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Enhancing Agricultural Productivity

• Innovative and New Technological Approaches 
for Managing Crop Stressors 

• Delivery of Agrochemicals and Biosensing

• Sensing Materials – Nanomaterials to develop 
Nanosensors

• Nanosensors as tools for detection and 
quantification of plant metabolic flux, residual 
of pesticides in soil and food, and disease 
diagnosis (viral, bacterial and fungal)







• Nanoscale devices that measure 
physical quantities and convert these 
to signals that can be detected and 
analyzed. 

• Ways to make nanosensors 
➢ Top-down Lithography
➢ Bottom-up Assembly
➢ Molecular Self-assembly

Nanosensors











Nanosensors and their types 

Nanosensors Analytes Mechanisms Merits Demerits 

Electrochemical ROS, glucose, 

VOCs, enzymes, 

auxin, plant 

thiols, heavy 

metals 

Consists of a 

working 

electrode, 

counter electrode 

and reference 

electrode. Based 

on the 

electrochemical 

response or 

electrical 

resistance change 

of materials 

caused by 

reaction with 

analytes 

Simplicity, high 

sensitivity, low 

cost, direct data 

analysis, broad 

range of analytes 

On-site source 

for the sensor, 

invasive and 

destructive, 

sensitive to pH 

or temperature 

Piezoelectric Mechanical 

forces in 

morphogenesis 

Converts 

mechanical 

vibration into an 

electric signal 

Real-time 

monitoring of the 

mechanical 

environment or 

plant growth 

High cost, no 

optical readout, 

labour intensive 

for fabrication 

SERS Adenine 

dinucleotide, 

glucose 

Enhances Raman 

signals of 

analytes 

adsorbed in the 

surface of metal 

nanoparticles 

Ultra-high 

sensitivity, 

nonphotobleaching, 

multiplexing 

Limited analytes, 

instrumentation 

FRET DNA, ATP, 

glucose, sucrose, 

metal ions, 

phytoestrogens 

Consists of a 

recognition 

element fused to 

a reporter 

element, reports 

a conformational 

change in the 

energy transfer 

between the 

fluorophores 

High sensitivity, 

low detection limit, 

high temporal and 

spatial resolution 

Low stability of 

expressing FP in 

plant, 

photobleaching, 

low 

photostability, 

background 

signal 

CoPhMoRe H2O2, NO, 

glucose, 

dopamine 

Turn off or on 

fluorescence by 

molecular 

recognition 

mediated by 

Photostability, non-

photobleaching, 

optical detection in 

vivo 

Sensitivity, 

specificity, 

stability in vivo 

rational design of 
(Source: Kwak et al. 2017)



















Nanosensors in Agriculture

• Important role in Agricultural Revolution

• Next Generation diagnostic tools and technologies

• Nanosensors - electrochemical, optical, 
nanowires, carbon-based, FRET-based, Plasmonic, 
antibody, e-nose, e-tongue, nano-barcode 

• Reliable, efficient, specific, sensitive, portable, 
small size and economical



Nanosensors Technology

• Nanosensors

• Sensing signal molecules

• Monitoring Crop health

• Communication

• Actuation



Plant Signaling Molecules

• Ca2+

• H
2

O
2

• ROS

• NO

• VOC

• ATP

• ABA

• Jasmonic acid

• Methyl Salicylate

• Ethylene

Crop Health Status



Real-Time Monitoring 

• Engineered nanomaterials embedded in 
plants

• Monitoring of Signaling Molecules via various 
communication techniques

• Nanosensors communicate with electronic 
devices for actuation

• Optimization and automation of water and 
agrochemical allocation

• Increased Crop Productivity





Nanotechnology-based sensor, probe, 

indicator, reporter 

Plant molecular targets 

SWCNT 

HyPer, roGFP-Orp1 

H2O2 

SWCNT, GCaMP3, YC3.6, R-GECO1 Ca2+ 

SWCNT NO 

SWCNT, FLIPglu-2µVΔ13, FLIPglu-

600µΔ13, BA-QD 

Glucose 

FLIPsuc-90µΔ1 Sucrose 

SWCNT Ethylene 

Ag NPs Methyl salicylate 

Jas9-VENUS Jasmonic acid 

ABAleon2.1, ABACUS1 Abscisic acid 

GFP H148D H+ gradient (pH) 

 (Source: Adapted from Giraldo et al. 2019)

Development of Nanosensor for plant signaling molecules related to health status









Emerging Nanodiagnostic Tools

• Wearable Nanosensors

• Array-based Nanosensors

• Point-of-Care Technology

• Mobile/Wireless  Network Technology

• Nanosensor Communication

• Actuation System with Machines























Quantum dot and surface resonance-based virus biosensor

Mode of detection Virus Biomolecular and nano conjugate

SPR PVY Monoclonal antibody

SPR MCMV Anti-MCMV antibody

SPR BSMV Specific oligonucleotide from RNA

SPR ASPB DNA aptamer from coat protein

SPR CPMV Monoclonal antibody

FRET CPMV Surface immobilized CPMV CdSc-ZnS core

FRET CaMV 23 mer derived from CaMV 35S PbS nanoparticle

FRET CTV CTV-CP antibody-CdTe

FRET CTV AuNPs-CTV-CP/Ads-CTV-CV antibody, AuNP/QD

FRET GVA Grapevine virus A type proteins ZnO films

FRET BPMV, ArMV and ToRSV Antibody, Fe2O3/SiO2 MNPs and SiO2/UNCPs

Electrochemical CTV Antibody to CTV coat protein-lnP

Electrochemical CTV CTV-CP antibody-CdTe

(Source: Adapted from Hong and Lee 2018)



















Futuristic Smart Intelligent Agriculture



Conclusions
• Various types of nanosensors have been reported for detection and 

monitoring plant signal molecules and metabolic contents related with 

biotic and abiotic stresses.

• Nanobiosensors have unprecedented levels of performance for sensing 

ultra-trace amount of various analytes for in vivo measurement. 

• These nanosensors communicate with and actuate electronic devices 

for agricultural automation. 

• Both biotic and abiotic plant stresses and nutritional deficiency could 

be monitored in real-time to report crop health status for precise and 

efficient use of resources. 

• Recent applications of smart intelligent nanosensors and electronic 

devices can play an important role for improving crop productivity by 

monitoring crop health status in real-time
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