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The disease resistant grapevine varieties (ref A. Bouquet) were obtained by INRA from 4 or 5 generations of backcrossing
between Muscadinia rotundifolia and Vitis vinifera and exhibit a high level of resistance against downy and powdery mildew.
These varieties carry the resistance genes RUN 1 and RPV1, with several other secondary genes at one chromosomal locus.
Agronomic criteria were studied for all these selections. Among the selected grapevine species, some have high levels of
polyphenols. Some (white and red) have a high aromatic potential, while others have low sugar contents (135 g/L to 150 g/L)
and adapted sugar/acidity ratio. All these characteristics were combined to design a new set of vine cultivars dedicated to the
production of either low-alcohol wines, grape juices, or classical wines. Since 2012, within a France Agrimer/CIVL/INRA
financial framework, 10 plots (0.5 ha each) were planted at INRA Pech Rouge with 8 resistant grape varieties (ref A. Bouquet)
in order to examine long-term resistance to diseases and to define quality criteria for the classification of the wines obtained
from these new grape varieties. 
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Introduction 

The disease resistant grapevine varieties (ref A.
Bouquet) were obtained by INRA from 4 or 5
generations of backcrossing between Muscadinia
rotundifolia and Vitis vinifera and exhibit a high level
of resistance against powdery and downy mildew
(Bouquet, 1986; Bouquet et al., 2000). These
varieties carry the RUN 1 and RPV1 resistance genes
(Barker et al., 2005), with several other secondary
genes at one chromosomal locus. The aim of this
paper is to show the potential of the Bouquet varieties
as a source of vine diversity for the production of
high quality grape juices and wines.

Results

1. Diversity of disease resistant Bouquet varieties

By using several different grapevine varieties (table
and wine varieties) for the backcrossings in order to
eliminate up to 95% of the initial genome of
Muscadinia rotundifolia, A. Bouquet (who died in
2009) has built a very heterogeneous collection of
new varieties (Figure 1). A. Bouquet used resistance

to diseases (downy and powdery mildew) as well as
several agronomic parameters (yield, growth
parameters) to make a careful selection of the best
suitable varieties for future purposes. This selection
process led to a high diversity of new varieties,
including some with high levels of polyphenols
(6 times more than Alicante bouchet), and others
with a very adapted sugar/acidity ratio particularly
suitable for the production of high quality grape
juices (Escudier et al., 2016). Some (white and red
varieties) exhibit a low sugar content at maturity
(135 g/L to 150 g/L), allowing the production of low-
alcohol wines (between 9 and 10% vol.) by direct
alcoholic fermentation (Aguera et al., 2010), while
others possess a high aromatic potential for low-input
traditional winemaking.

2. Disease resistant Bouquet varieties for the
production of high quality grape juices

Through a joint research contract, INRA and the
FOULON-SOPAGLY company (European leader in
the production of grape juices and coordinator of the
project) have been running a research program (Fijus
R@isol) since 2009 dedicated to offering a range of
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Figure 1 - Scheme of the selection of varieties resistant to downy and powdery mildew performed by A. Bouquet.
Interspecific backcrosses (BC) from Vitis vinifera x Muscadinia rotundifolia and estimated percentage of V. vinifera genome in the obtained
varieties (Ojeda et al., 2010)



grape juices more in line with consumers’
expectations: more acidic and less sweet, with a
sugar/acid ratio (evaluated as tartaric acid) from 20 to
18 (currently at less than 16). Through the different
technological options available to reach these targets,
the possibility of using more productive vines
tolerant to the two main vine diseases (downy and
powdery mildew) was evaluated at the industrial
scale (Escudier et al., 2016). 

Among the screened disease resistant Bouquet
varieties (25 tested: 13 red and 12 white), three were
selected for further evaluation of their quality
potential (G3, G4 and G18; Table 1). The results
concerning the aromatic perception of the elaborated
juices show that the G3 and G4 varieties have an
aromatic quality superior to Arinarnoa (control) due
to the presence of Muscat aromas originating from
their parents (Figure 1). The G18 variety exhibits a
more important aromatic quality than Ugni blanc
(control) with a stronger intensity. G18 produces also
a juice of average color and quality, with a good
balance between sugar and acidity, depending on the
vintage. These three promising Bouquet varieties
have been under a DHS (Distinction Homogeneity
Stability) experimental procedure since 2016 in order
to get a final inscription in the new French vine
catalog for juice varieties (Figure 2). 

3. Disease resistant Bouquet varieties for the
production of low-alcohol wines

Through a French national research contract (ANR-
VDQA), INRA Pech Rouge was involved in a
technical, sensory and socio-economic
multidisciplinary research program aiming to
produce quality wines with significantly reduced
alcohol content (Aguera et al., 2010). Through the
high diversity of the disease resistant Bouquet
varieties, three of them (2 white and 1 red) were
selected for their ability to mature with low final
fermentable sugars (Table 1). The reduction of
alcohol in the corresponding wines always leads to a
decrease in the sensation of warmth and persistence
of the wine. Moreover, in low-alcohol red wines
there is sometimes a decrease in bitterness in favor of
astringency. In low-alcohol white wines, either
acidity or bitterness is increased.

4. Disease resistant Bouquet varieties for the
production of low-input traditional wines

Within a France Agrimer/CIVL/INRA financial
framework, INRA Pech Rouge has developed a
progressive open system of 10 plots (0.5 ha each) for
observation, evaluation and demonstration from the
field to the finished wine (2012-2020). This pilot
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scale vineyard was also dedicated to a regional
observatory of disease resistant vine varieties
(OsCaROC), declination of the national OsCaR
project, led by INRA and CIVL (Comité
Interprofessionnel des Vins du Languedoc). Among
the different varieties planted in this pilot vineyard,
there are 4 disease resistant Bouquet varieties

(Table 1), together with two control varieties (Syrah
and Piquepoul). This set of plots was not subjected to
phytosanitary treatments, in order to study the effect
of a decrease in input use for the preservation and
sustainability of the vineyards, and the health of the
winegrowers, their employees and their neighbors.
The size of the planted plots also allows studying
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Figure 3. Sensory perception by an expert sensory panel (27 professional judges)
of three different winemaking itineraries performed on the same resistant variety harvest (var 3160-12-3 N).

  
        
 

 
     

 

           
             

                  
                
               
              
                

                   
                  

               
                 
         

 

 
 

             
       

 
                 

              
                  

              
              

                  
                 

                
                
               
                

               
                

                    
               

Figure 2. The three disease resistant Bouquet varieties selected for grape juice production.
Photographs performed at technological maturity (INRA UEPR)



different winemaking processes. As a matter of fact,
only few data were actually available on the
adequacy between these new resistant varieties and
specific winemaking processes.

As an example, the sensory perception by an expert
sensory panel (27 professional judges from CIVL) of
three different winemaking itineraries performed on
the same resistant variety harvest (var 3160-12-3) is
given in Figure 3. It clearly appears that the
descriptors used by the panelists reflected very
different and homogenous sensory perceptions,
depending on the type of winemaking. This
observation shows that the qualitative valorization of
these new grape varieties must obviously be screened
through the different winemaking methods so as not
to reject or support one variety over another. From a
technological point of view, rather old scientific
studies have distinguished various classes of grapes
differing in their molar ratio of hydroxycinnamic
acids to glutathione (Rigaud et al., 1988). In an
attempt to classify new disease resistant varieties
based on their oxidation susceptibility, we quantified
in a similar way caftaric acid, glutathione and
ascorbic acid after anoxic pressing of the grapes and
stabilization of the corresponding musts against
oxidation (Frissant et al., 2012). The capacity of a
must to oxidize during its technological processing
(harvesting, crushing and pressing steps) can be
indeed estimated by precisely measuring its initial
contents in caftaric acid (main substrate of oxidation)

and glutathione and ascorbic acid (the two main
natural antioxidants in grapes) (Frissant et al., 2012).
As presented in Figure 4, it can be stressed that there
is as much potential variability in terms of
susceptibility to oxidation in disease resistant
varieties as in conventional varieties. This evidences
the value of considering this quality marker in any
selection of new resistant varieties.

INRA Pech Rouge is now involved in the
VINOVERT project (http://www.vinovert.eu), which
is an innovative three-year (2016-2019) project for
the wine sector in the SUDOE region (wine and
vineyard businesses in South-Western Europe). This
European project focuses on new market
requirements in terms of health and environment, and
aims to anticipate the new demand for sustainable
viticulture, offering guarantees of ‘naturalness’ and
environmental responsibility. Within this research
framework, INRA is providing wines produced from
disease resistant Bouquet varieties, processed at the
cellar with and without sulfites, in order to
understand the reality of consumer and citizen
arbitrations on pesticide, naturalness, and social
responsibility issues. 

Discussion

Scientific works performed on disease resistant
Bouquet vine varieties at INRA Pech Rouge were
mainly dedicated to evaluate, on an industrial scale,
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Figure 4. Estimation of the capacity of musts originated from resistant varieties to oxidize 
during their technological processing.



the quality potential of these new varieties for the
production of quality juices or wines. The planting of
these varieties has been carried out on a sufficient
scale to carry out technological trials, demonstrating
the advantages and limitations of these new varieties.
Numerous technological trials have yet to be carried
out on these varieties so as to fine-tune the
winemaking to each of these varieties, in order to
increase their true quality potential.

Initial contents in ascorbic acid, glutathione (GSH)
and caftaric acid of different musts obtained after
anoxic pressing of grapes from different wine
varieties harvested at technological maturity at INRA
Pech Rouge
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