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packaging and processing. It covers the use of nanocomposites to manage seed

germination, nutrition, biotic and abiotic stresses, and the productivity of crops

and the use of nanosensors in detecting pests, pathogens, and pollutants and

forecasting soil and crop health. In addition, it also focuses on the risk

assessment and regulatory policies of nanoparticles to explore the potential of

smart delivery systems in agroecosystems. The book is helpful for students,

researchers, growers, policymakers, in the field of nanotechnology in

agriculture, sustainable agriculture, soil science, and environmental science.

Explore related subjects
Discover the latest articles, books and news in related subjects.

Agricultural Biotechnology Nanobiotechnology Nanoparticles

Search within this book

Table of contents (14 chapters)

Synthesis

Search

Front Matter

Pages i-xvi Download chapter PDF 

Front Matter

Download chapter PDF 

https://link.springer.com/subjects/agricultural-biotechnology
https://link.springer.com/subjects/nanobiotechnology
https://link.springer.com/subjects/nanoparticles
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/1/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/1/1


Uptake and Translocation

Nutrient Delivery

Stress Management

Pages 1-1

Adriano Buzutti de Siqueira, Elaine Cristine Lengowski, Eraldo Antonio Bonfatti Júnior, Ailton José

Terezo

Pages 3-44

Synthesis and Applications of Nanomaterials Derived from Biowastes

Rabia Nazir, Sana Khalid

Pages 45-70

Plant-Based Synthesis of Metal Nanoparticles for Managing Agroecosystem

Front Matter

Pages 71-71 Download chapter PDF 

Richa Das, Tushar Thakur, Avinash Singh, Indrajeet Singh, Lara Jadhav, Indrani Bhattacharya et al.

Pages 73-92

Nanoparticles: Uptake, Transport, and Effects on Plant Growth

Front Matter

Pages 93-93 Download chapter PDF 

P. Smriti Rao, Faria Fatima, Abdul Mazeed, Munny Chinyo, Khalid Habib

Pages 95-123

Nanofertilizers for Plant Nutrition

https://link.springer.com/chapter/10.1007/978-981-95-0187-8_1
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_2
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/2/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/2/1
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_3
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/3/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/3/1
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_4


Sensor-Based Approaches

Environmental Cleanup

Front Matter

Pages 125-125 Download chapter PDF 

Hajra Abid, Khawaja Shafique Ahmad, Muhammad Asif Shehzad, Ansar Mehmood, Dania Habib, Saiqa

Nazir

Pages 127-163

Alleviation of Salt, Drought, Nutrient, and Temperature Stresses in Plants

Through Nanoparticles

Mahabuba Mostafa, Humayra Ferdus, Suvankar Kumar Biswas, Md. Abdullah Al Sabbir, Md. Motaher

Hossain

Pages 165-207

Plant-Mediated Synthesis of Nanoparticles for Sustainable Management of

Plant Diseases

Front Matter

Pages 209-209 Download chapter PDF 

Seweta Srivastava, Meenakshi Rana, Jay Prakash Singh, Shivam Singh, Shweta Meshram

Pages 211-231

Nanosensors for Detection of Plant Pathogens

Diego Maroso da Silva, Clarice Steffens, Juliana Steffens

Pages 233-259

Advanced Nanosensors for Pesticide Detection in Water: Ensuring

Environmental Safety and Public Health

Front Matter

https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/4/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/4/1
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_5
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_5
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_6
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_6
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/5/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/5/1
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_7
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_8
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_8


Risk Assessment and Regulation

Pages 261-261 Download chapter PDF 

Jyoti Rani, Sushila Singh, Simran Kakkar, Anuradha Beniwal, Monika Moond, Seema Sangwan et al.

Pages 263-298

Nanomaterials in Water Remediation for Irrigation Management

Faria Fatima, Manaal Zahera

Pages 299-327

Hybrid Nanomaterials: Pioneering Sustainable Environmental Detection and

Enhancing Agricultural Productivity

Djadjiti Namla, Mohammad Oves, Mohammad Omaish Ansari, Majed Al-Shaeri, George Mangse

Pages 329-362

Carbon-Based Nanocomposites for Environmental Cleaning

Front Matter

Pages 363-363 Download chapter PDF 

R. Karthik, R. Loganathan, Sabuj Ganguly, Rahul Datta, Mukul Kumar Deka

Pages 365-378

Potential Effects of Nanomaterials on Honey Bees: Impacts on Survival,

Physiology, and Behaviour

1 2 Next

Back to top

https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/6/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/6/1
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_9
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_10
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_10
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_11
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/7/1
https://link.springer.com/content/pdf/bfm:978-981-95-0187-8/7/1
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_12
https://link.springer.com/chapter/10.1007/978-981-95-0187-8_12
https://link.springer.com/book/10.1007/978-981-95-0187-8?page=1#toc
https://link.springer.com/book/10.1007/978-981-95-0187-8?page=2#toc
https://link.springer.com/book/10.1007/978-981-95-0187-8?page=2#toc


Editors and Affiliations

Institute of Science and Technology, São Paulo State University, Sorocaba,

Brazil

Leonardo Fernandes Fraceto

Department of Food, Agriculture and Natural Resources, School of
Environment, Resources and Development, Asian Institute of Technology,

Khlong Luang, Thailand

Deepranjan Sarkar

Department of Resilient Farming Systems, International Crops Research
Institute for the Semi-Arid Tropics, Hyderabad, India

S. Rakesh

Department of Geology and Pedology, Mendel University in Brno, Brno, Czech
Republic

Rahul Datta

Department of Biotechnology, School of Energy Technology, Pandit Deendayal
Energy University, Gandhinagar, India

Sachidanand Singh

About the editors

Leonardo Fernandes Fraceto earned a bachelor’s degree in Chemistry (1997), a

master’s degree in Functional and Molecular Biology (2000), and a Ph.D. in

Functional and Molecular Biology (2003) from the State University of

Campinas, Brazil. He is currently an Associate Professor at the Institute of

Science and Technology, São Paulo State University (UNESP), Campus

Sorocaba, where he teaches in the Environmental Engineering undergraduate

program and the postgraduate program in Environmental Sciences. He also

served as Coordinator of the Postgraduate Program in Environmental Sciences

at UNESP–Sorocaba from 2012 to 2016. His research expertise spans chemistry



and biochemistry, with a strong emphasis on environmental nanotechnology

and the application of nanotechnology in agriculture. Dr. Fraceto has developed

nanocarrier systems for herbicides and other bioactive compounds for pest

management in agriculture, resulting in numerous research publications and

patents. He continues to actively work on the development of nanocarrier

systems for the encapsulation of compounds with bioactive properties.

Deepranjan Sarkar is working as a Postdoctoral Research Fellow at the

Department of Food, Agriculture and Natural Resources, School of

Environment, Resources and Development, Asian Institute of Technology

(AIT), Thailand. Before joining AIT, he served as an Assistant Professor (Soil

Science) at the Integral University, Lucknow, India, and also as a Consultant at

the International Rice Research Institute (IRRI), India. He received M.Sc. (Ag.)

in Soil Science and Agricultural Chemistry degree from Uttar Banga Krishi

Viswavidyalaya and Ph.D. from Banaras Hindu University, India. His research

interests include soil fertility, plant nutrition, regenerative agriculture, carbon

sequestration, climate change, and UNSDGs. During his Ph.D. program, he

performed a comprehensive assessment of bio-priming technology in the

Middle Gangetic Plains of India and presented his research at several national

and international conferences. Dr. Sarkar is involved in teaching soil science

courses at UG and PG levels. Currently, he is working on prioritizing adaptation

options to address expected future climate challenges in agroecosystems. He

has received prestigious awards from BHU, IIT-KGP, TWAS, and the Soil Science

Society of America. He is a Life Member/Member of AMI-India, ISCA-Kolkata,

IUCN, etc. He has authored more than 30 peer-reviewed publications. He serves

on the Editorial Board of Discover Agriculture (Springer Nature) and Modern

Agriculture (Wiley), is a Review Editor in Frontiers journals, and regularly

reviews manuscripts for journals published by Springer, Elsevier, Taylor &

Francis, Wiley, and others.

S. Rakesh is currently serving as an Associate Scientist in the Department of

Resilient Farming Systems at the International Crops Research Institute for the



Semi-Arid Tropics (ICRISAT), Hyderabad, India. He previously worked as a

Research Associate at ICARNational Academy of Agricultural Research

Management (NAARM), Hyderabad (2019-2023) and as a Senior Research

Fellow in the Australian (ACIAR) funded project “Sustainable & Resilient

Farming System Intensification (SRFSI)” from 2015 to 2019. His Ph.D. research

focused on carbon dynamics and conservation agricultural practices. Dr. Rakesh

has received several awards, including the Best ThesisAward (2019), Young

Scientist Award (2021), and Young Researcher Award (2023). Currently, he is

working on research projects specifically in the area of regenerative agriculture

and sustainable crop production through climate adaptation technologies. Dr.

Rakesh is a member of several professional societies and organizations like

SEE-Agra, ISCA-Kolkata, COBACAS, IUCN, etc. He is actively involved in

delivering invited lectures at conferences and Universities and participating in

extension works with numerous Farmer’s Clubs. He has published more than

50 full length research in reputed international and national journals, with an

H-index of 16. Dr. Rakesh has served as editor of two books. He has served as

editor of two books, acts as a reviewer for journals published by Elsevier,

Springer, and Frontiers, and is an Editorial Board Member of Discover

Agriculture (Springer).

Rahul Datta is an Assistant Professor of Soil Science at Mendel University, Brno,

Czech Republic, recognized for his notable contributions to sustainable

agriculture. His research addresses critical challenges such as drought stress,

heavy metal toxicity, and greenhouse gas emissions, significantly enhancing

the quality and yield of crops like wheat, maize, barley, rice, mangoes, spinach,

and cotton. With over 200 peer-reviewed publications and more than 10,000

citations worldwide, including acknowledgments from institutions like the

USDA, Dr. Datta has earned an H-index of 54, underscoring the impact of his

work. His achievements also earned him a place in the Top 2% of Scientists as

per Stanford University Ranking of World Scientists, recognizing his global

influence in the field. Dr. Datta has authored 10 books, contributed to 20 book

chapters, and holds 6 patents, further solidifying his leadership in agricultural



science. In addition to his research, Dr. Datta holds several editorial roles. He is

an Academic Editor for the Turkish Journal of Agriculture and Forestry, serves

on the Editorial Board of BMC Plant Biology, and is an Editor for Open

Agriculture (De Gruyter) and Phyton-International Journal of Experimental

Botany. As a member of the Soil Science Society of America, Dr. Datta remains at

the forefront of advancing soil science and sustainable agriculture through his

research, publications, and editorial contributions.

Sachidanand Singh is currently working as an Associate Professor and Head in

the Department of Biotechnology, School of EnergyTechnology,

PanditDeendayal Energy University, Gandhinagar, Gujarat, India. He has an

engineering background, having earned a B.Tech in Biotechnology and an

M.Tech in Bioinformatics, followed by a PhD, and completed postdoctoral

research at The Ohio State University, College of Pharmacy, USA. He has more

than 14 years of experience in teaching, administration, and research. He has

previously served as Professor and Head Internal Quality Assurance Cell and

Dean of Allied Sciences at Sankalchand Patel University, Gujarat, Dean of

Biotechnology and Agriculture Sciences, NAAC SSR Head, and Research

Coordinator at Shri Ramswaroop Memorial University. Work experience

includes Karunya University, Shri Ramswaroop Memorial University, Vignan

University, and Sankalchand Patel University. His research area includes Plant

Biotechnology, metagenomics, Systems Biology, Network Biology, Micro RNA-

based studies, Expression Data Analytics, Nextgeneration Sequencing, and

Statistical Genetics. His present focus also includes understanding the

Canonical and non-canonical pathways of miRNABiogenesis, Dynamics, and

mechanisms of miRNA-mediated Gene Regulation. He teaches different

subjects, especially Genomics and Proteomics, Microarray and Image Analysis,

Drug Design, and Molecular Modeling for graduate and postgraduate students.

He has been involved in various assignments given by the University authority

from time to time, such as Online teaching platform, Research Initiatives,

Biogas Plant, NAAC, NBA, and other council approvals. He has published more

than 60 research and review articles in peer-reviewed journals, 9 Patents



published among which 4 are granted. He has completed one SERB, Govt. of

India-funded project, and two University research grant projects. He has

received several awards in his area of research and for his teaching strategies.

He has organized different conferences and workshops and received Govt.

funds for the same. He has shared his area of expertise with different colleges

and universities as an invited speaker at different conferences and workshops.

He has guided 36 B.Tech and 10 M.Tech projects. He has awarded 3 PhD

students under him in the field of Herbal products, drug Design, and

integration with network biology.

Accessibility Information

PDF accessibility summary

This PDF has been created in accordance with the PDF/UA-1 standard to enhance

accessibility, including screen reader support, described non-text content

(images, graphs), bookmarks for easy navigation, keyboard-friendly links and

forms and searchable, selectable text. We recognize the importance of

accessibility, and we welcome queries about accessibility for any of our products.

If you have a question or an access need, please get in touch with us at

accessibilitysupport@springernature.com. Please note that a more accessible

version of this eBook is available as ePub.

EPUB accessibility summary

This ebook is designed with accessibility in mind, aiming to meet the ePub

Accessibility 1.0 AA and WCAG 2.2 Level AA standards. It features a navigable

table of contents, structured headings, and alternative text for images, ensuring

smooth, intuitive navigation and comprehension. The text is reflowable and

resizable, with sufficient contrast. We recognize the importance of accessibility,

and we welcome queries about accessibility for any of our products. If you have a

question or an access need, please get in touch with us at

accessibilitysupport@springernature.com.

mailto:accessibilitysupport@springernature.com
mailto:accessibilitysupport@springernature.com


Bibliographic Information

Book Title

Emerging

Nanotechnologies for

Agroecosystem

Management

Editors

Leonardo Fernandes

Fraceto, Deepranjan

Sarkar, S. Rakesh, Rahul

Datta, Sachidanand Singh

Series Title

Smart Nanomaterials

Technology

DOI

https://doi.org/10.1007/9

78-981-95-0187-8

Publisher

Springer Singapore

eBook Packages

Chemistry and Materials

Science, Chemistry and

Material Science (R0)

Copyright Information

The Editor(s) (if applicable)

and The Author(s), under

exclusive license to

Springer Nature Singapore

Pte Ltd. 2026

Hardcover ISBN

978-981-95-0186-1

Published: 22 January

2026

Softcover ISBN

978-981-95-0189-2

Due: 05 February 2027

eBook ISBN

978-981-95-0187-8

Published: 21 January 2026

Series ISSN

3004-8273

Series E-ISSN

3004-8281

Edition Number

1

Number of Pages

XVI, 427

Number of Illustrations

3 b/w illustrations, 51

illustrations in colour

Topics

Biotechnology, Materials

Science, general,

Agriculture,

Chemistry/Food Science,

general, Optical and

Electronic Materials

https://link.springer.com/series/16925
https://link.springer.com/series/16925
https://link.springer.com/search?facet-content-type=%22Book%22&package=11644&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-content-type=%22Book%22&package=11644&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-content-type=%22Book%22&package=43709&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-content-type=%22Book%22&package=43709&facet-start-year=2026&facet-end-year=2026
https://link.springer.com/search?facet-sub-discipline=Biotechnology&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Materials%20Science,%20general&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Materials%20Science,%20general&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Agriculture&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Chemistry/Food%20Science,%20general&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Chemistry/Food%20Science,%20general&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Optical%20and%20Electronic%20Materials&facet-content-type=Book
https://link.springer.com/search?facet-sub-discipline=Optical%20and%20Electronic%20Materials&facet-content-type=Book


Keywords

Nanoparticles Nutrient Use Efficiency Nanopesticides Nano-toxicity

Agriculture Risk Assessment Nanobiofertilizers Sustainable Soil Management

Nanobiosensors Weed Management Smart Delivery Agroecosystems

Publish with us

Policies and ethics

Back to top

https://link.springer.com/search?query=Nanoparticles&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Nutrient%20Use%20Efficiency&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Nanopesticides&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Nano-toxicity&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Agriculture%20Risk%20Assessment&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Nanobiofertilizers&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Sustainable%20Soil%20Management&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Nanobiosensors&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Weed%20Management&facet-discipline=%22Chemistry%22
https://link.springer.com/search?query=Smart%20Delivery%20Agroecosystems&facet-discipline=%22Chemistry%22
https://www.springernature.com/gp/policies/book-publishing-policies


Faria Fatima  & Manaal Zahera

Part of the book series: Smart Nanomaterials Technology ((SNT))

45 Accesses

Abstract

The fields of materials science and nanotechnology have shown a great deal of potential in

hybrid nanomaterials, a novel category originating from the combined action of organic

and inorganic components at the nanoscale. This combination makes it easier to design

buildings with enhanced functionality. Because of their cutting-edge and sustainable

qualities, these materials play a crucial role in the field of sustainable agriculture and in

environmental detection. This chapter explores their invaluable role in addressing
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agricultural and environmental issues through the utilization of nanomaterials’ varied

features. Due to their huge surface area, amazing sensitivity, and tuneable features,

hybrid nanomaterials are promising options to act in the field of nano-agrochemicals. In

the agricultural sector, hybrid nanomaterials are employed to increase crop yields, and

towards pollutant detection, keeping pests away from plants and enhancing nutrient

delivery. These chemicals offer effective, tailored treatments such as smart insecticides

and slow-release fertilizers by combining organic and inorganic components. They

promote sustainable agricultural practices and aid in lessening the negative

environmental effects of conventional farming techniques.
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