nanoparticles in plant growth. In this chapter, various aspects like the
interaction of nanoparticles with plants and their pathways and the effects of different
concentrations of titanium dioxide nanoparticles on plant growth have been discussed.
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In Chapter 3, authors reviewed the role of different zinc-based nanoparticles in plant
growth promotion and protection. The focus has been given on the effects of nanoparticles
when used through different modes of application like foliar application, soil, and hydro-
ponic application. Chapter 4 specifically focused on the application of nanomaterials in the
form of nanofertilizers as an effective alternative to chemical fertilizers. Further, uptake,
translocation, and fate of nanofertilizers in plants have been also elaborated. Chapter 5
discusses the role of nanobiotechnology in sustainable agriculture through the applica-
tions of various nanomaterials in plant nutrition and protection. In Chapter 6, the authors
discussed how nanotechnology can be useful in enhancing the immunity of plants through
its application in seed and soil. Chapter 7 is focused on the effects of natural organic matter
on the bioavailability of elements from inorganic nanomaterials. Particularly, the emphasis
has been given on the effects of organic matter on different properties of nanoparticles
such as aggregation and agglomeration, dissolution, and bioavailability. Chapter 8 empha-
sizes on different biotic and abiotic stresses in plants and the induction of tolerance against
such stresses in crops after application of nanomaterials. In Chapter 9, the authors reviewed
the role of different nanoparticles as elicitors of biologically active ingredients in plants.
Moreover, various other aspects like routes of exposure, uptake, and interaction of nano-
particles into plant cells, elicitation of different bioactive molecules like polyphenols, alka-
loids, and terpenoids, essential oils have been thoroughly explained. Chapter 10 is dedicated
to the use of various nanoparticles in plant growth promotion and the management of a
variety of plant pathogens. Besides, the influence of nanoparticles on plant photosynthesis,
enhancement of root and shoot growth, phytopathogen suppression, etc. has been briefly
discussed. Chapter 11 focused on the application of metal-based nanoparticles in plant
protection. In this chapter, the authors discussed role of different metal-based nanoparti-
cles like silver, copper, zinc, titanium, and magnesium in plant protection. Apart from this,
various possible antimicrobial mechanisms for metal-based nanoparticles have been also
briefly elaborated. Chapter 12 is dedicated on the role of zinc-based nanoparticles in the
management of plant diseases. Chapter 13 emphasizes on effects of different metal oxide
nanoparticles on plant growth. In this chapter, authors presented the positive and negative
effects of different metal oxide nanoparticles in a variety of plants. Chapter 14 is focused on
the most important and relevant aspects, i.e. biostimulation and toxicity of nanomaterials
in plants. This chapter explained how nanoparticles can stimulate the biological response and
toxicity in plants. However, final Chapter 15 is completely dedicated to toxicological con-
cerns of nanomaterials in agriculture. Moreover, special emphasis has been given on various
important aspects like uptake and translocation of nanomaterials in plants, various factors
affecting the uptake and translocation of nanomaterials, etc. In addition, how nanomaterials
affect the defense mechanisms of plants and generate phytotoxicity has been also discussed.

Overall, this book covers very informative chapters written by one or more specialists,
experts in the concerned topic. Hence, I would like to offer a very rich guide for researchers
in this field, undergraduate or graduate students of various disciplines like agriculture,
biotechnology, and nanotechnology and allied subjects. In addition, this book is useful for
people working in various agriculture and food-based industries, regulatory bodies, and
agriculture-related organizations.

I would like to thank all the authors for their outstanding efforts to provide state-of-the-
art information on the subject matter of their respective chapters. Their efforts will

xvii

) SUORIPUOD PUE SWLB | 33 89S *[£202/T0/S2] UO AfiqiTauluO ABIIM ‘Ul iminoBy JO AISAIIN Aq eYIeW) ¥88SY.6TTT8.6/200T OT/I0P/LI0D 5| IM A%Riq BuI|UO//SAIY WOI) PAPeOjUMOQ *eVeWY ¥88SY/6TTT8LE/Z00T 0T

foym

35UB01 7 SUOWILLOD) BAIEa1D) (et |dde ay) Ag pausenoh afe sapie O ‘8sn Jo Sajni 10y Areiqiauluo A8|1m uo



xviii

Preface

definitely enhance and update the knowledge of the readers about the role of nanotechnol-
ogy in agriculture particularly, in plant growth promotion and protection. I also thank
everyone in the Wiley team for their constant help and constructive suggestions particu-
larly to Rebecca (Senior Editor), Kerry, Nivetha and other team members. I am highly
thankful to Science and Engineering Research Board (SERB), Department of Science and
Technology, Government of India, New Delhi for providing financial assistance in the form
of “Ramanujan Fellowship”.

I hope that the book will be useful for all the readers to find the relevant information on
the latest research and advances in effective use of nanotechnology in agriculture.

Avinash P. Ingle
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