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PRODUCING MORE

USING LESS RESOURCES

SATISFY THE INCREASED DEMAND FOR FOOD Q?\\%ﬁ

REDUCE THE IMPACTS OF AGRICULTURAL PRACTICES ON
ENVIRONMENT

ENSURE SUSTAINABILITY IN THE LONG TERM
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“Precision farming”/AgTec/DSS

Management strategy that aims at carrying out agronomic
interventions taking into account the real cultivation need, derived
from the consideration that the type of soil, its composition and
microclimate vary in different areas of a field in a non-linear and
not easily observable way

Precision agriculture involves the application
of the right treatment in the right place at the

right time
(Srinivasan, 1999; Robert, 2002; Stafford, 2006; Gebbers and Adamchuck,
2010)
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Forecasting models for plant condition,
early stress detection and stress
monitoring

«Big data»
acquisition
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Coppede et al., 2017
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Improve tolerance to Improve Improve
ABIOTIC STRESS NUTRIENT USE EFFICIENCY CROP QUALITY

«Plant Biostimulants contain substance(s) and/or microorganisms, whose function when applied to plants or

the rhizosphere is to stimulate natural processes to enhance/benefit nutrient uptake, nutrient efficiency,
tolerance to abiotic stress, and/or crop quality» (current EBIC definition)

Biostimulants have no direct action against pests, and therefore do not fall within the
regulatory framework of pesticides! confiaictly
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SCIENTIFIC PAPERS USING THE WORD “BIOSTIMULANT” (Title, abstract, keywords)

150
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TOP 10 COUNTRIES IN PAPERS USING THE WORD “BIOSTIMULANT”

Italy

United States
Brazil

Poland

Spain

India

Canada

Egypt

South Africa

United Kingdom

o
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Documents
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Fruit -
« Setling processes " . Plant
* Fruit size and weight I_-f'r = Plant growthvield and physiofogical modulnnon
= uality & s \Watep'murient uptake

_l,." * Biress respanse

Beacken and van Staden 1990 Becket et al., 1994,
Blumnden et al. 19296; Adand, 1598; Maneuse o1 &,
2048; Zhang and Ervin, 2008; Ross and Holden,
2000 Sanpeeths and Thevanstn, 2000; Fhane o
al., 2010; Fam et al., 2011; Komar and Sahoo, 2011;
Motvsiak et al., 2011; Paradikavic gt al,, 2011; De
Lucia and Vescheertl. 200 2: Petrozzs ef 8., 2012:

Cronch s van Staden, 1592; Chouliaras et al..
1097, Colapletra and Alexander, 2005, Basak,
2008; Choulinras ei.al., 2004: Ross and Holden,
2018; Loyola and Misioe. 201 1; Parndikovié at
al,, 20E1; Khia et al., 3013 Fasadikovié ot al..
Z013; EFHamled gt al,, 2015

Seeils | Seedlings Paadiloovid o0 al., 2013, Alen et al, 2014; Patrozza
s Ferinfmnia el al. 2014; Sonetal. 2012,
= “Siarter effect”
= Orvercoming fransplant stress A & L ;
« Priming effect [ e e DR iy FROweEs
- Seed quality 1 -y * Flowenng and sprouting induction.

Aldworth smd van Siaden, 1937, Femonbo=5Smith
sl v Staden, 1987, Crouch and van Staden,
1897: Busan el al |, 1593 Modler amd Smistly
199E; Deme ¢ o, 2006, Sfveeankar & al,
2008; Farooq et al . 2008; Meiby et al. 2010;

Bassic, 2008; Petri o1 al., 2008; Hawerroth at ol
01, Peredra etal. 2011

Kumar and Sahoo, 201 1; Matysiak e1 al, 2011, —= i,
Ealuivanan ond Venkntesala, 2012, _ ~ .
B o I J P T L Sodl
i ey T = F]lj’ﬁl:ﬂ-chﬂ'l]l:ﬂtp‘l‘ﬂp::!ﬁﬁ Y .
Roots e e Pt . -"lu, = Developiment of beneficsal soil imicioorgaisng
+ Root devebepment - lf S A A L * Water/nutrient retention
* Young root development F lk * Cwercoming salinify siress
* Rootiag of cuttings Booth, 1969, Cuiry and Blunden, 1991; Temple and
Sivasenkam et al., 2006; MacDomald 1 al, J000; Boane, 1956: Chen et al.. 2002; Cralser et al., 2000
D Lucia and Vecchistti, 201.2; Ferrante et al,, Fioss and Holden, 200 0; Garcia-Martinez 2t o,
2013 Keagne etal. 3012; Petrozza o6 al., 2002; 2014y, Tejacla et al., 2011; Alom et al., 2014

MacDorald < al., 20132; Absm et al,, 2014,

Strictly
confidential

LValagro

Wapie gri=ary govreE pRlry




GLOBAL RESEARCH
TECHNOLOGY PLATFORM

Bpi® EFiBACF AU REE DREE



GLOBAL RESEARCH | TECHNOLOGY PLATFORM

e I;-'I'_I
1‘._..,:__.1 . m—
£

BIOSTIMULANT
VALAGRO

The knowledge on the benefits of Plant BioStimulants is constantly improving (consistent increase of
research papers). Less is known about their “Mode Of Action”.

NATURAL BUT COMPLEX MATRICES: WHAT MAKES THEM SO «SPECIAL»?
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DISCOVERY

Business Concept P
(Innoteam) o ’%
g
r£n

WORKING
HYPOTHESIS
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MICROBIALS (AND DERIVATIVES)

MICROALGAE FORMULA PLATFORM

TYPOLOGICAL

SEAWEEDS TECHNICAL SHEET

SCOUTING FORMULA SOLUTION

CANDIDATES PHYTOCHEMICALS & PLANT EXTRACTS

OUTCOME
Selected raw materials, microorganisms,
extracts, molecules to satisfy the need

ACTIVE INGREDIENTS

i o, |
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Speed up preliminary screening process: no soil and competition with fungi/bacteria

— o Selection of the best model plant
(Arabidopsis, tomato, Brachipodium, etc.)

— < Plants germination and growth under sterile
conditions, on liquid or solid nutrient medium

—— ¢ Light and temperature parameters are
modulated/monitored
— o Plant Biostimulants are added to evaluate

- dose-effect response curve

Also studies of microbials effect on plants
(PGPR, nutrient solubilization) ; t
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From Qualitative to Quantitative (microphenotyping)...

- WinRHIZO™

Analysis of Washed Roots
and Arabidopsis Seedlings

uTC stress Biostimulant Stress + Software-assisted root image analysis

Biostimulant

OUTCOME - Pre-selection and characterization

of physiological activity
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 Testing of different extraction
procedures, selecting the best
ones in terms of process and yield

» Extraction procedures are calibrated in order
to selectively isolate categories of
chemicals specific for the intended use,
utilizing appropriate solvent mixtures, pH,
temperature and eventually enzymes to drive
the process

« Evaluation of the outcome; quali-
guantitative analysis of the active
ingredients

e Scaling-up from mg to grams OUTCOME: best extract to be formulated

IValagro

Wapie gpimacy gw

Strictly
confidential




GLOBAL RESEARCH | TECHNOLOGY PLATFORM

Example. Process optimization to maximize the yield of low-weight molecular actives

extract_14 E=— Algae extracts
extract_13 _E—

extract_12 —

extract_11 h=—
=

extract_10

-
% extract_9 =

extract_8 _ﬁ

extract_7 ~—

-
extract_6 -

—
extract 5 W— —
—_—
extract_4 [———
—_
extract_3 _ﬁ
extract_2 _ﬁ
extract_1 h

0 5E+09 1E+10 1,5E+10 2E+10 2,5E+10 3E+10

mactive_13 mactive_12 mactive_11 mactive 10 mactive_9 mactive_8 mactive 7 mactive_6 mactive_5 mactive_4 mactive_3 mactive_2 mactive_1
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PRELIMINARY
SELECTION &
EFFICACY
CHARACTERIZATION

(mode of action)

SCREENING &
M.o.A.
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Transcriptomics as powerful tool to decipher the molecular/physiological triggers for specific responses

Microarray: high-throughput
technology to measure parallel
expression of thousands of genes

Gene chip

«Real-time» qPCR to focus on

a0 a
%;giﬁ'gig m specific physiological
%ﬁ-‘- LY processes/pathways or validate

microarray data

Real-time gPCR analysis

Next Generation Sequencing:
genomics «on field», dedicated to
non-model plants & microorganisms

NGS

OUTCOME: Molecular dissection of the effect of

biostimulants and explanation of the mode of action
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Gene-chip microarray

VALAGRO
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Gene-chip microarray

Up-regulated
genes Gene categorization

*

TRANSCRIPTOMICS

Normalized Intensity Values

Microarray, qPCR and

Down-requlated Next Gen. Sequencing

genes

$

Biostimulant Control
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Gene-chip microar

ray

Example. Overview/fingerprint of the Arabidopsis transcriptome in response to Megafol® compared to untreated test

TRANSCRIPTOMICS

Microarray, qPCR and
Next Gen. Sequencing

Locus Identifier

AnnotationAnnotationAnnotationAnnotationAnnotation

FUNCTION

AT4G10270

wound-responsive family proteinwound-responsive family protein

STRESS wound

AT3G10040

transcription factortranscription factortranscription factor

STRESS anoxia

AT3G02550

LOB domain protein 41 / lateral organ boundaries domain protein 41

STRESS biotic eFP

AT4G33070

pyruvate decarboxylase, putativepyruvate decarboxylase, putative

STRESS anoxia

AT2G37870

protease inhibitor/seed storage/lipid transfer protein (LTP) family prot

STRESS salt eFP

AT5G09520

hydroxyproline-rich glycoprotein family protein

HORMONE ABA eFP

AT4G33560

similar to wound-responsive protein-related [Arabidopsis thaliana] (T4

STRESS wound

AT1G77120

ADH1 (ALCOHOL DEHYDROGENASE 1); alcohol dehydrogenase

STRESS anoxia

AT2G47780

rubber elongation factor (REF) protein-related

STRESS salt eFP

/4

MEGAFOL F

AT5G04120

phosphoglycerate/bisphosphoglycerate mutase family protein

METABOLISM

AT5G62520

SRO5 (SIMILAR TO RCD ONE 5); NAD+ ADP-ribosyltransferase

STRESS cold wound eFH

AT5G13900

protease inhibitor/seed storage/lipid transfer protein (LTP) family prot

HORMONE ABA eFP

AT1G76650

calcium-binding EF hand family protein

STRESS cold eFP

AT1G52690

late embryogenesis abundant protein, putative / LEA protein, putative]

STRESS osmotic eFP

AT4G16780

ATHB-2 (Homeobox-leucine zipper protein HAT4); DNA binding / tral

STRESS cold eFP

AT4G36610

hydrolase, alpha/beta fold family protein

HORMONE ABA eFP

AT1G02930

[AT1G02930, ATGSTF6 (EARLY RESPONSIVE TO DEHYDRATION

STRESS drought

AT5G07010

sulfotransferase family proteinsulfotransferase family protein

STRESS wound eFP

AT5G59320

LTP3 (LIPID TRANSFER PROTEIN 3); lipid binding

STRESS osmotic salt eFH

AT2G43620

chitinase, putativechitinase, putativechitinase, putative

STRESS osmotic eFP

AT1G72360

ethylene-responsive element-binding protein, putative

HORMONE ETHYLENE

AT3G13310

DNAJ heat shock N-terminal domain-containing protein

STRESS heat

AT5G45340

CYP707A3 (cytochrome P450, family 707, subfamily A, polypeptide 3

STRESS cold wound eFH

AT3G23170

similar to ATBET12 [Arabidopsis thaliana] (TAIR:AT4G14450.1)

STRESS cold eFP

\

| LB

AT1G19250

FMO1 (FLAVIN-DEPENDENT MONOOXYGENASE 1); monooxygen

STRESS biotic

AT2G34390

[AT2G34390, NIP2;1/NLM4 (NOD26-LIKE INTRINSIC PROTEIN 2;1

STRESS anoxia

AT5G40590

DC1 domain-containing proteinDC1 domain-containing protein

HORMONE ETHYLENE ¢

AT5G22460

esterase/lipase/thioesterase family protein

STRESS osmotic eFP

AT3G02480

ABA-responsive protein-relatedABA-responsive protein-related

STRESS osmotic eFP

AT2G43570

chitinase, putativechitinase, putativechitinase, putative

STRESS osmotic eFP

127 up regulated
genes fold >3

AT2G47770

benzodiazepine receptor-relatedbenzodiazepine receptor-related

STRESS osmotic eFP

AT5G66400

RAB18 (RESPONSIVE TO ABA 18)

STRESS osmotic

ATAG37770

ACS8 (1-Amino-cyclopropane-1-carboxylate synthase 8)

HORMONE ETHYLENE

AT5G13580

ABC transporter family proteinABC transporter family protein

TRANSPORT

AT5G54490

PBP1 (PINOID-BINDING PROTEIN 1); calcium ion binding

HORMONE AUXIN

AT3G21720

isocitrate lyase, putativeisocitrate lyase, putative

METABOLISM

AT5G50260

cysteine proteinase, putativecysteine proteinase, putative

HORMONE ABA eFP

AT5G10230

ANN7 (ANN7, ANNEXIN ARABIDOPSIS 7); calcium ion binding / cal

HORMONE ABA eFP

AT4G33550

lipid bindinglipid bindinglipid bindinglipid bindinglipid binding

HORMONE ABA eFP

AT2G22510

HORMONE ABA eFP

hydroxyproline-rich glycoprotein family protein |

EN[FN IN EN[FN| N BN N BN PN ENL BN ENEN (30 (631 (31 (61 (61 (8 (631 K61 (11 (o) BT 850 BN o) o] [ee] P =
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High-throughput, multi-spectrum i etric and physiological parameters

~
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High-throughput, multi-spectrum image analysis to detect morphometric and physiological parameters

—

24

https://www.youtube.com/watch?v=xj3-r9sJyZM Strictly
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Example. RGB (Red-Green-Blue) > Digital biomass

200 |

UNTREATED MEGAFOL

Valagro

------------------------
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Digital Biomass (x103)

Example. RGB (Red-Green-Blue) > Digital biomass

600000 -
i i CONTROL
500000 - Stress induction
[T NATL + STRESS
400000 - ] r !
A g ; : 1 = . .
300000 - z t X t
200000 - _/' MEGAFOL i 6
100000 - @ +200 ml of H20
+ 50 ml of H,0 (Recovery)
0 . : . . . |
2/4 3/4 4/4|5/4 6/4 7/4 8/4 94 10/4 11/4 12/4 13/4 14/f 15/4 16/4 17/4 18/4 19/4
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B. s DSM1321

_— e e e e e e e e e e e — e e e e e — — —

I -ﬂll—l HIERAT T N -_F

B. s VMC 10/70

I_ YT H-l.l-l-.ll.‘h_

B. s SHB26

v" Unicity of the strain for patent
v' Discovery additional know/unkown PGP traits

» Siderophore biosynthesis protein and iron transporter (gene
cluster)

» Phosphates solubilization (gdc gene)
» Phosphonate metabolism and degradation (gene cluster)
« Activate nutrient up-take (under annotation)

Siderophore
production solub|l|sat|on solublllsatlon

Genome Strain Characterization| VMC 10/70
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REALIZATION
OF THE BEST
PROTOTYPE

...L..JH

S - - - -
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PLANT GROWTH CHAMBER

analysis/validation on =
final formulation, @
through omics

BEST APPLICATION
METHODS,
TIMING, RATES

PRIMARY
SCREENING

GREENHOUSES BIG POTS

i7Valagro
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LEADING DEVELOPMENT CAPABILITY

.
¢
rd

DEEP KNOWLEDGE
OF ACTIVE
INGREDIENTS

AND RAW MATERIALS

e This enables Valagro to identify,
characterize and preserve specific active
ingredients that can achieve targeted
physiological responses in plants

A
"7

ADVANCED
SCREENING

AND INVESTIGATION
TECHNOLOGIES

e Genomics, phenomics and other “omic”
sciences allow Valagro to decipher the
genetic and molecular triggers for specific
physiological responses in plant systems.

» Screening of hundreds of samples per
experiment.

e Customized extraction

PROPRIETARY
EXTRACTION
PROCESSES

processes help maintain the
correct ratio of each ingredient
in complex natural mixtures

PROVEN ABILITY TO
PROVIDE
COMMERCIALLY
VIABLE SOLUTIONS

» Extensive experience with field
experiments

e Commercial function and research function
are closely integrated

» Allows Valagro to fast-track product

candidates with the best chance of
attaining commercial viability

i | &2 Valagro
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THANK YOU
FOR YOUR ATTENTION

Follow u
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https://twitter.com/
http://www.facebook.com/Valagro
http://www.youtube.com/Valagrogroup
http://www.linkedin.com/company/valagro
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