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Les capteurs de fluorescence FORCE-A

FORCE-A fluorescence sensors
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Abbreviations and acronyms
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Fluorescence and
Optoelectronics Research for the
Communication between

Force/ik

SEE TO ACT

b= FORCE-A¢ — FOrce’. — Forceik

Ecophysiology and Agriculture 2004 force/k
Dual Excitation Dualex®

2 G 2003

3 G 2005/06

4 G 2009

1 G 2005 2 G 2007
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3 G 2008/2009

Multiplex®

Mounted 2010
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The Multiplex sensor S BARIS
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40 ps flashes

4 excitations Emission (nm) |Excitati V'

3 emission channels V@) VRV YEBoRYEGSR YERIR
Repeated 250 times o) RE OV SRR B FREG  FRE R

3000 measurements
1 second per sample
In situ, in the field

Under ambient light
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Two families of sensors for plant constituents

vic ‘17
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Leaf clips

Dualex®:
Chlorophyll
Flavonols

Anthocyanins

Proximal sensors: leaves and fruits

Multiplex®:
Chlorophyll
Flavonols
Anthocyanins
Stilbenes
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Type of measurement
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Dualex hand-held |
eaves
_______________________________ GPS
Inside
hand-held
i leaves
Multiplex

grapes on vine

harvested grapes
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leaves

grapes on vines
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Precision agriculture: Multlplex NBI mapplng
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wheat

Martinon et al. (2010)
10t ICPA, Denver

Debuisson et al. (2010)
10t ICPA, Denver

Lejealle et al. (2010)
10t ICPA, Denver

turfgrass

«/Grand Pré

«=|Grand Pré

Yield (t/ha)

T ™ T T
SN SUINU SO GUUD GHN SEN GAILAD S0 SHITE) SIN

NBI r2=0.75

NDVI r2=0.11
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FORCE-A services for viticulture ST @
Force/

VOIR POUR AGIR
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All year round diagnosis and support

© ZG Cerovic ‘17

FA-vigor

Leaves

FA-vendange

Autumn

Pruning
woods

Vineyard
Management

Vigor -
Physiological
balance

Maturity
monitoring

Harvest

S UNIVERSITE

SU

VOIR POUR AGIR

Actions

In-season Nitrogen
fertilization

Quality analysis

Zones optimization
Selective harvest
Homogeneous batches

Pruning, fertilization,
grass cover
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All-year-around vineyard monitoring
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All-year-around vineyard monitoring — summer

All-year-around vineyard monitoring — summer

; S s
Mr;y ‘ Canopy mappIinNg - mounted Multiplex® November August ‘ Grapes maturation monltormg = hand-held Multiplex® February
D b March
July Flowering Bunch closure PRRIER September From veraison to close to maturity e
or veraison
_.. Leaf Chiorophyfl Anthocyanins grapes
Zones ) Phenolic g ! | 1
e NFI zone | Chl
lidat d = 18 ! -
" Ja? o ‘ % "3" o e tech.':;rfogfcaf B o s o
two growth illaB\; maturation H N g osf
stages mappmg zomng mappmg zoning N-uptake kinetics 5! 5 04
Up to five Per zone .. o
Info maps Ouanf}ﬁcancn 20 230 M0 250 260 270 280 2‘90 I;?O 23; M0 250 260 2T0 280 290
per date by Dualex Da ot e Dy o1 Vs
August September October
» In-season fertilisation : : ;
« Forecast of grape & must nitrogen ’ E;erzggitg;%nfijf;:;gtmatlon
‘ « Need for inter-row cover-crop (next year) , T nerol wine lotecast
z . ; . y B « Ty wi
£ Disease pressure estimation _ (rose vs. red) (premium vs. super-premium)
« [ b 2014 @ ‘ Caravic, Orsay, Dacombar 11, 3014 @
All-year-around vineyard monitoring — autumn All-year-around vineyard monitoring — winter
S Grapes mapping - hand-held Multiplex® e .- e
October Berry softening (veraison) to maturity Aprll Ransieny Winter dormancy o
Chlorophyll Anthocyanins grapes Number of shoots Shoot diameter  Pruning wood weight Wood
chi Vegetative (canes)
" il expression
’:i‘:’::f =t Anth pand Diameter
varication |2 e Weignt
= —— validation . : ;
——— —— — mapping mapping mapping
mapping zoning mapping zoning & zoning & zoning & zoning
_ ) * Pruning planning (Ravaz index)
» Selective harvesting - same date « Vintage evaluation
. * Selective harvesting - time delay . « Fertilisation or inter-row cropping
i « N reserve estimation
: ) s 01 @ ||® Vinelink International =.31.March 2017 (=)
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Advantage of selective harvesting S BARIS
Force/
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FA_VendangeTM First | Second

Tannins
(/L) 53 | 46

Anthocyanins 1
(mafL.) 506

+40 000 €
(+23%)

An increased wine quality First Second
that directly improves Wine  Wine

profitability Without
: FA-Vendange

Sales

14800 | 177600 €

With

BrA-Vendange 9467 | 220 264 €

Multiplex® hand-held mapping cost 1350 €

© ZG Cerovic ‘17
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Advances in precision viticulture concept SEE @

The PV wheel

i C()CAGNE é

MATURATION IRRIGATION

Australian Centre for Precision Agriculture (McBratney & Taylor, 1999)

/,r OBSERVATION
IS eb\

/ APPLICATION

ref renc ~(CARACTERISATION

T |
< PRECONISATI(?N//\A/

Tisseyre (2011) AI I—year—arou nd praCti ce
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Phenolic maturity and wine colour example for DIDA pZ§s
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“PV wheel” Inspired

DETECTION
Ben Ghozlen et al. (2010)
1 Multiplex
5 / ANTH index \
ACTION P INTERPETATION
C— . GEO' E C— )
selective : referencing : Berry skin
harvesting |  feceeeeeeeeesssannd anthocyanins
\ DECISION / e
1stys, 2nd
wine zones : . I
= :

Agati et al. (2007)

Cerovic et al. (2014)
CUBA
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Stilbenes as indicators of downy mildew in grapevine p
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violet-blue <

induction of

fluorescence

presence of

stilbene <
phytoalexins

Plasmopara
viticola

field scouting
hot spots «—

i A Adarial 3ide

downy mildew
(pesticide spraying)

>

! \
Y
.

- e ULTURE
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Force/k

VOIR FOUR AGIR
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FORCE-A
Centre Universitaire Paris-Sud
Bat. 503
91893 ORSAY Cedex
Tel : +33 (0)1 69 35 88 62
Fax : +33 (0)1 69 35 88 97
www.force-a.com
info@force-a.fr

HOME SENSORS GRAPEVINE SERVICES

SENSORS

FORCE-A SELLS OPTICAL SENSORS FOR
RESEARCH IN ECOPHYSIOLOGY AND Fli

PHENOTYPING

MORE

B

NEWS

FEBRUARY, 14TH TO
17TH 2017: ENOMAQ

> Zaragoza, Spain

JULY, 16TH TO 20TH
2017: ECPA

 Edinburgh, United Kingdom

nf

ASK FOR
A QUOTATION
YOU WANT

A QUOTATION
FOR OUR SENSORS

http://www.ese.u-psud.fr/article307.html?lang=en

Principles and applications of Multiplex and Dualex:
innovative tools in the service of viticulture and oenology

Principios y aplicaciones del Multiplex y Dualex:

unas innovadoras herramientas al servicio de la viticultura y la enologia

unit berry volume or mass
(gL or [malg]

WHEAT SERVICES COMPANY NEWS Q o

Converter of Units for Berry Anthocyanins

The other fluorescence.

. -SERVER
=

Corovic
Ebernburg
2012

Kamenica
2012

LOAD MY DATA TO GET MY
REPORT

Francals

English

Proximal sensors of vegetation for sustainable agriculture
Conference NewEnviro 2012, Sremska Kamenica, Serbia, 26-30 May 2012.

Dr Zoran G. Cerovic
Centre Universitaire Paris-Sud
Bat. 362
91405 ORSAY Cedex
Tel : +33 (0)1 69 1572 24
Fax : +33 (0)1 69 15 73 53
www.ese.u-psud.fr
zoran.cerovic@u-psud.fr

(9)

Journées de la Société Frangaise de Photosynthése, Paris, France, 18-18 May 2015.

Using fluorescence in the field to detect crop diseases: How we got there.
16th International Congress on Photobiology, Cordoba, Argentina, September 8-12 2014,

Seeing the invisible : new proximal optical sensors for precision viticulture. Seminars at Garzén, Uruguay, September 1, 2014; Mendoza, Argentina,
September 16, 2014; San Rafael, Argentina, September 17 , 2014

New proximal sensors of vegetation: lowards a non destructive quantitative estimation of plant constituents
Ebernburg-Workshop on "Leaf Optics", Ebernburg, Germany, 10-12 October 2012

Principes et applications de Multiplex et Dualex: des outils innovants au service de la viticulture et 'cenologie

Principles and applications of Multiplex and Dualex: innovative toals in the service of viticulture and oenology

Principios y aplicaciones del Multiplex y Dualex: unas innovadoras herramientas al servicio de la viticultura y la enologia

=

Espafiol B

Corovic

Logrono
2011

Presented at the first Technical Day of the ICVV, Logrena - Spain, May 3, 2011
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Mapping and real-time assessment of harvest quality »
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Grape phenolic maturity for selective harvesting S BARIS @
Force/l

VOIR POUR AGIR

f 4 ' i
il 212010 TigleTatlas '_ ! ' b W
Date des images satellitel 13| uin _':-L.\;; agelei20101DIgta|G lobe ki o A
23107:28'27:NL 11125100 49°E o Ralad o . &7 -
< 9 alév: 281 m . - r . o
Altitude
™
-vendange
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Grape phenolic maturity S BARIS
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Force/:
FA-vendange™

Multiplex® measurement of berry skin anthocyanin content

Anthocyanin accumulation
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. ] Plots classification
06 -
- ] o o1
£ o5 ] X 015
s =
: - = 024
S 04f E % 0.25 |
o - ] £ |
€ o3f 3 E%
T - 0,35
£ 8
E 02 - M_eunier_ - £ 0.4 1
—8— Pinot Noir 5 045
01 ]
C ] P
OhllllllllllllllllllllllII|IIII|IIII~ \9
220 230 240 250 260 270 280 290
Day Of Year
Replaces laboratory analysis on 200-berries A foti
samples & avoids berry sampling problems TO Optlmlse harveSt IOQISUCS
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