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ABSTRACT: In Europe, many autochthonous grapevines (Vitis vinifera L.) are only cultivated
at local scale, but play a very important economic role due to their strict relation with terroir
and wine tipicity. In this study, it was pursued to evaluate the influence of several factors on
performance of Moll, the main autochthonous white variety of Majorca, by means of the data-
base coming from a clonal preselection. The effects of multiple virus infections, vintage and
vineyard components were studied by univariate linear models and principal component analy-
sis, starting from measurement of production and must quality parameters of several vines
located in 14 vineyards belonging to two appellations during four consecutive years (2001-
2004). Absence of multiple virus infections, double cordon system, high clay content and
Useful Water Reserve in soils have enhanced vine production without inducing considerable
alterations in sugar accumulation in berries and acidity. Moll variety presented great viticultural
and oenological potentials. Fertile and deep soils should be preferred in order to maximize
production. Also, the use of certified propagation material is strongly recommended. However,
further investigations are required to optimize must quality by opportune managements. This
study does not provide only essential information to improve Moll cultivation in Majorca, but it
also represents a useful example to analyze grapevine varieties that are endemically infected
by viruses. In fact, in such situations, it may be supposed an insidious interference by viruses
on terroir and wine tipicity.

Keywords: virus effects, autochthonous varieties, soil components, vintage, clonal
preselection

Introduction

In old Europe, autochthonous local varieties are
strongly related to vitivinicultural terroir and vine "tipic-
ity”, even though their role in quality vine is declining
(Failla et al., 2007). In the last decade, in Spain, monova-
rietal wines obtained with local varieties started to have a
great promotion among growers, especially in the case of
whites (Campo et al., 2008). In Majorca (39°N; 1°E), Moll
is the most important and cultivated white variety and its
contribution to typical wine aroma is essential (Cretazzo
et al., 2010b). The ascent of Moll occurred in the last 20
years. In fact, the boost of summer tourism in the island
entailed an increased interest for white wines. In spite of
that, until the beginnings of clonal selection in 2000, no
rigorous scientific approach was undertaken in order to
study this variety. Clonal selection is the main method to
improve a wine grapevine (Vitis vinifera L.) variety (see
Cretazzo et al., 2010b). Its main aim is to identify and
propagate clones free of viruses that are listed in recogn-
ised certification programs. It includes an early step called
"clonal preselection”. Several vines located in different
vineyards are evaluated during 4-5 years by measuring
production and must quality parameters. Moll clonal pre-
selection generated a big database (147 vines, 14 vine-
yards, 2 appellations, 4 vintages). In addition, exhaustive
soil analyses were performed for each vineyard and more
than 50% of vines were analyzed for the presence of the
main grapevine viruses listed by certification programs.

In spite of terroir has been studied at many scales,
by several experimental trial designs and focusing on
different aspects depending on specific aims (review by
Deloire et al., 2005), the main purpose was always to
identify the most opportune geology, climate and viti-
vinicultural management (see Hancock, 1999) in order
to obtain the best final product (wine). Therefore, the
clonal preselection database used for this paper can also
be suitable to perform a preliminary Moll terroir study.

Materials and Methods

Plant material - All 147 vines studied are located in
selected vineyards for clonal preselection. Six vineyards
belong to Binissalem-Mallorca appellation, while eight to
Pla i Llevant appellation. In both appellations vineyards
are included in a circular area with radius of less than
5 km. The distance between the centres of these two
hypothetic districts is almost 20 km. The altitude of
vineyards ranges from 100 to 150 m.a.s.l. with commonly
East - West row orientation. More details about the
clonal selection process in Majorca and the criterion for
vine choice are described by Cretazzo et al. (2010b).

Production and quality parameters - All vines were
evaluated during four consecutive years (2001-2004).
Common parameters of a clonal selection were measured
for each plant: Number of Cluster, Yield (g), Weight of
100 Berries (g), Sugar Content (°Brix), Titratable Acidity (g
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L), Pruning Weight (g), Index of Ravaz, Total Polyphenols
Index and Total Tannins (g L™!). Methodologies have been
detailed by Cretazzo et al. (2010a).

Soil analyses - In order to identify all horizons (layers)
that were suitable for root activity, in each vineyard three
representative pits were performed by using a backhoe.
Each layer from each pit was sampled and analysed.
The following parameters were evaluated: Percentage
(w/w) of Clay, Loam and Sand in the soil fraction < 2
mm by Robinson's pipette method according to Gee and
Bauder (1986) and texture taxonomy by United States
Department of Agriculture (USDA); Percentage of coarse
elements with diameter > 2 mm (©, w/w); Soil moisture
at Field Capacity (FC, % w/w) and at Permanent Wilting
Point (PWP, % w/w) by comparing the weights of dry
and wet soil under suction pressure of 0.3 and 1.5 MPa,
respectively (according to Miller and Gardiner, 1998),
using vacuum machines by Eijkelkamp Agrisearch
Equipment BV (Giesbeek, Holland), after separating
course elements; Bulk Density (p, g cm™) by excava-
tion method (according to Blake and Hartge, 1986) and
Thickness (H, m); Useful Water Reserve (UWR, mm) by
calculation UWR = (FC-PWP)*(100- ©)*H* p; pH (ratio
1:2.5); Electric Conductivity (ratio 1:5, 25 °C, dS m!);
Total Organic Matter (MOT, % w/w) by determination of
the Oxidable Organic Carbon (COOQ) (titration with iron
sulphate (FeSO,) of the excess of potassium dichromate
(K,Cr,0,)) and calculation MOT = COO*1.29*1.72
(being 1.29 and 1.72 the recuperation coefficient and
the Van Bemmelen conversion coefficient, respectively)
according to Porta et al. (1986); Total Nitrogen (% w/w)
following Kjeldahl digestion as described by Bremmer
and Mulvaney (1986); Available Phosphorous (mg kg?)
according to Olsen method (1954); Total Carbonate (%
w/w) and Calcium Carbonate Equivalent (% w/w) by
reaction with hydrogen chloride (HCl) and measurement
of carbon dioxide (CO,) according to the method of
Bernard calcimeter as described by Porta et al. (1986);
Exchangeable calcium (Ca**, mmol kg'), magnesium
(Mg*+, mmol kg!), potassium (K*, mg kg?) and sodium
(Na*, mg kg™') by atomic absorption spectrophotometry
as described by Rowell (1996); Cationic Exchange Capac-
ity (mmol kg') by saturation with ammonium acetate
(CH,COONH,) (Bower et al., 1952).

In order to assign unique values to each vineyard,
a weighted average was calculated for each parameter
considering the values of the different soil horizons iden-
tified. For Useful Water Reserve it was considered the
sum of the different layers.

Weather data - The Balearic Island (39°N; 1°E) territo-
rial delegation of the "Agencia Estatal de Metereologia”
(AEMET) provided monthly weather data relative to
2001-2004 seasons. Potential Evapotranspiration (mm)
and Temperature (°C) were measured using two thermo-
metric stations (one per appellation), while rainfall (mm)
using four pluviometric stations (two per appellation).
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Virus analyses - Infections by Grapevine leafroll virus
1 and 3 (G1RaV-1 and GLRaV-3), Grapevine fanleaf virus
(GFLV) and Grapevine fleck virus (GFkV) were assessed
in 2005 by Enzyme-Linked Immuno-Sorbent Assay (ELI-
SA). These are the only viruses listed by legislation for
grapevine certification and the most economically im-
portant in Majorca (Cretazzo et al., 2010a). In order to
confirm results, for both negative and doubtful samples,
the tests were replicated in the same year and, if neces-
sary, repeated and replicated in 2006 (see Cretazzo et al.
2010b). The tests were performed on 76 vines located in
12 vineyards.

Discriminating vineyard characteristics - Although
a standardization of cultural management was pursued
(Cretazzo et al., 2010a), vineyards revealed some intrin-
sic differences that can influence performance, such as:
rootstock, age of vineyard and Training System. The only
two rootstocks used for Moll are 110 Richter and 161-
49. The Training Systems in use are double permanent
cordon, low vase (height of trunk = 0.3-0.4 m) and high
vase (height of trunk = 0.8-0.9 m). Three age groups
were proposed: 20-35 years, 35-50 years and more than
50 years. The planting density ranges from 2700 to 3000
vines/ha. Regardless of Training System, all vines were
pruned to obtain 12 shoots (two shoots per spur), allow-
ing no more than two clusters per shoot. The vineyards
Bil5 and Bil5a (Table 5) are located in the same farm but
they differ in vineyard age and Training System.

Statistical analyses - The influence of many factors on
production and must quality parameters was evaluated
by means of ANOVAs and univariate analyses of
variance. The effects of both a factor and the interaction
of more than one on a parameter were considered
significant when p < 0.05. In order to underline clear
relations, from total database coming from the clonal
preselection, four year data, minor sets of data were
extracted and called models: three year data (excluding
2002, see Result and Discussion), four year data only for
vines tested by ELISA and three year data only for vines
tested by ELISA. A principal component analysis was
performed on vine parameter data. The softwares used
were SPSS 17.0 (SPSS Corporation, Chicago, IL, USA) for
calculations and SigmaPlot 8.0 (Systat Software Inc., San
Jose, CA, USA) for graphics.

Results and Discussion

Basic Terroir Units (BTUs) for Moll: an interesting
aspect - Environmental conditions indicated uniform-
ity between appellations (Table 1). In a previous study,
factor appellation showed much lower influence on vine
parameters than both vintage and vineyard (Cretazzo et
al., 2007). In addition, Moll phenology did not show con-
sistent differences between appellations (Medrano H.,
2004, data not published). Thus, based on a classifica-
tion criteria proposed by Smart (1985), it can be said that
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both appellations are under the same macro and meso-
climate conditions. On the other hand, it is not easy to
distinguish more than one geological state in the entire
area studied. All vineyard soils have developed on par-
ent rocks which consist of a combination between marl
limestone from the Cretaceous and hard limestone from
the Jurassic; quaternary sediments coming from the ero-
sion of neighboring mountains and hills have been accu-
mulating above this matrix in time (Farras et al., 2002).
In well-maintained soils, parent rocks produce small di-
rect effects on grape parameters (Huggett, 2006). So, for
Moll, it is possible that geological contribution to terroir
(White et al., 2007) should be focused on soil properties.
Therefore, based on the BTUs criteria exposed by Bodin
and Morlat (2007), all the vineyards studied, depending
on which appellation belong to, should be included in
a unique BTU. The excessive fragmentation of a terri-
tory in many BTUs is often not economically or practi-
cally viable (Carey et al., 2008). In Majorca, this aspect
needs to be deeply analyzed, possibly reconsidering the
convenience of maintaining more than one appellation
in a relatively small viticultural area, where local wine
tradition has not been consolidated compared to other
Spanish regions.

Table 1 — Weather data from both appellations.

Soil characterization - Except for vineyard Bi25, in
which sediment materials are predominant, all other
vineyards showed levels of Total Carbonate and Cal-
cium Carbonate Equivalent ranging from medium to
high (Table 2). All pH values ranged from 8.36 and 8.63.
These conditions are not limiting for white grapevine
varieties, since they do not require much Fe** (Hug-
gett, 2006). Values of electric conductivity were also
homogeneous (from 0.13 to 0.17 dS m™). Similarly,
all vineyards had a medium content in Total Organic
Matter, with values fluctuating from 1.75 to 2.25 %
(Porta et al., 1986). All vineyards showed remarkable
high levels of K*, while the content in Na* tended to
be low. This suggests that vermiculite and smectite
are predominant in the clay fraction in comparison
to illite (Huggett, 2006). Parameters such as % Clay,
Useful Water Reserve, Cationic Exchange Capacity,
Mg**, Ca** and Available Phosphorous showed high
variability. In such conditions, it is plausible that soil
strongly influence performance of vines. In fact, dif-
ferences in soil parameters are able to produce impor-
tant variations in vine behaviour even in small and
homogeneous viticultural areas (De Andrés-De Prado
et al., 2007).

Station 4 year mean (2001-2004) 2002

PTE(mm) Ra(mm) Tmm(°C) ETI(°C) PTE(mm) Ra(mm) Tmm(°C) ETI(°C)
Th Bi 658 8.1 2295 630 8.0 2280
Th PL 640 7.6 2301 618 7.7 2295
PvBi 1 236 470
Pv Bi 2 264 455
PvPL1 226 430
PvPL 2 251 420

Bi = Binissalem-Mallorca appellation, PL = Pla i Llevant appellation. PTE = potential evapotranspiration (March-September), Ra = rainfall (March-September), Tmm =
mean minimum temperature, ETI = effective thermal integral (March-September) (Amerine and Winkler, 1944). Th = thermometric, Pv = pluviometric.

Table 2 — Normalization of soil parameters according to different criteria.

Intervals for discrimination of the identified classes

Parameter Criteria
VL L M H VH
CT (%) 2-10 10-25 >25 1
CCE (%) 0-6 69 >9 2
<6 (M %cl) 6-12 (M %cl) 12-18 (M %cl) 18-30 (M %cl)
Pa (mg kg™) 2
<8 (H %cl) 816 (H %cl) 16-24 (H %cl) 24-40 (H %cl)
K- (mg ke") 0.4-0.6 (M %cl) 0.6-1 (M %cl) >1 (M %cl) 2
0.5-0.75 (H %cl) 0.75-1.25 (H %cl) >1.25 (H %cl)
Mg+ (mmol. kg-) 5-14 (M %cl) 14-23 (M %cl) 23-32 (M %cl) 5
¢ 06-15 (H %cl) 15-25 (H %cl) 25-35 (H %cl)
Na* (mg kg?) <0.3 0.3-0.6 2
Ca** (mmol_kg™) 3.5-10 10-20 20-30 1
CEC (mmol_kg™) 60-120 120-250 250-400 3
%clay 25-30 3040 >40 4
UWR (mm) <30 30-60 60-100 >100 5

VL = very low, L = low, M = medium, H = high; VH = very high. CT = total carbonates; CCE = calcium carbonate equivalent, Pa = available phosphorous, K*

exchangeable potassium, Mg** = exchangeable magnesium, Na* = exchangeable sodium, Ca** = exchangeable calcium, CEC = cationic exchange capacity, UWR
= useful water reserve, cl = clay. 1 = adapted from Villalbi and Vidal (1988), 2 = Consejeria de Agricultura y Comercio (1992), 3 = Porta et al. (1986), 4 = adapted
from Lépez Ritas and Lopez Melida (1990), 5 = adapted from Morlat et al. (2001).
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Principal component analysis of vine parameters
- The study of preselected vines by means of principal
components allows both to determine which parameters
are mostly involved in the total variance of preselection
data and to cluster vines according to some specific fea-
tures (Pérez-Hugalde et al., 2004). During Moll clonal
preselection, unfavorable weather conditions occurred in
2002 (Cretazzo et al., 2007). Due to the high summer rain-
fall, intense attacks by Powery mildew and Botritis cinerea
were detected in all vineyards. As a result, production and
quality parameters values underwent a considerable in-
terference. Thus, the 2002 data were discarded from this
analysis and were not considered in figures and many ta-
bles along the text. Principal component analysis of Moll
preselection data reveals that the first two factors explain
more than 50% of total variance (Table 3). The first fac-
tor is mainly related to production parameters (Yield and
Number of Cluster). However, an important relation is
also shown in regards to Sugar Content. The second fac-
tor is mainly related to Total Tannins and Total Polyphe-
nols Index. Despite the highest coefficient of variation,
Pruning Weight does not correlate consistently to any of
the first three factors, while Weight of 100 Berries corre-
lates more consistently with the third factor than with the
second. Titratable Acidity shows a weak correlation with
both the first and second factors.

Previously it was shown that Total Tannins and To-
tal Polyphenols Index variances did not clearly depend
on vineyard factor (Cretazzo et al., 2007). Instead, the
requirements for candidate clone choice based on Sugar
Content and Titratable Acidity levels in berries (Cretazzo
et al., 2010b). Thus, Yield, Sugar Content and Titratable
Acidity were selected as the most representative vine pa-
rameters to perform the following analyses.

Analysis of the factors influencing Yield, Sugar
Content and Titratable Acidity - In a first step,
the effects produced by vineyard, vintage and virus
infections were considered. In a previous study it was
shown that vintage, vineyard and grape plant strongly

influenced Yield, Sugar Content, Titratable Acidity and
other parameters (Cretazzo et al., 2007). However, there
was no clear relation between these factors and Total
Polyphenols Index or Total Tannins.

In case of close vineyards, the inter-annual weath-
er variations can have a more important effect on vine
performance than the differences in weather conditions
between vineyards (Ubalde et al., 2007). Factor vineyard
can include in its complexity many parameters related
to soil, management and microclimate. Cretazzo et
al. (2010c) showed that Moll vines presented a high
genetic similarity among appellations and vineyards
of Majorca. Therefore, it is expected that grape plant
effects on vine parameters are more linked to virus
infection than to intravarietal genetic variability. Many
authors have elucidated the impact of virus infections
on grape performance (Rowhani et al., 2005). Cretazzo
et al. (2010a) observed that multiple virus infections led
to very important Yield reductions in Moll. Therefore,
vines were clustered according to the presence of more
than one infection by the viruses previously mentioned.
Thus, -Multiple Infection refers to both vines that are
free of viruses and vines infected by only one virus,
while +Multiple Infection indicates vines displaying
multiple virus infections.

In the case of GLRaV-1 and 3, the simultaneous
detection of both viruses was considered as a simple
infection. In all univariate linear models studied, factor
vineyard, as well as its interaction with vintage, have a
strong effect on each parameter (Table 4). The effect of
vintage is also very important. However, in the case of
Yield, it is enhanced by the inclusion of the data of year
2002 (four year model), being in the three year model
p < 0.05. Factor Multiple Infection is considerable for
Yield but not for Sugar Content and Titratable Acidity:.
Interaction Multiple Infection*vintage show p < 0.05
versus Titratable Acidity in both three and four year
models, but only in the four year model for Sugar Content.
The effect of co-variable Yield is always relevant both
for Sugar Content and Titratable Acidity.

Table 3 — Correlation coefficients between production and quality parameters of vines and the first three factors (cp) obtained by principal
component analysis. The coefficients of variation (cv) of each original parameter are also showed. Three year data : 2001-2003-2004.

cc

parameter ol o2 o3 cv (%)
NC 0.805 0.421 0.21 48.2
Y 0.828 0.254 0.304 59.1
BW -0.100 -0.443 0.672 22.0
PW 0.302 -0.192 0.422 81.9
SS -0.664 0.026 0.416 12.6
TA 0.464 -0.382 -0.136 26.8
IPT -0.060 0.863 -0.128 49.4
T -0.408 0.711 0.367 51.8
% variance 28.25 23.39 13.86

NC = number of clusters, Y = yield per plant (g), BW = weight of 100 berries (g), PW = pruning weight (g), SS = sugar content (°Brix), TA = titratable acidity (g L),

IPT = total polyphenols index, TT = total tannins (g L).
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In the three year model for ELISA tested vines, if the
co-variable Yield was not considered, the effect of Multiple
Infection would be significant (data not shown). This may
support the hypothesis of a Sugar Content concentration
effect on berry generated by multiple virus infections,
which induce Yield decreases (Cretazzo et al., 2010a). No
model was suitable to explain the variances of Weight of
100 Berries, Pruning Weight, Total Polyphenols Index or
Total Tannins, while parameter Number of Cluster shows
patterns similar to parameter Yield (data not shown).

The annual means per vineyard (Table 5) have a
general pattern in the case of Yield and Sugar Content,
especially regarding 2001, 2003 and 2004. For example,
Yield level was regularly low for vineyard PL03, medium
for Bi07, Bil7 and PL31, medium-high for Bi01, PL53
and PL62, high for Bi25. The Sugar Content levels were
commonly low for vineyards PLO3 and PL08, medium-
low for PL46 and PL53, medium for Bi25, high for Bi07
and Bil5. However, a strongly variable behaviour is as-
certained in other vineyards (i.e. PLO8 for Yield and Bil7
for Sugar Content). No clear outlines are observed for
Titratable Acidity:.

The important effect of Multiple Infection on
Yield is shown in Figure 1. In all vineyards in which
data were recorded for both -Multiple Infection and
+Multiple Infection vines, the three year mean Yield of
the formers is higher, with differences showing p < 0.05
in five cases. The possible Sugar Content concentration
effect is not so evident. In fact, comparisons between
—Multiple Infection and + Multiple Infection vines show
contradictory results depending on vineyard and, only
in Bil7 and PL62, the presence of multiple infections
corresponded to significant lower Yield and higher Sugar
Content. Finally, Multiple Infection does not show a clear
effect on Titratable Acidity.

In a second step, by studying the three year means of
each vine, it was pursued to break down the effects of dif-
ferent components contained inside the factor vineyard.

Preliminary one-way ANOVAs (data not shown)
indicated that Useful Water Reserve, % Clay, Cationic

Exchange Capacity and Training System were the
parameters mostly involved in the determination of
production and quality parameter variances. Vineyard
clustering by % Clay and Cationic Exchange Capacity is
the same (Table 2), as expected by observing the positive
correlation (p < 0,01) between these parameters (Table
6a). In addition, both Mg** and Ca** are highly related
to Cationic Exchange Capacity and % Clay, providing

8000
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7000
[ +Mlvines

6000

yield per plant (g)

5000

4000 JJE
* *
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2000

1000
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Bi15 Bi15a Bi17 Bi25 PL03 PL08 PL31 PL46 PL51 PL52 PL53 PL62
28

sugar content (° Brix)

Bi15 Bi15a Bi17 Bi25 PL03 PL08 PL31 PL46 PL51 PL52 PL53 PL62

titratable acidity (g L)

Bi15 Bi15a Bi17 Bi25 PL03 PL08 PL31 PL46 PL51 PL52 PL53 PL62

Figure 1 - Effect of the presence/absence of multiple virus infections
(MI, see definition in the text) on yield per plant, sugar content and
titratable acidity. Three year data: 2001-2003-2004 *indicates
differences at ANOVA (p < 0.05).

Table 4 — Significance level (p) values obtained by univariate analysis of variance of yield per plant (Y, g), sugar content (SS, °Brix) and titratable

acidity (TA, g L™). Four models and different effects are studied.

Data set

Effect Total vines Vines tested by ELISA
4 year data 3 year data (-2002) 4 year data 3 year data (-2002)
Y SS TA Y TA Y SS TA Y SS TA
Vy 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Factor Vi 0.000 0.000 0.000 0.175 0.000 0.000 0.008 0.000 0.000 0.208 0.000 0.000
M 0.000 0.837 0.955 0.000 0.126 0.158
Vy*Vi 0.009 0.000 0.000 0.001 0.000 0.000 0.009 0.000 0.000 0.001 0.000 0.008
Interaction Vy*MI 0.419 0.196 0.283 0.311 0.060 0.110
Vi*MI 0.594 0.031 0.000 0.431 0.725 0.000
Vy*Vi*MI 0.999 0.442 0.553 0.996 0.331 0.192
Co-variable Y 0.000 0.000 0.000 0.004 0.002 0.005 0.000 0.005
R? 0.383 0.712 0.727 0.383 0.748 0.687 0.579 0.768 0.797 0.598 0.806 0.763

Vy = vineyard (see Table 5), Vi = vintage (2001-2002-2003-2004), MI = presence/absence of multiple virus infections (see definition in the text).
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the same vineyard clustering. Nevertheless, the different
component of Cationic Exchange Capacity may be more
suitable for future studies focused on their effects on
wine aroma (see White et al., 2007). Therefore, only the
effect of % Clay was selected for following analyses.
The principal component plots (Figure 2) show that
% Clay and Training System achieve a clearer separation
of vines than Useful Water Reserve. Besides some
exceptions, double cordon trained vines and vines grown
in very high % Clay soils discriminate evidently from
low vase vines and vines grown in medium % Clay soils,
respectively. High vase trained vines and vines grown in
high % Clay soils show intermediate distributions in the
plots. Vine differentiation was also investigated regarding
the vineyard age because of its effects on the evolution
of soil properties (Marcet et al., 2003). However, no clear
pattern is evident. No vine differentiation was noticed
either by Available Phosphorous or rootstock (data not

shown). In the first case, it may depend on phosphate
uptake regulation by symbiotic association between
grapevine and mycorrhizal fungi (Huggett, 2006); in the
second case, it was probably due to the good affinity
between Moll and both 110 Richter and 161-49 rootstocks
(Martorell A., personal communication).

The interpretation of the univariant linear models
turns much more complicated when several vineyard
components are included. On one hand, in a total vine
model that assumed % Clay, Useful Water Reserve and
Training System as factors, the formers seemed to have a
major influence than Training System on Sugar Content
and Titratable Acidity (data not shown). However, only
Useful Water Reserve pointed out a main effect on Yield
(data not shown). These results may be considered
in agreement with a study of Coipel et al. (2006) on
Grenache noir, but R?> was very low (0.1362). The model
was not able to calculate any interaction. On the other
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Figure 2 — Principal component plot. Vines are discriminated according to texture, useful water reserve, training system and vineyard age. Three

year data: 2001-2003-2004. VL = very low, L = low, M = medium, H =
by the analysis.
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hand, the three year model for ELISA tested vines
(Figure 3) provides more statistically consistent results
(much higher R?).

The factor Multiple Infection, as well its interaction
with Training System, plays a predominant role on Yield
variance with respect to each vineyard component that
is included in the model. But, the effects of % Clay and
Useful Water Reserve are still the most important on
Sugar Content and Titratable Acidity. If the co-variable
yield was excluded from both Table 4 and Figure 3 three
year ELISA tested vine models, the effect of the factor

Multiple Infection on Sugar Content would show p <
0.05 (data not show). This is another result that supports
the concentration effect hypothesis.

Studying separately -Multiple Infection and
+ Multiple Infection vines, Yield, Sugar Content and
Titratable Acidity show different tendencies (Figure 3).
Higher % Clay and double cordon system enhanced
Yield in both cases. However, the increase in Yield
corresponding to higher potential watering level of
substrate (Useful Water Reserve) (see Bodin and Morlat,
2007) is clear in +Multiple Infection vines, but not

6000 6000
_‘E' +MI vines a -Ml vines significance level (p) values obtained by
© a a univariate analysis of variance
5000 = a a 5000 a
3 %CLAY 0.108
= a b UWR 0.887
4000 |5 4000 b b TS 0.067
i MI 0.000
TS * %CLAY nc.
TS *UWR nc.
3000 b b 3000 TS *MI 0.009
b ¢ %CLAY *UWR ne.
b 1 %CLAY *MI 0.371
UWR *MI nc.
2000 = 2000 TS * %CLAY * UWR nc.
TS * %CLAY *MI ne.
TS * UWR *MI nc.
1000 1000 0%CLAY * UWR * MI ok
TS *%CLAY *UWR *MI  nc.
R? 0609
0 9
27 z 27
=
24 | @ 24 %CLAY 0.000
< UWR 0.000
21| € 21 q b S 0.246
2 205 M 0.057
s TS * %CLAY nc.
18 8 18 TS * UWR nc.
= TS *MI 0.883
15 § 15 %CLAY * UWR nc.
> %CLAY *MI 0.324
12 12 UWR *MI nc.
TS * %CLAY * UWR ne.
9 9 TS * %CLAY *MI ne.
TS * UWR *MI nc.
6 6 %CLAY * UWR *MI ne.
TS *%CLAY *UWR *MI  nc.
3 3 Y (covariable) 0.231
R? 0.700
0 €
5 - 5
= a a %CLAY 0.021
= UWR 0.002
4z 4 a. S 0.014
= pb MI 0.326
] TS *%CLAY ne.
K b TS * UWR nc.
3|2 3 TS *MI 0711
= %CLAY * UWR ne.
E %CLAY *MI 0.580
- UWR *MI nc.
2 2 TS * %CLAY * UWR ne.
TS * %CLAY *MI ne.
TS * UWR *MI ne.
1 1 %CLAY * UWR * Ml nc.
TS *%CLAY *UWR *MI  nc.
Y (covariable) 0.029
R? 0537
0 €
training system  %clay UWR training system  %clay UWR
O lowvase O M%clay [ VLUWR [ lowvase O M%clay O VLUWR
@  double cordon H %clay L UWR @ doublecordon @  H %clay L UWR
= highvase B VH%clay m HUWR m  high vase ®m  VH%clay B MUWR
- HUWR

Figure 3 - Effects of training system (TS), texture, useful water reserve (UWR) and presence/absence of multiple virus infections (MI, see definition
in the text) on yield per plant, sugar content and titratable acidity. Three year data for ELISA tested vines: 2001-2003-2004. Letters indicate
homogeneous groups at Duncan test (p < 0.05). VL = very low, L = low, M = medium, H = high; VH = very high. n.c. = not calculable.
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in -Multiple Infection vines. The effects of Training
System, % Clay and Useful Water Reserve on Sugar
Content and Titratable Acidity are not considerable in
+ Multiple Infection vines. This result can be explained
with an intrinsic effect due to the presence of multiple
virus infections that overridden the other effects.

In -Multiple Infection vines, Titratable Acidity in-
creases according to Yield for higher level of % Clay

and double cordon system. It is possible that when
the interference by virus infections is low, more
powerful conditions for vine growth promote higher
acidity accumulation in berries. This would be a posi-
tive aspect since low Titratable Acidity in berries is
often a limiting factor for Moll quality (Cretazzo et
al., 2010a). However, no clear relation can be found
between Yield and Titratable Acidity; moreover, their

Table 5 — Means and standard errors in different years for yield per plant, sugar content and titratable acidity.

Vy vines 2001 2002 2003 2004 3 year mean
yield per plant (g)
BiO1 10 3716 + 538.8%cd 1235 + 254.5 4883 + 980.52 n.d. 3910 + 521.9
Bi07 16 3051 + 471.5bcce 1481 + 4954 1957 + 393.3¢ 2676 + 902.0¢ 2596 + 327.5b
Bil5 13 1976 + 204.6% 1489 + 466.4 1443 + 157 .4¢ 2779 + 462.6 2011 + 175.7«
Bil5a 8 2125 + 290.3¢de nd 1984 + 248.6° 2573 + 404.1% 2218 +182.3«
Bil7 31 3478 + 243.1%xd 1454 + 284.0 2376 = 286.1 3039 + 478.0% 2945 + 188.00
Bi25 11 4411 + 496.1 3077 + 628.0 5181 + 498.8° 5004 + 850.0® 4837 + 336.4°
PLO3 7 1675 + 258.2¢ nd 1785 = 461.3¢ 1575 = 665.0° 1700 = 209.9¢
PLO8 8 2926 + 375.9bcde 3438 + 960.8 nd 7244 + 662.3¢ 4777 + 683.32
PL31 8 3046 + 526.9bcde 2844 + 940.9 2929 + 845.2 2160 + 920.0 2889 + 401.4bcd
PL46 6 3327 + 523.22bcde 675 = n.c. 1771 = 350.1¢ 3012 + 388.3 2776 + 326.6"
PL51 7 3808 + 661.22¢ 2177 + 294.7 nd 1750 = n.c. 3551 + 627.7%¢
PL52 5 4382 + 950.5% nd 2458 + 905.00¢ n.d. 3539 + 822.3¢%¢
PL53 5 3761 + 428.8%¢ 2710 = 970.0 4198 + 915.5® 2990 + 170.00¢ 3678 + 325.8*
PL62 15 4984 + 597.7° nd 2491 + 374.4v¢ 3992 + 555.40¢ 3988 + 361.9%
sugar content (°Brix)
Bi01 10 19.3 + 0.49cde 20.0 £ n.c. 19.9 + 0.45« n.d. 19.4 + 0.42%
Bi07 16 22.7 £ 0.36° 17.0 £ 1.08 22.6 + 0.29: 16.2 + 0.62¢ 21.1 £ 0.542
Bil5 13 22.4 +0.39%® 19.4 + 0.81 22.0 £ 0.43 17.4 £ 0.73 20.9 + 0.48°
Bilba 8 21.7 £ 0.82%® nd 21.1 = 0.44%¢ 18.9 £ 0.67% 20.7 £ 0.472
Bil7 31 22.4 + 0.25% 18.1 +1.08 21.2 + 0.23¢#c 17.9 + 0.39< 20.9 = 0.26°
Bi25 11 20.9 + 0.59 16.3 + 0.88 20.3 + 0.490 20.7 = 0.50%® 20.7 £ 0.31°
PLO3 7 17.2 £ 0.51f nd 18.1 +0.30¢ 18.4 + 0.05¢ 17.7 =+ 0.30¢
PLO8 8 17.2 +0.37 18.7 £ 1.02 nd 13.4 +0.43¢ 15.6 + 0.60¢
PL31 8 20.6 + 0.49pcd 16.8 £ n.c. 20.5 = 0.36 22.4 £ 0.40° 20.8 + 0.332
PL46 6 18.4 = 0.44¢ 20.5 = n.c. 19.7 + 0.79 16.5 + 0.24¢ 18.4 = 0.46"
PL51 7 19.3 = 0.7Q¢¢ 18.8 £ 0.40 nd 21.2 £n.c. 19.6 = 0.66%
PL52 5 21.5 +0.72® nd 20.6 = 1.24% n.d. 21.1 + 0.66°
PL53 5 19.2 £+ 0.21¢ 17.8 + n.c. 18.3 + 0.99¢ 19.0 = 1.00 18.9 + 0.31tc
PL62 15 18.5 + 0.54¢ nd 20.1 = 0.54b¢ 18.4 + 0.47v 18.9 £ 0.33%¢
titratable acidity (g L)

BiO1 10 3.22 + 0.25bcd 4.27 £n.c. 4.66 + 0.08 n.d. 3.46 = 0.26%¢
Bi07 16 296 +0.11« 6.07 = 0.41 4.00 + 0.1 3cce 2.66 = 0.22 3.23 £ 0.130cd
Bil5 13 2.90 + 0.09¢ 3.80 +0.43 4.72 £ 0.23" 3.49 + 0.22% 3.60 = 0.17%¢
Bil5a 8 3.05 + 0.15¢ nd 4.56 + 0.100 2.74 +0.23% 3.41 = 0.20%¢
Bil7 31 3.08 + 0.05¢ 5.02 + 0.60 4.94 £ 0.09 3.95+0.13 4.02 £0.112
Bi25 11 3.41 + 0.29%¢ 7.50 £ 0.86 4.61 +0.15b 3.51 = 0.36® 3.85 + 0.19%¢
PLO3 7 3.33+£0.200 nd 4.79 = 0.26° 2.89 = 0.64%¢ 3.79 = 0.26%¢
PLO8 8 4.01 =0.272 7.05+0.18 nd 3.96 = 0.48° 3.99 = 0.25%
PL31 8 2.59 + 0.20¢ 5.50 £ n.c. 3.90 + 0.17¢% 3.41 +0.84%® 3.14 £ 0.23«
PL46 6 3.17 + 0.27bcd 4.35 = n.c. 3.44 £ 0.29¢ 2.55 + 0.29 3.11 £ 0.18«
PL51 7 2.78 + 0.30¢ 5.30 £ 0.00 nd 1.72 £ n.c. 2.65 = 0.30¢
PL52 5 2.99 + 0.23« nd 4.50 = 0.050 n.d. 3.66 = 0.29%¢
PL53 5 3.02 £ 0.22¢ 5.32 £ n.c. 4.36 = 0.07 2.10 £ 0.07¢ 3.12 £ 0.32«
PL62 15 3.82 + 0.25% nd 5.49 = 0.162 3.21 = 0.24¢c 4.15 = 0.20°

Vy = vineyard, Bi = Binissalem-Mallorca appellation, PL = Pla i Llevant appellation. Letters indicate homogeneous groups at Duncan test (p < 0.05). n.c. = not

calculable, n.d. = no data avalaible.
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Table 6 — Pearson’s correlation matrix between: a) soil parameters; b) production and quality parameters. Three year data in section b: 2001-

2003-2004.

CT CCE Pa CEC K+ Ca*+ Mg** Na* %clay

CCE 0.842**

Pa 0.238 0.412

CEC -0.434 -0.137 0.033 a

K+ -0.639* -0.32 0.427 0.588*

Ca*+ -0.572* -0.432 -0.089 0.782** 0.408

Mg** -0.239 0.054 0.102 0.816™* 0.323 0.600*

Na* -0.279 -0.096 0.064 0.444 0.560* -0.044 0.306

%clay -0.482 -0.293 0.171 0.883** 0.738** 0.737** 0.634* 0.457

UWR -0.425 -0.379 0.051 0.515 0.506 0.606* 0.279 0.282 0.689**
NC Y BW PW SS TA IPT

Y 0.729™

BW 0.124 0.056

PW 0.162 0.143 0.071 b

SS -0.495™ -0.417 -0.109 -0.029

TA 0.044 0.073 0.024 0.077 -0.133

IPT 0.205 0.128 -0.142 0.100 -0.103 -0.045

1T -0.224° -0.256° 0.063 -0.137 0.267° 0.038 -0.402”

For abbreviations see Tables 2 and 3. * = p < 0.05, ** = p < 0.01

correlation shows p > 0.05 (Table 6b). In -Multiple
Infection vines, % Clay influences Sugar Content lev-
els in berries (p < 0.05). Thus, in absence of multiple
infections, according to % Clay, the more production,
the less sugar content.

Despite these results and the supported hypoth-
esis of a Sugar Content concentration effect induced
by virus infections, the relationship between Sugar
Content and Yield is not so clear yet. Although their
correlation shows p < 0.01, the value is lower than 0.5
(Table 6b); their regression (°Brix = 21.189 - 0.00056
g) also shows p < 0.05, but both slope and R?* (0.1362)
are very low.

In general, vineyard PL0O3 showed low levels for
both Yield and Sugar Content every year, while Bi07
showed the highest Sugar Content mean in 2001, the
most productive year for this vineyard (Table 5). There-
fore, higher production levels do not necessarily corre-
spond to lower levels in quality parameters in Moll. Thus,
further studies are required to identify the most suitable
management techniques in order to optimize berry sugar
content and acidity in high production conditions.

Limitations and main evidence - The models studied
are not balanced. In fact, the number of vines was dif-
ferent between vineyards, not all vines were evaluated
each year and ELISA was performed on little more than
50% of total vines, being vineyards BiO1 and BiO7 not
tested for virus infections. In addition, in clonal prese-
lection programs, it is not possible to design an experi-
ment in which all factor combinations are measured. As
a consequence, the lack of enough degrees of freedom
for statistic analyses did not allow calculating the effects
of several factors in more complex models and not all
interactions could be determined (Figure 3).

It is plausible that some random factors also in-
fluenced the variance of vine parameters: (i) the mi-
croclimate in each vineyard (Deloire et al., 2005), (ii)
the gradients in soil properties within the same vine-
yard (Trought et al., 2008), (iii) the goodness of farmers
which can led to different effectiveness in vineyard
management (White et al., 2007), (iv) the occurrence
of diseases, pests and/or other virus infections etc.
Thus, taking into account all these considerations, this
study can be defined as a preliminary base to develop
further and more advanced researches. However, in
spite of that, clonal preselection programs in Majorca
have produced a great database, which has allowed
realizing that multiple virus infections strongly influ-
ence Moll performance, especially its production po-
tential and, obviously, wine characteristics. This may
conceal implications on “wine tipicity” and, possibly
on terroir.

According to the last definition by OIV (Resolu-
tion OIV/VITI 333/2010, available on OIV webpage),
Vitivinicultural terroir is a concept which refers to an
area in which collective knowledge of the interactions
between the identifiable physical and biological envi-
ronment and applied vitivinicultural practices devel-
ops, providing distinctive characteristics for the prod-
ucts originating from this area. Terroir includes specific
soil, topography, climate, landscape characteristics and
biodiversity features. Apparently, grapevine viruses are
not contemplated in the concept of terroir and no study
approaching on a possible interference by viruses on
terroir is available. But, an attentive analysis of the OIV
definition suggests that viruses could play a role. In fact,
it is not a wrong to say that viruses belong to biologi-
cal environment and their interaction with grapevine
genomes may modify biodiversity features. Therefore,
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considering that such a situation of endemic virus in- Conclusions
fections is very common in many European autoch-
thonous varieties and that virus incidence is variable Moll variety demonstrates a great viticultural and
among viticultural areas (see Cretazzo et al., 2010b), oenological potential. Under conditions that enhance its
a possible interference by grapevine viruses on terroir production, sugar accumulation in berries and acidity
should be further studied. did not decrease. Negative effects of grapevine virus in-

fections on Moll performance are evident, as well as it is
not an utopia to hypothesize a quite distortion by viruses

Attached 1 - Virus tests by ELISA per each vine included in the study. on Moll terroir

Vineyard  Vine GFLV GFkV GLRaV-1 ~ GLRaV-3
P.Bi.01.01 - - - - PBi.17.13 -
P.Bi.01.02 - - - - PBi.17.14 -
P.Bi.01.03 - - - - PBi.17.15 - - - -
P.Bi.01.04 - - - - PBi.17.16 O 0 1 1
BiO1 P.Bi.01.05 - - - - PBi.17.17 O 0 1 1
P.Bi.01.06 - - - - P.Bi.17.18 -
P.Bi.01.07 - - - - P.Bi.17.19 - - - -
P.Bi.01.08 - - - - PBi.17.20 1 0 1 1
P.Bi.01.09 - - - - PBi.17.21 - - - -
P.Bi.01.10 - - - - PBi.17.22 1 0 1 1
P.Bi.07.01 - - - - PBi.17.23 - - - -
P.Bi.07.02 - - - - PBi.17.24 1 0 1 1
P.Bi.07.04 - - - - PBi.17.25 1 0 0 1
P.Bi.07.05 - - - - PBi.17.26 0O 0 1 1
P.Bi.07.06 - - - - PBi.17.27 0O 0 1 1
P.Bi.07.08 - - - - P.Bi.17.28 -
Bi.07 P.Bi.07.09 - - - - P.Bi.17.29 -
P.Bi.07.10 - - - - P.Bi.17.30 -
P.Bi.07.11 - - - - P.Bi.17.31 -
P.Bi.07.12 - - - - P.Bi.17.40 -
P.Bi.07.13 - - - - PBi.17.41 - - - -
P.Bi.07.14 - - - - P.Bi.25.01 0 0 0 0
P.Bi.07.20 - - - - P.Bi.25.03 0 0 0 0
P.Bi.07.21 - - - - P.Bi.25.04 0O 0 1 1
P.Bi.15.02 0 1 1 1 P.Bi.25.05 - - -
P.Bi.15.03 0 1 1 1 Bi.25 P.Bi.25.06 1 0 0 1
P.Bi.15.04 1 1 1 1 P.Bi.25.07 1 0 0 0
P.Bi.15.05 1 0 1 1 P.Bi.25.08 1 0 1 1
P.Bi.15.06 1 1 1 1 P.Bi.25.09 1 0 0 0
P.Bi.15.07 - - - - P.Bi.25.10 1 0 0 0
Bi.15 P.Bi.15.08 1 1 1 1 P.Bi.25.20 1 0 0 1
P.Bi.15.09 0 1 1 1 P.Bi.15.11 0O 1 1 1
P.Bi.15.10 O 1 1 1 PBi.15.16 O 1 1 1
PBi.15.12 - - - - PBi.15.17 O 1 1 0
P.Bi.15.13 - - - - Bi.15 P.Bi.15.18 - -
PBi.15.14 1 0 1 1 PBi.15.19 0 1 0 0
P.Bi.15.15 - - - - P.Bi.15.20 O 1 0
P.Bi.17.01 - - - - PBi.15.21 0 1 1 1
P.Bi.17.02 0O 0 0 1 P.Bi.15.22 -
P.Bi.17.03 1 0 0 1 P.PL.03.01 - - - -
P.Bi.17.04 1 0 1 1 P.P1.03.02 O 0 0 0
Bi.17 P.Bi.17.07 O 0 0 1 P.P1.03.03 0 1 0 0
P.Bi.17.08 1 1 1 1 PL.03 P.PL.03.04 O 0 0 0
P.Bi.17.09 - - - - P.PL.03.05 - - - -
P.Bi.17.10 O 0 1 1 P.P1.03.06 1 0 1 1
PBi.17.11 - - - - P.P.03.07 -
PBi.17.12 1 0 1 1 Continue.
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Attached 1 — Continuation.

P.PL.08.01 O 0 0 1

P.PL08.02 0 0 0 1

P.PL.08.03 0O 0 0 1
PL.0O8 P.PL08.04 O 0 0 1

P.PL.08.05 O 0 0 1

P.PL.08.06 O 0 0 1

P.P.08.07 -

P.P.08.08 -

PPL31.01 1 0 0 1

PPL31.02 1 0 0 0

P.PL.31.03 0O 0 0 0
PL.31 PPL31.04 O 0 0 0

P.P.31.05 -

P.P.31.06 - - - -

P.PI.31.07 1 0 0 0

P.P.31.08 -

PPL46.01 1 1 0 0

P.P.46.02 -
PL:46 PPL46.03 -

P.P.46.05 - - -

P.PL.46.06 O 0 0 1

P.P.46.07 O 1 0 0

P.PL51.01 O 0 0 0

PPL51.02 1 0 0 0

P.P.51.03 1 0 0 0
PL.51 PPL51.04 -

P.P.51.05 -

P.PL.51.06 -

P.P.51.07 -

P.PL.52.01 - - -

P.PL52.02 0 0 0 1
PL:52 PPL52.03 O 0 0 0

P.PL.52.04 1 0 0 1

P.P.52.05 1 0 0 1

P.PL53.01 0 0 1 0

P.P.53.02 0O 0 0 1
PL.53 PPL53.03 0 0 0 1

P.P.53.04 -

P.P.53.05 -

P.PL.62.01 -

P.P.62.02 - - - -

P.PL.62.03 1 0 0 0

P.P.62.04 - - -

P.PL.62.05 1 1 0 1

P.PL.62.06 1 1 0 0
PL.62 PPL62.07 O 0 0 0

PPL62.08 1 0 0 0

P.PL62.09 1 0 0 0

P.P1.62.10 O 0 0 0

PPL62.11 - - - -

P.PL.62.12 O 0 0 0

P.PL.62.13 -

P.PL.62.14 - - - -

P.PL.62.15 1 1 0 0

Bi = Binissalem-Mallorca appellation, PL = Pla i Llevant appellation, P = Prensal
blanc (a local synonymous of Moll). 0 = negative test, 1 = positive test, - =
no test.
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