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Remote & proximal sensing of vegetation in the field
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Layout of the presentation

Acquiring information on the status of the vines

with WHATe Dualex & Multiplex
HOWe Hand-held vs. vehicle mounted
WHATe Pigments in leaves and fruits
WHY e Vigour & quality
what ELSEe Diseases & research
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Optical decision support tools

leaf-clip

Dualex:
Chlorophylls
Flavonols

Multiplex:
Chlorophylls
Flavonols
Anthocyanins
(Stilbenes)

vic ‘11
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Type of measurement

Dualex hand-held .
_______________________________ GPS
inside
hand-held
leaves
Multiplex

grapes on vine

harvested grapes

leaves

grapes on vines
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Pigments in viticulture and oenology - Optical indices

Chlorophyll a & b

" Chlorophylls in leaves & (grapes) | «.0

C}Iéi Anthocyanins (leaves) & grape skinx}

g UV 380 430 J480 490 500 56._560 595-550 IR
Flav Anth Chl
©
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Vine N-status, leaf nitrogen, nitrogen balance index (NBI) ’

—— fermentation
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plot level action:
* nitrogen deficiency diagnosis
fertilisation & next-year's vigour

— > next-year's N

N-absorption
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Forecast of must nitrogen
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Potential must nitrogen
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Vine management - zone definition & delineation
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Vehicle-mounted canopy-level measurements

(porosity)

intra-plot action:

* missing vines

* plot homogenisation

» plot fractioning

* soil sampling & analysis
« fertilisation

viticultural practice & zone delineation

vigour .|

plot level action: -
* fertilisation
* vigour estimation .

MAP generation

susceptibility
(disease control)
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In-season 1n-situ grape analysis (1) maturation kinetics Q)

Hand-held single-grape Multiplex measurements

_red - phenolic maturity white - technological maturity
' anthocyanins Ot sugar & acidity
(colour) '
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In-situ grape analysis (2) quality zone delineation
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Hand-held measurement

Map

generation
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quality forecast & selective harvesting forecast

Vehicle-mounted Multiplex
leaves removed

intra-plot action:
 zones delineation

« plot fractioning

* subplot allocation

* selective harvesting
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Seeing 1s believing
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Harvested grape analysis - diagnosis & control

© ZG Cerovic ‘11

Hand-held at reception
single-grape measurement

plot level action:

» differential payment
« practice verification

» forecast verification

* selection & allocation

quality diagnosis &
selective harvesting

Mounted on harvester

continuous measurement
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6236800+

6236700

T - T T T T T T
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intra-plot action:
* non-grape matter estimation
 on-the-go selective harvesting
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Harvested grape analysis - diagnosis & control

e

Mounted on harvester
continuous measurement
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Map use summary: zoning and harvest allocation

Merlot @ Chateau Couhins, Bordeaux
Soil vine rape 5
grap S 15€
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FORCE-A's decision support optical tools for viticulture
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vegetative phase

reproductive phase
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Multiplex measurements on berries in the laboratory

30 or

100 or
200-berries
samples
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Tools for research and new developments

Force/.

S £ & 70O ACT

UV-exited
"blue”
fluorescence

C D
D

Blue-green fluorescence image
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Layout of the presentation n°2

Acquiring information on the status of grapevines

e Proximal sensors other than Multiplex
* The vine “vigour”

e All-year-around monitoring
 Examples

e Decision support systems

vic ‘14
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The role of proximal optical sensing

The decision of how to grow the vine is the
choice of the winegrower - “chef de culture”.

The decision of how to make the wine is the
choice of the winemaker - “chef de cave™.

The decision which type of wine to make is the
choice of the vineyard owner - “le patron™.

The role of optical sensing 1s only to provide to all three
of them the information to make the right choice.

vic ‘14
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Proximal sensors overview

-
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Proximal active reflectance sensors: NDVI and PCD
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NDVI: Normalised Difference Vegetation Index

NIR-R Goutouly (2008) Rev. Oenol. 129: 19
NIR+R
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Cerovic, Garzén, Uruguay, September 2, 2014 @



Proximal laser sensor for wood: Physiocap®

© ZG Cerovic ‘14

Weighing pruning wood

Estimation of
Vine balance

Vine capacity
(Ravaz index)

Physiocap®

Design: CIVC

Production: e.re.c.a

Data treatment: FORCE-A

Force /A

7 E

1 W ™

Q) ere.c.a,

Winter in-field scanning

Laser micrometre

Production of maps

Domaine de Plumecog CIVC
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Physiocap® measurements

Vine Capacity

© ZG Cerovic ‘14

Vegetative
expression

Pruning wood
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CIVC advices based on Physiocap® measurements
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Pruning wood

Domaine de Plumecoq CIVC

Octobre 2012

Biomasse en gr/m?
100

[T
§8828888Y

Estimation biomasse de bois en gr/m?

Number of shoots

Nombre de sarments au m?
Domaine de Plumecoq CIVC

Octobre 2012

Sarments au m?

Shoot diameter

Octobre 2012

Diamétre en mm
6
6.5
7
X
'8

85
9
9.5
10
10.5

Domaine de Plumecoq CIVC

Diameétre en mm

Lsom |
\‘
Low |Medium| Large
Longer pruning
LOW Retain
ncrease fertiliser| more buds
Medium Balanced
Shorter pruning
La rge Larger

bud removal
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Vine capacity and “Vigour” of the vine — single year
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Winter (dormant)

Viticultural
Concept
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buds-shoots
(Vine Pruning)

*

Shoot
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(total mass/number
of shoots)

1
V

Vegetative

Expression
(pruning wood)
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+ leaves & grapes
= vine capacity

R
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R

Proximal-sensing
Laser
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*

Shoot
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1
\"
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Produced of the
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~
1
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1
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Summer (green)

Proximal-sensing
Fluorescence

NFI

leaf density
(1/porosity)

*

NBI
Chl/Flav

(% nitrogen)

[l
\"

Total vine

Nitrogen
of the year (CNN)

[mass]

Multiplex®

R

Reflectance
Remote & proximal
sensing

NDVI (EVI)
PCD

“side view” (porosity)
“top view” (LAI)

*

CIred-edge
Hyperspectral
(Chl/cm?)

1
\Y4

Total vine
Chlorophyll

of the year
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All-year-around vineyard monitoring — summer

. S
M";y Canopy mapping - mounted Multiplex® November
Jul _ December
y Flowering Bunch closure
or veraison
Leaf
Zones *‘v ‘! . NFI
validation ':3 » Chl
! "‘
at . Flav
two growth NBI
stages mapping zoning mapp/ng ZO”’”Q N-uptake
Up to five Per zone
info maps Quantification
per date by Dualex

* In-season fertilisation

* Forecast of grape & must nitrogen

* Need for inter-row cover-crop (next year)
» Disease pressure estimation

vic ‘14

© ZG Cero

Cerovic, Garzén, Uruguay, September 2, 2014 @



All-year-around vineyard monitoring — summer

. . . S
August Grapes maturation monitoring - hand-heid Multiplex® | Fepryary
March
September From veraison to close to maturity
H Ch/orophy/lt | Antﬁocyanms” H grapes
Phenolic chi
and = 5
technological | % 5 Anth
maturation - 3
kinetics o <
w W
22_0 230 2;10‘ ‘250‘ 260 ‘27(.) 280 290 220 i 230 240 250 260 270 280 290
Day of Year Day of Year

August September October

* Precocity zone confirmation
« Harvest date forecast

« Type of wine forecast
(rosé vs. red) (premium vs. super-premium)

© ZG Cerovic ‘14
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All-year-around vineyard monitoring — autumn

vic ‘14

© ZG Cero

N
September
October

Harvest
zones
validation

Grapes mapping - hand-held Multiplex®

Berry softening (veraison) to maturity

Chlorophyil Anthocyanins
-~ B
"'157 3 :
mapping zoning mapping zoning

« Selective harvesting - same date
« Selective harvesting - time delay

S
March
April

grapes

Chl
Anth
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All-year-around vineyard monitoring — winter

N
December
January

Vegetative
expression
and
vigour
zones
validation
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Wood mapplng — Physiocap®

Winter dormancy

Number of shoots Shoot diameter  Pruning wood weight

mapping mapping mapping
& zoning & zoning & zoning

Pruning planning (Ravaz index)
Vintage evaluation

Fertilisation or inter-row cropping
N reserve estimation

S
June
July

Wood
(canes)

Diameter
Number
Weight
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1) Multi-parametric data acquisition with

fluorescence-based Multiplex® _
Support for optimizing
viticultural practices
and selective
harvesting

Smartphone

P Real-time support solution
il for global vineyard
precision management

4) In-field map parametric Maps
display

3) Characterisation of spatial

variability for global |
management



Web platform and software for data treatment
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Spatial heterogeneity — Plot Zoning — Five-info maps
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NFI (Chl / Flav) = NBI NFI*NBI

Leaf density Chlaorophyll Flavonols Nitrogen (NBI)

-~

b‘;\
,"

Nitrogen (BINBI)

4

yield photosynthesis Leaf characteristics nitrogen
spraying sugar disease susceptibility sufficiency uptake
Gap fraction Nitrogen Light Nitrogen Total
LAD Surface- Ex gsure Mass- Nitrogen
LAlsv based P based per vine
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Leaf density
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Assessing Nitrogen

NDVI Cl red-edge Mx
Alternative Alternative Only

NFI

1.1

1.04
0.98
0.92
0.86
08

0.74
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Assessing anthocyanins - maps for selective harvesting

© ZG Cerovic ‘14

Chilean experience 2013
Pascal Chatonnet - Excell

Estimacion del potencial en Antocianas
de la uva : las mapas de suelos y de Vigor de
la vina deberan estar suficientes ?

- Obviamente, el potencial de polifenoles y de antocianas de la
uva depende de las caracteristicas de los suelos (profundidad,
cantidad y actividad de las raices, nitrogeno y nutrientes
disponibles, agua ... que influyen sobre el vigor de la planta .

- Pero si este acumulacion depende solamente de las
caracteristicas de los suelos (que no cambia de un ano al otro)
o de la manifestacion del vigor de la planta (que se mide a
poco costo con fotografias aéreas o por satélite) : No vale la
pena de investigar mas en detalle la variabilidad y los niveles
de concentracion de las Antocianas dentro de un cuartel cada
ano !

Viticultura y enologia de precisién:

Interés de la cartografia de antocianos en la
produccién de vinos de calidad en Chile

Pascal CHATONNET o«

.i Laboratokre EXCLLL France 3
(0 !
Moescra ¥ Andinh

Lk

Relacién entre mapas de suelos,
mapa de vigor y cartografia del
potencial de antocianos con la

calidad final del vino tinto ?
Estudio de varios casos
en 2013 en Chile
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Assessing anthocyanins - maps for selective harvesting

Caso 1 : Cabernet Sauvignon
Conductivida ctrica CEM del suelo

Antocianos

w00
=:
== A =800 mg/l
=y H—H

- Cosecha tradicional hecha en relacién con la mapa de vigor

- 3 niveles de vigor

- 11 sectores de cosecha

- Bastante buena relaciéon pero no perfecta con la mapa CEM del suelo

Algunas singularidades de acumulacién de antocianos no se correlacionan
e tan bien con el suelo...

Composicion y calidad organoléptica de los vinos

Artocanon 1de  Tarinos totabes OMAOY

tot DMACH lonisacidn LA Vino Lo
1%:‘1:

]/ I

Pl a2 sy s L.
I8

Litros de vino
prodecdos en
ol cumned

Cafidad organoltotica
el vino despuds de

© ZG Cerovic ‘14

Cerovic, Garzén, Uruguay, September 2, 2014 @



Assessing anthocyanins - maps for selective harvesting

© ZG Cerovic ‘14

DELALER o reche Potencial
] Saa & oM . .
\asoRATOn historico del
cuartel

Antocianos | de Tanlnos totales DMACH/

ock identificacién tot DMACH ionizacién LA Vino Litros

cial B ; 1,3 2925

4950
- Pequerias diferencias en los fenoles totales;
et ekl - Pequenias diferencias de antocianas entre el potencial Ay B
Gt ol en los vinos mucho pero mas significativa con el potencial C;
el cuartel - No hay diferencias de taninos/flavanoles al nivel cuantitativo entre Ay B
antes de la Y mucho mas al nivel cualitativo (DMACH/LA);
cosecha - Coloracién menor de los antocianos en el potencial C (menos ionizacién)

- Finalmente el nivel C no produce vino C porque las diferencias de
potenciales de antocianos no estaban muy altas (800 mg/l);

- Pero con el mapeo de los antocianos, fue posible de sacar 27% de vino A

en un cuartel clasificado como B!

Seloccidn an 3 niveles de potenciales de astoclanm
ugnificativamente diferuntos

Cerovic, Garzén, Uruguay, September 2, 2014
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Anthocyanin units conversion - CUBA

cologie
tématique
v CUBA Force . 5
UNIVERSITE
S EG\)RIS Converter of Units for Berry Anthocyanins ~"" """ 5% A
a \
Winegrape Anthocyanin expressed per é“
- - - e ‘ 'S
unit mass of skin unit berry surface area ;"
[mg/g skin] [mg/cm?] g10
0.5
Anth m SMA [g skin/cm?] Anth a e
i ) [r—— [ I,
20.00 ——emmm 0,022 i 0.439 am;;l'. e —0 ?)a 06
Skin mass per unit skin area Wy %; ¢ 18 1é6e! olume (7

! !

unit berry volume or mass (g) whole berry
[g/L] or [mg/g] [mg/berry]

.....
.....

Berry Volume [mL]

| 185 i [ ANND
’ I 3.206

Brix[7] | 20.0

K N

Berry Mass [g] 2.00

Ben Ghozlen et al. (2010) Sensors 10: 10040-10068.
Cerovic et al. (2014) Comput. Electron. Agric. 103: 122-126
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Anthocyanin maps for selective harvesting - Bordeaux

© ZG Cerovic ‘14

Number
of Tanks
Shifted

1 15 5063 1 8533 69 583714
2 2758863 2 17066 424 714735

Details of the business case

« Bordeaux “Chateau”.

» Merlot Noir, Cabernet Sauvignon.

« 30% of total surface are intermediate plots used for the 1St or 2" wine.

« Fermentation tanks of 64 hl (for approximately 2 ha of 3.7 T ha).

* Price per bottle: 1Stwine 73 to 192 €, 2"d wine 26 to 41 €, depending on year.

« Cost for Multiplex anthocyanin mapping: 300 to 350 € ha', depending on surface.
« Analysis every year before harvest.

« Average cost of analysis: 1% of net profit.

* Increase in turnover for the Chateau thanks to the analysis: 3 to 4%.

Cerovic, Garzén, Uruguay, September 2, 2014



Plot heterogeneity

Pruning Weight Cane number Cane diameter

Vine Capacity
Vegetative Expression
CHL
Canopy Density
Light Exposure Leaf Nitrogen
(per surface)
Bordeaux
Leaf Nitrogen Chateau Couhins
(Kj:ill;)aifif))/ Sauvignon blanc
2013

© ZG Cerovic ‘14

Cerovic, Garzén, Uruguay, September 2, 2014



Action oriented Farm Management Information System & DSS
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Actions

Outputs

Models

Data input

e USER

(farmer, adviser, consultant, researcher)

What if?
In development Topplng
Selective
W Harvest Spraylng Fertilisation Irrlgatlon

Mappmg @

History

8055 INTERFACE [ i
In-season validation
: Plant sub-models
\ Optical ,
Sensors |
Inputs

_____T]lmdwldmlue_______

,
.
| 4

Soil

V‘ ~ eather Cerovic, Garzén, Uruguay, September 2, 2014




Sprayer Calibration — Spray Coverage and Drift

© ZG Cerovic ‘14

MULTIPLEX® signal (mV)

400

R? = 0,9996

200 400 600 800 1000 1200 1400
Content (ng/cm?)

Sediments distribution on a vine row: mean in mg/ha and coefficient of variation in %

e N I 757
9 Apg ‘a 87% 8’;“%

s —m DD | Il vt peid Rl
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Diseases diagnostics: downy mildew in grapevine
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Bellow et al. (2012) J. Exp Bot., in press
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