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What are the main component of wine quality ?

Water: wine is a liquid!! ! … up to 85%!
Salts (cations): Ca, K! ! ! …. up to 1g/l!
!
Alcool(s): ethanol, glycerol! … up to 15%!
Sugars: F & G! ! ! ! ! … up to 100g/l!
Acids: tartaric/malic, citric!! …. up to 5gr/l!
!
Tannins (qty and forms)! ! … up to 1g.l!
Anthocyanidins! ! ! ! ! … up to 1g.l!
Aromas and flavors!! ! ! … less than µg*

Nutrition

Metab1

Metab2

*IBMP (isobutyl-methoxy-pyrazine) 20-50 ng/kg!
*Terpenols (linalol, geraniol) 0.5-1µg/kg
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Water and sugar

Adapted from Teixeira et al. 2013

These compounds are not co-localized…
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What are the main component of wine quality ?

Hichri et al. 2011
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These pathway are not strictly linked….
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What are the main component of wine quality ?

But quality compounds fit sugar accumulation !

> Natural dispersers for grape seeds are birds!
! ! ! ! Anthocyanins are signals!
! ! ! ! Sugar and flavors are rewards 
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But quality compounds fit sugar accumulation !

> Human domestication selected cvs with high sugar contents!
> Modern clonal selection reinforced this tendency

Scarzi (2002) d’après Oustric (1994)

What are the main component of wine quality ?
Rationales 
Practice modifications!
Cultivar adaptation!
Conclusions

Ethanol-rich wines are more stables 
Ethanol was expected in wines and linked to attractive sensations 
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Why sugar content becomes a problem ?

CO2
T°

 > 1.  Climate changes
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   Acidity 

   Ethanol contents!
   Anthocyanidin pigments!
   Synchron. tannins vs sugar metabolisms!
   Aromatic profiles

!
   Phenology!
   Fruit set, berry growth... yield

Ganichet (2002

3!
weeks

Seguin, INRA Bordeaux (2007)

Grapevine!development

Wine!composi2on!
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Why sugar content becomes a problem ?

Kliewer & Lider, 1970

Pinot noir , 20 °C day, 15 °C night

   30 °C     ,   15°C

Kliewer and Lider(1970)
Pinot noir!

20°C day/15°C night!
30°C day/15°C night
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http://epianalysis.wordpress.com

Per capita consumption of beer, wine, and spirits, 
and total alcohol consumption in the United States, 1960–1998

Nephew et al. 2000

Why sugar content becomes a problem ?
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 > 2.  Consumers habits
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De-alcoolization
Shading
Mist cooling

New yeast strains
Water dilution 

Move to a cooler latitude
Move to a higher altitude
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How to mitigate sugar content!
while maintaining wine quality ?

Seasonal 
terms

Medium 
terms (1-5 y.)

Long 
terms (10-15 y)
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To decrease sugar content in the vineyard: 2 options

1. Harvest earlier ?

Rationales 
Practice modifications!
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1. Desynchronize metabolisms ?

Slowing down sugar flux towards the berry (metab1)!
or!

Stimulating secondary metabolisms (metab2)

Only possible for some cultivars ?!
and!

mostly for rosé/white wines ?

How to mitigate sugar content!
while maintaining wine quality ?
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Harvest selection 
Source/sink!
Water supply!
Microclimate

Early harvest!

Double harvest!

Selective harvest

After Deloire (2006)

After Carbonneau (2007)

Time
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Harvest selection 
Source/sink!
Water supply!
Microclimate
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while maintaining wine quality ?

1. Hampers biomass accumulation:!
Reduce Leaf Area (decrease sugar unloading) improving microclimate (i.e. light exp.)!

> Same date of harvest regarding polyphenols (red) and flavors (whites)!
!

Or!

2. Stimulate biomass acquisition changing C partitioning:!
High Exposed Leaf Area (metab 2 better promoted than 1)!

> Harvest earlier regarding polyphenols (Reds)

@ Modifications of cultivation practices 
   + Early harvest or block mapping!
! ! ! + Source/sink or PS efficiency!
! ! ! + Vigor, phenology & microclimate

Harvest selection 
Source/sink!
Water supply!
Microclimate
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How to mitigate sugar content!
while maintaining wine quality ?

!
 Shoot tipping, leaf and lateral removal 
 From fruit-set to “véraison”!

! Reduce the velocity of berry maturation!
! Reduce final sugar content

> Reduce PS area

Harvest selection!
Source/sink 
Water supply!
Microclimate
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How to mitigate sugar content!
while maintaining wine quality ?

Seeley et al., 2009

> Classical leaf removal around the!
         bunches is not effective

Control

Control

Harvest selection!
Source/sink 
Water supply!
Microclimate
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How to mitigate sugar content!
while maintaining wine quality ?

> A strong limitation of PS is necessary

Stoll et al. 2013 - Effect of leaf removal on Riesling sugar unloading 

BZD!
(- 20% LA)

MDC!
(-30% LA)

SSP!
(-40% LA)

Harvest selection!
Source/sink 
Water supply!
Microclimate

Rationales!
Practice modifications 
Cultivar adaptation!
Conclusions
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> Possible effects on fruitfulness in long term !

Vasconcelos and Cagnoti  (2009) Effect of leaf and lateral removal, and tipping on Pinot Noir
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How to mitigate sugar content!
while maintaining wine quality ?

Greer et al., 2011

> PS efficiency:

* extra action on T°

Shading nets*/powders or Anti-transpirant sprays

V. Novello (PC)

Harvest selection!
Source/sink 
Water supply!
Microclimate
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How to mitigate sugar content!
while maintaining wine quality ?

! Anti-transpirants = compounds from distillation of conifer resins ‘pinolene’

V. Novello (PC)
Palliotti et al. (2013)

2%!of!VG

2%!of!VG

Grechetto Sangiovese
Control Vapor Gard Control Vapor Gard

Alcohol (% vol.) 14.4 b 13.9 a 14.3 b 13.4 a
Titrat. Acidity (g/l) 4.3 a 4.7 a 4.1 a 4.2 a

pH 3.22 a 3.25 a 3.41 a 3.49 a
Anthocyans (mg/l) --- --- 149 b 101 a

Total Phenols(mg/l) 525 b 360 a 1536 a 1555 a

Harvest selection!
Source/sink 
Water supply!
Microclimate
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How to mitigate sugar content!
while maintaining wine quality ?

! Increase bud load or fertility!

! Increase fertilisation (N, H2O)!

! Use vigorous rootstocks!

! Use productive cvs & cl.

But possible detrimental effect on quality ?

> Increase fruitfulness = increase sinks

e.g. Pruning system (spur>cane pruning)

Guilpart et al., 2014

e.g. Effect of water and N status at Y-1 on bud fruitfulness at Y

Inflo primordia 

per bud

Rank of the bud
Syrah cultivated in a deep soil

Harvest selection!
Source/sink 
Water supply!
Microclimate
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Harvest selection!
Source/sink!
Water supply 
Microclimate
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!S1 !S2!T !S3

H.!Ojeda!et'al!2002

Water!deficit!treatments!(S1!high/PreSVer,!S2!med/PreSver,!S3!high/late)

Harvest selection!
Source/sink!
Water supply 
Microclimate
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How to mitigate sugar content!
while maintaining wine quality ?

H.!Ojeda!et'al!2002
Acevedo-Opazo et al. (2010)

Regulation of watering (CS) : 3 vintages x 3 water supply charts!
(T1 = low deficit, T2 = moderate deficit and T3 = severe deficit)

Harvest selection!
Source/sink!
Water supply 
Microclimate
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H.!Ojeda!et'al!2002

> Severe preVer or postVer water deficits can decrease sugar maintaining 
polyphenol contents but with a yield loss (berry growth)….!
!
> Abundant and late irrigations (after véraison) decrease sugar & 
polyphenols by dilution (& resuming vegetative sinks = trophic 
competition) but with loss of quality….

Berry vol.

Sugar/berry

Harvest selection!
Source/sink!
Water supply 
Microclimate
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How to mitigate sugar content!
while maintaining wine quality ?

Changing the canopy system (microclimate & yield)

Increasing yield (sink) with high exposed leaf area (source)!
Small berries located outside the canopy!

>>> Lower sugar & pH with good balance and phenolics!
(GiESCO 2003, 2005, 2007, 2009, 2011, 2013)!

e.g. Minimal Pruning or Lyre vs VSP

Harvest selection!
Source/sink!
Water supply!
Microclimate
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How to mitigate sugar content!
while maintaining wine quality ?

e.g. Minimal Pruning 

Dowton and Grant (1992)

Harvest selection!
Source/sink!
Water supply!
Microclimate

Changing the canopy system (microclimate & yield)
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Changing the canopy system (microclimate & yield)
e.g. Minimal Pruning 

Harvest selection!
Source/sink!
Water supply!
Microclimate

Schwab (1995)
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Harvest selection!
Source/sink!
Water supply!
Microclimate

Changing the canopy system (microclimate & yield)
e.g. Lyre 
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Rootstocks 
Scions

!
Harvest!

date
pH!Total!

acidity!
g/l

Must 
sugars!

g/l

Ethanol!
% vol

Yied!
Kg.vine!

Malic!
g/l!

Tartaric!
g/l!

!
Harvest!

date
pH!Total!

acidity!
g/l

Must 
sugars!

g/l

Ethanol!
% vol

Yied!
Kg.vine!

Malic!
g/l!

Tartaric!
g/l!

Millet (2000)

> Effect of rootstock on Chenin blanc harvest characteristics (Loire valley)

++++++

++++++

++++++

++++++

++++++

++++++

- - -- - -

- - -- - -

- - -- - -

- - -- - -

But:!
1. Interactions (practices x year x cultivar) x rootstock ?!
2. Difficult to control primary (sugar & acids) vs secondary metabolites
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Rootstocks 
Scions

> New rootstocks with low-to-moderate vigor inducing capacities ?!
Merbein series >>> color & phenolics  (+ 20% in  Shiraz with -1.5° Brix)

Canopy growth of Ramsey (left), Merbein 5512 (middle) and Merbein 6262 (right), managed with deficit irrigation (season 2010).

 Clingeleffer et al. 2011
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Rootstocks!
Scions

> Use cultivars with late harvest period (needs higher ∑ t° to ripe)
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> Use cultivars with specific berry properties (e.g phenolics)

Teixeira et al. (2013)

Van Leeuwen et al. (2008)



What perspectives to mitigate alcool level in wine ? by L. Torregrosa, H. Ojeda, A. Carbonneau, M. Stoll & V. Novello @  The Israeli wine conference - May 29th 2014

Rationales!
Practice modifications!
Cultivar adaptation 
Conclusions

How to mitigate sugar content!
while maintaining wine quality ?

Rootstocks!
Scions

> Select new clones that higher fruitfulness

Scarzi (2002) d’après Oustric (1994)

1. Some clonal diversity was secured in germplasm and still available ? 
2. Metab2 is not hampered regarding Metab1 (ex. Grenache cl. 70 ?)

But, this supposes
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Rootstocks!
Scions

> Select new cultivars on specific physiological new criteria
Cienna (2000) 

(Sumoll x CS)
Cabestrel (2011) 
(CS x Mourvèdre)

Cabestrel
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Rootstocks!
Scions

> Select new varieties (new metabolism dynamics)

0 
2 
4 
6 
8 

10 
12 
14 
16 
18 

0 
1 
2 
3 
4 
5 

Bou
rb

ou
len

c 6
8 

Cab
er

ne
t-S

 39
 

Car
ign

an
 10

4 

Car
ign

an
 65

 

Car
ign

an
 74

 

Car
ign

an
 79

 

Gre
na

ch
e 7

1 

Gre
na

ch
e 9

6 

Gre
na

ch
e 9

9 

Malb
ec

 10
3 

Mar
se

lan
 59

 

Mar
se

lan
 75

 

Mou
rvè

dr
e 6

9 

Peti
t V

er
do

t 1
1 

Syra
h 7

6 

G1 N
 

G15
 N

 

G16
 N

 

G17
 B

 

G2 N
 

G3 N
 

G4 N
 

G5 B
 

G7 N
 

G9 B
 

pH#

Ethanol!
% vol.

VDQA project - A selection of classical cultivars and new accessions!
selected at INRA center of Pech-Rouge (Gruissan) 

Disease tolerant cvs
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Rootstocks!
Scions

> Select new varieties (new metabolism dynamics)

> G1, G2 and G7 are totally resistant to downy and powdery mildew
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Rootstocks!
Scions

Echan&llon) Génotype) Variété)

2013_VDQA_G1_57- G1- 3197/144-

2013_VDQA_G2_57- G2- 3197/235-

2013_VDQA_G7_57- G7- 3197/373-

2013_VDQA_G14_57- G14- 3184/1/9-

2013_VDQA_Morr- Morrastel-

> G1, G2, G7 and G14 are totally resistant to downy and powdery mildew

Color intensity

Tannins conc.

> Select new varieties (new metabolism dynamics)

G7 & G14
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> Reducing alcohol levels in wine is a challenge for now and the future !
> Several viticultural strategies could be useful to face the problem!
> But grapevine has physiological plasticity (compensation responses)!
>!Grapes with low TSS may not have a suitable phenolic/aromatic potential!
> Experimental results do not show univocal and universal indications!
> Best  results  could be obtained from combining several approaches*!!
> Most long term & promising approach: new cultivars !

* including wine processing technologies


