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Global Agriculture Analytics Market

Regional Analysis in 2021 (%)
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EUq Green Deal = Tyndall

BIODIVERSITY
TARGETS

AReY PO EUROPEAN UNION GREEN DEAL

GOAL: EU TO BE CLIMATE NEUTRAL BY 2050

TARGETS

HIGH DIVERSITY
LANDSCAPE TO BE

10%

FERTILISER USE
DOWN

OF FARMING LAND

Existing approach: laboratory based testin

. . ‘s A Farmers are at the coal faceno toolkit
Reducing nutrient losses and fertiliser use A Monitoring is a costly and fimely proces
A High cost of ownership / experts require

2022. Patent Pending




SAFE Cluster Overview &€ Tyndall
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ICT for Sustainable AgFoodEnvironment
ApplicationsFocused Research Cluster

Sustainable AgflFoods &
the Environment @

P\oor'\cultur@

Vision

Establish Tyndall as the global deep
tech research institute of choice for
e development of bio/chemical
. YT ) sensors and systems in Agriculture,
T~ Food and the Environment.

Mission Statement

To provide reatime informed
decision making capacity to users in
animal & plant health; soll; water,

air quality.

{1 C9 [/ 22NRAYIFG2NY 5NJ ! 1
Programme Manager: Dr Gerry Mouzakitis
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SAFE Cluster Strategy € Tyndall
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1. Emerging era of Digitalisation in SAFE ApproximatingBlue ©cean. Strategy
2. Rese_arch beyond staftm‘-th.e-art ICT solutions Characteristics SAFE Strategy
3. ldentify real world pain points.
- : Basic Concept SAFHnterpretation
4. Collaborate withAgriFoodEnvtexperts. FEATy Ayy2ol A 2y Utide beondetibneart tech

G2 ONBIFGS I £ SKALAlgnyutpds téd sdakeXolder needs and cost
create unexplored new market areas A Create novel, useful solutions

A Leap in value iAgritFoodEnvironmental
monitoring through beyond statef-the-art ICT

Differentiation through low cost A Pointof-usemonitoring
solutions A No reagents
A Tyndall prototypes

Alignment with real needs of Collaboration with international experts
customers (stakeholders) A Realtime monitoring; Not labbased
A Simple: performed by line staff
A Data integrity, validation

Create uncontested market space A Novel sensors & systems

OCEAN LabbasedC Point of use
STRATEGY Novel Sensor & Systems Technology
U Reaitime nutrient soil monitoring
Exemplars U  Water Quality

U In-Field disease diagnostics

W. Chan Kim . Renéee Mauborgne




Research Focus éTyndaII
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Water Quality
A Sterilisation products
A Priority pollutants

A Anthropogenic
contamination

On-Farm Diagnostic
w Diseases
w Animal Health

w Wellbeing &
Welfare

Food Security Plant Pathology

A Residues A Real time Virus detection
Processing

A Milk Stability Soil Chemistry

A Milk Content A Micro & Macro nutrients
A Allergens A Manure & Dirty Water

A Developingnew advancednanosensingplatforms to digitalize the agrifood sector to enhancefood security,
reducelosses,ncreasesustainableproduction & economicreturn while alsoprotecting biodiversity.

A Digitaltechnologieswill transform the traditional basedagricultureindustry to a knowledgebasedone.



Nanosensor Platform §Tyndall
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V Goal DevelopSensor® Systemsn linewith & 5 o Significant | NJfiaciple

Generator

Collector
A pH Control
A (Soil) Nutrients
A Electrolytes

A Generator

Samples N\ Electrochemistry

Milk — \ A Heavy metals
Blood —
sale B A Parasites
Beverages — Bio- 2 \;irutsgs
roteins
electrochemistry o botens
Water — A DNA

Soil —

Laser Detector Computer

Gases — A FoodAdulterants

SurfaceEnhanced _ A Flavourings,
/ Raman Scattering| mo'ﬁi?‘slgs Excited glucose sweje_ter_lers
molectles A Antibiotics

Surface modified substrate A Pesticides




Electrochemical NanosenseiAdvantages §Tyndall
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V On a similar size scale to analyte molecules of
Interest

Demonstrate enhanced sensitivity arising from
enhanced analyte mass transport

Significantly reduced signal noise (background nc
Can be fabricated at high density (nm separation)
Multiplexed detection

Enable direct electrical signal readout

Very low analyte concentrations

Rapid Sensing

<

—500 nm

< <K <K<K <LK KL<

Key Challenges

U Reference electrode drift

U Specificity requires modification
U Need to add chemical reagents




Stabilized Reference Electrode
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1-500 Cycles



Gold Oxide Reduction as pH Probe

Tyndall

National Institute

w A gold IDE was used with a 1 um width electrode and a 2 um gap

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

220 4
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Equation y =a+b*x
Potential of gold oxide re
Plot 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

Potential of gold oxide reduction peak (V vs AgAgClI)
N



Nanoelectrodes; No reagent addition Tyndall
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Simulation of proton diffusion of protons froprotonator electrode:
t=0 s t=1s t=10 s

in
‘ ’

Generator
~"Electrodes

- N
Collector 100 um

k —

Electrodes

Visualisation of pH change using crystal violet pH indicator dye.
Oxidation: 2HOf 0O ,(g)+4 Hadqht+ #e
Reduction: 2'%hq) + 26 J(9)



Electrochemical Issitu pH contro
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Nitrate detection: Materials Development (Selectivity} Tyndall

ational Institute
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100 nm Nanowires with
Gaps of 100 - 500 nm
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Nitrate: RealiTime, OnFarm

Current (A)

Tyndall
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Preparation of field deployment | = Tyndall
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Gather historical map data

Validate flight infrastructure by :

Performing flight tests with custom
made quadcopter

Integrate several camerasr{ho-photo,
thermal and spectral Micasense
RedEdg@&1X) for best results

17



Preparation of field deployment & Tyndal
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SARMENTI

Validate collection and post process spectral data
by:

A Using different flight scenarios

A Output data collected in a single format using
software such as Pix4D a@genDroneMap

A Post process spectral image (Tiff format) usin
QGissoftware for generating various spectral
index maps (ENDVI, LAI, NDRE, NDVI)

A Compare output with SANTINEL satellite
gather data

18



Validationinfrastructuresetup

Continues spectral data collection from both
satellite sourcesand drone mounted RedEdgeMx

spectralcamera
Data Activitate/Fenofaza Flight altitude (m) Amount of data Post-processing Tool
collected (GB)

01-May spectral imagery and ortho 50 14.30 DroneMap, Pix4D, Agisoft
15-May spectral imagery and ortho 75 18.20 DroneMap, Pix4D, Agisoft
19-May spectral imagery and ortho 50 26.90 Pix4D, Agisoft
09-lun spectral imagery and ortho 100 8.40 Agisoft, QGIS
16-Jun ortho 100 2.82 Agisoft, QGIS
18-Jun spectral imagery and ortho 100 11.10 Agisoft, QGIS
23-lun spectral imagery and ortho 100 10.50 Agisoft, QGIS
29-lun spectral imagery and ortho 100 10.00 Agisoft, QGIS

15-Jul spectral imagery and ortho 100 11.60 Agisoft, QGIS

28-ul spectral imagery and ortho 100 7.70 Agisoft, QGIS
02-Aug spectral imagery and ortho 100 8.06 Agisoft, QGIS
05-Aug spectral imagery and ortho 100 15.60 Agisoft, QGIS
13-Aug spectral imagery and ortho 100 8.56 Agisoft, QGIS
21-Aug spectral imagery and ortho 100 8.18 Agisoft, QGIS
31-Aug spectral imagery and ortho 100 830 Agisoft, QGIS
01-Oct spectral imagery and ortho 100 8.06 Agisoft, QGIS
24-Oct spectral imagery and ortho 100 8.23 Agisoft, QGIS

Tabell: Spectral imagery collection history

§Tyndal|

Natlona Institute

SARMENTI

NDVI spectral output 21.06. 2022

19



Sensoin field installation and maintenance Tyndall
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SARMENTI




Reference soil sample collection éTyndaII
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SARMENTI

Aprox every10 daysduring crop life cycle,soil samplecollectionwasperformedfrom 5 different points of the
field andclassidab analysisvere performed

Resultavere insertedinto SarmentiWebpagefogetherwith cornlife cyclestages

In field eference points distribution

21



Back end server € Tyndall
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X | SARMENTI x + A% =

e st FPO*A»O0M

mail - O'Riordan,.. (@) Register Visitor @) PPM to Molarity Ca... SV SciVal - Overview [} Linkedin I} Web of Science [v.5.. € Spotify B Funding & tenders @ clubtravel ETR [l UNIT4 Agresso-lo.. %) Onshape W@ The Lord of the Rin..,

Consortium Member =

20671 j'

\ Fertilisation

133.744

8874 /Irrigation
43.74 \\ F\!/\ \ fn
e L PV i e )

-1.26 1
7 Jun 21 Jun & Jul 20 Jul 4 Aug
A-AFE: B-AFE: Lab Measurements:
« Mitrate A(ppm) «pH A # Nitrate P(ppm) =pHP « Mitrate (ppm) 2PH
# Disolved Oxygen(ppm) # Potassium(ppm) «~Ammonium{ppm) # Potassium (ppm)  ~Ammonium (ppm)

# Phosphorus (ppm) 2 Phosphate (ppm)

22



Sensor Fusion
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Validationinfrastructuresetup

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

Use band:
-
= o7
[ os
I os
I o0
I oo
[ N
/  Int

Detail of NDVI index value (0.887), corresponding to
location where SARMENTI system was installed, collected
on 21.06.2022 wittMicasensdRedEdgé/ix spectral
camera

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

CKAE LINRP2SO0 KIFa NBOSAOGSR FdzyRAYy3a FNBY GKS 9dzNRLISIY ! yeénsBgsa2% | 2NAT 2y Hnun w8B&aSI N
SARMENTIFinal ReviewRemote meeting



Sensor informed fertilisation strategy & Tyndall
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Operationalizeof ViconRGOM Geospread2008 fertilization machineGPXriven (20.05.2022), for
applyingin seasorgranulatefertilizerssuchasureawith variablespreadrate.

and controlled with Trimble CFX GPS system

24



Achievements Tyndall
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Sarmentsystem and its web application:
All data produced by the Sarmenti project

Can support the farmer with data presentation and decision making
Allows viewing redlme evolution of field conditions

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

From Spiro point of view:
Agronomical practice is improved by ussagmentbuilt tools

Economical efficiency has improved (500 kg of less urea over 21 Ha)
Environmental hazards (Nitrate losses) are reduced

dSysg?]m was functional up until 23rd of January 2023 (6+ months), including a few very harsh winter
ay
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Reference soil sample collection
SPIRWU
Referenceoilsamplecollection
A total of 96 soil sampleswere collectedbetween seedingand
harvesting(20 different datesfor 5 different points) and 5 new
ones collected exclusivelyfor P3 (SARMENT3ystem reference

point) after harvest, during November and beginning of
December

Sum of N-NO2 + N-NO3 (suma itrati+nitri) ma/kg

a0

19May  25May  OLJun  O7Jun 1Sdun  22un ag-jul 1530l z7gul  O2Aug  OBAUE  19AUE  24-Aug  OlSep  OBSep  20Sep  28%ep  0S-Oct 1300t 22.0ct

Daa T

Example of lab analysis result evolution for total amount of Nitrogen content

Tyndall
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LABORATOR ANALIZE FIZICO-CHIMICE

HOLLAND
FARVIING

Adresa: Drumul Osie1 74, Sector 6, Bucuresti, Rominia

Tel.: 021 3145071

021 3145073 / 0746.188.339

E-mail: laborator@hollandfarming.ro
llandfarming.ro/

Site: http://www. hol

CLIENT
Adresa

Comanda/PV
CULTURA
Substrat

Nr.

SC SPIRO DEVELOPMENT SRL
STR. UNIRII NR. 59, ROTBAV, JUD.

BRASOV, 0722 518 307
560/11.08.2022

Sol Camp

Faza de vegetatic || -

RAPORT DE ANALIZE
1973 Data emiterii 26.08.2022
Exemplar nr. 1

DENUMIRE PROBA

Cod intern proba

Esantionare

Prezentare proba

Data primirii proben
Data cfectuarii analizei

acreditat pentru
INCERCARE

0O 14
!
RE AR
SRENISOQIEC 17025:2018

CERTIFICAT DE ACREDITARE
L1175

Sol P3_27.07.2022
17665

Raspunderea clientului
Sol umed, 1.0 Kg
11.08.2022
11-26.08.2022

‘OPINII SI INTERPRETARI***

DENUMIRE lacertiadine | \pTODA/DOCUMENT DE
ircacinil R (TR e TR REFERINTA
y TARGET | SCAZUT =~ NORMAL RIDICAT
INCERCARI ELECTROCHIMICE
Determinare 560 unitati pH 0,17 SR 7184-13:2001 6268
pH(20:2°C) PO-01
Determinare 0103 mS/em +70 SR IS0 11265 +A1:1998 011-15
conductivitate
electrica
specifica
(25+1°C)
INCERCARI SPECTROMETRICE PRIN ICP-OS.
Determinarea 164 mgkg 15 66.1-132.0
K (potasiu) SR ISO 14870:2002
SR IS0 11263:1998

Determinarca 275 mghkg 15 PO-04, Ed. 2, Rev. 0 18.1-36.0
P (fosfor)

INCERCARI SPECTROMETRICE PRIN ABSORBTIE MOLECULARA IN FLUX CONTINUU SEGMENTAT(SFA)

Determinarea
CF (cloruri)

Determinarea
SO (sulfati}

Determinarea
N-NH,'{amoniu)

Determinarea
N-NO; + N-NO;

(suma
nitriti+nitratiy

166 mgks 30
69.8 mgkg

19 — 13
185 p— 16

10.0-60.0

Metode Skalar
PO-05, Ed. 2, Rev. 0 150650
2001400
2001400

Conditii de mediu la desfasurarea incercarilor: T°C= 21.5°C, Unmuditate (%)= 40%

Example of analyse report for soil sample P3 collected on

27.07.2022

27



Residual Chlorine: pH Control
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2020. Sensors and Actuators B: Chemical, DOI: 10.1016/j.snb.2020.128774
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2021. ACS Sensors, DOI: 10.1021/acssensors.0c02264



Silver: pH Control € Tyndall
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2021. Sensors and Actuators B: Chemical, DOI: .1016/}.snb.2021.129531



Water Health

Copper:In-situ pH control

(a)

Avoca mines
)

Ross island Mines ¢ -
b Bunmahon mines

. ICRMS
Sites
(Mg/L)
Avoca 22

Ross Mines 27

Bunmahon <3

& Tyndall
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Water Health

Multiple metals: In-situ pH control € Tyndall
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Dissolved Oxygen: Interferenelree &€ Tyndall
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DNAbased Ecoli &€ Tyndall
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Virus: Reallime, InField &€ Tyndall
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Minimum Viable Product

Positive Negative

2023. Manuscript in Preparation.




