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Reviewer 1

Comment

Answer

The authors did a good job for classification
based on climate, phenology and their

observations as well as others authors
observations already published.
However, there is nothing in the

index concerning  the  yield of the
production for each variety that should be
taken into account as well as the thickness of
the skins of each grapes variety. In my opinion
this 2 parameters should be also taken into
account if the authors want to be closer to the
reality and to the different conditions that can
apply for each vines variety growing.
Can the authors add elements on this
aspect and in the new index?

We agree with the reviewer that these two
parameters are important to be closer to the
reality under the different conditions. In our
study, we did not measure the vyield or
thickness of the berry skins. Therefore,
unfortunately, we were not able to add and
analyse more data related to these two
parameters. However, after considering the
importance of some bunch morphological
aspects, such as the compactness (more
compact clusters may be associated with higher
yields and thinner berry skins, thus increasing
berry susceptibility to B. cinerea), we have
added in the discussion (lines 522-545) a new
paragraph on the possible relationships among
BBR intensity, cluster compactness and other
key agronomic factors. Thus, future field
investigations should be conducted to better
determine the relationships between these
parameters and the classification of cultivars
according to the susceptibility to the disease.

There is different type of Botrytis cinerea
strains and some of them can conduct to more
severity than some others. How the authors
deals with these aspects ? They should include
possible modulation concerning the index on
this aspect.

Yes, there are different types of B. cinerea
strains, notably based on the transposon
genotypes differing in virulence in grapevine,
and this might have affected the results to a
certain extent. In our study, we did not consider
the phenotypic variability of the pathogen.
Thus, we cannot include this aspect in the
index, as suggested by the reviewer.
Nevertheless, it has been demonstrated that
the two major sympatric transposon genotypes
in B. cinerea sensu stricto (excluding B.
pseudocinerea) are present similarly in
vineyards in Chile and France. Moreover, they
seem to have similar key phenotypic features in
both countries. A paragraph on this aspect was
added to the Discussion (lines 465-482).
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Reviewer 2

Comment

Answer

The main objective of the study
was to set up a procedure to
classify the wine grape cultivar
according to the susceptibility to
B. cinerea despite contrasting
climatic conditions and cropping.

The idea is good but no evidence
on the "validation" of the method
are reported.

The main goal of this work was not only to set up a procedure
to classify the cultivars but also to compare the susceptibility
of different wine-grape cultivars to B. cinerea under
contrasting climatic and cropping conditions. For this
purpose, it was necessary to objectively group and classify
the cultivars and then to question the already published
classifications, which were made based on experience rather
than experimental data. Our method used to classify the
cultivars was based on a methodological reference, the index
calculated by Boso et al. (2014) (see Materials and methods
lines 161-164).

It should also be noted that an overall validation of our
cultivar classification is the fact that most of the cultivars
were finally classified in accordance with the literature (even
if there are a few discrepancies).

Furthermore, a secondary objective of our study was to
demonstrate how a key potential explanatory factor, i.e.,
fruit maturity, supports the observed differences in
susceptibility to B. cinerea. This is clarified in the text (see the
Abstract, lines 7-9, and the Introduction, lines 83-87).

English must be improved and
also the Authors must apply all
the standard detailed in the
guidelines for the authors (i.e.
citation in the text and
references).

English editing was performed by a professional from the
“American Journal Experts” service.

The results herein presented are
sometimes conflicting with those
reported in other researches and
it is not well supported.

Our results come from experimental fields in which the
measurement protocols (e.g. numbers of sampled vines,
assessment stages/dates, and observation form) were
standardized; thus, the results are as objective as possible. In
contrast, the classifications reported in the literature are
mostly based on professional experience rather than
experimental data, as stated in the introduction (see lines 58-
64). Thus, it may be expected, to a certain extent, that our
results differ from some previously reported ones. Even the
data from different sources in the literature may also be in
conflict, and some of them differ in cv ranking, occasionally
to a large extent (Table 1).

When our results were very different from those reported in
the literature, a possible explanation has been put forward
in the discussion section (see Discussion, lines 391-426).

No sprays to control downy
mildew are reported. Is it true?

The main viticulture areas in Chile (located at the centre of
the country) are usually not favourable to downy mildew
development; thus, no specific spray was included in the
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phytosanitary program. This is the case at the Panguilemo
experimental station, where no specific fungicide spray to
control downy mildew was applied in any year. In contrast,
in France, four fungicide applications were used to control
downy mildew. A paragraph addressing this issue has been
added to the Materials and methods section (see Materials
and methods, lines 132-139)

No canopy and bunch
management is detailed. Is it
true?

Neither in Chile nor in France were leaf-removal or bunch
thinning performed during the studied seasons. This
information has been added to the Materials and methods
section (see Materials and methods, lines 130-131).

BBR was assessed observing the
"surface" of the clusters. Is it true?
No information on BBR inside the
cluster? Can it twist the result?

Yes, BBR was assessed by observing the surface of the
clusters, and it was confirmed by looking more precisely, if
possible, within the grapevine bunches.

BBR developing within the cluster could possibly affect the
results, but only slightly. Usually, both parts of the clusters,
i.e., the surface and the inside part, are attacked by the
pathogen, and there are generally no BBR attacks that affect
only the bunch surface. We also preferred evaluating the
surface because this methodology has been used in most of
the works reported in the literature (e.g. Valdés-Gémez et al.,
2008, Gonzalez-Dominguez et al., 2015). This allowed us to
better compare all of the available results. A paragraph
addressing this issue has been added to the Materials and
methods section (see Materials and methods, lines 154-157).

None relation with morphological
and structural aspects has been
reported by the Authors. All them
can contribute to the assessed

result

We agree with the reviewer, but identifying the various
relationships with morphological and structural aspects was
not the main objective of the present study. A paragraph
addressing this issue has been added to the discussion
section (see the Discussion, lines 522-545).
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Classification of wine grape cultivars in Chile and France according to their

susceptibility to Botrytis cinerea related to fruit maturity

Abstract

Background and Aims: The susceptibility of wine-grape cultivars (cvs) to Botrytis
cinerea is a debated topic, and the available classifications are based on professional
experience rather than experimental data. The main aim of this study was to compare and
classify the susceptibility of different wine-grape cvs to B. cinerea and its relation to fruit
maturity under two contrasting climatic and cropping conditions.

Methods and Results: Between 2011 and 2015, three field trials were performed in Chile
and France, including 13 common cvs. Both the incidence and severity of the disease
were evaluated at harvest, and indices of susceptibility (SI) and maturity (Fma) were
calculated on a per site basis. The significant differences in incidence and severity
observed among cvs led to a similar susceptibility classification in both countries.
Cabernet Sauvignon, Cabernet Franc, Grenache Noir and Petit Verdot were the most
resistant cvs, whereas Gewdrztraminer and Sauvignon Blanc were the most susceptible
ones. Moreover, an exponential and positive relationship was established between Sl and
maturity.

Conclusions: The cultivar classification according to the susceptibility to B. cinerea was
similar in both countries, despite the contrasting climatic conditions and cropping
practices.

Significance of the Study: These findings might be of interest for choosing cvs that are

more resistant to B. cinerea to reduce the number of fungicide applications.

Page 6 of 53



Page 7 of 53
1

2

3

4

5 24
6

7 25
8

9 26
10

11

12 27
13

14 28
15

16

17 29
18

19 30
20

21 31
22

23

24 32
25

26 33
27

28 34
29

30

31 35
32

33 36
34

35 37
36

37

38 38
39

40 39
41

42

43 40
44

45 41
46

47 42
48

49

50 43
51

52 44
53

54 45
55

56

57 46
58

59 47
60

Australian Journal of Grape and Wine Research

Keywords: Botrytis bunch rot, Grape maturity, Resistant, Susceptibility Index, Vitis

vinifera.

Introduction

Botrytis cinerea is a polyphagous fungus that infects more than 1400 species of cultivated
plants (Elad et al. 2016). On grapevine, this fungus causes one of the most serious
diseases, namely, Botrytis Bunch Rot (BBR). The pathogen can reduce drastically both
the yield and quality of wine (Ribéreau-Gayon et al. 1998), especially sensory qualities
such as colour, taste and odour (Pszczolkowski et al. 2001). Important organoleptic
negative consequences are perceived in the wine from a threshold of 5% fruit infection at
harvest (Ky et al. 2012). Thus, this fungus causes substantial economic losses in
grapevines, which have been estimated to be approximately 2 billion $US per annum
(Elmer and Michailides 2004).

To control this disease, fungicides have long been used (Rosslenbroich and Stuebler
2000), leading to the generation of site-specific fungicide resistant strains (Hahn 2014)
and harm to both human health and the environment (Damalas and Eleftherohorinos
2011). Therefore, new control strategies that allow growers to reduce the application of
pesticides should be developed based on the principles of Integrated Pest Management
(IPM) (10BC 2007). In this context, some cropping practices aiming at BBR control
should contribute to decrease the favourable conditions for the pathogen’s development.
This development depends on three major factors: 1) climatic and microclimatic
conditions, i1) the presence/amount and characteristics of the pathogen inoculum, and iii)
the susceptibility of the host, i.e., grapevine. Climatic and microclimatic conditions,

specifically temperature and humidity, are key factors for B. cinerea infection, notably in
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grapevine (Savage and Sall 1984, Thomas et al. 1988, English et al. 1989, Nair and Allen
1993, Broome et al. 1995, Fermaud et al. 2001, Valdés-Gomez et al. 2008, Ciliberti et al.
2016). Favourable climatic conditions are temperatures between 15 and 25°C and wetness
duration between 12 and 24 h (Thomas et al. 1988). Concerning the pathogen, the
population genetic structure is also a key factor to consider in the epidemiological
development (Giraud et al. 1997, 1999, Levis et al. 1997, Beever and Weeds 2004,
Martinez et al. 2003, 2008, Walker 2016). Regarding the host, the disease development
depends on various genetic and phenotypic traits, such as the cluster compactness and
morphological, anatomical, and chemical features of the berry skin (Latorre 2015), which
are highly dependent on the grapevine cultivar.

Grapevine cultivar susceptibility to B. cinerea can be considered an essential management
indicator in IPM. Although different cultivar classifications according to their
susceptibility to the pathogen are available in the literature (Orffer 1979, Brocuher-
ACTA-ITV 1980, Robinson 1986, Jackson and Schuster 1987, Galet 1988, Dry and
Gregory 1990, Marois et al. 1992, Dubos 2002), they sometimes differ greatly from one
another (Table 1). This situation may have come to be because the proposed
classifications are based mostly on professional experience rather than experimental data.
Additionally, there are some gaps in these classifications: i) few studies compare the
cultivars under the same environmental and management conditions, and ii1) no study has
proposed a cultivar susceptibility ranking that considers contrasting climatic and cropping
conditions, e.g., northern vs southern hemisphere.

The cropping conditions include agronomic factors, such as the canopy and/or foliar
density, water and mineral nutrition, grape training systems and winter pruning, which

also predispose grapevine berries to B. cinerea infection (Latorre 2015). Several studies
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have investigated the relationship between B. cinerea development and these factors
(Barbetti 1980, Savage and Sall 1984, Marois et al. 1986, Gubler et al. 1987, English et
al. 1989, Vail and Marois 1991, Zoecklein et al. 1992, Percival et al. 1994, Ferree et al.
2003, Mundy 2007, Valdés-Gomez et al. 2008, Hed et al. 2009, Molitor et al. 2011,
Pereira de Bem et al. 2015), but most often by taking into account and investigating only
one model cultivar. Similarly, some works have studied the correlation between maturity
and disease infection (Kosuge and Hewitt 1964, Blakeman 1975, Coley-Smith et al. 1980,
Doneche 1986, Padgett and Morrison 1990, Vercesi et al. 1997, Mikota et al. 2003,
Deytieux-Bellau et al. 2009), but none of them have related a classification of many
cultivars with an explanatory factor of sensibility to the pathogen, such as the grape
maturity.

Thus, the main objective of this work was to compare and classify the susceptibility to B.
cinerea between different grapevine cultivars in two contrasting climatic and cropping
conditions, in Central Chile and Western France. Additionally, the fruit maturity was
simulated, and we analysed the extent to which this factor may account for the

susceptibility rankings.

Materials and methods

This study evaluated the susceptibility to Botrytis Bunch Rot (BBR) of different Vitis
vinifera L. cultivars under contrasting conditions. The analysis was performed in three
grapevine collections, two of them located in France and one in Chile. A total of 33 and
22 cultivars were evaluated in both grapevine collections located in Aquitaine Region in
France, in the sites “Tour Blanche” (Bommes 44°32'33.81" N, 0°21'02.17" W, 57 m.a.s.l)

and “Grande Ferrade” (Villenave d’Ornon 44°47'15.4"N, 0°34'37.43"W, 22 m.a.s.l),
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respectively (Table 2). In contrast, 19 cultivars were evaluated in Maule Region in Chile,
in the site “Panguilemo” (Panguilemo, 35°22.24" S, 71°35.62° W, 125 m.a.s.1). A total of
13 common cultivars were evaluated in both countries. The experimental trials were
performed during three seasons in the “Tour Blanche” site (2011, 2012, 2014), one season
in the “Grande Ferrade” site (2011) and two seasons in Panguilemo site (2013-14, 2014-

15).

Climatic characterization

The climatic conditions are different in the two regions. The sites located in France are
characterized by an Oceanic climate with mild temperatures and annual rainfall of 890
mm, with approximately 55 and 45% falling during the autumn-winter and spring-
summer periods, respectively. In contrast, the site in Chile has a Dry Mediterranean
climate with an annual rainfall of 600 mm, with more than 500 mm (80%) falling during
the autumn-winter period. To characterize the climatic conditions for the study seasons
of both sites, an automatic weather station (AWS) (Adcon Telemetric, A730,
Klosterneuburg, Austria in Chile and Cimel Electronique S.A.S, CIimAGRO, Paris in
France) were installed 50 m from the trial plots and provided data about the air
temperature, relative humidity and precipitation at 15-min intervals.

Since Chilean climatic conditions were not favourable to B. cinerea development, we
moistened the vines during the second season (2014-15) to promote the pathogen
development. For this, the vines were water sprayed using a knapsack sprayer (Solo 435).
At two consecutive days, close to harvest (approximately 25°Brix), a total of 2 L of water
was applied per vine, every 2 hours from 8 pm (day 1) to 9 pm (day 2), resulting in the

fruit being moistened for a period of 36 hours.
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Experimental conditions

The characteristics of the experimental fields are summarized in Table 3. The main
differences between experimental sites are the irrigation and rootstock. The use of
irrigation is typical in vineyards in central Valley in Chile but not in Western France. In
contrast, vines were grafted in French sites, but in Chile, the vines were planted on their
own roots. Concerning disease management and with the aim to study the cultivar
susceptibility to B. cinerea, no fungicide was applied to control this pathogen. For the
others crop managements, conventional agricultural practices as used in commercial
vineyards in Central Chile and Western France were used throughout the study period.
Neither in Chile nor in France were leaf removal and/or cluster thinning performed during
the studied seasons. The vineyards were protected against European Grapevine Moth, and
sulphur sprays were applied to control Powdery Mildew in both countries. Additionally,
one application of quinoxyfen (Legend ®), one of tebuconazol (Corail ®) and one of
trifloxystrobin (Natechez ®) were used to control Powdery Mildew in France, whereas
one application of flusiolazol (Nustar ®) and one of penconazol (Topas ®) were
performed in Chile. Downy Mildew was controlled only in France with four fungicide
applications per season, corresponding to two applications of cymoxanil (Option ®) and
two copper applications. In Chile, due to the unfavourable conditions for grapevine
Downy Mildew, no sprays were applied in any season and site.

Regarding the experimental design at both sites, in the “Tour Blanche” site (France), each
cultivar was replicated two times in a random design, and each replication consisted of a
total of 6 adjacent vines. For the site “Grande Ferrade” (France), the cultivars were

repeated in a randomized block design (4 blocks), and each block consisted of a total of
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10 vines. Finally, in “Panguilemo” (Chile), each cultivar was replicated four times in a
randomized block design (to remove the effect of the soil slope), and each block consisted

of a total of 15 vines.

Disease susceptibility assessment

To determine the susceptibility of the different cultivars, the incidence and severity of
BBR were evaluated at harvest (approximately 25° Brix) in each study season. In France,
the surface of all clusters from 3 vines per cultivar, corresponding to environ 70 clusters,
was visually evaluated. In Chile, 5 and 20 vines per cultivar, corresponding to
approximately 110 and 500 clusters, were evaluated in 2013-14 and 2014-15,
respectively. BBR was assessed by observing the surface of the clusters because this
methodology has been used in most published works (e.g., Valdés-Gomez et al., 2008,
Gonzalez-Dominguez et al., 2015), thus allowing more direct comparisons of the results
from different sources. The incidence was obtained by dividing the number of clusters
infected by the total number of clusters. The severity was calculated in each cluster as the
percentage of the rotted and/or sporulating area. Both the incidence and severity were
expressed as percentages.

Additionally, to classify the 13 common cultivars in both countries, a susceptibility index
(ST) was calculated using the severity data. The Sl was calculated using as reference the
index calculated by Boso et al. (2014). Thus, the Sl values were calculated for all cultivars

at each season and site as specified in equation (1):

S = Severity (%) for cultivar in question

- Highest severity (%)recorded in the season and in the most rotted cultivar

X 100 ()
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The cultivars were then classified into 5 categories of susceptibility: Highly Resistant
(HR) = 0-3.5%; Resistant (R) = 3.51-10%; Intermediate (I) = 10.1-25%; Susceptible (S)

= 25.1-50% and Highly Susceptible (HS) = 50.1-100%.

Maturity assessment

A maturity index (Fma) was calculated to relate the berry maturity to the disease
susceptibility of the 13 common cultivars in France and Chile. The index was calculated
for each season and site using the Grapevine Flowering Veraison model (GFV) of Parker
et al. (2011, 2013) and weather data for each study season, as indicated in equation (2).
This phenological model was chosen because it was developed under similar conditions

as observed in France and it was calibrated at the Panguilemo site, Chile (data not shown).

FMat = FB.C assessment ~ Fveraison (2)

where F B.c assessment 1S the timing of the B. cinerea assessment in each study season and
Fueraison 1S the timing of veraison for each cultivar, using the model proposed by Parker et
al. (2011, 2013). Both variables were estimated as the critical degree-day sum (above
0°C) calculated from the 60" and 242" day of the year in France and Chile, respectively,
to the dates of B. cinerea assessment (F p.c assessment) and veraison (Fveraison). IN Chile, the
Fueraison Was corrected according to the results of calibration process by subtracting 100
from the Fyeraison Value proposed by Parker et al. (2013).

Finally, to prevent the effect of the different dates of assessment depending on the season,
the Fmatwas adjusted (Fmat_adj) in both countries by removing the value of Fuat of the latest

cultivar, i.e., Petit Verdot, among the 13 cultivars studied, as shown in equation (3):
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Fuyat_aaj = Fuacfor each cultivar — Fy,, Petit Verdot (3)

Statistical analyses

To determine differences of disease incidence and severity among the cultivars, an
analysis of variance (ANOVA) was performed using the PROC GLM procedure for each
experimental site. The variable “Cultivar” was considered as a fixed factor, whereas the
variable “season” was considered as a random factor. When significant differences were
found, a least significant difference (LSD) test at a significance level of 95% (p = 0.05)
was used to compare cultivars. Additionally, a cluster analysis was performed for each
site using the disease severity data. In this analysis, the furthest neighbour method and
the squared euclidean distance metric were used. Furthermore, to establish a classification
for the 13 common cultivars according to their susceptibility to B. cinerea, a box plot
analysis was performed using together the Sl data from all sites and all studied seasons.
Moreover, a Kruskal-Wallis analysis and a Student-Newman-Keuls test at a significance
level of 5% (p = 0.05) were performed on the Sl data to compare the cultivar
susceptibility. Finally, for the 13 common cultivars, the relationship between maturity of
cultivars and their susceptibility to the pathogen was studied and modelled using the SI,
Fmatand Fumat adj data in all sites and study seasons. To build this relationship, a nonlinear
model based on the equation SI = a*(Fmat aqj)® Was chosen. In both analyses using S| data
(Box Plot and modelling), we did not include the values of cv. Roussanne in 2011 because
the disease was difficult to assess due the presence of sour rot. All statistical analyses
were performed using the Statistical Software Statgraphics Plus 5.1 (StatPoint Inc.,

Warrenton, Virginia, USA).
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Results

Climatic conditions

In all years studied in France, spring and summer were characterized by humid and
temperate conditions, which favoured the growth and development of B. cinerea (Figure
1a, ¢). From budbreak to harvest, the mean air temperature fluctuated between 8 and 27
°C and was rather similar in all seasons, except in 2011, which was characterized by
slightly higher temperatures. From April to October, i.e., during spring and summer in
France, a total rainfall of 418 mm and 439 mm were recorded in 2012 and 2014,
respectively, whereas a total rainfall of only 240 mm was registered in 2011. However,
in the last year, half of this total rainfall fell from veraison to harvest, notably in August
and September (124 mm), leading to favourable conditions for disease development.
Chilean conditions were characterized by dry and temperate spring and summer periods,
in both studied seasons, which were not conducive to disease development (Figure 1b, d).
From budbreak to harvest, the mean air temperature in both seasons ranged from 10 to 27
°C, similar to France. However, the total rainfall was much lower than in France: from
October to April, only 22 and 36 mm were recorded in 2013-14 and 2014-15, respectively
(Figure 1b). In the 2014-15 season, the rain periods were mostly concentrated before

veraison.

Disease incidence and severity under field conditions

Experiments in France

In the “Tour Blanche” site for the different Vitis vinifera cultivars evaluated, the mean
values of disease incidence and severity for the three studied years fluctuated from 0 to

98% and from 0 to 66%, respectively (Table 4). In contrast, for disease incidence, in 2011,
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the cultivars Riesling, Semillon, Muscat Petit Grain, Chenin, Folle Blanche, Roussanne
and Negrette showed the highest values (> 83%). In contrast, Gros Manseng, Petit Verdot,
Petit Manseng and Cabernet Franc showed the lowest values (< 16%). In 2012, the
cultivars Sauvignon Blanc, Chardonnay, Folle Blanche, Riesling, Muscadelle, Muscat
Petit Grain, Grenache Blanc and Semillon showed the greatest incidence values (> 84%).
However, Grenache Noir, Carignan, Tannat, Cabernet Sauvignon, Petit Verdot, Merlot,
Cabernet Franc and Petit Manseng showed the lowest values (< 18%). In 2014, the
cultivars Semillon, Folle Blanche and Pinot Noir showed the highest incidence values (>
74%), whereas Cabernet Franc, Syrah, Grenache Noir, Gros Manseng and Petit Manseng
showed the lowest values (< 14%).

In contrast, for disease severity, in 2011, Riesling showed the highest value (66%),
followed by Semillon and Chenin (39%), consistent with the incidence levels. Moreover,
the cultivars Gros Manseng, Petit Manseng, Cabernet Franc, Colombard, Cabernet
Sauvignon, Tannat, Merlot and Petit Verdot showed the lowest severity values (< 1.3%).
In 2012, Riesling again was the most rotted cv, with a severity value reaching 47%,
followed by Folle Blanche and Sauvignon Blanc (approximately 31%). Grenache Noir,
Petit Verdot, Gros Manseng, Carignan, Cabernet Sauvignon, Petit Manseng, Cabernet
Franc, Rolle, Tannat, Mourvédre, Colombard, Ugni Blanc and Merlot were the least
attacked, showing the lowest severity values (< 1.2%). In 2014, Folle Blanche showed
the highest disease severity (30%), followed by Pinot Noir (22%). Gros Manseng, Petit
Manseng, Cabernet Franc, Grenache Noir, Petit Verdot, Tannat, Cabernet Sauvignon,
Carignan, Mourvedre and Alicante Bouchet showed the lowest severity values (< 1.2%).
In the “Grande Ferrade” site, mean incidence and severity values, for the studied season,

fluctuated from 65 to 100% and from 5 to 51%, respectively (Table 5). The cultivars
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Cabernet Franc, Cot, Muscadelle, Petit Verdot, Roussanne, Sauvignon Blanc, Semillon,
Tempranillo and Touriga Nacional showed the highest disease incidence, greater than
98%. However, Mourvedre showed the lowest value (65%). The cultivar Roussanne
showed the highest disease severity value (51%), whereas the cultivars Marselan and

Mourvédre showed the lowest values (< 8%).

Experiments in Chile

The V. vinifera cultivars evaluated showed disease incidence and severity values lower
than in France in both years (Table 6). The cultivars Cabernet Franc, Cabernet
Sauvignon, Cot, Merlot, Mourvedre and Petit Verdot did not develop any BBR symptom
in any year, even when the vines were sprayed with water in the 2014-15 season in Chile.
Thus, these cultivars are considered not susceptible to the pathogen under Chilean
conditions. In addition to these cultivars, Carménére, Grenache, Syrah and Tempranillo
were not affected by the disease in 2013-14. In this season, the cultivars Gewdrztraminer
and Sauvignon Blanc showed the highest incidence values, reaching 5 and 8%,
respectively. In 2014-15, the cultivars Sauvignon Gris, Sauvignon Blanc and
Gewdrztraminer exhibited the greatest incidence, with values fluctuating between 12 to
38%.

Regarding the disease severity, in 2013-14, the cultivars Gewurztraminer and Sauvignon
Blanc showed the highest values (approximately 0.2%), followed by Pinot Gris (0.12%).
In 2014-15, the cultivar Sauvignon Gris exhibited the highest disease severity (9.8%),

followed by Sauvignon Blanc and Gewdrztraminer, with 3.9 and 2.3%, respectively.

Classification of cultivars according to the disease severity
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Situation in France

In the “Tour Blanche”, the cluster analysis classified the cultivars tested into 7 groups
according to the disease severity (Figure 2a). The groups obtained were classified as
follows: resistant-intermediate "R-1" (group 1), susceptible "S™ (groups 2 to 4) and highly
susceptible "HS" (groups 5-7) cultivars. The first group comprised 17 cultivars (Alicante
Bouschet to Syrah) that showed a mean severity value of 1.6% for all of the three seasons.
The disease severity for these cultivars was stable between seasons, i.e., the mean severity
fluctuated from 0.1 to 5.3% through the 3 years. The second group from the cluster
analysis included 3 cultivars (Gamay to Viogner) presenting a mean severity value of
9.8%. The third group was composed of 6 cultivars (Chenin to Negrette) presenting a
mean severity value of 13.8% for the three seasons. The severity values for these cultivars
were similar in 2011 and 2012 but lower in 2014. The fourth group, with a mean severity
value of 17.4%, included 3 cultivars (Chardonnay through Gewdrztraminer). The fifth
group comprised 2 cultivars (Pinot Noir and Semillon), which showed a mean severity
value of 23.3%. Finally, the cultivars Folle Blanche and Riesling were classified in the
sixth and seventh categories showing mean severity values of 30.7 and 39.3%,
respectively. A particular case was the cultivar Riesling, which was classified in the most
susceptible category and presented a very high severity for the 2011 and 2012 seasons
but a relatively low severity value in 2014.

Furthermore, a classification was established based on all the databases from France. A
cluster analysis was performed with the common cultivars present in La Tour Blanche
and Grande Ferrade sites. The groups obtained in this analysis were classified as follows:
resistant-intermediate (group 1), susceptible (group 2) and highly susceptible (groups 3

and 4) cultivars (Figure 2b). The first group was composed of 9 cultivars (Cabernet Franc
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through Mourvedre), with a mean severity value of 6.8%. The disease severity for these
cultivars was similar in the “Tour Blanche” site during all the three seasons but higher at
the “Grande Ferrade” site. The second group included 8 cultivars (Chardonnay through
Roussanne), which were characterized by a mean disease severity value of 21%.
Similarly, the severity results were higher at “Grande Ferrade”. Finally, the cultivars
Pinot Noir and Riesling were classified in the third and fourth categories, showing mean

severity values of 22.2 and 36%, respectively.

Situation in Chile

In Chile, the cultivars were grouped into 6 groups (Figure 3) according to disease severity.
The groups obtained were classified as follows: resistant-intermediate (group 1),
susceptible (groups 2 to 5) and highly susceptible (group 6) cultivars. The first group was
composed of 12 cultivars (Cabernet Franc through Sangiovese). Within this group, 6
cultivars did not present any rot symptom in any season. However, the other cultivars
showed a very low mean severity value of 0.1%. The second group comprised 3 cultivars
(Chardonnay through Roussanne) that presented a mean rot severity value of 0.2%. The
cultivars Pinot Gris and Gewdrztraminer were classified in the third and fourth groups
with mean disease severity values of 0.4 and 1.3%, respectively. Finally, the cultivars
Sauvignon Blanc and Sauvignon Gris were ranked in the fifth and sixth groups with mean

severity values of 2.0 and 4.9%, respectively.

Classification of common cultivars in Chile and France according to the susceptibility

index
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According to the susceptibility index (SI), we classified the common cultivars evaluated
in Chile and France in 5 categories: i) highly resistant (HR), ii) resistant (R), iii)
intermediate (1), iv) susceptible (S) and v) highly susceptible (HS) cultivars (Figure 4).
Five cultivars — Grenache Noir, Cabernet Franc, Petit Verdot, Cabernet Sauvignon and
Mourvedre — were highly resistant (SI < 3.5). Three cultivars were included in the
resistant category (Merlot, Syrah and Cot). Only Roussanne was classified as an
intermediate cultivar. Finally, the cultivars Chardonnay and Pinot Noir were identified as
susceptible, whereas Gewdrztraminer and Sauvignon Blanc were highly susceptible (Sl
> 50). This classification was corroborated with a non-parametric statistical analysis. This
analysis demonstrated that the cultivars classified as HR and HS were stable between
seasons and sites, in contrast with the R, | and S cultivars, which showed significant

variability.

Relationship between the cultivar susceptibility ranking and fruit maturity

An exponential relationship between the susceptibility to the pathogen, as indicated by
the Sl value, and the fruit maturity (Fwmat) Of cultivars studied in France and Chile was
observed (Figures 5 and 6). For every combination "country x season™ (experimental
condition), the relationship between the two variables was positive, thus showing clearly
that the cultivars with more mature berries were the most susceptible. This pattern was
very similar in all experimental conditions, but it was noticeable that the Fmat values
differed to a large extent from one experimental condition (combination “country x
season") to the next (Figure 5).

To prevent the effect of the different dates of assessment depending on the season, the

Fmat Was adjusted (Fwmat adj) In both countries by removing the value of Fmat of the latest
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cultivar among the 13 cultivars studied. The relationship between Fuat_agjand the S1 value
was positive and exponential in both countries (Figure 6). In France (r> = 0.73), the
equation was y = 3.2 E-4 * x 2! (Figure 6a), whereas in Chile (r? = 0.55), it was y = 4.6E-
11*x*8 (Figure 6b), with “y” representing the SI value and "X" the Fmat aqj Value. This
pattern was quite similar in both sites, but with a steeper slope in Chile. Note that a change
in cultivar susceptibility occurred for adjusted F-Maturity values of greater than
approximately 250. In France, for higher Fwmat_adj Values, the cultivars were classified as
susceptible with an Sl value higher than 25 (Figure 6a). In Chile, the cultivars with Fumat_adj
> 250 corresponded to those developing disease symptoms to some degree, whereas
below this value, mostly no disease or very few rot symptoms were recorded (Figure 6b).
The Roussanne cultivar was the exception in both sites, presenting a higher disease

susceptibility in the 2012 and 2013-14 seasons, despite its low maturity (Figure 6a, b).

Discussion

Cultivar classification according to disease susceptibility

The results of this study showed that the cultivar classification according to the
susceptibility to B. cinerea was generally similar in the two countries, despite the
contrasting climatic conditions and cropping practices. Thus, on the one hand, the two V.
vinifera white cultivars Sauvignon Blanc and Gewiirztraminer were classified as the
highest-susceptibility cultivars, followed by Chardonnay and Pinot Noir. On the other
hand, the four wine black cultivars — Petit Verdot, Cabernet Sauvignon, Mourveédre and
Syrah — were identified as resistant or highly resistant. These classification features
confirm various previously published findings (Orffer 1979, Brocuher-ACTA-ITV 1980,

Robinson 1986, Jakcson and Schuster 1987, Galet 1988, Dry and Gregory 1990, Marois
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et al. 1992, Dubos 2002) (Table 7). However, for the other cultivars tested, our results
differ greatly from those published in the literature. We have classified the two black
cultivars, Grenache Noir and Cabernet Franc, as highly resistant, yet they were considered
as susceptible or highly susceptible by other authors (Robinson 1986, Galet 1988, Dry
and Gregory 1990, Dubos 2002). Similarly, both the Merlot and Cot cultivars, which were
identified as resistant in this study, appear in the literature as susceptible cultivars. Finally,
we classified Roussanne as a cultivar intermediate in susceptibility, whereas it had been
identified previously as a highly susceptible cultivar (Table 6).

These differences observed between our results and those from the literature could be
accounted for by possible changes in agronomic conditions that could affect the plant, the
pathogen, the environment and/or the interactions between these epidemiological factors.
Diverse studies have demonstrated the relationship between B. cinerea infection and/or
BBR development and various environmental/agronomic factors, such as the following:
first, climate and microclimate within the canopy (Savage and Sall 1984, Thomas et al.
1988, English et al. 1989, Fermaud et al. 2001, Pieri and Fermaud 2005, Valdés-Gomez
etal. 2008, Ciliberti 2015, 2016); second, canopy density and leaf removal after flowering
(Gubler et al. 1987, English et al. 1989, Zoecklein et al. 1992, Valdés-Gomez et al. 2008,
Molitor et al. 2011); third, cluster compactness and thinning (Barbetti 1980, Marois et al.
1986, Vail and Marois 1991, Percival et al. 1994, Ferree et al. 2003, Hed et al. 20009,
Molitor et al. 2011); fourth, mineral and water nutrition (Mundy 2007, Valdés-Gomez et
al. 2008); fifth, grape training systems (Pereira de Bem et al. 2015); sixth, winter pruning
(Savage and Sall 1984); seventh, cracks caused by biotic (insects, birds, snails, other plant
pathogens) and abiotic (rain, hail, frost, sunburn, rapid water intake) factors (Nair et al.

1988, Fermaud and Le Menn 1989, Coertze and Holz 1999, Becker and Knoche 2012a,
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b); and eighth, clone and rootstock (Bernard and Leguay 1988, Vail and Marois 1991,
Derckel et al.1998, Vail et al. 1998).

An important source of variation may be the clone effect, which may cause important
susceptibility differences within one considered cultivar. From this point of view, Pinot
Noir is a model cultivar of interest. Significant differences in susceptibility to B. cinerea
between Pinot Noir clones have been attributed to variations in cluster compactness
(Bernard and Leguay 1988). Additionally, Derckel et al. (1998) also detected differences
in susceptibility to B. cinerea amongst the four Pinot Noir clones, suggesting that some
grape berry defences may play an important role in this interaction. Similarly, within the
Chardonnay cultivar, variability in the susceptibility of different clones to B. cinerea has
also been shown, although the variability attributable to the clone may be considered
lower than the variability explained by the cultivars (Vail and Marois 1991, Vail et al.
1998).

The rootstock may also play an important role in the observed variability in the
susceptibility to the pathogen among and within cultivars. For example, the SO4 rootstock
induces higher disease infection in Pinot Noir cultivar because it promotes vine vigour,
which is conducive to the disease (Dubos 2002). Additionally, the rootstock, by affecting
depth of the root system and vine vigour, can influence significantly the cluster
compactness, berry size and fruit maturity, which are known factors that modify the
susceptibility to B. cinerea (Cordeau 1998).

As a first conclusion, despite all the variations and differences possibly due to agronomic
factors, the cultivar effect per se seems to be the most important for the extreme
susceptibility groups of cultivars (highly resistant and susceptible), as defined and

demonstrated in the present work.
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Stability of cultivar classification between years, sites and literature

Our results suggest that the susceptibility of some cultivars is not stable and changes
depending on environmental, seasonal or management conditions. To compare the
differences in susceptibility and to know the stability of the cultivar classification, we
calculated the standard deviation corresponding to the literature results (Sdlit) and that
from our experimental data (Sdres) (Table 6). The susceptibility classification of Cabernet
Franc cultivar was not stable, neither in the literature nor in our study (Sdlit = 1.5; Sdres
=1.6). This could be due to the use of different clones because a great variability among
Cabernet Franc clones has been demonstrated to be related to key susceptibility factors,
notably, maturity, berry size, yield and tannin content (Van Leeuwen et al. 2013).
However, in our case, this difference appears to be due to the vegetative growth because
this cultivar was classified differently only at the “Grande Ferrade” site, at which the
vigour was higher. For the other cultivars, Petit Verdot and Grenache Noir, their
susceptibility rank was rather stable in the literature (Sdlit = 0.3 and 0.5), but it differed
according to the season and country in our work (Sdres = 1.6 and 1.0). For the cultivars
Merlot, Cot and Roussanne, the classification was the same in all other works (Sdlit = 0),
but it differed significantly under our conditions (Sdres = 1.5 and 1.2). Interestingly, the
four cultivars Grenache Noir, Petit Verdot, Merlot and Cot are susceptible to flower
abortion (Reynier 2011); consequently, they may present very different cluster
compactness depending on seasonal climatic conditions during bloom, leading to more
or less flower abortion (Keller 2015). Such a difference in compactness should account
for great variations in the susceptibility to B. cinerea, as has been often demonstrated in

the literature (Marois et al. 1986, Vail and Marois 1991, Percival et al. 1994, Ferree et al.
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2003, Hed et al. 2009, Molitor et al. 2011). Regarding the susceptibility classification, the
cultivars Grenache Noir, Cabernet Franc, Merlot, Cot and Roussanne showed significant
differences between literature works and our study (Table 6). To understand this
difference, further studies about the clone and the vegetative growth related to the
rootstock are necessary.

It is important to note the effect of Chilean data, which decrease the average of the
Susceptibility Index (SI) in the cultivars classification due to the existence of climatic
conditions unfavourable to disease development. Even if the grapevines were water
sprayed in Chile, this effect was temporary and did not allow the pathogen to develop to
a large extent, as may occur under natural wet conditions such as e.g., under oceanic
conditions. Finally, it may be discussed whether these results could have been affected
by the phenotypic variability among B. cinerea strains, particularly in terms of difference
in virulence. It has been demonstrated that the virulence of the two B. cinerea genetic
types, vacuma and transposa, differed significantly in terms of disease incidence and
severity, with transposa strains being more virulent than vacuma ones. This virulence on
leaves or on berries was significantly and negatively correlated with the mycelial growth
rate (Martinez et al. 2005). Moreover, the mechanism involved in this pathogenicity could
be explained by the presence of transposable elements, which is a characteristic feature
of transposa isolates. Thus, Baulcombe (2013) explained that transposon small RNA
(SRNA) molecules are associated with the suppression of host defences, which may have
important implications for the pathogen arms race. This idea is supported by Weiberg et
al. (2013), who founded that transposon SRNA molecules derived from B. cinerea can act
as effectors to suppress host immunity and play a positive role in pathogenicity. Thus,

although we did not consider the high phenotypic variability in this study, it has been
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demonstrated that the two major sympatric transposon genotypes (transposa and vacuma)
are present similarly in Chile as in France (Martinez et al. 2003, 2008). They also tend to
have similar characteristics in both countries (Mufioz et al. 2002); consequently, this

variability should not affect the results to a great extent.

Effect of grape maturity on disease susceptibility

The fruit maturity was identified as a major factor determining the cultivar susceptibility
to B. cinerea. Several studies, often based on one selected model cultivar, have
demonstrated that increasing sugar concentration with the phenological stage in maturing
grape berries promotes infection and colonization by B. cinerea. Some of these studies
also demonstrated that the presence of sugar in berry exudates stimulates the germination
and mycelium growth of B. cinerea (Kosuge and Hewitt 1964, Blakeman 1975, Coley-
Smith et al. 1980, Doneche 1986, Padgett and Morrison 1990, Vercesi et al. 1997,
Deytieux et al. 2009). Despite several authors having demonstrated the relationship
between sugar concentration and pathogen infection, few works have revealed a
correlation between increasing maturity and progress of disease severity, and they mostly
used a single cultivar (Fermaud et al 2011), not a set of different cultivars. Studies related
to the infection by the pathogen and the solid soluble contents of grapes have been
conducted, in particular by Mundy and Beresford (2007), who established clearly a
significant and positive linear regression between berry sugar concentration and the
percentage of rotted berries. Furthermore, regarding the maturity effect, the susceptibility
of berries increased during ripening (Kretschmer et al. 2007), and, more precisely, a
positive, close and sigmoid relationship between maturity variables and B. cinerea

susceptibility was established by Deytieux-Belleau et al. (2009). This last study
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demonstrated that severity of B. cinerea increases regularly during berry maturity,
reaching a maximum at the over-maturity stage: then, this relationship can be represented
by a sigmoid curve. In our study, these relationships were exponential, showing that the
most mature grapevine cultivars were the most susceptible to the pathogen. These
cultivars were mostly white cultivars, in which the sugar content is, generally, higher than
in black ones (Doneche 1986). If we had measured the disease severity of cultivars in a
more advanced state of maturity, these results may have been similar. Moreover, the most
mature cultivars correspond to the earliest cultivars. They could also have been more
attacked because they were exposed, in a susceptible, mature stage, for a longer time
under favourable conditions for infection and disease development.

In addition to the maturity, other factors may account for the variability in susceptibility.
For example, the less-susceptible cultivars, according to the disease incidence and
severity, were in both countries black cultivars. In contrast, the most susceptible cultivars
were white and pink ones. This relationship between susceptibility and berry colour was
expected because it has been shown that the susceptibility of grapes may be affected by
the concentration of phenolic compounds in grapes (Frankel et al. 1995, Goldberg et al.
1995), and particularly, the tannin content within the berry skin (Deytieux-Belleau et al.
2009). These results confirmed previous studies (Goetz et al. 1999, Xie and Dixon 2005)
that demonstrated that black cultivars are less susceptible to B. cinerea than white or pink
cultivars. In addition, the compactness of clusters has been shown to be an important
morphological feature that affects the susceptibility to B. cinerea by affecting the
microclimate and the thickness and wax content of the berry cuticle (Marois et al. 1986,
Vail and Marois 1991, Percival et al. 1993, Fermaud et al. 2001). In this study, we

observed a clear trend in the vineyard conditions that the cvs with more compact clusters

22



©CoO~NOUTA,WNPE

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

o547

548

549

550

Australian Journal of Grape and Wine Research

were more severely attacked and more susceptible to the pathogen. In contrast, we noted
that the less-attacked cvs presented looser clusters and were classified as less susceptible
to B. cinerea. This corroborates a previous study that showed a positive correlation
between BBR development and cluster compactness (Hed et al. 2009). Lastly, and in
addition to the fruit maturity, berry skin colour and cluster compactness, which also may
affect the susceptibility to BBR, there are other predisposal factors, such as genetic
(morphological, anatomical and chemical features of the berry skin), physical (wounds),
environmental (climate and weather conditions) and agronomic (cultural practices)
(Latorre et al. 2015). For agronomic factors, after the climate influence, vegetative growth
and canopy development are considered the second most important factors favouring B.
cinerea development (Valdés-Gomez et al. 2008). Then, some morphological factors
related to cluster architecture, e.g., the bunch mass and berry number, also have an
important influence on BBR epidemics (Vail and Marois 1991, Valdés-Gomez et al.
2008). The bunch mass has been positively and significantly correlated with the BBR
incidence and considered more relevant than the yield to account for disease development.
This factor contributes largely to cluster compactness; thus, it can be considered as a key
morphological feature that increases B. cinerea susceptibility (Valdés-Gomez et al.
2008). Although in this work we did not consider any of these factors, they should be

further studied in future works addressing cv susceptibility to the pathogen.

Main findings and implications for IPM and climatic change adaptations
As previously reported, our results also confirmed that environmental conditions are a
main factor in the disease epidemiological development (Savage and Sall 1984, Thomas

et al. 1988, English et al. 1989, Fermaud et al. 2001, Valdés-Gémez et al. 2008, Ciliberti
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2015, 2016). The contrasting climatic conditions in the two regions studied led to different
levels of disease infection, due principally very different amounts and distributions of
rainfall. Rainfall, which is predominantly at the origin of increased relative humidity and
wetness duration in the vineyards, was found to be of primary importance in disease
development (Ciliberti 2015, 2016). Thus, in France, all cultivars were attacked by B.
cinerea, and they presented more advanced disease development than in Chile. Although
under Chilean conditions, no cultivars seemed to be very susceptible, considering the low
disease severity values, it was possible to classify them according to their susceptibility.
This classification was similar to that in France, thus demonstrating that climate does not
change the susceptibility of cultivars. However, when the climatic conditions are not
favourable to the pathogen development, it is difficult to differentiate resistant from
intermediate cultivars because the latter do not develop the disease at all. This situation
was observed, in particular, in grapes that were not sprayed with water in Chile (data no
shown). Thus, the decision to apply a fungicide to these cultivars based on their
susceptibility classification to BBR would be more difficult. Furthermore, it is interesting
to note that future climatic conditions in the Bordeaux region could be relatively similar
to the current climatic conditions characterizing the Chilean region considered in the
present study (Pafiitrur-De la Fuente et al. 2016). Under this context of climate change,
strategies may be orientated by adapting the cultivar choice to future possible climatic
scenarios, considering both the potential disease development and the associated cultivar
susceptibility.

Further investigation should be conducted to better understand the relationships between

the classification of cultivars according to their susceptibility to B. cinerea and other
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variables (e.g., clone, vigour, and rootstock) to develop management and integrated pest

management strategies.

Conclusions

The results of this study demonstrated that the classification of different wine cultivars
according to their susceptibility to B. cinerea was generally similar in both countries,
despite the contrasting climatic conditions and management practices. Sauvignon Blanc
and Gewdrztraminer were the most-susceptible cultivars, whereas Petit Verdot, Cabernet
Sauvignon, Mourvédre and Syrah were rather resistant or highly resistant. These results
are in accordance to previous studies; however, for the other cvs that we evaluated, their
ranking differed to some extent compared with data from the literature. This difference is
presumably caused by variations in the agronomic and/or environmental conditions under
which the field experiments were performed. The interfering effects of various factors,
such as clone, rootstock, and cluster compactness related to flower abortion are discussed
in detail and should be considered in further studies aiming to compare cultivar
susceptibility to the pathogen.

The maturity of cultivars seems to be a major determining factor in the susceptibility to
B. cinerea. In our study, the relationship between fruit maturity and susceptibility to the
pathogen was positive and exponential, indicating that the most mature grapevine
cultivars were the most susceptible. This could be explained by the increasing sugar
concentrations in ripening berries, which promote fungal colonization, and by the longer
time during which later grapevine cultivars are exposed to favourable conditions for

disease development.
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The cultivar is a principal and permanent factor affecting the susceptibility to B. cinerea,

which could be modified by climate and agronomic management, which are considered

as variable factors. Thus, the cultivar remains a key parameter in decision support

systems, and the fruit maturity could be used to support this. Further investigation should

be conducted to better understand the relationship between susceptibility to B. cinerea

and other variables (e.g., clone, vigour, and rootstock) to develop management and

integrated pest management strategies.

References

1.

Barbetti, M.J. (1980) Reductions in bunch rot in Rhine Riesling grapes from
bunch thinning. Australian Plant Pathology 9, 8-10.

Baulcombe, D. (2013) Small RNA—the Secret of Noble Rot. Science 342, 45-46.
Becker, T., and Knoche, M. (2012a) Deposition, strain, and microcracking of the
cuticle in developing ‘Riesling’ grape berries. Vitis 51, 1-6.

Becker, T., and Knoche, M. (2012b) Water induces microcracks in the grape
berry cuticle. Vitis 51,141-142.

Beever, R.E. and Weeds, P.L. (2004). Taxonomy and genetic variation of Botrytis
and Botryotinia. Elad, Y., Williamson, B., Tudzynski, P. and Delen, N. eds.
Botrytis: Biology, Pathology and Control. 1st ed (Kluwer Academic Publishers:
Dordrecht, Netherlands) pp. 29-52.

Bernard, R., and Leguay, M. (1988) Clonal variability of Pinot noir in Burgundy
and its potential adaptation under other cooler climates. Heatherbell, D. A.,
Lombard, P. B., Bodyfelt, F. W and Price, S. F. Proceedings of the International

Symposium on Cool Climate Viticulture and Enology; Oregon, Unitated States

26



©CoO~NOUTA,WNPE

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

10.

11.

12.

13.

14.

Australian Journal of Grape and Wine Research

(Oregon State University: Corvallis, Unitated States) pp 6379

Blakeman, J. P. (1980) Behaviour of conidia on aerial plant surfaces. Coley-
Smith, K. Verhoeff and W. R. Jarvis. The Biology of Botrytis, ed. J. R. (Academic
Press: London, Great Britain) pp. 115-1 52.

Boso, S., Alonso-Villaverde, V., Gago, P., Santiago, J.L and Martinez, M.C.
(2014) Susceptibility to downy mildew (Plasmopara viticola) of different Vitis
varieties. Crop Protection 63, 26-35.

Broome, J. C., English, J. T., Marois, J. J., Latorre, B. A., and Aviles, J. C. (1995)
Development of an infection model for Botrytis bunch rot of grapes based on
wetness duration and temperature. Phytopathology 85, 97-102.

Broucher ACTA-ITV. (1980) Protection Intégrée. Controles Periodiques au
Vignoble (ITV-ACTA: France).

Ciliberti, N., Fermaud, M., Languasco, L. and Rossi, V. (2015). Influence of
fungal strain, temperature, and wetness duration on infection of grapevine
inflorescences and young berry clusters by Botrytis cinerea. Phytopathology 105,
325-333.

Ciliberti, N., Fermaud, M., Roudet, J. and Rossi, V. (2016) Environmental
conditions affect Botrytis cinerea infection of mature grape berries more than the
strain or transposon genotype. Phytopathology 105, 1090-1096.

Coertze, S., and Holz, G. (1999) Surface colonization, penetration, and lesion
formation on grapes in- oculated fresh or after cold storage with single airborne
conidia of Botrytis cinerea. Plant Disease 83,917-924.

Coley-Smith, J. R. (1980) Sclerotia and other structures in survival. Coley-Smith,

K. Verhoeff and W. R. Jarvis. eds The Biology of Botrytis, ed. J. R (Academic

27

Page 32 of 53



Page 33 of 53

©CoO~NOUTA,WNPE

645

646

647

648

649

650

651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

15.

16.

17.

18.

19.

20.

21.

22.

Australian Journal of Grape and Wine Research

Press: London, Great Britain) pp. 85-1 14.

Cordeau J. (2002) Création d'un vignoble. Greffage de la vigne et porte-greftfes,
¢limination des maladies a virus 2e édition (Editions Féret: Bordeaux, France).
Damalas, C.A. and Eleftherohorinos, 1.G. (2011) Pesticide exposure, safety
issues, and risk assessment indicators. International journal of environmental
research and public health 8, 1402-14109.

Derckel, J. P., Audran, J. C., Haye, B., Lambert, B., and Legendre, L. (1998)
Characterization, induction by wounding and salicylic acid, and activity against
Botrytis cinerea of chitinases and R-1,3-glucanases of ripening grape berries.
Physiologia Plantarum 104, 56-64.

Deytieux-Belleau, C., Geny, L., Roudet, J., Mayet, V., Donéche, B. and Fermaud,
M. (2009) Grape berry skin features related to ontogenic resistance to Botrytis
cinerea. European Journal of Plant Pathology 125, 551-563.

Doneche, B. (1986) La nature des exsudats de raisins et leur role dans la
germination des conidies de Botrytis cinerea. Agronomie, EDP Sciences 6, 67—
Dry, P. R. and Gregory, G. R. (1990) Grapevine varieties. Coombe and P. R. Dry.,
eds Viticulture. Volume I, Resources in Australia, ed. B. G. (Australian Industrial
Publishers: Adelaide, Australia), pp. 119-138.

Dubos, B. (2002) Maladies cryptogamiques de la vigne. Champignons parasites
des organes herbaces et du bois de la vigne (Féret: Bordeaux, France)

Elmer, P.A and Michailides, (2004) T. Epidemiology of Botrytis cinerea in
orchard and vine crops. Elad, Y., Williamson, B., Tudzynski, P. and Delen, N.
eds. Botrytis: Biology, Pathology and Control. 1st ed (Kluwer Academic

Publishers: Dordrecht, Netherlands) pp. 243-272.

28


http://www.springer.com/life+sciences/plant+sciences/journal/10658

©CoO~NOUTA,WNPE

669

670

671

672

673

674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

23.

24.

25.

26.

217.

28.

29.

30.

Australian Journal of Grape and Wine Research

English, J.T., Thomas, C.S., Marois, J.J. and Gubler, W.D. (1989) Microclimates
of Grapevine Canopies Associated with Leaf Removal and Control of Botrytis
Bunch Rot. Phytopathology 79, 395-401.

Fermaud, M., and Le Menn, R. (1989) Association of Botrytis cinerea with grape
berry moth larvae. Phytopathology 79, 651-656.

Fermaud, M., Limifiana, J. M., Froidefond, G., & Pieri, P. (2001). Grape cluster
microclimate and architecture affect severity of Botrytis rot of ripening berries.
IOBC/WPRS Bulletin 24, 7-10.

Ferree, D.C., Ellis, M.A., McArtney, S.J., Brown, M.V. and Scurlock, D.M.
(2003) Comparison of fungicide, leaf removal and gibberellic acid on
development of grape cluster and Botrytis bunch rot of ‘Vignoles’ and ‘Pinot
Gris’. Small Fruits Review 4, 3-18.

Frankel, E.N., Waterhouse, A.L. and Teissedre, P.L. (1995) Principal phenolic
phytochemicals in selected California wines and their antioxidant activity in
inhibiting oxidation of human low-density lipoproteins. Journal of Agricultural
and Food Chemistry 43, 890-894.

Elad, Y., Pertot, I., Cotes Prado, .M.A. and Stewart, A. (2016) Plant Hosts of
Botrytis spp. Fillinger, S. and Elad, Y, Yigal (eds). Botrytis- the Fungus, the
Pathogen and its Management in Agricultural Systems. (Springer: Switzerland)
pp. 413-486.

Galet, P. (1988). Les maladies et les parasites de la vigne Tome 1. (Tec & Doc
Distribution: France).

Giraud, T., Fortini, D., Levis, C., Leroux, P., and Brygoo, Y. (1997) RFLP

markers show genetic recombination in Botryotinia fuckeliana (Botrytis cinerea)

29

Page 34 of 53



Page 35 of 53

©CoO~NOUTA,WNPE

693

694

695

696

697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

31.

32.

33.

34.

35.

36.

37.

Australian Journal of Grape and Wine Research

and transposable elements reveal two sympatric species. Molecular Biology and
Evolution 14, 1177-1185.

Giraud, T., Fortini, D., Levis, C., Lamarque, C., Leroux, P., Lo Buglio, K., and
Brygoo, Y. (1999) Two sibling species of the Botrytis cinerea complex, transposa
and vacuma, are found in sympatry on numerous host plants. Phytopathology 89,
967-973.

Goetz, G., Fkyerat, A., Métais, N., Kunz, M., Tabacchi, R., Pezet, R. and Pont, V.
(1999) Resistance factors to grey mould in grape berries: Identification of some
phenolics inhibitors of Botrytis cinerea stilbene oxidase. Phytochemistry 52, 759—
767.

Goldberg, D.M., Yan, J., Ng., E., Diamandis, E.P., Karumanchiri, A., Soleas, G.,
Waterhouse, A.L.A. (1995) Global survey of transresveratrol concentration in
commercial wines. American Journal of Enology and Viticulture 46, 159-165.
Gonzéalez-Dominguez, E., Caffi, T., Ciliberti, N. and Rossi, V. (2015) A
Mechanistic Model of Botrytis cinerea on Grapevines that includes weather, vine
growth stage, and the main infection pathways. PLOS ONE 10, 1-23.

Gubler, W.D., Marois, J.J. and Bledsoe, A.M. (1987) Control of Botrytis Bunch
Rot of Grape with Canopy Management. Plant Disease Journal 71, 599-601.
Hahn, M. (2014) The rising threat of fungicide resistance in plant pathogenic
fungi: Botrytis as a case study. Journal of Chemical Biology 4, 133-141.

Hed, B., Ngugi, H. K., and Travis, J. W. (2009) Relationship between cluster
compactness and bunch rot in Vignoles grapes. Plant Disease Journal 93, 1195-

1201.

30


https://www.google.cl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjuiYn3gZTOAhUCi5AKHd3UDNUQFggcMAA&url=http%3A%2F%2Fmbe.oxfordjournals.org%2F&usg=AFQjCNHrzb8jkPUXjGX8mTS8uw4BxjFRpg&sig2=d4rxAbhe8zLLLcdLWY4BXw
https://www.google.cl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjuiYn3gZTOAhUCi5AKHd3UDNUQFggcMAA&url=http%3A%2F%2Fmbe.oxfordjournals.org%2F&usg=AFQjCNHrzb8jkPUXjGX8mTS8uw4BxjFRpg&sig2=d4rxAbhe8zLLLcdLWY4BXw

©CoO~NOUTA,WNPE

716

717

718

719

720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

38.

39.

40.

41.

42.

43.

44,

45.

46.

Australian Journal of Grape and Wine Research

IOBC. (2007). Guideline Grapes. Directrices Para La Produccion Integrada De
Uva. Organizacién Internacional para la Lucha Bioldgica e Integrada contra los
Animales y las Plantas Nocivos DIRECTRIZ TECNICA 11l DE LA OILB 3?
Edicién. 2007. 21p.

Jackson, D. and Schuster, D. (1987). The Production of Grapes and Wine in Cool
Climates (Nelson Publishers, Melbourne).

Keller, M. (2015) The Science of Grapevines. Anatomy and Physiology. Second
edition. (Academic Press: London, United Kingdom).

Kosuge T, Hewitt, WB. (1964) Exudates of grape berries and their effect on
germination of conidia of Botrytis cinerea. Phytopathology 54,167-172
Kretschmer, M., Kassemeyer, H-H. and Hahn, M. (2007) Age-dependent Grey
Mould Susceptibility and Tissue-specific Defence Gene Activation of Grapevine
Berry Skins after Infection by Botrytis cinerea. Phytopathology 155, 258-263.
Ky, I., Lorrain, B. Jourdes, M., Pasquier, G., Fermaud, M., Gény, L., Rey, P.,
Doneche, B. and Teissedre, P.L. (2012) Assessment of grey mould (Botrytis
cinerea) impact on phenolic and sensory quality of Bordeaux grapes, musts and
wines for two consecutive vintages. Australian Journal of Grape and Wine
Research 18, 215-226.

Latorre, B., Elfar, K. and Ferrada, E. (2015) Gray mold caused by Botrytis cinerea
limits grape production in Chile. Crop Protection 42, 305-330.

Levis, C., Fortini, D. and Brygoo, Y. (1997) Flipper, a mobile Fotl- like
transposable element in Botrytis cinerea. Molecular and General Genetics 254,
674-680

Marois, J.J., Nelson, J.K., Morrison, J.C., Lile, L.S and Bledsoe, A.M. (1986) The

31

Page 36 of 53



Page 37 of 53

©CoO~NOUTA,WNPE

740

741

742

743

744

745

746

747

748

749

750

751

752

753

754

755

756

757

758

759

760

761

762

763

47.

48.

49.

50.

51.

52.

53.

Australian Journal of Grape and Wine Research

influence of Berry Contact within Grape Clusters on the Development of Botrytis
cinerea and Epicuticular Wax. American Journal of Enology and Viticulture 37,
293-296.

Marois, J. J., Bledsoe, A. M. and Bettiga, L. J. (1992) Bunch rots. Grape Pest
Management, 2nd edn, ed. D. L. Flaherty. (University of California, Division of
Agriculture and Natural Resources: Oakland, California) pp. 63—609.

Martinez, F., Blancard, D., Lecomte, P., Levis, C., Dubos, B., and Fermaud, M.
(2003) Phenotypic differences between vacuma and transposa types of Botrytis
cinerea. European Journal of Plant Pathology 109, 479-488.

Martinez, F., Corio-Costet, M. F., Levis, C., Coarer, M., and Fermaud, M. (2008)
New PCR primers to characterize distribution of Botrytis cinerea populations in
the vineyard. Vitis 47, 217-226

Mlikota Gabler, F., Smilanick, J.L., Mansour, M., Ramming, D.W. and Mackey,
B.E. (2003) Correlations of Morphological, Anatomical, and Chemical Features
of Grape Berries with Resistance to Botrytis cinerea. Phytopathology 93, 1263—
1273.

Molitor, D., Rothmeier, M., Behr, M., Fischer, S., Hoffmann, L. and Evers, D.
(2011) Crop cultural and chemical methods to control grey mould on grapes. Vitis
- Journal of Grapevine Research 50, 81-87.

Mundy, D.C. and Beresford, R.M. (2007) Susceptibility of grapes to Botrytis
cinerea in relation to berry nitrogen and sugar concentration. Plant Pathology 60,
123-127.

Mufoz, G., Hinrichsen, P., Brygoo, Y., and Giraud, T. (2002) Genetic

characterisation of Botrytis cinerea populations in Chile. Mycological Research

32


http://www.springer.com/life+sciences/plant+sciences/journal/10658
https://www.google.cl/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjrq-jMmaPOAhUDiJAKHfODA44QFggcMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F09537562&usg=AFQjCNGnFWTnPyAqqLPhhlXJstfhvXkJzg&sig2=INqutbhujvm4Id9xS99sIg

©CoO~NOUTA,WNPE

764

765

766

767

768

769

770

771

772

773

774

775

776

a

778

779

780

781

782

783

784

785

786

787

54.

55.

56.

S57.

58.

59.

60.

Australian Journal of Grape and Wine Research

106, 594-601

Nair, N.G., Emmett, R.W. and Parker, F.E. (1988) Some factors predisposing
grape berries to in- fection by Botrytis cinerea. N.Z. J. Experimental Agriculture
16, 257-263.

Nair, N.G. and Allen, R.N. (1993) Infection of grape flowers and berries by
Botrytis cinerea as a function of time and temperature. Mycological Research 97,
1012-1014.

Orffer, C. J. (1979) Wine Grape Cultivars in South Africa. (Human and Rousseau:
Cape Town, South Africa).

Padgett, M., and Morrison, J. C. (1990) Changes in grape berry exudates during
fruit development and their effect on mycelial growth of Botrytis cinerea. Journal
of the American Society for Horticultural Science 115, 269- 273.

Pafitrur-De la Fuente, C., Valdés-Gémez, H., Acevedo-Opazo, C., Verdugo-
Vasquez, N., Araya-Alman, M., Roudet, J., Lolas, M., Moreno, Y. and Fermaud,
M. How climate change may affect grapevine susceptibility to Botrytis Bunch
Rot? Ollat, N., Garcia de Cortazar-Atauri, I. and Touzard., J.M. eds. ClimWine
2016 International Symposium. Sustainable grape and wine production in the
context of climate change; April 10-13 2016; Bodeaux, France (Bordeaux
Sciences Agro: Bordeaux, France) pp 83.

Parker, A.K., De Cortazar-Atauri, 1.G., Van Leeuwen, C. and Chuine, 1. (2011).
General phenological model to characterise the timing of flowering and veraison
of Vitis vinifera L. Australian Journal of Grape and Wine Research 17, 206-216.
Parker, A.K., De Cortazar-Atauri, 1.G., Chuine, I., Barbeau, G., Bois, B.,

Boursiquot, J.M., Cahurel, J.Y., Claverie, M., Dufourcq, T., Gény, L.,

33

Page 38 of 53



Page 39 of 53

©CoO~NOUTA,WNPE

788

789

790

791

792

793

794

795

796

797

798

799

800

801

802

803

804

805

806

807

808

809

810

811

61.

62.

63.

64.

65.

66.

Australian Journal of Grape and Wine Research

Guimberteau, G., Hofmann, R.W., Jacquet, O., Lacombe, T., Monamy, C., Ojeda,
H., Panigai, L., Payanu, J.C., Rodriquez Lovelle, B., Rouchaud, E., Schneider, C.,
Spring, J.L., Storchi, P., Tomasi, D., Trambouze, W., Trought, M. and Van
Leeuwen, C. (2013) Classification of varieties for their timing of flowering and
veraison using a modelling approach: A case study for the grapevine species Vitis
vinifera L. Agricultural and Forest Meteorology 180, 249-264.

Percival, D.C., Fisher, K.H. and Sullivan, J.A. (1994). Use of Fruit Zone Leaf
Removal with Vitis vinifera L. cv. Riesling Grapevines. Il. Effect on Fruit
Composition, Yield, and Occurrence of Bunch Rot (Botrytis cinerea Pers.:Fr.).
American Journal of Enology and Viticulture 45, 133-140.

Pereira de Bem, B., Bogoa, A., Everhartb, S., Trezzi Casaa, R., Gongalves, M.J.,
Marcon Filhoa, J.L. and da Cunha, I.C. (2015) Effect of Y-trellis and vertical
shoot positioning training systems on downy mildew and botrytis bunch rot of
grape in highlands of southern Brazil. Scientia Horticulturae Journal 185, 162—
166.

Pieri, P., Fermaud, M., 2005. Effects of defoliation on temperature and wetness
of grapevine berries. Acta Horticulturae 689, 109-116.

Pszczolkowski, P.H., Latorre, B.A. and Ceppi Di Lecco, C. (2000) Efectos de los
mohos presentes en uvas cosechadas tardiamente sobre la calidad de los mostos y
vinos cabernet sauvignon. Ciencia e Investigacion Agraria 28, 157-163.

Reynier, A. (2011) Manuel de viticulture: Guide technique du viticulteur.
(Lavoisier: Paris, France).

Ribérau-Gayon, P., Dubourdieu, D., Donéche, B. and Lonvaud, A. (1998) Traité

d’eenologie 1. Microbiologie du vin et vinifications. (Dunod: Paris, France).

34



©CoO~NOUTA,WNPE

812

813

814

815

816

817

818

819

820

821

822

823

824

825

826

827

828

829

830

831

832

833

834

835

67.

68.

69.

70.

71.

72.

73.

74.

75.

Australian Journal of Grape and Wine Research

Robinson, J. (1986) Vines, Grapes and Wines. The wine drinker’s guide to grape
varieties (Mitchell Beazley: London).

Rosslenbroich H.J. and Stuebler, D. (2000) Botrytis cinerea — history of chemical
control and novel fungicides for its management. Crop Protection 19, 557-561.
Savage, S.D. and Sall, M.A. (1984) Botrytis Bunch Rot of Grapes: Influence of
Trellis Type and Canopy Microclimate. Phytopathology 74, 65-70.

Thomas, C.S., Marois, J.J. and English, J.T. (1988). The effects of wind speed,
temperature, and relative humidity on development of aerial mycelium and
conidia of Botrytis cinerea on grape. Phytopathology 78, 2602—-265.

Vail, M.E. and Marois, J.J. (1991) Grape Cluster Architecture and the
Susceptibility of Berries to Botrytis cinerea. Phytopathology 81, 188-191.

Vail, M.E., Wolpert, J.A., Gubler, W.D. and Rademacher, M.R. (1998) Effect of
Cluster Tightness on Botrytis Bunch Rot in Six Chardonnay Clones. Plant Disease
Journal 82, 107-1009.

Valdés-Gomez, H., Fermaud, M., Roudet, J., Calonnec, A. and Gary, C. (2008)
Grey mould incidence is reduced on grapevines with lower vegetative and
reproductive growth. Crop Protection 27, 1174-1186.

Van Leeuwen C., Roby, JP., Alonso-Villaverde, V. and Gindro K. (2013) Impact
of clonal variability in Vitis vinifera Cabernet franc on grape composition, wine
quality, leaf blade stilbene content, and downy mildew resistance. Journal of
Agricultural and Food Chemistry 61, 19-24.

Vercesi, A., Locci, R., Prosser, J.1. (1997) Growth kinetics of Botrytis cinerea on
organic acids and sugars in relation to colonization of grape berries. Mycological

Research 101, 139-142.

35

Page 40 of 53


http://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Leeuwen%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23205623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Roby%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=23205623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alonso-Villaverde%20V%5BAuthor%5D&cauthor=true&cauthor_uid=23205623
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gindro%20K%5BAuthor%5D&cauthor=true&cauthor_uid=23205623
http://pubs.acs.org/journal/jafcau
http://pubs.acs.org/journal/jafcau

Page 41 of 53

©CoO~NOUTA,WNPE

836

837

838

839

840

841

842

843

844

845

846

847

848

849

850

851

852

853

854

855

856

857

858

859

76.

77.

78.

79.

Australian Journal of Grape and Wine Research

Walker, A.S. (2016) Diversity Within and Between Species of Botrytis. Fillinger,
S. and Elad, Y, Yigal (eds). Botrytis- the Fungus, the Pathogen and its
Management in Agricultural Systems. (Springer: Switzerland) pp. 91-125.
Weiberg, A., Wang, M., Lin, FM., Zhao, H., Zhang, Z., Kaloshian, I., Huang, HD.
And Jin, H. (2013). Fungal Small RNAs Suppress Plant Immunity by Hijacking
Host RNA Interference Pathways. Science 342, 118-123.

Xie, De-Yu and Dixon, R.A. (2005) Proanthocyanidin biosynthesis-still more
questions than answers? Phytochemistry 66, 2127-2144.

Zoecklein, B.W., Wolf, T.K., Duncan, N.W., Judge, J.M. and Cook, M.K. (1992)
Effects of Fruit Zone Leaf Removal on Yield, Fruit Composition, and Fruit Rot
Incidence of Chardonnay and White Riesling (Vitis viniferaL.) Grapes.

American Journal of Enology and Viticulture 43, 139-148.

36



©CoO~NOUTA,WNPE

860
861
862
863
864
865
866

867
868
869
870
871
872
873
874
875
876

Tables

Table 1. Susceptibility to B. cinerea of 13 grapevine cultivars according to different

literature sources.

Australian Journal of Grape and Wine Research

Cultivar a b c d e f g
Grenache Noir 4 3 - - 4 - 3 4
Cabernet Franc - - - - - 4 1
Petit Verdot 0-1 - - - - - 1 1
Cabernet Sauvignon 2 - 0 1 1 0 1 1
Mourvedre - - - - - - 1 -
Merlot 3 S - - - - 3 3
Syrah 2 - 1 3 3 - - 2
Cot 3 s - - - - 3 3
Roussanne 4 - - - - - - 4
Chardonnay 4 - 2 2 3 - 3 3
Pinot Noir 3 4 2 3 4 - - 3
Gewdrztraminer 4 - - - - - 1 4
Sauvignon Blanc 4 - 4 3 4 - 1 4

a = Dubos (2002), b = Dry

and Gregory (1990), ¢ = Orffer (1979), d = Jackson and
Schuster (1987), e = Robinson (1986), f = Marois et al. (1992), g = Galet (1988), h =
ACTA (1980); 0 = highly resistant, 1 = resistant, 2 = intermediate, 3 = susceptible, 4 =
highly susceptible.

Table 2. Cultivars evaluated at each experimental site in France and in Chile

Tour Blanche
(France)

Grande Ferrade
(France)

Panguilemo
(Chile)

Common cultivars
(France and Chile)

Alicante Bouschet
Cabernet Franc
Cabernet Sauvignon
Carignan
Chardonnay
Chenin

Cinsault
Colombard

Cot

Folle Blanche
Gamay

Cabernet Franc
Cabernet Sauvignon
Carignan
Chardonnay
Chenin

Cot

Gamay
Grenache Noir
Marselan
Merlot
Mourvedre

Cabernet Franc
Cabernet Sauvignon
Carménere
Chardonnay
Cot
Gewdrztraminer
Grenache Noir
Marsanne
Merlot
Mourvedre

Petit Verdot

37

Cabernet Franc
Cabernet Sauvignon
Chardonnay
Cot
Gewdirztraminer
Grenache Noir
Merlot
Mourvedre

Petit Verdot
Pinot Noir
Roussanne
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Gewdirztraminer
Grenache Blanc
Grenache Noir
Gros Manseng
Melon

Merlot
Mourvedre
Muscadelle
Muscat Petit Grain
Negrette

Petit Manseng
Petit Verdot
Pinot Noir
Riesling

Rolle
Roussanne
Sauvignon Blanc
Semillon

Syrah

Tannat

Ugni Blanc
Viogner
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Muscadelle

Petit Verdot
Pinot Noir
Riesling
Roussanne
Sauvignon Blanc
Semillon
Tempranillo
Touriga Nacional
Ugni Blanc
Viogner

Pinot Gris

Pinot Noir
Roussanne
Sangiovese
Sauvignon Blanc
Sauvignon Gris
Syrah
Tempranillo

Syrah

Sauvignon Blanc

Table 3. Field characteristics of the experimental fields.

France Chile
Property Tour Blanche Grande Ferrade Panguilemo
Experimental Period 2011, 2012, 2014 2011 2013-14, 2014-15
Vineyard planting year 1995 2009 2006
Rootstock 3309 SO4 Own-rooted

Location (WGS84)
Spacing (m x m)
Trellis/Pruning system

Irrigation system

44°32'N, 0°21' W
1.8x0.9

Non-irrigated

44°47'N, 0°34' W
1.8x1.0

35°22° S, 71°36° W
20x1.0

VSPSystema/ Two-bilateral

Non-irrigated

Drip irrigation (one
dropper per plant with a
flow rate of 4 L / h)
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Table 4. Mean disease incidence and severity values (%) for each cultivar under field
conditions in the “Tour Blanche” site (France) over three seasons.

Cultivar Disease incidence (%0) Disease severity (%)
2011 2012 2014 2011 2012 2014

Alicante Bouchet 30.7cdef 35.8bcd 33.4bcdefg 3.3ab 3.1labc 1.2a
Cabernet Franc 13.2abc 16.4ab 7.1a 0.4a 0.4a 0.2a
Cabernet Sauv. 27.6bcde 10.7ab 26.6abcde 0.9a 0.3a 0.5a
Carignan 37.9def 10.5ab 25.8abcde 1.9ab 0.3a 0.6a
Chardonnay 79.5kImn 93.1j 51.9fghijk 11.5abcde  26.4fgh 10.2defg
Chenin 94.5mn 49.4cdef 37.0cdefgh 39.0i 7.4abcd 1.7ab
Cinsault 54.9fghijk  29.8abc 55.6ghijk 5.9abcd 2.3ab 3.2abc
Colombard 18.8abcd 29.2abc 36.4cdefgh 0.7a 1.0a 1.3ab
Cot 41.2defg 46.3cde 40.5defghi 4.7abc 2.5ab 2.0abc
Folle Blanche 89.2Imn 92.8j 81.8Im 29.3ghi 32.6h 29.7i
Gamay 51.0efghi 25.6abc 51.7fghijk 13.7bcdef  3.9abc 11.1efg
Gewdrztraminer 64.8ghijkl  63.5efghi 68.4jkIm 19.3efg 23.3efgh 11.7fg
Grenache Blanc 65.8hijkl 86.0ij 33.4bcdefg 17.1def 17.1def 2.9abc
Grenache Noir 34.9cdef 5.6a 11.8ab 4.0abc 0.2a 0.2a
Gros Manseng Oa 15.1ab 12.4ab Oa 0.3a 0.1a
Melon 42.9defgh  73.7fghij 67.6jklm 4.5abc 10.3abcd 14.59
Merlot 33.1cdef 15.6ab 51.3fghijk 1.2a 1.2a 3.3abcd
Mourvedre 21.8abcd 22.5abc 26.4abcde 1.8ab 0.9a 0.7a
Muscadelle 75.9jkimn  88.2ij 51.4fghijk 17.7def 14.4bcdef 5.3abcdef
Muscat petit grain 97.2n 86.7ij 46.9efghij 29.8ghi 12.0abcde 4.4abcde
Negrette 83.8Imn 57.3defg 58.1hijk 24.4fgh 8.6abcd 7.0abcdef
Petit Manseng 12.6abc 18.1ab 13.6abc 0.3a 0.3a 0.2a
Petit Verdot 3.3ab 13.4ab 22.3abcd 1.3a 0.2a 0.4a
Pinot Noir 77.8jkimn  70.2efghij 74.0kIm 32.7hi 15.6¢cdef 21.7h
Riesling 97.7n 91.2 61.5ijkl 65.7] 47.1i 5.1abcdef
Rolle 48.5efghi  24.3abc 31.0bcdef 3.3ab 0.9a 2.7abc
Roussanne 88.6Imn 63.2efghi 43.1defghi 31.2ghi 7.3abcd 2.1labc
Sauvignon Blanc 71.3ijkim  96.2j 61.8ijkl 15.3cdef 30.6gh 8.3bcdefg
Semillon 96.2n 84.6hij 86.7m 39.2i 19.3defg 11.6fg
Syrah 37.0cdef 58.0defgh 11.5ab 2.6ab 11.8abcde 1.4ab
Tannat 22.4abcd 10.5ab 24.2abcde 1l.1a 0.9a 0.4a
Ugni Blanc 43.3defgh  32.5abcd 56.1ghijk 2.8ab 1l.1a 1.9abc
Viogner 53.5fghij 80.4ghij 53.6fghijk 8.4abcde 13.2abcde 8.7cdefy
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1

2

3

g 906 Table 5. Mean disease incidence and severity values (%) for each cultivar under field
6 907  conditions in the “Grande Ferrade” site (France) in the 2011 season.

7 908

g Cultivar Disease incidence (%) Disease severity (%)

10 Cabernet Franc 100.0e 36.8¢efg

11 Cabernet Sauvignon 83.3bc 15.8abc

12 Carignan 96.3de 25.9bcde

13 Chardonnay 92.4cde 39.5¢fg

14 Chenin 96.4de 33.9def

15 Cot 100.0e 37.1efg

i? Gamay 93.7cde 28.8cde

18 Grenache Noir 91.7cde 10.1ab

19 Marselan 71.3ab 7.3a

20 Merlot 97.7de 28.6cde

21 Mourveédre 65.0a 5.1a

22 Muscadelle 100.0e 47.7fg

gi Petit Verdot 98.8e 34.6def

o5 Pinot Noir 85.4cd 18.9abcd

26 Riesling 95.9cde 26.0bcde

27 Roussanne 98.6e 51.2¢g

28 Sauvignon Blanc 98.8e 40.5efg

29 Semillon 100.0e 30.3cde

30 Tempranillo 100.0e 48.0fg

31 Touriga Nacional 98.8e 33.8def

32 Ugni Blanc 93.8cde 14.8abc

33 Viogner 97.5de 42.1efy

34

35 909

36 910

37 911

38 912

39 913

40 914  Table 6. Mean disease incidence and severity values (%) for each cultivar under field
41 915  conditions in Chile over two seasons.

42 916

43

44 Cultivar Disease incidence (%0) Disease severity (%0)
45 2013-14 2014-15 2013-14 2014-15
46 Cabernet Franc Oa Oa Oa Oa
a7 Cabernet Sauvignon Oa Oa Oa Oa
jg Carménére Oa 0.3a* Oa Oa
50 Chardonnay 1.07a 2.7ab 0.05ab 0.30a
51 Cot Oa Oa Oa Oa
52 Gewdrztraminer 8.11c 12.0cd 0.24d 2.25ab
53 Grenache Noir Oa 0.25a* Oa Oa
54 Marsanne 0.01a 0.18a* 0.01ab 0a
55 Merlot Oa Oa Oa Oa
gs Mourvedre Oa Oa Oa Oa
58 Petit Verdot Oa Oa Oa Oa
59 Pinot Gris 2.33ab 9.75bcd 0.12bc 0.78a
60 Pinot Noir 0.72a 3.93ab 0.06ab 0.30a
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Roussanne 0.47a
Sangiovese Oa
Sauvignon Blanc 4.72bc
Sauvignon Gris 1.28a
Syrah Oa
Tempranillo Oa

0.98a
6.05abc
16.88d
37.7e
0.25a
2.53ab

0.03ab
Oa
0.19cd
0.048ab
Oa

Oa

0.23a
0.8a

3.85b
9.80c
0.03a
0.10a

*When there is a value for the incidence but the severity is 0, it is because the severity value is less than

0.001.

Table 7. Comparison of the susceptibility to B. cinerea of 13 grapevine cultivars

according sources and our results

Cultivar Mean lit. Sdlit. Ourres.  Sdres.
Grenache Noir 4 0.5 0 1.0
Cabernet Franc 3 15 0 1.6
Petit Verdot 1 0.3 0 1.6
Cabernet Sauvignon 1 0.7 0 1.2
Mourvédre 1 - 0 0.5
Merlot 3 0 1 15
Syrah 2 0.8 1 1.2
Cot 3 0 1 15
Roussanne 4 0 2 1.2
Chardonnay 3 0.8 3 1.2
Pinot Noir 3 0.8 3 1.3
Gewdrztraminer 3 1.7 4 0
Sauvignon Blanc 3 12 4 0.5

0 = highly resistant, 1 = resistant, 2 = intermediate, 3 = susceptible, 4 = highly

susceptible; Mean lit = Mean of literature source, Our res = Results of our study; Sdlit =
standard deviation of literature sources, Sd res = standard deviation of our results.
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Figure legends

Figure 1. Monthly mean rainfall (mm) in France (a) and Chile (b) and mean air
temperature (°C) in France (c) and Chile (d) during all seasons. The horizontal dotted
lines in (c) and (d) represent the mean air temperature (°C) in each season. Bud =
Budbreak; Flo = Flowering; Ver = Veraison; Har = Harvest.

Figure 2. Cluster classification of cultivars in France in the sites “Tour Blanche” (a) and
both “Grande Ferrade and “Tour Blanche” (b) according to their severity values.

Figure 3. Cluster classification of cultivars in Chile according to their severity values.
Figure 4. Box plot of cultivars according to the susceptibility index. HR = Highly
Resistant; R = Resistant; | = Intermediate; S = Susceptible; HS = Highly Susceptible. The
vertical line in each box and the cross represent the median and mean value of the Sl,
respectively.

Figure 5. Relationship between the maturity of cultivars (F Mat) and susceptibility to
BBR (SI), assessed at different dates, in France and Chile.

Figure 6. Relationship between the maturity of cultivars (F Mat_adj) and susceptibility
to BBR (SI) at both sites, France (a) and Chile (b), during all study seasons.
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Figure 1. Monthly mean rainfall (mm) in France (a) and Chile (b) and mean air temperature
(°C) in France (c) and Chile (d) during all seasons. The horizontal dotted lines in (c) and (d)
represent the mean air temperature (°C) in each season. Bud = Budbreak; Flo = Flowering;
Ver = Veraison; Har = Harvest.
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Figure 2. Cluster classification of cultivars in France in the sites “Tour Blanche” (a) and both “Grande Ferrade and “Tour Blanche” (b)

according to their severity values.
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Figure 3. Cluster classification of cultivars in Chile according to their severity values.
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Figure 5. Relationship between the maturity of cultivars (F Mat) and susceptibility to BBR
(SI), assessed at different dates, in France and Chile.



Page 53 of 53 Australian Journal of Grape and Wine Research

1
2
3
4
5
6
7
8
9 y=32E-04(x21) 2
10 100 RI=0,727 » o
11 90 .
12 80 .
13 70 |
14 60 e
15 Z 50 . :
16 40 | o .
17 30 - Roussanne ¢
18 20 O
19 I . I
21 0 50 100 150 200 250 300 350
22 F Mat_agj
23
24

¥ = 4,6E-11(x** b)
gg 1:00 [ h==0,546( ' .
27
o8 80 | o
29 0T :
30 60 .’:‘
31 Z 50
32 40
33 30 - )
34 20 | Roussanne « *
35 10 |
36 0 © I Y :. : .
37 0 50 100 150 200 250 300 350
38 F Mat_aqgj
39
32 Figure 6. Relationship between the maturity of cultivars (F Mat_adj) and susceptibility to
42 BBR (SI) at both sites, France (a) and Chile (b), during all study seasons.
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59



