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Motivation: Food Production +70% by 2050

Why AgriFoods? Societal Impact

Loss of BiodiversityCompetition for landClimate Change
Agriculture Analytics 



Global Agriculture Analytics Market
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EU ςGreen Deal

2022. Patent Pending

Existing approach: laboratory based testing

Å Farmers are at the coal face ςno toolkit
Å Monitoring is a costly and timely process
Å High cost of ownership / experts required



Sustainable Agri-Foods & 
the Environment

SAFE

SAFE Cluster

Vision
Establish Tyndall as the global deep-
tech research institute of choice for 

development of bio/chemical 
sensors and systems in Agriculture, 

Food and the Environment.

Mission Statement
To provide real-time informed 

decision making capacity to users in 
animal & plant health; soil; water, 

air quality.

{!C9 /ƻƻǊŘƛƴŀǘƻǊΥ 5Ǌ !ƭŀƴ hΩwƛƻǊŘŀƴ

Programme Manager: Dr Gerry Mouzakitis

SAFE Cluster Overview

ICT for Sustainable Agri-Food-Environment

Applications-Focused Research Cluster



SAFE  Strategic Research Cluster

SAFE Members
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SIMULATIONS 01

02

03

04

ADVANCED SENSOR 
DEVELOPMENT & 
DEPLOYMENT

SYSTEM MINIATURISATION

SYSTEM INTEGRATION

05SYSTEM VALIDATION
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SAFE Cluster Strategy
1. Emerging era of Digitalisation in SAFE

2. Research beyond state-of-the-art ICT solutions 

3. Identify real world pain points.

4. Collaborate with Agri-Food-Envtexperts.

ApproximatingBlue Ocean Strategy

Characteristics SAFE Strategy

Basic Concept
ŀƭƛƎƴ ƛƴƴƻǾŀǘƛƻƴ ǿƛǘƘ ŎƻǎǘΧ
ǘƻ ŎǊŜŀǘŜ ŀ ƭŜŀǇ ƛƴ ǾŀƭǳŜΧ

create unexplored new market areas

SAFEInterpretation
Å Utilise beyond state-of-the-art tech
Å Alignoutputs to stakeholder needs and cost
Å Create novel, useful solutions

Differentiation through low cost 
solutions

Å Point-of-usemonitoring
Å No reagents
Å Tyndall prototypes

Alignment with real needs of 
customers (stakeholders)

Collaboration with international experts 
Å Real-time monitoring; Not lab-based
Å Simple: performed by line staff
Å Data integrity, validation

Create uncontested market space Å Novel sensors & systems
Lab-based Č Point of  use

Exemplars

Novel Sensor & Systems Technology
ü Real-time nutrient soil monitoring
ü Water Quality
ü In-Field disease diagnostics

A Leap in value in Agri-Food-Environmental 

monitoring through beyond state-of-the-art ICT



Á Developingnew advancednanosensingplatforms to digitalize the agri-food sector to enhancefood security,
reducelosses,increasesustainableproduction & economicreturn while alsoprotecting biodiversity.

Á Digital technologieswill transform the traditional basedagricultureindustry to a knowledgebasedone.

Research Focus

On-Farm Diagnostics

ω Diseases

ω Animal Health

ω Wellbeing &
Welfare

Food Security

Å Residues

Processing 

Å Milk Stability

Å Milk Content

Å Allergens

Water Quality

Å Sterilisation products

Å Priority pollutants

Å Anthropogenic 
contamination

Plant Pathology

Å Real time Virus detection

Soil Chemistry 

Å Micro & Macro nutrients

Å Manure & Dirty Water



Nanosensor Platform

Å Parasites

Å Viruses

Å Proteins

Å Biomarkers

Å DNA

ÅGenerator-
Collector

ÅpH Control

Å (Soil) Nutrients

ÅElectrolytes

ÅHeavy metals

Electrochemistry

Bio-
electrochemistry

Milk

Blood

Saliva

Beverages

Water

Soil

Gases

Samples

ÅFoodAdulterants

ÅFlavourings,
sweeteners

ÅAntibiotics

ÅPesticides

Surface-Enhanced
Raman Scattering

V Goal: DevelopSensors& Systemsin line with ά5ƻNoSignificantIŀǊƳέprinciple

Nanosensor Platform Soil Health Water Health Animal/Plant Health Future Directions



Electrochemical Nanosensor - Advantages

V On a similar size scale to analyte molecules of 
interest 

V Demonstrate enhanced sensitivity arising from 
enhanced analyte mass transport

V Significantly reduced signal noise (background noise)

V Can be fabricated at high density (nm separation)

V Multiplexed detection

V Enable direct electrical signal readout

V Very low analyte concentrations

V Rapid Sensing

Key Challenges

ü Reference electrode drift

ü Specificity requires modification

ü Need to add chemical reagents



Stabilized Reference Electrode

After modification
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Gold Oxide Reduction as pH Probe 
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Equation y = a + b*x

Plot
Potential of gold oxide re

duction peak

Weight No Weighting

Intercept 0.92059 ± 0.03047

Slope -0.06819 ± 0.00446

Residual Sum of Squar 0.00518

Pearson's r -0.98537

R-Square (COD) 0.97096

Adj. R-Square 0.96681

ω A gold IDE was used with a 1 µm width electrode and a 2 µm gap

ω The electrode was scanned to 1.3 V to generate an oxide, which was subsequently reduced



Nanoelectrodes ςNo reagent addition

Oxidation:         2 H2hόƭύ      Ҧ h2 (g) + 4 H+(aq) + 4eҍ

Reduction:        2 H+(aq) + 2eҍҦ I2 (g)

Visualisation of pH change using crystal violet pH indicator dye.  

Simulation of proton diffusion of protons from protonator electrode:
t=0 s t= 1s t=10 s



Electrochemical In-situ pH control



Nitrate detection: Materials Development (Selectivity)



Local pH control

Nitrate: Real-Time, On-Farm



Preparation of field deployment

Gather historical map data

Validate flight infrastructure by :

Performing flight tests with custom 
made quadcopter

Integrate several cameras (ortho-photo, 
thermal and spectral ςMicasense
RedEdgeMX) for best results

17
08/01/2019



Preparation of field deployment

Validate collection and post process spectral data 
by:

ÅUsing different flight scenarios

ÅOutput data collected in a single format using 
software such as Pix4D and OpenDroneMap

ÅPost process spectral image (Tiff format) using 
QGissoftware for generating various spectral 
index maps (ENDVI, LAI, NDRE, NDVI)

ÅCompare output with SANTINEL satellite 
gather data

18
08/01/2019



Sensor data validation and interpretation

Validationinfrastructuresetup

Continues spectral data collection from both
satellite sourcesand drone mounted RedEdgeMx
spectralcamera

19

Tabel1: Spectral imagery collection history

ENDVI spectral output  19.05.2022

NDVI spectral output  21.06.2022

08/01/2019



Sensorin field installation and maintenance

08/01/2019



Reference soil sample collection

Aprox. every10 daysduringcrop life cycle,soil samplecollectionwasperformedfrom 5 different pointsof the
field andclassiclabanalysiswereperformed

Resultswere insertedinto SarmentiWebpage,togetherwith cornlife cyclestages

21

In field reference points distribution

08/01/2019



Back end server

22
08/01/2019

Fertilisation 

Irrigation 



Sensor Fusion

Validationinfrastructuresetup

In vegetationfertilization decisionbasedon
nitrogen sensor readingsand soil samples
collection with urea prill on 22.06.2022,
usingvariablespreadrate

23

NDVI index map (1sqm/pixel resolution) (21.06.2022)

Detail of NDVI index value (0.887), corresponding to 

location where SARMENTI system was installed, collected 

on 21.06.2022 with MicasenseRedEdgeMx spectral 

camera

08/01/2019
¢Ƙƛǎ ǇǊƻƧŜŎǘ Ƙŀǎ ǊŜŎŜƛǾŜŘ ŦǳƴŘƛƴƎ ŦǊƻƳ ǘƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ IƻǊƛȊƻƴ нлнл wŜǎŜŀǊŎƘ ŀƴŘ LƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ ǳƴŘŜǊ ƎǊŀƴǘ ŀƎǊŜŜƳent 825325 
SARMENTI - Final Review - Remote meeting



Sensor informed fertilisation strategy

Operationalizeof ViconRO-M Geospread2008 fertilization machineGPSdriven (20.05.2022), for
applyingin seasongranulatefertilizerssuchasureawith variablespreadrate.

24

Urea spreading in-season with John Deere 6800 tractor and Vicon GeospreadRO-M fertilizer machine driven 
and controlled with Trimble CFX GPS system  

08/01/2019



Achievements

Sarmentisystem and its web application:

Å All data produced by the Sarmenti project

Å Can support the farmer with data presentation and decision making

Å Allows viewing real-time evolution of field conditions

Å Enables farmers to correlate weather events with nutrients evolution and plant response

From Spiro point of view:

Å Agronomical practice is improved by using Sarmentibuilt tools

Å Economical efficiency has improved (500 kg of less urea over 21 Ha)

Å Environmental hazards (Nitrate losses) are reduced 

System was functional up until 23rd of January 2023 (6+ months), including a few very harsh winter 
days J

08/01/2019



Tyndall National Institute, 

Lee Maltings, 

Dyke Parade, 

Cork, 

Ireland.

T12 R5CP

t: +353 21 490 4177 

e: info@tyndall.ie

tyndall.ie

@tyndall-national-institute
@TyndallInstitut

@tyndall_institute

@TyndallInstitute

5ǊΦ !ƭŀƴ hΩwƛƻǊŘŀƴ
alan.oriordan@Tyndall.ie 



Reference soil sample collection

Referencesoilsamplecollection
A total of 96 soil sampleswere collectedbetween seedingand
harvesting(20 different dates for 5 different points) and 5 new
ones collected exclusivelyfor P3 (SARMENTIsystem reference
point) after harvest, during November and beginning of
December

27

Example of lab analysis result evolution for total amount of Nitrogen content Example of analyse report for soil sample P3 collected on 

27.07.2022

08/01/2019



Residual Chlorine: pH Control

2020. Sensors and Actuators B: Chemical, DOI: 10.1016/j.snb.2020.128774

Nanosensor Platform Soil Health Water Health Animal/Plant Health Future Directions



Monochloramine: Eliminate O2

2021. ACS Sensors, DOI: 10.1021/acssensors.0c02264

Nanosensor Platform Soil Health Water Health Animal/Plant Health Future Directions

100% MCA

100% DCA

MCA signal 
varies with O2

concentration

No variation with O2 

concentration



Silver: pH Control

2021. Sensors and Actuators B: Chemical, DOI: .1016/j.snb.2021.129531

Nanosensor Platform Soil Health Water Health Animal/Plant Health Future Directions
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Copper: In-situ pH control

2021. Sensors, DOI: 10.3390/s21103544

Nanosensor Platform Soil Health Water Health Animal/Plant Health Future Directions

Sites
ICP-MS 

(µg/L)

Pt IDA Sensor

(µg/L)

Avoca 22 17

Ross Mines 27 20

Bunmahon <3 1



Multiple metals: In-situ pH control

2023. ElectrochimicaActa, DOI: 10.1016/j.electacta.2022.141668

Nanosensor Platform Soil Health Water Health Animal/Plant Health Future Directions



Dissolved Oxygen: Interference-Free 

2023. Manuscript in preparation.

Nanosensor Platform Soil Health Water Health Animal/Plant Health Future Directions
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DNA-based E. coli

2023. ElectrochimicaActa, DOI: 10. 1016/j.electacta.2023.141814
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Virus: Real-Time, In-Field

2023. Manuscript in Preparation.

Nanosensor Platform Soil Health Water Health Animal/Plant Health Future Directions

Minimum Viable Product

Positive Negative


