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Les capteurs de fluorescence FORCE-A 
 

FORCE-A fluorescence sensors 
Zoran G. Cerovic 

CNRS, Univ. Paris-Sud, Orsay, France 

zoran.cerovic@u-psud.fr 

Lien de la vigne - Vinelink International 
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Abbreviations and acronyms 

1 G 2005 2 G 2007 3 G 2008/2009 

1 G Lab 1999 & Field 2000 2 G 2003 4 G  2009 3 G 2005/06 

Fluorescence and 

Optoelectronics Research for the  

Communication between 

Ecophysiology and Agriculture 

Dualex® 

Multiplex® 

2004 

Mounted 2010 

Dual Excitation 

Multiple Excitation 

Vinelink International – 31 March 2017 
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The Multiplex sensor 

40 µs flashes 
4 excitations 
3 emission channels 
Repeated 250 times 
3000 measurements 
1 second per sample 
In situ, in the field 
Under ambient light 

Emission (nm)  Excitation 
 UV            Blue (B)     Green (G)    Red-Orange (R)  
YF (590) YF_UV    YF_B = R  YF_G = R    YF_R = R 
RF (685) RF_UV    RF_B         RF_G      RF_R 
FRF (735) FRF_UV  FRF_B      FRF_G      FRF_R 
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Two families of sensors for plant constituents 

Dualex®: 
 Chlorophyll 
 Flavonols 
 Anthocyanins 

Multiplex®: 
 Chlorophyll 
 Flavonols 
 Anthocyanins 
 Stilbenes 

Leaf clips 

Proximal sensors: leaves and fruits  

Vinelink International – 31 March 2017 
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Type of measurement 

Dualex hand-held leaves 

Multiplex 

hand-held 
leaves 

grapes on vine 

vehicle-mounted 
leaves 

grapes on vines 

harvested grapes 

harvested grapes 

GPS 
inside 
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Vinelink International – 31 March 2017 

Precision agriculture: Multiplex NBI mapping 

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

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

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

NBI 

wheat 

NBI NBI 

turfgrass 

NDVI r2 = 0.11 

NBI r2 = 0.75 

2009 2010 

2009 2010 

grapevine 
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FORCE-A services for viticulture 

FA-Vigor™
  

FA-Wood™
  

FA-Vendange™
  

Vinelink International – 31 March 2017 
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All year round diagnosis and support 

Vinelink International – 31 March 2017 
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All-year-around vineyard monitoring 

Vinelink International – 31 March 2017 
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Wine First Second 

Tannins 
(g/L) 5.3 4.6 

Anthocyanins 
(mg/L) 

1 
506 1 132 

Zoned 

Measured 

An increased wine quality 
that directly improves 

profitability 

FA-Vendange™ 

+40 000 € 
 (+23%) 

Advantage of selective harvesting 

First 20 € Second 12 € 

Bottles First 
Wine 

Second 
Wine Sales 

Without 
FA-Vendange 0 14 800 177 600 € 

With 
FA-Vendange 5 333 9 467 220 264 € 

cost 1 350 € Multiplex® hand-held mapping 

Vinelink International – 31 March 2017 
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Advances in precision viticulture concept 
The PV wheel 

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

Vinelink International – 31 March 2017 
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Tisseyre (2011)  All-year-around practice  
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DETECTION 
 

Multiplex 
ANTH index 

ACTION 
 

selective 
harvesting 

INTERPETATION 
 

Berry skin 
anthocyanins 

Phenolic maturity and wine colour example for DIDA 

DECISION 
 

1st vs. 2nd 
wine zones €€ 

€ 

€€€ 

GEO-
referencing 

Vinelink International – 31 March 2017 
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Cerovic et al. (2014) 
CUBA 

Ben Ghozlen et al. (2010) 

Agati et al. (2007) 

“PV wheel” inspired 
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ECOPHYSIOLOGY 

A
G

R
O

N
O

M
Y 

PRECISION AGRICULTURE 

O
PT

O
E

LE
C

TR
O

N
IC

S 
BIOSPECTROSCOPY 

Stilbenes as indicators of downy mildew in grapevine 

Multiplex-330 
field scouting 

hot spots 
downy mildew 

(pesticide spraying) 

 
presence of  
Plasmopara 

viticola 

 
induction of 

stilbene 
phytoalexins 

 

violet-blue 
fluorescence 

Vinelink International – 31 March 2017 
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Dr Zoran G. Cerovic  
Centre Universitaire Paris-Sud 

Bât. 362 
91405 ORSAY Cedex 

Tel : +33 (0)1 69 15 72 24 
Fax : +33 (0)1 69 15 73 53 

www.ese.u-psud.fr 
zoran.cerovic@u-psud.fr 

FORCE-A 
Centre Universitaire Paris-Sud 

Bât. 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 
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Principios y aplicaciones del Multiplex y Dualex:  
unas innovadoras herramientas al servicio de la viticultura y la enología 

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

http://www.ese.u-psud.fr/article307.html?lang=en 
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Mapping and real-time assessment of harvest quality 

Vinelink International – 31 March 2017 
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Grape phenolic maturity for selective harvesting 

FA-vendange™
  Vinelink International – 31 March 2017 
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Anthocyanin accumulation 

Multiplex® measurement of berry skin anthocyanin content 

Plots classification 

To optimise harvest logistics 

FA-vendange™
  

Grape phenolic maturity 

Replaces laboratory analysis on 200-berries 
samples & avoids berry sampling problems 

Vinelink International – 31 March 2017 
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