Azamal Husen Editor¥

Nanobiosensors
for Agricultural

and Other
Related Sectors




Azamal Husen
Editor

Nanobiosensors
for Agricultural and Other
Related Sectors

@ Springer



Editor

Azamal Husen

Wolaita Sodo University
Wolaita, Ethiopia

Graphic Era (Deemed to be University)
Dehradun, India

ISSN 3004-8273 ISSN 3004-8281 (electronic)
Smart Nanomaterials Technology
ISBN 978-981-96-6498-6 ISBN 978-981-96-6499-3 (eBook)

https://doi.org/10.1007/978-981-96-6499-3

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature
Singapore Pte Ltd. 2025

This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse
of illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar
or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant
protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this book
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or
the editors give a warranty, expressed or implied, with respect to the material contained herein or for any
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional
claims in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd.
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721,
Singapore

If disposing of this product, please recycle the paper.



Contents

Nanosensors in the Agricultural System—the Current

Understanding, Role and Prospects ........................c...o.... 1
Patriciani Estela Cipriano, Matias Siueia Junior,

Deivisson Ferreira da Silva, Geslin Mars, Rodrigo Fonseca da Silva,

and Flavio Henrique Silveira Rabélo

Precision Agriculture and Nanosensor ............................... 33
Vikas Sharma, Animesh Gosh Bag, Nitin M. Changade,
and Neeraj Singh Parihar

Nanosensors, Climate Change and Agricultural Sectors ............... 49
Maryam Zakavi and Shahnoush Nayeri

Role of Chemical Nano Sensors for Alleviation of Sustainable

Agricultural and Biomass Production ..................... ... ... ... 65
Walaa Yasir, Nadia Sharif, Mona F. A. Dawood, Irfan Aziz,

and Zainul Abideen

Nanosensors and Their Role in Soil Quality, Moisture, pH,

Contaminants, and Other Molecules Detection ....................... 101
Patriciani Estela Cipriano, Matias Siueia Junior,

Deivisson Ferreira da Silva, Geslin Mars, Rodrigo Fonseca da Silva,

and Flavio Henrique Silveira Rabélo

Nanosensors for Detection of Agricultural Soil Microbes .............. 137
Ishaan Lakhani, Proxima Dhiman, Vikas Dutt, Hina Alim, Ahmad Ali,
and Nimisha Patel

Nanosensors and Their Role in Bioremediation ....................... 155
Shrejal Tiwari and Anant

vii



viii Contents

Nanosensors for Heavy Metal Pollution Detection in Agricultural

SYSteIN ... 175
Shefali Singh, Smita Rai, Hiba Khan, Mariyam Shakeel,

Archana Vimal, Reena Vishvakarma, Poonam Sharma, and Swati Sharma

Gold Nanomaterials and Composites Based Nanosensors
for Agricultural Sectors .......... ... ... . . . 193
Aisha Kamal, Ayeesha Khatoon, Nida Sultan, and Sazia Siddiqui

Silver Nanomaterial and Composite-Based Nanosensors
for the Agriculture Sector ............ ... ... . ... oL 221
Sneh Lata and Nasreen Ghazi Ansari

Zinc Oxide Nanosensors in Precision Agriculture: A Green
Approach to Improve Global Food Security .......................... 247
Swati Sachdev and Mohammad Israil Ansari

Various Metal-Oxide Based Nanosensors for Agricultural Practices .... 261
Himshikha Malviya, Diksha Singh, and Jay Singh

Nanosensors in Plant Disease Diagnosis and Management ............. 287
Sadia Haider, Pakeeza Afzal, Sabir Hussain, Faisal Mahmood,

Tanvir Shahzad, Muhammad Sadiq, Hassan Nawaz, Awais Magsood,

and Muhammad Shahid

Nanosensors for Wastewater Treatment and Disinfection .............. 307
R. Ridhi
Nanosensors and Their Role in Recycling of Agricultural Wastes ...... 331

Mohammad Areeb Siddiqui, Reena Vishvakarma, and Archana Vimal



Gold Nanomaterials and Composites )
Based Nanosensors for Agricultural Sreshie
Sectors

Aisha Kamal, Ayeesha Khatoon, Nida Sultan, and Sazia Siddiqui

Abstract Gold nanomaterials and composite-based nanosensors have surfaced as
pivotal tools of transformation in agricultural sectors, offering advanced solutions
for pathogen detection, nutrient monitoring, and abiotic stress management. The
nanosensors exploit the special properties inherent in gold nanomaterials, such as
high surface-to-volume ratios, exceptional conductivity, and biocompatibility, to
provide enhanced sensitivity and selectivity in detecting various agricultural analytes.
They enable real-time, on-site monitoring of contaminants, pathogens, and nutrient
levels, addressing critical challenges in sustainable agriculture and food security.
Recent developments highlight their potential in identifying heavy metals, pesticides,
and plant stress markers with unprecedented precision through techniques such as
surface plasmon resonance (SPR), electrochemical sensing, and surface-enhanced
Raman scattering (SERS). However, despite these advancements, several challenges
remain, including high production costs, environmental concerns, and the need for
integration with existing agricultural systems. Ensuring the stability and durability
of nanosensors in harsh field conditions, along with the development of eco-friendly
synthesis methods, is crucial for their practical application. Moreover, addressing
regulatory and consumer acceptance issues is essential for the widespread adoption
of these technologies. Future research should focus on enhancing cost-effectiveness,
scalability, and field validation to bridge the gap between laboratory prototypes and
real-world applications. By overcoming these challenges, gold nanomaterials and
composite-based nanosensors can play a pivotal role in revolutionizing modern agri-
culture, contributing to increased productivity, resource efficiency, and environmental
sustainability.

Keywords Gold nanoparticles - Gold nanomaterial based composites * Plant
protection * Graphene * Au-NMs
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1 Introduction

Agriculture is a cornerstone of human society, providing food, raw materials, and
livelihoods to billions worldwide. However, with the rapid increase in global popu-
lation and the intensification of environmental challenges, the agricultural sector
faces significant pressure to enhance productivity, optimize resource utilization,
and ensure environmental sustainability. The adoption of cutting-edge technologies,
such as nanosensors, represents a promising avenue for addressing these challenges
by enabling precise, real-time monitoring and management of various agricultural
parameters [1]. Among the different types of nanomaterials, gold-based nanomate-
rials and their composites have emerged as particularly effective candidates for devel-
oping high-performance nanosensors, due to their unique properties and versatility
in diverse sensing applications.

Gold nanomaterials, known for their exceptional optical, electrochemical, and
catalytic properties, are increasingly being employed in the agricultural sector
[2]. Their tunable surface plasmon resonance, high biocompatibility, and excel-
lent stability make them ideal for detecting a wide range of agricultural analytes,
including soil nutrients, water pollutants, pathogens, and pesticides [3, 4]. Gold-based
nanocomposites further enhance the functionality of these materials by combining
them with polymers, carbon-based materials, and other metal oxides, thereby
improving their sensitivity, selectivity, and stability under challenging environmental
conditions [5, 6]

The applications of gold nanomaterials in agriculture are vast [7, 8]. From soil and
water quality monitoring to real-time detection of plant health and pathogen expo-
sure, gold-based nanosensors have the potential to revolutionize the way agricul-
tural processes are managed. For example, gold nanosensors can detect heavy metal
contaminants in soil at trace levels, ensuring that crops grow in safe, non-toxic condi-
tions [9]. Additionally, they offer solutions for rapid, in-field detection of nutrient
deficiencies and pest infestations, allowing farmers to make informed decisions that
promote crop health and yield [10-12]. Despite the promise of gold nanomaterials
in agriculture, several challenges remain. These include the high cost of produc-
tion, potential environmental impacts, and issues related to scalability and regulatory
approval [13, 14] Overcoming these obstacles will be essential for the widespread
adoption of gold-based nanosensors and their integration into smart farming systems
that leverage big data and Internet of Things (IoT) technologies.

This chapter provides an in-depth exploration of gold nanomaterials and
composites-based nanosensors in agricultural applications. It examines their unique
properties, synthesis methods, sensing mechanisms, and specific applications across
different aspects of agriculture. The chapter also addresses the advantages, limita-
tions, and future prospects of these nanosensors, emphasizing their transformative
potential in modernizing agriculture to address the needs of a rising population and
changing climate.



