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CLIMATIC CHANGES AND
WINE

The most evident climatic changes and their
origins are more and more well known today !

Influence of these changes on the Vine
metabolism

Adaptation of the Vineyard and the Vine
management to the climatic changes

Influence of these changes on the chemical
composition of grapes and wines

Adaptation of the winemaking practices to the
climatic changes
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The rate of
temperature
increase have
doubled in the
last 100 years




Main Origin of the Global
Warming?




Predicted Changes In
Temperatures based on
Greenhouse Emissions ?

* Predicted atmospheric CO2 concentration
and average rise in global temperature for
four different scenarios, based on future

levels of greenhouse gas emissions. (For
reference, the pre-industrial atmospheric level of C02 was 280
ppm and the 2001 level was 370 ppm.) :

CO02 ppm +T
— Low emissions 525 2
— Medium--low emissions 562 2.3
— Medium--high emissions 715 3.3
— High emissions 810 3.9

Evolution of atmospheric
CO2 from various scenarii
(from GIEC report, 2001)




Incidence of the Global
Warming in the Viticulture
Z0ones

The vine is mostly cultivated between 30 to 50°of L atitude but
with the highest quality only in the moderately cool or hot areas




Projections of Temperatures
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Praigctions of Precipitations
= Changes

= -




Global Warming Signification

 The global warming will have different
consequences depending the area ;

 The global increase of the Temperatures
doesn’t means automatically deep, quick
and linear changes in a local climate ;

* Depending the scenario, more or lest
optimistic, opposite changes could be
observed locally ;




Incidence of the Climatic
Changes on The Vineyard

Gre ouse

Photosynthesis,

Vigor/Fertility,
Resitance to hydric
stress...

Higher risk or UD:>
frequency of
Hydric Stress

<@
Increase of

Temperatures
> +2C to 2100

New Pests ?



(1) Vineyard Changes under Global
Warming and Adaptations



A- Climatic Change and Vine
Phenology



Changes in the Vine
Phenology

Evolution of the
blooming period in
France :

An evident tendency to
flower end of May = 2 to 3
weeks earlier than 20 years
ago in Bordeaux, no
significant changes in the
other areas at this time




Bordeaux

# 3 Weeks of precocity

in 40 years !




Conseguence on the
harvest date

Rhone Valley

=> 4 weeks
earlier than 60
years ago !

It fiel




Heliothermic Climate
and Vine Adaptation

Dijon Avignon

Hot climate

Temperate hot
Temperate climate

Cool climate /

Incidence of the Global Warming during the last 30 ye  ars onthe HUGLIN Index in Dijon
(Burgundy) and Avignon ((South Rhone valley)
(from SEGUIN, 2004)




Vineyard adaptation 1 :
Choice of the variety

Climatic needs of different varieties
(from JONES, 2006)




Vineyard adaptation 2 :
=> Longitude migrations

California (USA)




Vineyard adaptation 2 :
=> Latitude migrations

/




Vineyard adaptation 3 :
Fine Climatic Mapping to
adapt the right variety to the

right place

Large and quite
/— homogeneous
Mediterranean climate :
Grenache, Carignan,
Marselan, Caladoc,

depending the Soil

Coolest Oceanic Transition
Climate :
Merlot, Syrah, and white
varieties ...

Hot Mediterranean climate :
Syrah, cabernet, Petit
Verdot, Touriga....




Isothermic mapping

Rioja (Spain)

T~




Vineyard Adaptation 4
=> Altitude Migration

Migration to Altitude =-0,65 to -1TC/100 m (depending the
humidity of the air)

Cultivating vineyard with +200 m of altitude will compensate Global
Warming ?



B- Some Effects of the Global
Warming on the Vine
Photosynthesis and Metabolism



T e ltierease of CO2 and

Temperature and Lig
/ \

Sotheby’s rating of Bordeaux wines vs
Average temperatureof the growing season in
Bordeaux (Jones, 2003).




Vineyard Adaptation 1

. 700
Pruning :
- Shorterp ] /—/\‘/’
Em,
5 —e— CARGNAN
D 400 s ONSAULT
g,soo GRENAGHE
C'J —¢— CABERNET
ZCD,
Desuckerin
- - - 1(X)7
Elimination
(0] ‘ ‘ ‘ ‘ ‘ ‘
before bloo o 1 2 3 4 5 &
Bud order

Green harvest :

-To be done at the right time and in the right proportions to avoid,
by the compensation effect of the plant, to produce bigger berries
-Negative side : tendency to allow an higher vigor the year after...



Temperature and
Photosynthesis
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Temperature
and Grape Composition

CO?2/ 02 When the temperature Increase,
5 Respirat The Malic acid is mostly used by
T er:y C egplr; qryt the plant respiration to provide
emperature O€tiicien energy : The decrease of must total
of grape berries acidity is mostly due to the drop of
Malic acid because Tartaric is quite
0 0.70 constant
!
20 1,00 N
I N |
30 1,33
v
37 1,44
t Malic acid is also partially

used for Glucose synthesis




Thermoperiod : Day-Night

Day-Night 20-15C = 5C Day-Night 30-15C = 15T
Grape 30-15C 30-15C All the time 20-15C 20-15C
composition All the time | 10 days before| 10 days before 10 days before| 10 days before
Veraison Harvest Veraison Harvest

r —_— _— ._ _. —_— — —_— _— —_— _— —_— _— —_— _— — _— —_— _— — _— —_— _— —_— p— —_— _— —_— —_— —_— _— —_— _— I

Malic acid 2,4 1,8 1,8 1,2 1,1 0,8
I % dry weigh I
| I
I Tartaric acid 2,9 3,2 31 3 2,9 2,6 |
L —_— % drl W_eigl _— —_— _— —_— _— —_— _— —_— _— _— _— —_— _— —_— _— —_— _— —_— _—— —_— _— —_— _— —_— _— —_— _— II

Coloration 4.4 4,6 3,7 1,7 1,4 2,5

(DO 538 nm x 10)




* Full coloration of Cabernet Sauvignon (Hale and
Buttrose, 1974), Needs from setting (anthesis) :
— 25T Day-20T Night = 80 days
— 18T Day-13T Night = 90 days
— 35T Day-30C Night = 110 days

 Time to harvest with a good Polyphenolic
ripeness for Cabernet Sauvignon (from the mid
Veraison) IS :
— Bordeaux = 45-60 days
— Santiago = 90-100 days



Thermo Gradient of Various
Vineyards Today

Average
Temperature
Maxi of the
Day during
ripeness

Choice of the
variety
Choice of the Wine
style
Adaptation of Vine
cultivation and
Winemaking

Average T
Temperature
Mini of the
Night during
ripeness

From Tonietto and carbonneau



Vineyard Adaptation 2

Ac. Tartrico | Ac. Malico cociente
Cepa méq./! méq./! Tar/Mal
Merlot 86 35 2,5
Cabernet Sauvignon 85 51 1,7
Cabernet Franc 84 30 2,8
Cinsault 85 39 2,2
Carignan 55 86 0,6
Grenache 68 63 1,1
Mounedre 75 60 1,3
Tempranillo 80 60 1,3
Syrah 52 60 0,9
Merlot Cab. Sauvignon Cab. Franc Sauvignon Sémillon
Afiada Ac Tartrico | Ac Malico | Ac Tartrico | Ac Malico | Ac Tartrico | Ac Mélico | Ac Tartrico | Ac Malico | Ac Tartrico | Ac Malico
afo 1 6,52 2,01 6,00 2,61 6,07 1,47 6,67 3,21 5,55 2,68
afno 2 6,75 2,01 6,00 3,01 6,97 1,60 6,37 4,09 5,70 2,81
afio 3 6,82 2,81 6,60 4,02 6,75 3,21 6,97 5,16 5,92 4,15
afio 4 6,22 2,01 6,30 2,81 6,15 1,81 6,37 2,34 5,32 2,28
afo 5 6,22 2,28 6,30 3,75 6,45 2,21 6,75 4,39 6,00 2,88
afio 6 6,07 2,55 5,85 3,42 5,85 1,80 6,07 3,28 5,40 3,21
afio 7 6,75 2,81 6,22 4,22 5,85 1,94 6,37 4,35 5,48 3,21
Media 6,48 2,35 6,18 3,41 6,30 2,01 6,51 3,83 5,62 3,03
Desv. Tipo 0,284 0,341 0,233 0,574 0,406 0,538 0,280 0,872 0,240 0,544
variacion 4,4% 14,5% 3,8% 16,8% 6,4% 26,8% 4,3% 22,8% 4,3% 18 ,0%




Vineyard Adaptation 3

Management of Potassium in the Soll
and Fertilization

Fertilizacion| Ac Tartrico | Ac Malico K+ pH vino
Unid K/ha meq/I meq/I g/l
0 107 77 1110 3,39
60 119 70 1520 3,41
120 113 73 1700 3,65
180 102 113 2100 3,85




Vineyard Adaptation 4
Grapes shading ?

At the harvest time
Shaded llluminated : e
Composition Control grapes grapes ngher aC|d|ty
but mainly Malic
id |
—|ewgesan. _ _ | _ 200_ _|_ _1a5 _| _ 187 _ ] Seick
| .
: Total Acidity 90 153 08 | Risk of green
,__|meq./L ] Aromas coming
N Methoxy-Pyrazine 11 30 5 from Methoxy-
[\ | IBMP+IPMP ng/L pyrazin€s even
OCHa - the Sugars
Coloration 6,00 0,55 4,05 levels is high
DO 538 nm

OH O-Gluc |nteresting for white varieties = Difficult on the  reds



Nitrogen and Polyphenols
Interactions in-the Plant Metabolism

Phenyl Amonia Lyase (PAL) :
Light induction

Hexoses
Glycolysis Growth = Proteins synthesis
Growth hormones J
balance (auxins)
Water availability
Nitrogen availability
Compglition !

Growth hormones
balance (Absisic acid)
Water restriction
Nitrogen deficit

Lignification/Fruit Ripening =
Growth stop
=> Polyphenols accumulation




Vineyard Adaptation 5:

Nitrogen/Polyphenols and
Aromas for the White Wines

— Proteins
e— Polyphenols

— — Proteins + Urée
— — Padyphenals + Urée




Effect of Nitrogen Spraying
on White Sauvignon

D’aprés CHONE et al., 2006

Setting
Control + Nitrogen
Must composition at the Harvest g0 Kg N/ha
Berry mass (g) 15 1,9
Sugars (g/l) 202 199
Total acidity (g tartrate/I) 8 9,9
Malic acid (g/l) 2,72 4,22
Assimilable Nitrogen (mg/l) 29 174
Total Polyphenols (A280nm) 2,8 2,1
Glutathione (mg/l) 18 120
4-Methyl-Mercapto-Pentanone-Prec (ng/l) 405 715
3-Mercaptohexanol-Prec (ng/L) 3358 14812




C- Alteration of the Water
Alimentation of the Vine with the
Climatic Changes



Water Circulation

H B:Iimatic demand>

(Water availability in the Soil >
-Quantity of water ;

-Texture of the Soil, % and type of
micro porosity



Evaluation of the Water
Status In the Plant

Water status in the plant = pressure index

Pressure (Mpa)
Foliar Stem
Water Stress Potential Potential
of the Vine

very low <-0,2

low -0,2t0-04 < -0,65
medium -0,4to-06 | -0,651t0-1,0
strong <-0,6 <-1,0




Water Reqgulation and
Quality of the Grapes

Merlot (Bordeaux) When the W
en the Water

Stress becomes
too high, the plant
photosynthesis is

negatively affected
(closing of stomates, no
more CO2 absorption)

Water
restriction is K
always positive
for the
Polyphenols

accumulation
(not directly
dependent of CO2
absorption)




Merlot (Bordeaux)

The berry size is reduced quickly
when the water restriction
increase and :

-The crop decrease in proportion
-The ratio solid/liquid is modified




Water Restriction and
Aromatic Potential of the
Grapes

4-MMP Water Stress =
Soil/Hydric stress Precursor Foliar Potential Pressure (Mpa)
(eq. ng/L)
Veraison before Harvest

Sandy Soil i 290 -0,6 -1

| moderate severe
Graves/Sand | 77 580 | 03 | 065

e fow - - moderate
Limestone/Clay + Nitrogen deficit . 590 -0,1 -0,25

| no stress very low !
Limestone Clay No Nitogen deficit i 1100 -0,15 0,33 |

| no stress low

Sauvignon blanc, Bordeaux, From PEYROT DES CHACHONS, 2000
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Vineyard adaptation 6 :
Selection of “New” Terrolr

Non Irrigated Cabernet Franc, Val de Loire , from MORLAT et al. (2001)

20 Limestone
Low Stress
200
—e— Low Stress (total weter =
:9 150 303 rrm)
% —s— Sewere Stress (Total Water
% =115mm)
» 100 —4— No Stress (Total weter = 337
mm)
50 4
Sand/Clay
mixture
0 ‘ ‘ ‘ ‘ Medium Stress
0 10 20 0 40 50
h"""‘*ftqr \eraison
Dry
Graves/Stones
Strong Stress




Vineyard adaptation 7 :
Rootstock selection/Water Restriction

Very Resistant

Moderately resistant

Sensitive

140 R
110 R

u

1103 P
1447 P

Rupestris du Lot
99 R

41 B
Fercal
Gravesac
S04
161-49C
3309 C
196-17 ClI
44-53 M
420 A

Riparia Gloire
101-14 MG
5BB

UReamenrtal




Vineyard adaptation 8 :
Irrigation

Not enough water ? Bring it !

Using modern tools to monitor the plant water status (Pressure
Chambers) and right equipments to bring the right amount of water,
at the right time, it is today possible to produce high quality stress
under severe climatic conditions

The question will be more the water availability tha  n the
guestion about irrigate or not

From now, it's evident that areas with no needs of irrigation until now
are more frequently showing severe water deficits (south of Spain,
south of Portugal, Rhone Valley, Languedoc, south of Italy....)



 Modern systems for irrigation more focused on
water economy : no more traditional
(submersion) or overhead irrigation systems =>
drip or localized irrigation systems and Mulching
(what about herbicides ?)

» Drip irrigators or Drilled irrigators;

* No negative effects on the sanitary aspects of
the vineyards (overhead);

» Possibility of fert-irrigation ;
 No risk of destruction of the soil structure
(compactness) ;

* No perturbation of the of the work in the vineyard
(no saturation).

« Fine division into sectors to irrigate following
the difference of soils, variety,
rootstock ....dC13 mapping can help to draw the
map

sBURWHEENVESNOURE e AIE?



Irrigation and Stabllity of
Acidity

\

\
|
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Hv %, Raices %, K+pa
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(1) Winemaking and Global
Warming



Ripeness of the Grapes

and Climatic Changes
Sees optimum

ripeness: Difference of optimums in the different compartment S

#1 week after the of the red berry

skin 90,0

—e— Alcool Potertiel %ovol.

—=— Malic acid gL

—— Tartaricacid g/

—e— Anthocyanins ng/L

Accunulatiory

—%— Tanins A 280

.

—o— Tamins

Polymerisation

Skin optimum

ripeness:
#1 week after the

pulp




Winery adaptation 1 :
New process of ripeness monitoring

 Phenolic maturation monitoring
e Aromatic profile monitoring
e Grape tasting

=> WiIll help to take the right decision
for the best harvest date = the best
compromise between Sugars-
Acidity-Phenols and Aromas




Fermentation and Climatic
Changes

+ 0,08
%vol./year




Winery Adaptation 2:

Yeast inoculation with yeast strains more resistant to
alcohol

Selection of yeast to produce less alcohol from the same
guantity of sugars

Decrease of the temperature (26-27<T instead of 30T in
reds ) of fermentation to allow a better finish and less
extraction of the phenolics by the high alcohol level (>14,5
% vol.)

Nitrogen alimentation of the yeast (growth factors) and
Sterols complementation at the early stage of the
fermentation

Softer maceration of the red grapes : higher alcohol
extract more strongly => less pumping over and
eventuality longer maceration with cold soaking to reduce
the Tanins extraction from the seeds in case of insufficient
ripeness at the end of the fermentation.




Winery Adaptation 3:

e Correction of the acidity :

— Chemical correction :

o Tartaric acid = buffer effect limits the efficiency of
the correction in must and wine !

« Combination of Tartaric + Calcium sulfate =
Improve the efficiency of the correction decreasing
the need of correction by mineral (strong) acids

— Physical correction (on finished wine)
* lonic exchanger to trap K+ and give H+ ions

 Electrodyalisis with bipole membranes to avoid the
use of chemical ion exchanger




Electrodyalisis

 Use of membranes with selective
permeability versus Cationic or Anionic
=> Elimination of the excess of K+

* The mobiility of the lons through the
polymeric membrane is increased by a
continuous electric flow ;

 The multiplication of the electro-dyalisis
cells allows a continuous treatment with
a sufficient wine flow:;

* No change in the wine composition
except pH.



Winery Adaptation 4 :

Reduction of the alcohol in the wine
— Distillation under strong vacuum

— Reverse osmosis and physical elimination of
alcohol by Distillation or Contact membrane

Reduction of the Sugar content of the
Must

— Micro/Nanofiltration

— Microfiltration/Water evaporation



Distillation of Wine under
Vaccum with “Conical
Column”

Separation of the
Wine Aromas

Recombination of
Aromas with Wine

Distillation of
the Ethanol




Reduction of Alcohol of the
Wine by Distillation of a
Membraned treated Wine

(Permeate)




Reduction of Alcohol in the
Wine by Contact Membrane

and Pervaporation

Micro-Porous
specific
Membrane with
Air inside

Wine

Wine to Water




1st step
Reverse
Osmosis

Reduction of Alcohol In
Wine coupling Reverse
Osmosis and Pervaporation

2nd step
Osmotic
Diffusion




Reduction of Alcohol by
Early Reduction of Sugars

Water + Sugars +
Acids + Salts

In the Must

—_

1st step : Ultrafiltration
through 0,01 pm

membrane of drained

MUust (tangential filtration)

2nd step :
NanoFilltration through
0,001 pm membrane
(Reverse Osmosis)

Specific elimination of
the Sugars in the
Retentate

/







CONCLUSIONS

-At our historic and current rates of greenhouse gas emissions, we are
inevitably committed to certain amount of Climate Change !

-For the Wine Industry, the issue will likely mostly about Adaptation.
-Wine grapes can only be grown across a fairly narrow range of climates
for optimum quality production !

-Before to imagine drastic changes in the varieties of a region, only fine
adaptation of the cultivation and selection of “terroirs” can help a lot !
-Depending on what the future will give us , in the warmest places, it will
be preferable to stop growing grapes to avoid water wasting.

-In the other regions, probably the greatest challenge will be the cultural
identity and economic adaptations

-It will be those that are aware and experiment with methods and
technology — in the vineyard and in the winery — that will have the
greatest latitude of Adaptation.




