o

INTERNATIONAL

TERROIR CONGRESS
MENDOZA, ARGENTINA

PROCEEDINGS

) % CONICET

CATENA %ST]TUTE ®© uncuyo |§\-§_ dcias  ONE
7_’ e

() A n MENDOZA
o\ /i UNIVERSIDAD
ews® NACIONAL DE CUYO GOBIERNO

I B A M



DIGITAL EDITION

ISBN 978-987-48889-3-8

The deposit established by law 11723 has been made

Facultad de Ciencias Agrarias, Almte. Brown 500, Lujan de Cuyo

MENDOZA - ARGENTINA

Lépez Plantey, Rodrigo J.
EDITORIAL DIRECTOR
FCA UNCUYO, ARGENTINA

Gonzalez, Carina V.
COMPILER
FCA UNCUYO AND CONICET, ARGENTINA

EDITION REVIEWER:

Berli, Federico rca uNcUYO AND CONICET, ARGENTINA
Carrillo, Natalia P. rca uNcUYO, ARGENTINA

Deis, Leonor rca uNCUYO, ARGENTINA

Fanzone, Martin rca UNCUYO, INTA AND UMAZA, ARGENTINA
Flores, Maria Laura rca UNCUYO, ARGENTINA
Gonzalez, Carina V. rca UNCUYO AND CONICET, ARGENTINA
Martinez Laura rca UNCUYO, ARGENTINA

Maza, Marcos rca UNCUYO AND CONICET, ARGENTINA
Prieto, Jorge INTA AND UMAZA, ARGENTINA

Van Houten, Guillermina crw, ARGENTINA

EDITORIAL DESIGN AND PAGE LAYOUT:
Claudia Grebenc

Facultad de Ciencias Agrarias, Universidad Nacional de Cuyo

15th International Terroir Congress: Proceedings ; Compilacién de Carina V. Gonzalez.
1a ed. Lujan de Cuyo: Facultad de Ciencias Agrarias. Universidad Nacional de Cuyo, 2024.
Libro digital, PDF

Archivo Digital: descarga y online
ISBN 978-987-48889-3-8

1. Viticultura. 2. Enologia. 3. Suelos. I. Gonzalez, Carina V., comp.
CDD 641.22

ISBN 978-987-48889-3-8

938“

9178987411888



PROCEEDINGS

15

INTERNATIONAL
TERROIR CONGRESS
MENDOZA, ARGENTINA

ORGANIZED BY

ﬁri CONICET {é‘gUNCUYO

&., PO FACULTAD DE A
Catena InsTiTute  (S)UNCUYO| =3 ciicns  ONS @it (LAY menpozs
7/% W% nacional ok cuvo | SN= AGRARIAS @ GOBIERNO

I B A M



Join a gathering of world-leading terroir experts
at the 15th International Terroir Congress in Mendoza,
Argentina, from November 18-22, 2024.

For the first time since its inception in 1996, the congress
will grace the soils of South America, choosing the landscapes
of Mendoza, Argentina.

Nestled among Mendoza's spectacular Andes and hosted

by the region's pioneering wineries and local wine academics,
this event marks a unique opportunity to learn about the latest
in terroir research from some of the world's best minds

in the field.

This year's congress is proudly co-organized by the
Universidad Nacional de Cuyo (UNCuyo), Instituto de Biologia
Agricola

de Mendoza (CONICET-UNCUYO), the Catena Institute

of Wine (CIW) and Gobierno de Mendoza, further enhancing
the event with their academic excellence and innovative
research contributions.
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Managing soil health to support the
resilience and future success of the wine
industry: lessons learned in California
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ABSTRACT

The importance of soil health is increas-
ingly understood by winegrape producers,
not only because of its role of producing
high-quality grapes, but also because
of its importance in the mitigation and
adaptation to climate change. Nonethe-
less, there are still uncertainties on what
management practices better support
soil health and industry competitiveness
under increasing incidence of extreme
temperature and precipitation events. We
present the results of several projects that
have evaluated the efficacy of practices
like cover cropping, no-till, compost appli-
cation and sheep grazing on soil C seques-
tration, greenhouse gas emissions, soil
physical properties and water cycling. We
looked closely at the potential trade-offs
of the practices through changes in grape
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yield and quality or economic outcomes.
This was accomplished by the following:
(I) controlled experiments that evaluated
the practices in the short-term (<3 years)
and (II) surveys of commercial vineyards to
evaluate long-term effects (>3 years). Find-
ings reveal the general feasibility of using
soil health building practices to produce
high quality grapes in California, although
the effects are variable depending on the
time since adoption, stacking of practices,
and inherent soil properties. No-till, sheep
grazing or compost, result in short-term
changes in C cycling that may lead to fu-
ture increases in soil C stocks, particularly
in soils with higher clay content. These
practices combined with minimal green-
house gas emissions, shows potential for
climate change mitigation, although this



may be significantly constrained by soil
properties and the stacking of different
management practices. Co-benefits in-
clude improvemed soil structural stability,
increased porosity, and reduced erosion,
which enhance climate change adaptation.
Economic analysis shows that initial costs
of managing soil health can be offset by
long-term benefits, including reductions
in operational expenses, enhanced soil
health, and additional revenue streams
from sheep grazing, if grape yields and
price premiums can be maintained.

Introduction:

The wineindustry is facing the challenge of
adapting to climate change while meeting
the sustainability and quality standards of
the consumers worldwide. In California,
the frequency of potentially damaging
extreme heat events (temperature above
35°C) has increased significantly over
the last decade (OEHHA, 2022). Climate
models project a continued increase in
extreme heat days for the region that will
change grape phenology with more rapid
development for winegrape, including
earlier budburst, flowering, veraison, and
maturation across the main red and white
varieties and viticultural regions in Cali-
fornia (Parker et al., 2024). Climate change
drives changes in precipitation patterns,
which have become more extreme, alter-
nating between prolonged droughts and
floods (Swain et al., 2018). Heat and water
stress have strong negative consequences
for crop yield and quality (Parker et al.,
2020). As it becomes clear that a paradigm
shift is needed for agricultural production,
many growers are adopting nature-based
strategies to mitigate and adapt to climate
change.

As essential components of the water
and carbon cycles, soils play a key role in
climate change adaptation and mitigation.
Globally, soils store more carbon than the
atmosphere and the biosphere combined

through the capture of atmospheric CO,
into plant biomass and the subsequent re-
cycling of this by soil organisms. A portion
of the biomass C may be retained in the
soil, with a permanence time period that
can be more than 100 years. This leads to
reduced CO, emissions, offering a pathway
for climate change mitigation (Paustian et
al., 2016). Soil structure, which determines
the balance between macro and microp-
ores, regulates water infiltration, perco-
lation and retention. The concept of soil
health, which emphasizes the capacity of
soils to support these and other essential
life supporting functions, has generated
great enthusiasm among stakeholders,
including agricultural producers, consum-
ers, and policymakers. This enthusiasm
has led to legislative initiatives worldwide
to support soil health. Grape growers in
California consider soil health as essential
for vineyard resilience, an appreciation
that stems from the recognition of the im-
portance of soils as essential components
of the terroir (Gonzalez-Maldonado et al.,
2024; Lazcano et al., 2020). Nevertheless,
while the concept of terroir is focused on
inherent soil properties such as texture,
depth and mineralogy, the concept of soil
health has a strong focus on more dynamic
soil properties that can be changed through
management such as soil organic matter or
biodiversity (Burns et al., 2016). In recent
interviews, grape growers in Napa (Cal-
ifornia, USA) expressed that the lack of
practical information on environmental,
agronomic and economic outcomes of soil
health practices for wine grape production
systems are the main barriers for adoption
of healthy soil management practices
(Gonzalez-Maldonado et al., 2024). Because
soil organic matter contains approximately
60% carbon, healthy soil practices usually
focus on increasing and stabilizing soil
organic matter (SOM) content. To achieve
this, soil health practices 1) maintain plant
cover, 2) sustain organic matter inputs,
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3) decrease soil physical disturbances
and 4) diversify cropping systems. These
principles hinge on the soil microbial
communities involved in the breakdown
and stabilization of carbon inputs (Nunes
et al., 2020). The use of cover crops meets
most of the principles of healthy soil man-
agement, and it is therefore increasingly
adopted by grape growers. Nonetheless
the benefits of cover crops depend largely
on how they are managed, whether they
are terminated through tillage, mowing or
animal grazing, and whether they are fer-
tilized with compost. Here we present an
overview of different studies carried out in
California, where we investigated the ef-
fects of healthy soil practices, either alone
or stacked, on soil health and the capacity
to mitigate and adapt to climate change.
Furthermore, we addressed important
knowledge gaps such as the impacts of
these practices on grape quality and vine-
yard economic performance.

Materials and methods:

To evaluate the efficacy of soil health
management practices (cover cropping,
organic amendments, no till and sheep
grazing) to support the future success of
the winegrape industry, we followed a
double pronged approach: (I) controlled
and replicated experiments at commercial
vineyards where we applied the soil health
management practices for 3 years (Lazca-
no et al. 2022a; Lazcano et al. 2022b); and
(II) landscape surveys where we sampled
commercial vineyards that have been us-
ing the soil health management practices
for more than 3 years (Moonilall et al. in
preparation; Decock et al., in preparation;
Gonzalez Maldonado et al. in preparation).

Controlled experiment: The experiment
was conducted in a Vitis vinifera L. cv.
Syrah biodynamic commercial vineyard
located at Tablas Creek Winery (Califor-
nia, USA) for 3 years (2018-2020). The
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area has a Mediterranean climate with
annual average temperature of 15.3°C
and average annual rainfall of 364 mm,
distributed mostly between November and
March. The soil is classified as Fine-loamy,
mixed, thermic Calcic Pachic Haploxeroll,
with 30% clay. Since vine establishment
in 1992, soil management included cover
cropping consisting of 15% Avena sativa,
30% Vicia faba, 20% Vicia americana,
10% Vicia sativa, and 25% Pisium sativum
subsp. dundale. We assessed the effects
of grazing with or without tillage on soil
C, N and greenhouse gas emissions. The
experimental design consisted of alternat-
ing till and no-till blocks (blocks included
four rows of vines and three tractor rows),
overlaid with grazing enclosures, resulting
in 7.3 m x 9.7 m plots. The combination
of tillage and grazing resulted in a total
of four treatments: (I) Grazed + tilled, (II)
Grazed + non-tilled, (III) non-grazed +
tilled, and (IV) non-grazed + non-tilled.
Each treatment was replicated four times,
and plots were arranged in the field fol-
lowing a split-plot design with tillage as
the main blocks, and grazing as the factors
within the blocks, resulting in a total of 16
experimental plots. Within each plot, two
different functional locations, receiving
different soil management, were consid-
ered: (1) the soil under the vine canopy
(vine row), which receives water and is not
tilled, and (2) the soil in the tractor rows
(tractor row), which does not receive water
through irrigation and is tilled, depending
on the plot. We collected soil samples at
the two functional locations within the
central vine and tractor rows of each plot
and at 0-15 and 15-30 cm depth. Soils were
stored in plastic bags at 4°C and trans-
ported to the lab prior to analysis. Grape
yields were determined in mid-September
2019 and 2020, when berries reached ap-
proximately 23 Brix. To determine yields
we randomly selected 10 vines from the
central rows of each plot and measured



the total number and fresh weight of all
grape clusters for each vine. A subsample
of 200 berries was collected in each plot for
further chemical analysis. For grape phe-
nolic analysis, berries were homogenized
to measure berry anthocyanins and total
phenolics following a previously published
protocol (Iland, 2013). We measured the
fluxes of GHG (N,0O, CO, and CH ) from the
experimental plots before and after each
of the main management events including
grazing, mowing, tillage, irrigation and har-
vest as well as after the first precipitation in
fall, to measure baseline and event-related
fluxes. Fluxes were sampled using static
chambers and gases were analyzed using a
gas chromatograph.

Landscape survey: This study was carried
out in Napa Valley (California USA). Be-
tween 2022 and 2023, we recruited growers
that have been using healthy soil manage-
ment practices (cover cropping, organic
amendments, no till and sheep grazing)
for at least three years. Once these growers
were identified, we looked for neighboring
vineyard plots with the same soil type but
without any healthy soil management prac-
tices (controls). A total of three pairs (six
vineyards) were identified. In summer 2023
and 2024 we collected samples from the
tractor rows at 5 random locations within
each vineyard at 0-10, 10-20, 20-30, and 30-
40 cm depths. Furthermore, we performed
measurements of water infiltration in the
field using mini disk infiltrometers. Soil
samples were transported to the lab and
stored at 4°C prior to analysis of soil phys-
ical properties and water holding capacity.

Analysis of soil samples: Total C and N were
determined in dried and ground soil and
plant samples via dry combustion using a
Vario Max CNS elemental analyzer (Elemen-
tar, Langenselbold, Hesse, Germany). Active
C, also known as permanganate oxidizable
carbon (POXC), was determined in air-dried

soil samples following (Weil et al., 2003).
Particle size analysis was measured using
the hydrometer method to quantify the
fractional composition of sand, silt, and clay
with each sample (Gee & Or, 2018). A tex-
tural classification was assigned using the
percentages from each soil separate and the
USDA soil textural triangle. Soil bulk density
(Mg m) was assessed using the intact core
method (Grossman and Reinsch, 2002).
Water stable aggregates (WSA; %) were
determined using the wet sieving method
outlined in Nimmo and Perkins (2002). Erod-
ibility potential (K-Factor from the Universal
Soil Loss Equation) was assessed across the
surface 0-10 cm depth from each of the five
tractor rows per vineyard block using the
K-factor from the Universal Soil Loss Equa-
tion (Wischmeier and Smith, 1978).

Cost-benefit analysis: We used four
experimental vineyards established in
Sonoma (California, USA) under three
different varieties: Pinot noir, Chardonnay
and Cabernet Sauvignon (Herrera et al.
2024 under review). We collected data on
the average cost of inputs needed for es-
tablishing and operating vineyards under
soil health management (with cover crops,
compost and sheep grazing) as compared
to conventional management (only cover
crops). The data set contained more than
50 variables including trellis cost and
maintenance, large equipment, inputs of
agrochemicals, labor, insurance and other
indirect cost. Furthermore, we estimated
the potential revenue under conventional
and regenerative scenarios. The economic
viability of the management practices was
assessed over a 30-year vineyard lifespan,
reflecting the typical period of consistent
productivity before decline. We conducted
a sensitivity analysis to evaluate the sta-
bility of our model’s results to assumptions
on yield and price.
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Results and discussion:

Effects of soil health management on
soil C sequestration and GHG emissions
Results of the controlled experiment
showed that after 3 years of implemen-
tation, no-till increased stratification in
the distribution of active soil C (POXC),
further accentuating the already exist-
ing difference between top and subsoil.
Nonetheless, no-till did not increase total
soil C stocks. No-till also slightly reduced
the daily efflux of CO, from the soil during
the rainy season, showing that these plots
were less prone to lose C than tilled plots
and may show higher soil C stocks in the
future if the practices are maintained.
Sheep grazing of the cover crop did not
produce an increase in available soil N and
C but resulted in sporadic and localized
peaks in daily N,0, CH, and CO, emissions.
Nevertheless, emissions were not signifi-
cantly larger than non-grazed soils when
extrapolated to the cumulative emissions
of the whole season. The combination of
tillage and grazing increased N,O emis-
sions from the soil under the vine poten-
tially due to increased nitrification rates.

Effects of soil health management on
crop yield and quality

In the controlled field experiment, we did
not observe any significant differences
in yields between vines grown in soils
subjected to grazing or tillage in the three
years of practice implementation. We did
not observe any differences in the number
of clusters produced per vine either be-
tween years, tillage or grazing treatments.
Grape chemical composition changed be-
tween years with higher anthocyanin and
phenolic content in 2020 as compared to
2019. Nevertheless, grazing and tillage did
not have any effects on these two parame-
ters of grape chemical composition.

Effects of soil health management on soil
structure and water cycling

Results of the landscape survey with the
three paired sites, showed that the use of soil
health management practices (cover crops,
no till, compost and sheep grazing) for more
than three years significantly influenced
soil physical properties and water cycling
as compared to conventional management
(tillage, no compost and no sheep grazing).
Soil health practices reduced soil bulk den-
sity, especially in the subsoil, and increased
the proportion of stable aggregates. Specif-
ically, soil health management increased
the proportion of large macroaggregates,
suggesting an increase in soil porosity.
Water infiltration rates measured in situ
were higher in the conventional than in the
vineyards under soil health management.
This is likely due to the short-term increase
in soil porosity and surface roughness by
recent tillage in conventionally managed
soils (Novara et al., 2011). Nonetheless, soils
that were tilled, also had a larger erodibility
and higher proportion of disaggregated
particles of sand, silt, and clay that suggest
a higher likelihood of soil erosion during
intense rainstorms (Belmonte et al., 2018).
Total soil C was significantly higher in
soils under healthy soil practices although
this depended on the site and soil depth
analyzed. We further evaluated the role of
soil texture on soil C, and we observed a
significant effect of clay content on soil C.
Generally, soils with higher clay content
and with soil health practices accumulated
more soil C than soils with lower clay and
higher sand content.

Effects of soil health management

on costs and benefits of winegrape
production

Our findings revealed that, while soil
health management practices (cover crops,
no till, compost and sheep grazing) entail
higher initial costs, they offer meaningful
long-term benefits, including reductions



in operational expenses, enhanced soil
health, and additional revenue streams
from sheep grazing integration. However,
financial success after adopting soil health
practices largely depends on maintaining
grape yields and securing price premiums.
Given the variability in yield impacts
across different grape varieties and vine-
yard conditions, site-specific assessments
are crucial during the transition to soil
health management practices.

Conclusion:

Through controlled experiments and land-
scape surveys we observed that the use of
no-till, compost and sheep grazing of cov-
er crops are valid strategies for supporting
vineyard soil health. These practices lead
to short term changes in C and N cycling

without increasing greenhouse gas emis-
sions or negative effects for winegrape
quality and yield. The benefits of the prac-
tices become more obvious when they are
maintained in the long term, with changes
in soil structural stability and porosity
that can increase the capacity of the vine-
yards to adapt to climate extremes. While
an initial investment is needed for growers
that want to adopt soil health practices,
reductions in operational expenses (syn-
thetic fertilizer, tractor passes), enhanced
soil health, and additional revenue streams
from sheep grazing integration may bring
long-term economic benefits. This high-
lights the need for continued commitment
to managing soil health.
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ABSTRACT

Soil management through cover crops
at the interrow is a common practice in
viticulture, since it improves the char-
acteristics of the soil and grapevines. It
has been shown that the cover crops can
influence the cycle of nutrients, promote
infiltration, decrease erosion, and enhance
the soil microbiota biodiversity improving
the grapevine fitness. However, the area
under the vines tends to be left bare by
applying herbicides or tillage to avoid
competition with the crop, particularly in
warm regions. The use of cover crops un-
der the vines might be a plausible alterna-
tive to the use of herbicides or cultivation,
improving grapevine quality and soil char-
acteristics. Within this context, the aim of
this research was to study how various soil
management practices beneath vineyards
(such as herbicide use, tillage, or employ-

ing a cover crop like Trifolium fragiferum)
affect grapevine growth and the microbial
communities thriving below the ground.
According to our results, the use of T.
fragiferum as the cover crop under the vine
had a little impact on grapevine agronomy
and physiology. In spite of the enhanced
vegetative development of T. fragiferum,
results did not show differences in grape-
vine water status and berry quality param-
eters. Rather on the contrary, the use of
the cover crop under the vine modified soil
microbial communities enhancing their
diversity and their activity, also chang-
ing the rates of native mycorrhization of
grapevine roots. The lack of effect on cov-
er crops under the vines on the grapevine
performance might indicate a minimum
competition between the grapevine and
the studied cover crops. Overall, the cur-

19



rent study showed that, under-vine cover
crops, particularly Trifolium fragiferum,
offer a sustainable alternative to herbi-
cides, positively impacting soil health
without affecting grapevine performance.

Introduction:

Vineyards are currently cultivated on ev-
ery continent accounting globally for >7.4
million hectares, 107.5 million tons of ber-
ry production and 262 million hectoliters
of wine in 2020. Given the unquestionable
economic importance of this crop and the
current environmental conditions, there
is an increasing interest in studying the
soil-plant continuum interactions in order
to achieve resilient viticulture production
systems. In this sense, the traditional con-
cept of ‘terroir’, used to refer to different
factors such as the cultivated variety, the
location of the vineyard (climate and soil),
and the vineyard management link the ag-
ricultural product (quality, taste, style) to
its origin (Van Leeuwen and Seguin, 2006),
it is being replaced by the term ‘microbial
terroir’; given that vineyard microbiomes
shaped by vineyard geography and man-
agement strongly affect grape and wine
quality (Torres et al., 2021, Zarraonaindia
et al., 2015).

On the other hand, the vineyard soil has
been kept for decades absolutely free of
adventitious vegetation, in order to avoid
competition between the crop and weeds
for water and nutritional resources given
the location of vineyards on poor and dry
lands. This elimination of weeds was ini-
tially carried out by mechanical tillage of
the soil, although since the appearance of
herbicides, chemical control has become
increasingly important, with the combined
use of mechanical and chemical tillage re-
maining as the most common management
strategy. However, these soil management
practices, when applied recurrently, have
a detrimental impact on the environment
and on the crop.
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In the last years, a large body of research
highlights the benefits that cover crops
provide to both soil characteristics and
biodiversity and grapevine agronomic
performance (Abad et al. 2021a, 2021b).
Thus, the use of cover crops increases
soil organic carbon (SOC), improves water
infiltration and aggregate stability, and
reduces erosion and greenhouse gases
emission to the atmosphere. Further-
more, there is an increase in biodiversity,
both in soil and the vineyard (Abad et al.,
2021a). Regarding the cover crops effects
on grapevine physiology, water use, yield
and berry size and composition, previous
studies have highlighted their strong
dependence on the soil and climate char-
acteristics, the period of the year in which
the covers are active, the type of covers,
and the characteristics of the grapevine
rootstocks, and need therefore to be
analysed site-specifically. Contrarily, the
research on the impact of cover crops on
vineyard performance has been frequently
limited to the use of cover crops in the
vineyard lanes, keeping the soil beneath
the vines free of vegetation through the
use of herbicide or mechanical tillage,
barely exploring the great agronomic
potential and environmental benefits this
could convey. Thus, vineyard soil man-
agement through cover crops may favour
the presence of beneficial microbial com-
munities in vineyards. Within beneficial
microbial species, arbuscular mycorrhizal
fungi (AMF) stand out given that they may
establish symbiosis with grapevine roots
and provide several ecosystemic benefits
(Trouvelot et al., 2015; Torres et al., 2018).

The use of cover crops under the vines
might be a plausible alternative to the use
of herbicides or cultivation, improving
grapevine quality and soil characteristics,
including beneficial microbial spectra.
Furthermore, Capd-Bauca et al. (2019)
reported that after 7 years of using a per-
manent cover crop, an increment of the



AMF spores was observed. This was trans-
lated into a higher microbial activity and
functional diversity (Capd-Baucga et al.,
2019). Therefore, the aim of this research
was to study the implications of different
strategies of soil management under the
vines (herbicide, cultivation or cover crop)
on grapevine growth, water status, yield
and berry composition and belowground
microbial communities.

Materials and methods:

Experimental design and plant material
Experiment was conducted in a commer-
cial vineyard belonging to Otazu Winery
(Otazu, Navarra, Spain) planted with Tem-
pranillo variety grafted onto 110 Richter.
Vines were irrigated three times during the
season to fit maximal evapotranspiration.
Experimental design consisted in 3 treat-
ments, a cover crop (Trifolium fragiferum
L.) sown under the vines, herbicide (gly-
phosate at 36%) and mechanical tillage that
acted as an untreated control. Experiment
was set in January of 2023 and monitored
during that season.

Plant measurements and berry quality
Grapevine vegetative growth was estimat-
ed by the total cross-sectional area after
measuring the shoot areas with a digital
caliper (CD67-S15PP, Mitutoyo Corp., Ja-
pan). Water status was monitored during
the season by measuring the stem water
potential (¥,) of a fully expanded leaf ex-
posed to sun and without signs of disease
and/or damage per treatment-replicate.
Leaves were then covered before measure-
ments with a reflective foil-lined zip-top
plastic bag to suppress transpiration. The
¥, was measured with a Scholander pres-
sure chamber (P3000, Soil Moisture Corp.,
Santa Barbara, CA, USA).

Berry ripening and quality parameters
were monitored during both seasons by
collecting berries from 10 vines within
each treatment-replicate. Berry technical

quality was measured on a 100 berry
sample. Total Soluble Solid content (TSS,
°Brix) was measured using a high precision
temperature compensating refractometer,
pH was determined by a digital pHmeter,
Total acidity (TA, g tartaric acid-L?) was
determined by titration and malic acid
(g malic acid L*) by enzymatic analysis.
Another 200 berry sample was used to
monitor the phenolic maturity following
the Cromoenos™ method.

Soil microbial communities

After the first season, soil microbial di-
versity and physiological profiles were
measured using the Biolog Ecoplates™
and FF-Microplates™ from soil samples
collected at 25 cm close to grapevine roots.
The presence of AMF in grapevines roots
was monitored after collecting grapevine
fine roots, staining and observation under
the microscope following the methodolo-
gy described in Torres et al. (2016).

Statistical analysis

Statistical analyses were conducted with R
studio version 3.6.1 (RStudio Team, 2020).
Grapevine growth, water status and micro-
bial diversity parameters were analysed
by using the one-way analysis of variance
(ANOVA) after assessing the normality
of the data. Means * standard errors (SE)
were calculated and, when the F ratio was
significant (P < 0.05), a Duncan posthoc
test was executed using “agricolae” 1.2-8
R package.

Results and discussion:

Under-vine cover crop impact

on grapevine performance

A little effect of the use of cover crop was
observed on the vegetative growth of
grapevines during the first growing sea-
son. Previous researchers have shown that
grapevine vegetative growth is impaired
by cover crops compared to conventional
tillage (Wolff et al., 2018). However, in ac-
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cordance with recent studies, cover crops
might have no effect on it (Abad et al.,
2020; Zumkeller et al., 2022). Water poten-
tial analyses (data not shown) carried out
in grapevines did not detect differences on
leaf water status associated to the different
soil management strategies. Accordingly,
several studies have reported no effect of
cover crops on grapevines water status
given that these effects are largely driven
by the climatic conditions and irrigation
regime at a given site (Zumkeller et al.,
2023).

Regarding yield and berry quality, our
results showed an increased cluster mass
in the vines with T. fragiferum as cover
crop (Table 1). However, this did not lead to
changes on berry quality (data not shown).
Similarly, Abad et al. (2020) found no effect
on berry quality after three seasons with T.
fragiferum used as a cover crop.

Soil management with cover crops
affected microbes associated with
grapevine roots and vineyard soil
Heterotrophic microorganisms in vineyard
soils were increased after using herbicide
(Figure 1a). In this sense, there is a growing
body of research that demonstrates that
glyphosate (the herbicide used in thisstudy
and initially considered safe) has profound
effects on ecosystem functions via altered
microbial communities (Ruuskanen et al.,
2023). Regarding soil fungal communities,
different soil management did not affect
filamentous fungi (Figure 1b). However,
AMF associated with grapevine roots
strongly responded to soil managements
as shows in Figure 2. Thus, grapevines
grown with T. fragiferum showed higher
rates of native mycorrhizal colonization,
in agreement with previous studies that
showed that the establishment of cover
crops promotes the proliferation of natural
mycorrhizal communities (Nogales et al.,
2021; Capo-Bauga et al., 2019).
Conclusion:
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Although current research presents data
from a single-year experiment, and should
therefore be treated with due caution, our
results are promising, demonstrating that
the use of cover crops for soil management
under the vines seems to have benefits
compared to the conventional soil man-
agement with herbicide and tilling to con-
trol the growth of adventitious vegetation.
In this sense, this study remark that using
Trifolium fragiferum as an under-vine
cover crop had minimal impact on grape-
vine growth and quality but significantly
improved soil health by enhancing micro-
bial diversity and activity. This suggests
under-vine cover crops could offer a sus-
tainable alternative to herbicides without
compromising grapevine performance,
indicating potential for coexistence in
vineyard ecosystems.



Table 1. Yield components of Tempranillo/110R vines subjected to different soil management

(T. fragiferum as cover crop, herbicide and mechanical control) in the harvest of 2023.

Cluster # Yield (Kg) Cluster mass (g)
Mechanical tillage 9.66 118 125.15ab
Herbicide 8.12 1.02 118.12b
I. fragiferum 8.56 115 134.34a

Values are means + SE. Within each column different letters represent significant
difference according to the Duncan posthoc test.

Figure 1. Average well colour development (AWCD) for heterotrophic microorganisms (a)
and filamentous fungi (b), measured with Ecoplates™ and FF-Microplates™ from Biologs,
respectively.
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Figure 2. Arbuscular mycorrhizal colonization rates of grapevine and cover crop roots (a)
and mycorrhizal fungal structures observed under the microscope (40X, b).
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ABSTRACT

The composition of soil microbiota is cru-
cial for the optimal functioning of biogeo-
chemical cycles, which enhances soil or-
ganic matter and benefits crop nutrition
in the long term. Based on this premise,
we explored the microbiome through a
metabarcoding strategy and the physico-
chemical characterisation of soil in a biody-
namically (B) managed vineyard. The aim
was to understand its microbiome compo-
sition, especially in comparison to a nearby
conventionally (C) managed vineyard. Both
vineyards were located proximate in Ugar-
teche region from Lujan de Cuyo, Mendoza
(Argentina). Amplicon sequence variants
(ASVs) were generated as proxies for taxa
through the use of Dada2. The structure of
the bacterial community in the B vineyard
revealed that the most abundant bacterial
phyla were Proteobacteria (30%), Actino-
bacteria (21%), Acidobacteriota (19%), and
Gemmatimonadota (5.6%), with all remain-
ing phyla comprising less than 5% of the
community. In terms of mycobiota com-

position, the dominant fungal phyla were
Basidiomycota (42%), Mortierellomycota
(23%), Ascomycota (20%), and Glomero-
mycota (8.9%). Comparing B to C, the pri-
mary distinguishing factor was a higher
Fungal-to-Bacteria Ratio (calculated as the
number of fungal ASVs to bacterial ASVs),
mainly driven by greater fungal diversity in
B. In contrast, the biodynamic soil showed
a greater abundance of mycorrhizal fun-
gl (Glomus and Septoglomus) and a lower
representation of plant pathogens, distin-
guishing it from the conventional soil man-
agement. Based on the extensive literature
on the importance of mycorrhizae in grape-
vine nutrition and wine quality, the results
suggests that biodynamic management
could enhance vineyard resilience which
seems promising in future climate chal-
lenging scenarios for the wine production.
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ABSTRACT

Sustainable Viticulture pursue keeping
alive and healthy soils. Soil health is un-
derstood as the capacity of a soil to sustain
the productivity, diversity and environ-
mental services of terrestrial ecosystems.
There are different types of indicators to
assess soil health which are grouped into
three main categories: chemical, physical
and biological. Meanwhile chemical and
physical indicators have been worldwide
studied in many wine regions, biological
indicators have emerged in the last decade
as important cues to understand the vine-
yard soil health.

Micro-organisms diversity contribute
to the definition of a terroir, as well as
their activity which is essential to achieve
healthy soils. Cover crops are used in
organic management given the multiple
ecosystem services they provided. Micro-
organism’s enzymes activity is sensitive to
environmental changes and to soil man-
agement practices such us cover crops. To
our knowledge, reports of soil enzymatic
activity of Argentinean vineyard and even
less under different soil management are
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still missing. The objective of this study
was to characterise the soil enzymatic ac-
tivity of different biogeochemical nutrient
cycles (C, P y N) by means of measuring
B-glucosidase, alkaline and acid phos-
phatases and B-glucose-amidase in three
wine regions of Argentina. We measured
the activity of above-mentioned soil en-
zymes before flowering (peak grapevine
root growth) in two vineyards of the main
(Valle de Uco y Agrelo, Mendoza) and the
most southern (Sarmiento, Chubut) wine
regions of Argentina. At least five soil sam-
ples were taken on each location inside
the vineyards (cultivated) and surrounded
(not cultivated). In Agrelo, we additionally
sampled (cultivated) soil with different
soil management (spontaneous, seeded vs.
bare soil).

The enzymatic activity of the four soil
enzymes varied between locations. How-
ever, some of them showed differences be-
tween different cover crops management.
These biological indicators contributed to
shed light into the characterization of the
soil health and Argentinean terroirs.
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ABSTRACT

In a context of climate change, searching
for sustainable practices becomes a pri-
ority for viticulturists. Favouring soil di-
versity and functionality could increase
vineyard resilience, but also questions the
observation of the response of this below
ground biodiversity. Interestingly, the de-
velopment of soil metabarcoding from en-
vironmental DNA has revolutionised the
access to soil biodiversity, and the discov-
ery of microbial terroirs has opened the
use of such techniques to wineries. We ex-
plored the soil fungal diversity in Uco Val-
ley and Lujan de Cuyo regions from 2021
to 2023, in 15 vineyard plots engaged in
transition to organic practices from 7 vine-
yards of Terrazas de los Andes and Chan-
don Argentina. Soil environmental DNA
was extracted and the fungal ITS1 was se-
quenced using MiSeq, analyzed using OBI-
TOOLs. Soil physico-chemical analyses
were produced each year from the same
soil samples. We hypothesised an increase
in fungal diversity linked with the regen-
erative organic transition and aimed at

detecting the soil core microbiome stable
over years, and possibly indicating terroir
associated fungi. Our results reveal 2008
Operational Taxonomic Unit (OTU) of fun-
gi detected over the two first years, and
the high prevalence of mycorrhizal fungi,
representing 70% of sequences. The local
diversity did increase between the two
first years of sampling, following our hy-
pothesis, and communities changed sig-
nificantly between years, suggesting that
only few fungi could contribute to a stable
terroir effect over year. Indeed, only one
to 21 fungal OTUs could be considered as
associated to a given vineyard. Soil fungal
communities changes were mainly cor-
related with the C/N ratio and its increase
over the two first years, as well as by the
local climatic and elevation gradient. We
illustrate the interest of exploring the lo-
cal soil biodiversity, its potential functions
and interactions with practices and the lo-
cal environmental context.
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ABSTRACT

Vegetal cover, minimal soil disturbance
and the non-use of synthetic agrochemi-
cals promote soil health and are the main
premises of soil management practices in
regenerative agriculture. Cover crops have
numerous advantages, but their manage-
ment in high altitude irrigated vineyards
in arid areas is challenging, and even more
so in the context of climate change.

We evaluated three cover crops man-
agements strategies in a drip-irrigated Mal-
bec vineyard placed in Gualtallary (1650 m
asl) Mendoza, Argentina. The treatments
were: spontaneous vegetation (S, inter-row
and under-row), mowing (M, inter-row and
under-row) and cover crops (CC, inter-row
mowed and under-row seeded with mix-
ture of winter annual species of Trifolium
alexadrinum and Brassica rubra). In CC the
spontaneous vegetation under the vine was
mechanically removed before sowing.

CC showed a better plant water and nu-
trient status than S and M, as the SPAD in-
dex and stem water potential were higher
throughout the growing season. Pruning
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weight of CC was greater than in M and S.
The CC and M treatments had similar but
higher yield per plant than S. However,
M reduced cluster weight and number of
berries per cluster compared to CC. On the
other hand, S reduced cluster and berry
weight and number of berries per cluster
compared to M and CC. The grape compo-
sition, measured by anthocyanin and total
polyphenol concentration, total soluble
solids, titratable acidity and pH, was simi-
lar between treatments.

From these results it can be concluded
that S and M were not the most suitable
cover crop treatments. However, CC un-
der vines improve plant water and nutri-
ent status and yield in drip-irrigated vine-
yards under arid conditions, at least after
the first year of evaluation. These results
may be explained by the atmospheric N
fixation made by the clover and the lower
summer water consumption of the sown
winter annual species.
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ABSTRACT

The characterization of Argentinian wine
regions highlights the unique attributes
of production and contributes to a better
understanding by leveraging their differ-
entiation, strengthening their singular
identity, and supporting the commercial
message to consumers. These attributes
are also emphasized by arguing, strength-
ening and improving the position of Ar-
gentinian wines in the markets, increasing
world wine sales.

Since 2020, the Argentinian Wine Cor-
poration (COVIAR) signed an agreement
with the Inter-American Development Bank
(IDB). This agreement financed the first
stage of environmental characterization
studies in the provinces of Mendoza, San
Juan, and the Calchaqui Valleys. In 2022,
additional contributions were made by the
Federal Investment Council (CFI) and the
governments of La Rioja, Jujuy, Catamarca,
Cérdoba, Entre Rios, La Pampa, Buenos Ai-
res, Rio Negro, Neuquén, and Chubut.

Soil, geology, geomorphology, cli-
mate and landscape of 59 valleys and
wine-growing oases in Argentina were
studied. The characterization of the differ-

ent wine valleys and oases of the country
was carried out simultaneously using the
same methodology. The aim of this work
was to characterize the Argentinian wine
regions to identify their differentiating at-
tributes. Thereby contributing to capital-
izing on their uniqueness, strengthening
the identity of the products, supporting
the commercial messaging to consumers,
and enhancing the position of Argentinian
wines in international markets. Moreover,
the characterization of regions is a relevant
input for managers in the formulation of
wine policies and implement recovery ef-
forts in areas with production limitations.

Introduction:
Location-based differentiation strategies
are crucial for competitiveness in viticul-
ture, especially in ‘Old World’ countries.
For instance, these countries have tradi-
tionally focused their marketing on ter-
ritorial and geographical origin. Further-
more, in recent years, this trend has also
expanded to new wine-producing regions.
The consensus on value generated in
situ, along with territorial and cultural di-
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versity, was highlighted during regional
workshops across different productive oa-
ses. These workshops contributed to the
collective development of the Strategic
Vitivinicultural Plan 2030. According to
its vision, “Argentine viticulture will be a
sustainable and diverse activity, enabling
the growth of its stakeholders, adapting
to consumer trends, and creating new
market opportunities.” Its mission further
states that “Argentine viticulture deliv-
ers competitive products, valued for their
consistent quality, recognized for their or-
igin, territorial and cultural diversity, and
broad socio-productive framework.

Thus, the soil, geology, geomorphol-
ogy, climate and landscape of 59 valleys
and wine-growing oases in Argentina
were studied. Since 2020, the Argentinian
Wine Corporation (COVIAR) has signed an
agreement with the Inter-American Devel-
opment Bank (IDB), which financed the
first stage of the environmental charac-
terization studies in the provinces of Men-
doza, San Juan and the Calchaqui Valleys.
Since 2022, contributions from the Federal
Investment Council (CFI), and the govern-
ments of La Rioja, Jujuy, Catamarca, Cor-
doba, Entre Rios, La Pampa, Buenos Aires,
Rio Negro, Neuquén and Chubut have been
added.

Characterizing the country’s wine val-
leys, using a consistent methodology, is
a valuable tool for defining the identity
of wines based on where the grapes are
grown. It helps producers and wineries
communicate their products more effec-
tively, supported by scientific and tech-
nological data. This is a key strategy for
differentiating our products from major
global competitors. At the regional level,
this characterization offers important in-
sights for policymakers. It helps structure
the sector and guide recovery efforts in ar-
eas with production challenges.
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Therefore, the aim of this study was to
characterize the Argentinian wine regions
in order to identify their differentiating
attributes. This characterization helps
to capitalize the uniqueness of these re-
gions and strengthens the identity of the
products. Additionally, it supports the
commercial messaging directed towards
consumers, while enhancing the market
positioning of Argentinian wines. More-
over, the characterization of regions is a
relevant input for managers in the for-
mulation of wine policies and implement
recovery efforts in areas with production
limitations.

Materials and methods:

To characterize wine regions, we studied
the physical and environmental character-
istics of key valleys where grapevines are
grown.

In the climate study, both single-cri-
teria variables, such as temperature and
precipitation, and bioclimatic indices -in-
cluding the Huglin heliothermal index,
Winkler effective thermal integral, night
coolness index, thermal regime during the
vine ripening period, and the frequency of
extreme absolute temperatures exceeding
35°C and falling below 0°C- were consid-
ered. Thus, the climate of each wine region
was examined through the analysis of ex-
isting data from the National Meteorolog-
ical Service.

A geological and geomorphological
study for each wine region was also carried
out. The study encompasses a descrip-
tion of the geological framework. It also
features a chronostratigraphic and litho-
stratigraphic table, as well as a geological
map. Additionally, a geomorphological as-
sessment is provided, detailing the iden-
tification of geoforms and the analysis of
the terrain characteristics to elucidate the
topography of the region.



The soil analysis was conducted in ac-
cordance with the scale recommended
by the International Organisation of Vine
and Wine (OIV) as outlined in Resolution
OIV-VITI 423-2012. At the locations de-
termined by the sampling methodology,
test pits were excavated to facilitate the
morphological characterization of the soil
profiles. Soil samples were collected from
each horizon or layer and sent to labora-
tories for physicochemical analysis (Bouy-
oucos, pH, electrical conductivity, cations,
CIC, RAS, carbonates, gypsum N and or-
ganic matter). In addition, a photographic
record of the modal profiles and associat-
ed landscapes was made. Through digital
soil mapping, thematic maps of soil vari-
ables were created. Furthermore, through
spatial analysis and the use of statistical
techniques, Homogeneous Edaphoclimat-
ic Zones (HZ) were defined.

Finally, an evaluation of the potential of
landscapes was conducted. The methodol-
ogy was based on the “Landscape Charac-
ter Assessment: Guidance for England and
Scotland,” developed by the Countryside
Commission and Scottish Natural Heritage
(Swanwick, 2002).

A digital platform was developed to
host the generated information. It is ac-
cessible via the website of the Argentinian
Vitivinicultural Observatory (https://ob-
servatoriova.com/) and the Strategic Viti-
vinicultural Plan 2030 (https://pevi2030.
com.ar/).

Results and Conclusion:

This study produced two thousand lay-
ers of maps detailing the soils, climate,
and landscapes of the studied regions. To
achieve this, the same methodology was
used to standardize and systematize the
information.

Argentine currently has soil, climate,
geological, geomorphological, and land-
scape data for 59 wine-producing valleys.
This data is now hosted in a public digital
repository (https://observatoriova.com/),
accessible to producers, entrepreneurs,
managers, and the general public. In addi-
tion, technical reports can be accessed.

This study allows Argentina to stand
out, thus placing the country at the fore-
front in this field.
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ABSTRACT

Understanding soil and climatic spatial
variation within a viticultural region is
essential to describe wine terroir, which
requires the delineation of homogeneous
edaphoclimatic zones. Climate, landscape,
and soil are usually measured at multiple
sites within a region. This paper presents
an approach to promoting the integration
of different statistical tools for identifying
edaphoclimatic homogeneous. The meth-
odological proposal involves re-scaling of
spatial data, as well as multivariate analy-
sis (spatial climatic clustering and nested
soil clustering) as well as the identification
of main zoning drivers to describe terroirs.
The data analyses are applied in a logical
sequence (protocol). Statistical topics for
further improvement are noted. The pro-
tocol has been illustrated using climat-
ic, geomorphometric, and soil data layers
from the oasis of Mendoza river, Argentine.
However, it may be applied to other viti-
cultural regions using georeferenced data.
The R scripts to run the protocol are avail-
able upon request.
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Introduction:
Viticulture is one of the most widespread
horticultural crops globally (Mukherjee
and Mishra, 2021). In Argentina, vines are
situated in several mesoclimatic, land-
scapes y soils areas. Currently, sustainable
viticulture requires mainly the use of large
volumes of soil and climatic data toimprove
management. Recently, a study, coordi-
nated by the Argentine Viticultural Corpo-
ration (COVIAR), has provided foundation-
al information on the soils and climate of
the wine Argentinian regions, promoting a
better understanding of spatial differenc-
es. Even though terroir is a concept used
in viticulture to explain variations in wine
quality and wine style, it refers to an area
and thus possesses a geographical dimen-
sion (Van Leeuwen et al., 2010) that makes
sense to spatial classification. In this work,
we propose a methodological approach for
the zoning of a viticultural region to delim-
itate edaphoclimatic areas.

Input data are in different spatial
scales, but after properly rescaling they
are used to obtain synthetic variables that



reflect the joint variability of the data lay-
ers. The methodology uses such synthetic
variables (principal components) for clus-
tering sites within a region to identify ho-
mogeneous zones in a multivariate sense
(edaphoclimatic zones). The data to create
the principal components are obtained
from soil and geomorphological maps de-
rived from digital elevation models (DEM),
as well as bioclimatic digital maps. Be-
cause of soil data show greater spatial
variability than DEM and climatic data,
we proposed a hierarchical spatial cluster-
ing handling first geomorphological and
climatic data for a first zoning and then a
nested soil-based zoning. The k-means or
fuzzy k-means clustering methods (Frid-
gen et al., 2004), are usually employed to
perform clustering analysis of data points
at several scales (Moral et al., 2016). How-
ever, these cluster algorithms do not take
into account the georeference of the data.
They were not developed for spatial data.
A high zone fragmentation was observed
when the clustering techniques ignore
the spatial nature of the data (Frogbrook
& Oliver, 2007; Ping & Dobermann, 2003).
Cordoba et al. (2013) developed a method
(KM-sPC) based on the use of spatial prin-
cipal component analysis (SPCA) and the
posterior application of the fuzzy k-means
algorithm using the spatial principal com-
ponents as input to avoid fragmentation.
The KM-sPC algorithm was used for site
classification at a fine scale in precision
agriculture. Later such algorithm was suc-
cessfully applied at the regional scale (Gi-
annini Kurina et al., 2018). More contigu-
ous classes and reduced fragmentation of
the delimited homogeneous zones were
obtained by incorporating spatial infor-
mation.

The interpretation of variable coeffi-
cients at each spatial principal component
provides insight into the spatial correla-
tion among input properties, but they are
not enough to identify variables leading

the posterior zoning. Consequently, it is
essential to identify the main drivers of
zoning. However, for high dimensional
data (many variables or features associ-
ated with each data point), feature selec-
tion explaining classification is another
computational task demanding efficient
algorithms. The proposed protocol in-
cludes machine learning to identify im-
portant variables causing the edaphocli-
matic zoning. Finally, the appropriateness
of delineated zones needs to be evaluated.
Evaluation requires determining if there
are differences among the zones in terms
of eco-physiological traits (Van Leeuwen
et al., 2010) or other variables selected as
validation traits. We use spatially correlat-
ed Mixed Linear Models (MLM) (West et al,
2022) for zone mean comparison. The ob-
jective of this work is to develop a protocol
(logical sequence of analytic algorithms)
to delimitate homogeneous zones in a vi-
ticultural region using climatic, geomor-
phometric, and soil spatial data.

Materials and methods:

Data

The limits of the study area (the north-
ern oasis of the Mendoza River, Argenti-
na) were delineated (Fig. 1), incorporating
digital maps depicting geomorphometric
variables (see Table 1) and soil variables
(obtained from test pits conducted in vine-
yards (Vallone et al, 2023); also listed in
Table 1), as well as maps of bioclimatic in-
dices, also listed in Table 1. A processing of
the SRTM elevation model was performed
using SAGA software to define the mor-
phometry of the study area. The aim was
to calculate the geomorphometric indices.
Data from the Soil Utility Map for the Men-
doza River Basin (Vallone et al., 2007) and
the geomorphometric study conducted
by COVIAR were compiled. A total of 153
soil samples were collected for physico-
chemical characterization. Thematic maps
of soil variables of interest were devel-
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oped from digital soil mapping. Horizon
harmonization was performed using the
mass-preserving spline function (Malone
et al., 2009) fitted to each individual soil
profile, which requires more than one lay-
er per profile. This generated two synthet-
ic horizons: 0-50 cm and 50-100 cm. From
these horizons, machine learning models
were applied to predict soil properties
using environmental covariates linked to
soil-forming factors as predictor variables
(FAO, 2022). This resulted in the genera-
tion of continuous maps of soil variables
for the surveyed profiles.

The bioclimatic digital maps were ob-
tained from a previous study characterizing
the climatic conditions of wine regions in
Argentina (Cavagnaro, 2023). Daily weather
data from meteorological stations of the Na-
tional Meteorological Service, homologated
by the World Meteorological Organization,
were used as official and reference stations.
The datasets used covered a temporal ex-
tent of 41 years (1980 - 2020). Additionally,
data from stations belonging to provincial
meteorological networks and private com-
panies were utilized. Maps were generated
using geostatistical interpolation for bio-
climatic variables. All available data layers
were integrated into a grid format with a
pixel size of 4 hectares (200 m x 200 m).

Analytical Protocol

Step 1. Delimitation of bioclimatic sub-
zones: Spatial Principal Component Anal-
ysis of six bioclimatic variables and one
morphometric variable (Digital Elevation
Model, DEM) is used to generate synthet-
ic variables summarizing information for
each grid cell. Using components explain-
ing 80% or more of total variability as in-
put for fuzzy K-means cluster analysis,
climatic subzones are delineated within
the study area. The determination of the
optimum number of climatic subzones fol-
lowed the methodology proposed by Cér-
doba et al. (2013).
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Step 2. Soil zoning within each climatic
subzone: The KM-sPC algorithm was ap-
plied with soil and morphometric variables
from pixels corresponding to each climatic
subzone. This algorithm identified clusters
of pixels with high multivariate similarity
regarding soil. Because we are using Fuzzy
K-means, each pixel is assigned to a spe-
cific cluster based on the maximum prob-
ability of belonging to a cluster. Addition-
ally, spatial filters were used to identify
sites comprising each homogeneous zone
as proposed by Cérdoba et al. (2013).

Step 3. Characterization of delimited ho-
mogeneous zones using two methods: A
graphical approach (star plot where each
ray represents a measured soil or biocli-
mate variable) and calculation of the im-
portance of each variable for classifying a
pixel into each edaphoclimatic zone. The
importance of each variable is measured as
the reduction in the classification capaci-
ty of a zone versus the rest of the zones.
This classification was performed using
the Random Forest machine learning algo-
rithm (Breiman, 2001).

Step 4. Identification of typifying values
for each zone: Base information for draft-
ing “zone notes,” i.e., text based on key-
words characterizing a zone.



Figure 1. Study area, the northern oasis of the Mendoza River, Argentina.

Results and discussion:

In Fig. 2 we illustrate the multivariate zon-
ing of the northern oasis of the Mendoza
River and the symbolic objects (star plots)
that characterize each of the zones. Sub-
sequently, Table 1 presents the edapho-
climatic characterization of subzones 1_1,
soil zone nested within bioclimate and
geomorphology (DEM) zone 1. The climate
zoning identifies two subzones: one on the
left bank of the Mendoza River, between
600 to 900 meters above sea level (m.s.l.),
encompassing the so-called transition and
low zones of the river basin, including the
peri-urban areas of the Capital, Godoy
Cruz, and the departments of Guaymallén,
part of Maipu, Las Heras, and Lavalle (Sub-
zone 1). This subzone experiences the
highest temperatures and lowest precip-
itation levels in the oasis. The other sub-
zone comprises the river basin and right
bank thereof, between 900 and 1100 m.s.l.
(Subzone 2), characterized by cooler tem-
peratures and higher rainfall. Topography
plays a significant role in the variation of
mesoclimate and edaphic characteristics

within the Northern oasis. The edaphocli-
matic zoning delineated 5 homogeneous
zones (HZ) for this oasis.

In Table 1, it is observed that the char-
acterization of zone 1_1 is primarily based
on bioclimatic indices, placing it as a very
warm viticultural climate zone with mild
nights. Precipitation is the lowest in the
0asis (140 mm annually). The duration of
the active period exceeds 260 days. Mor-
phometric indicators reveal gentle slopes
throughout most of the zone; the terrain
orientation, or aspect, generally faces
northeast and towards the north in the fi-
nal stretch of the river in the Lavalle sec-
tor. Factors indicative of the topography’s
effect on water erosion (convergence, sur-
face flow accumulation, and slope length)
suggest that the erosion risk decreases in
this subzone of alluvial plains compared to
the lower zone of the Mendoza River where
no defined channels are observed. Signs of
gully erosion are observed in the courses
associated with the Mendoza River sys-
tem, Leyes Stream, and Tulumaya Stream.
The effective rooting depth of the soil
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is high on average, with texture ranging
from loamy to sandy loam. Lower perme-
ability values and more restricted natural
drainage are observed. Soil salinity pro-
files reach the highest values in the oasis.
There are greater accumulations of lime-

stone and gypsum both superficially and
in depth. The comparison of means for the
variables with high importance according
to the random forest algorithm indicated
statistically significant differences be-
tween zone 1_1 and the rest of the zones.

Zone

el o i
WM =N =

SJLavalle

o Tupungato

Zone 1.2

Figure 2. Edaphoclimatic zoning of the northern oasis of the Mendoza River, Argentina.

The variables listed clockwise from 12
o’clock are as follows: Cool Night Index
(CNI), Soil pH (0-50 cm and 50-100 cm),
Cation Exchange Capacity (CEC) (0-50 cm),
Gypsum (0-50 cm and 50-100 cm), Sedi-
mentation Volume (SV) (0-50 cm and 50-
100 cm), Sodium Adsorption Ratio (SAR)
(0-50 cm and 50-100 cm), Calcrete depth,
Stone depth, Soil depth, Permeability, To-
tal Nitrogen (TN) (0-50 cm), Organic Matter
(OM) (0-50 cm), Saturated Hydraulic Con-
ductivity (Ksat), Runoff, Erosion, Drainage,
Calcium Carbonate (CO3Ca) (0-50 cm and
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50-100 cm), Electrical Conductivity (EC)
(0-50 cm and 50-100 cm), Storage Capac-
ity (SC), Flooding, Multi-resolution Valley
Bottom Flatness (MrVBF), Flow Accumu-
lation (FA), Vertical Distance to Drainage
Network (VDCN), Aspect, Longitudinal
Slope (LS), Slope, Convergence Index (CI),
Topographic Wetness Index, Digital Ele-
vation Model, Growing Degree Days, Cu-
mulative Seasonal Precipitation, Winkler
Index, Thermal Integral with Base 13 °C,
Huglin Index.



Table 1. Summary measures for climate, geomorphological, and soil variables characterizing
zone 1_1 of the edaphoclimatic zoning of the northern oasis of the Mendoza River.

Class Variable Mean

Bioclimatic Cool Night Index 14.2 (CI+1)
Huglin Index 3182.7 (HI+3)
Thermal Integral with Base 13 °C 1796.1 (Suitable LC)
Winkler Index 2430.7 (V)
Cumulative Seasonal Precipitation 143.2
Growing Degree Days 268.9

Geomorphometric  Digital Elevation Model 614.1
Topographic Wetness Index 1.3
Longitudinal Curvature 4.0E-06
Slope 25
Longitudinal Slope 0.1
Convergence Index -3.9E-02
Aspect 1915
Vertical Distance to Chanel Network 2.0
Flow Accumulation (FAx109) 29
Multi-resolution Valley Bottom Flatness 6.2

Soil Flood 44
Storage Capacity 123.0
Electrical Conductivity (0-50 cm) 9.2
Electrical Conductivity (50-100 cm) 19
Cation Exchange Capacity (0-50 cm) 114
Cation Exchange Capacity (50-100 cm) 18.1
Calcium Carbonate (0-50 cm) 9.2
Calcium Carbonate (50-100 c¢m) 5.8
Drainage 3.0
Erosion 0
Runoff 2.1
Saturated Hydraulic Conductivity 421
Organic Matter (0-50 cm) 0.8
Total Nitrogen (0-50 cm) 989.1
Calcrete depth 192.6
Stone depth 198.4
Soil depth 196.6
Permeability 4.0
Soil pH (0-50 cm) 18
Soil pH (50-100 cm) 18
Sodium Adsorption Ratio (0-50 cm) 42
Sodium Adsorption Ratio (50-100 c¢m) 4.0
Sedimentation Volume (0-50 cm) 99.2
Sedimentation Volume (50-100 cm) 98.1
Gypsum (0-50 cm) 24
Gypsum (50-100 cm) 2.1
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Conclusion:

Multiple causative agents of vineyard vari-
ability should be considered in the terroir
description. However, the delimitation of
homogeneous edaphoclimatic zones serves
as a first step for establishing the typical-
ity of vineyard environments in wine-pro-
ducing regions The proposed protocol pro-
duced an homogeneous zone map closely
linked to the soil and climatic variability
and suggest at least five different terroirs in
the Mendoza river, Argentine.
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ABSTRACT

The development of new premium wine
projects in Spain is being facilitated by
the creation of new quality labels in some
denominations of origin. To this end, their
regulatory councils have carried out zon-
ing work to identify their particular areas
and take advantage of their terroir effect.

The new quality figures are associated
with a classification of the vineyard into
smaller geographical units and allow win-
eries to increase their differentiation, as
well as to produce wines that express the
uniqueness, notoriety, and authenticity of
the territory from which the grapes come.
This chapter examines the cases of the Bi-
erzo, Priorat, Rioja, Rueda and Cava appel-
lations, as they are representative of those
in Spain.

Introduction:

Denominations of Origin, Terroir

and Zoning

In the process of the expansion of viticul-
ture, man has observed and selected cer-
tain environments for their suitability to
produce great wines. Some of these areas
have achieved world renown and their
fame has been passed on to their products.

To protect their authenticity and unique-
ness, spatial delimitations have been es-
tablished whose administrative protection
affects both the territory and the types of
wine produced there.

Resolution OIV/ECO 656-2021 defines
a Denomination of Origin (DO) as “the
name of a geographical area, which serves
to designate a wine as originating in that
area when the quality or characteristics
of that wine are due exclusively or essen-
tially to the geographical environment,
including natural and human factors. The
protection of the Denomination of Origin
is conditional upon the grapes being har-
vested and processed into wine in the de-
fined region or area”.

In many cases, the area included in a
DO isvery large and the natural conditions
determine the presence of particular areas
which, managed differently by man, allow
the production of wines of high qualitative
value, providing a notoriety and differen-
tiated typicity, circumstances that are di-
rectly linked to the terroir effect.
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According to Resolution OIV/VITI333/2010,
the viticultural terroir refers to a delimited
space in which the interactions between
an identifiable physical and biological en-
vironment and the viticultural practices
applied confer distinctive characteristics
to the products originating from this area.
The definition stresses the impor-
tance of the human factor and their level
of knowledge of the environment-plant
relationships, and the possibility of char-
acterisation (identification) of the terroir
area. The winegrower can alter terroir ex-
pression -in any prestigious winegrowing
area, we can observe that not all the wines
produced reach the same level, even if the
natural conditions are similar-. In this re-
gard, it is interesting to recall what Vau-
ban, a French politician and scholar of the
17th century said: “the best terroir does
not differ in anything from the bad if it is
not cultivated with a view to producing
the most pleasant wine” (Branas,1993).
The DO cannot be defined with a ho-
mogeneous result and can include many
terroirs, so it is important to delimit them
and know their properties in detail. This is
the objective of zoning, which is the inves-
tigation of the territory to distribute it in
relatively homogeneous areas of the envi-
ronment (UHM), with similar potentialities
and limitations for the development of the
vine and perfectly characterised, not only
in terms of their properties and factors,
but also in terms of their geographical dis-
tribution and cartography. Zoning allows
us to define the terroir of each wine region
both to determine and manage the estab-
lished areas and to identify and differen-
tiate other emerging areas (Fregoni, 1998).
Zoning is complex, as it requires a mul-
tidisciplinary methodology, including ex-
perts in viticulture, oenology, soil science,
climatology, geology, cartography, statis-
tics, computer science and markets. The
work requires a lot of data, so the cost of
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studies can be very high if you need to go
into great detail.

Zoning is carried out on different
scales: (a) with little detail or macrozoning
(scale less than 1:50,000), where the envi-
ronment is defined by rock type, macrocli-
mate and soil; and (b) with great detail or
microzoning (scale greater than 1:25,000),
where environmental parameters can re-
late to product quality (Gomez-Miguel V.,
& Sotés V., 2001).

The Natural Environment
of Vineyards in Spain
In Spain there are many privileged plac-
es to produce different wines with high
typicity and good quality due to the wide
range of climates, soils, vegetation and
landscape, native varieties —-or varieties
that have been established for years and
are adapted to different areas-. There are
also personal and collective initiatives to
improve the image and prestige of Spanish
products in domestic and foreign markets
(Compés et al, 2024). At present (2024),
there are 109 wine appellations of origin.
In this chapter we will analyse the cas-
es of several Spanish DO that have carried
out actions aimed at protecting and devel-
oping the image, quality, and prestige of
certain high-end wines in their respective
territories, namely Bierzo, Priorat, Rioja,
Rueda and Cava. They differ significantly
in both the size of the registered vineyards
and the number of winegrowers, the larg-
est being Rioja. The interesting thing is
that they have all been pioneers or advan-
taged in the need for zoning and the cre-
ation of quality figures adapted to smaller
production units.



Table 1. General data on areas and number of wineries in each DO

: ] ! Total,
m Vineyard (ha) HarWinemaker .- . delimited (ha)

Bierzo 2420 1109 2,18 232.213
Cava 38.152 6.391 5,91

Priorat 2.164 916 42 17.629
Rioja 66.653 14.384 4,63 342.526
Rueda 20.611 1.655 124 282.154

Source: MAPA Campaign 2020/2021

Maps 1, 2 and 3 show the variability of sit-
uations in the areas under consideration.
The amplitude of reliefs and altitudes,
combined with the great variability of ori-

entations, slopes and exposures of vine-
yards, geology, soils, and climates, offers a
wide range of differentiations.

Map 1. Relief configuration of the Iberian Peninsula (Source IGN, 2008)
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Map 2. Geological scheme of the Iberian Peninsula. Source: IGN (2008).
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Map 3. Climates of Spain according to Koppen classification.
Source: state meteorological agency (1981-2010).
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New quality figures

Denomination of Origin Bierzo:

New Quality Figures by Geographical
Units

a) DO Bierzo (DO Bierzo Wine). This is the
current geographical delimitation of the
DO Bierzo.

b) Vino de villa (village wine). Followed by
the geographical name of a municipality
or locality of those included in the defined
geographical area. 100 % of the grapes used
must come from plots belonging to the mu-
nicipality or district concerned. The grape
yield (kg/ha) shall be 20 % less than the
maximum set by the DO Bierzo. A total of
29 municipalities and 210 villages are rec-
ognised for labelling under this figure.

c¢) Vino de paraje (wine from a single site).
Followed by the geographical name of one
of the sites identified in the geographical
area of the DO Bierzo, provided that the
protected wine has been made with 100
% of grapes from plots located in that site.
Exceptionally, a site may have part of its
territory in several neighbouring munic-
ipalities or districts. The grape yield (kg/
ha) shall be 25 % lower than the maximum
laid down by the Bierzo DO. The delimita-
tion of each site is identified by the cadas-
tral references of the plots within.

d) Vifiedo clasificado (classified vine-
yard). 100 % of the grapes used must come
from the same plot or adjoining plots in
the same site, with a name recognised in
the specifications of the DO Bierzo and
which have been classified as wines from
that site for at least five years and whose
quality has been recognised by the control
board’s Committee of Experts. The grape
yield (kg/ha) shall be 30 % lower than the
maximum laid down by the Bierzo DO.

e) Gran vifiedo clasificado (great classified
vineyard). Similar case to the previous one,

but classified for at least five years as wines
from classified vineyards and whose qual-
ity has been recognised by the regulatory
board’s Committee of Experts. The grape
yield (kg/ha) shall be 35 % lower than the
maximum laid down by the Bierzo DO.

Rioja Qualified Denomination

of Origin: New Certified Geographical
Indications for DOCa Rioja Wines

a) Vino amparado por la DOCa Rioja (Qual-
ified Denomination of Origin Rioja wine).
This corresponds to the geographical de-
limitation of the DOCa Rioja.

b) Vino de municipio (wine of the munic-
ipality). Grapes exclusively from the mu-
nicipality; exceptionally, up to a maximum
of 15 % from neighbouring municipalities
may be used, provided that: ‘this 15 % has
been available for at least 10 years without
interruption. Production, ageing and bot-
tling in the municipality. Exclusive brand.
Traceability and back label with specific
coding’. In the 2021 campaign, 36 holders
marketed 1,163,394 litres.

¢) Vino de zona (zone wine). Grapes com-
ing exclusively from the municipality; ex-
ceptionally, up to a maximum of 15 % from
neighbouring municipalities may be used,
provided that: ‘this 15 % has been available
for at least 10 years without interruption.
Production, ageing and bottling in the
municipality. Exclusive brand. Traceabili-
ty and back label with specific coding’. In
the 2021 campaign, 36 holders marketed
1,163,394 litres.

d) Vino de vifiedo singular (wine from a
singular vineyard). Grapes exclusively
from the plot or plots that make up the
‘singular vineyard. Production, ageing,
storage and bottling in the same winery.
Minimum age of the vineyard of 35 years.
Limited vigour. To be credited to -by any
legally valid legal title- Exclusive use of
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the production resulting from the single
vineyard for a minimum period of 10 years
without interruption. Maximum produc-
tion of 5,000 kg/ha for red varieties and
6,922 kg/ha for white varieties. Manual
harvesting. Maximum processing yield of
65 %. Specific winegrower’s card. For the
characterisation of the singular vineyard,
account is taken of the background and
justification for the use of the proposed
name, the cartographic delimitation of the
area concerned, the climatological, topo-
climatic, agrogeological and viticultural
characteristics, the uniformity of the vine-
yard and its differentiation. In addition, it
establishes a traceability system, specific
labelling and reinforced control, specific
qualification and requires assessment as
excellent, prior to marketing, recognition
by the Ministry of Agriculture and the need
for a specific brand. In 2022, 133 singular
vineyards are recognised, with a total sur-
face area of 222.22 ha.

e) Vino espumoso de calidad (quality spar-
kling wine). ‘Rioja sparkling wine’, white or
rosé obtained using the traditional meth-
od. Harvested by hand. Maximum process-
ing yield 62 %. Minimum ageing period of
15 months for the Crianza category, 24
months for the Reserva and 36 months for
the Gran Afiada. Specific labelling.

Priorat Qualified Denomination

of Origin: New Wine Categories

The wine must be made, aged and bottled
by natural or legal persons who have own-
ership or title to the vineyard, or a lease of
the registered plots of land of 10 years or
more. The wine must have been made and
aged in a fully identifiable and indepen-
dent manner within the winery.

a) Vino de la DOCa Priorat (Qualifed De-
nomination of Origin). A reflection of the
general winemaking personality and typ-
icity of the Priorat DOCa.
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b) Vino de villa (village wine). Grapes come
exclusively from the delimited area. Maxi-
mum yield 5,000 kg/ha for red varieties and
7,000 kg/ha for white varieties. Minimum
of 60 % of carifiena and/or garnacha. 90 % of
the vines must be at least 5 years old.

¢) Vino de paraje (wine from a single site).
Grapes exclusively from vines located in a
single site (or cadastral parcel). Maximum
yield of 4,000 kg/ha for reds and 6,000 kg/
ha for whites. Minimum of 60 % of carifiena
and/or garnacha. 90 % of the vines must be
at least 10 years old. The wine must be pro-
duced in wineries within the village where
the grapes are grown; the Regulatory Board
may authorise production outside the vil-
lage where the grapes are grown if the own-
er or holder of the plots is the same as the
person who makes the wine in the winery.

d) Vino de vifia clasificada DOCa (QDO
wine from a classified vineyard). Grapes
come exclusively from a single classified
vineyard. Maximum yield of 4,000 kg/ha
for reds and 6,000 kg/ha for whites. Mini-
mum of 60 % of carifiena and/or garnacha.
80 % of the vines must be at least 15 years
old; the remaining 20 % must be more than
5 years old. The wines must have a proven
traceability of at least 10 years.

e) Vino de gran vifia clasificada DOCa
(QDO wine from a great classified vine-
yard). Grapes come exclusively from a
single vineyard classified as traditionally
grown. Maximum yield of 3,000 kg/ha for
reds and 4,000 kg/ha for whites. Minimum
of 90 % of carifiena and/or garnacha. 80 %
of the vines must be at least 25 years old;
the remaining 20 % must be more than 10
years old. The wines must have a proven
traceability of at least 10 years.



There are two indications to be noted on
wine labels:

+ Velles vinyes (old vines): Grapes from
vines that must have been planted before
1945 or more than 75 years ago.

+ Viticultor - Bodega (winegrower - wine-
maker): A natural or legal person who, while
cultivating vines, exclusively processes the
production of the identified vines into a
wine.

Rueda Denomination of Origin.

New Quality Figures and Mentions

a) Gran vino de Rueda (great Rueda wine).
Wines that meet all of the following re-
quirements: (i) obtained from grapes from
registered vineyards more than 30 years
old; (ii) vineyard yield not exceeding 6,500
kg/ha; and (iii) extraction yield not ex-
ceeding 65 %. In the 2021 wine year the au-
thorised area was 273.02 ha and the quan-
tity of wine marketed was 569,379 litres
(99.79 % white).

b) Vino de pueblo (village wine). The name
of a smaller geographical unit may be used,
together with the words “Vino de” next to
the name of the municipality, when the
protected wine has been made from 85 %
of grapes from plots located in that munic-
ipality.

c¢) Vino espumoso de gran afiada (great vin-
tage sparkling wine). When the production
process, from tirage to disgorgement, ex-
ceeds 30 months. It must be accompanied
by the year of harvest.

Cava Denomination of Origin.

Quality Figures in Cava (from 2020)

a) Cava de Guarda (Guarda cava wine):
Cava aged for more than 9 months. It is the
youngest of the entire range of cavas. Pro-
duced using the traditional method, from a
base wine and then aged for a minimum of
9 months in the bottle.

b) Cava de Guarda Superior (Guarda Su-
perior cava wine): Cava made with grapes
from vineyards registered in a specif-
ic Register of Superior Guarda Superior
of the Consejo Regulador and which has
high requirements such as long ageing (18
months minimum). The vineyard must be
at least 10 years old, with a limited qual-
itative production (10,000 kg/ha), sus-
tainability and tendency towards organic
production -the production of Superior
‘Guarda Superior’ Cavas will be 100 % or-
ganic in 2025 (5 years transitional peri-
od)-. Separate production is also required
(traceability from the vineyard to the bot-
tle separately), production from January
onwards, and the vintage must be stated
on Vintage labelling (mention of the year
of harvest is compulsory). The 2022 vin-
tage is the first in which the grapes of the
Superior Guarda Cavas are differentiated.

c) Cava Reserva (Reserva cava wine): Cava
aged for more than 18 months.

d) Cava Gran Reserva (Gran Reserva cava
wine): Cava aged for more than 30 months.

e) Cava de Paraje Calificado (Qualified
wine from a single site): Cava aged for
36 months. Qualified site defined by the
identification of the plots in the site, with
its own edaphic, climatic and cultivation
characteristics that differentiate it from its
surroundings.

Optional labelling is created, which in-
cludes the region of origin (zone and
sub-zone), the Integral Producer Stamp,
the mention of Cava de Guarda or Cava
de Guarda Superior, depending on age-
ing, and a quality guarantee code, issued
by the Regulatory Board. The recognition
of the ‘Integral Producer’ implies that the
winery has carried out the entire cava pro-
duction process, from growing the grapes
to bottling, on its own estate.
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Conclusions

The knowledge and development of ar-
eas -the terroir effect- within the denom-
inations of origin has been the subject of
much zoning work in the main winegrow-
ing areas, contrasting empirical methods
with traditional observations. The geo-
graphical delimitation of optimal areas, as
well as traceability, stricter control of the
grapes, the wines produced and recogni-
tion by consumers, support the interest of
this process.

Sustainability is a common approach,
with responsible cultivation by limiting
grape yields (kg/ha) and promoting more
respectful and higher quality viticulture,
as well as better management of the pro-
duction and marketing process. The cul-
tural and socio-economic factors for the
uniqueness of the products are essential.

The cases analysed serve as a reference for
other denominations. The process is com-
plex and costly, but it is essential to create

and gain a foothold in the premium wine
market.
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ABSTRACT

The historical analysis of terroir in viti-
culture poses a complex challenge due to
the multiplicity of the territorial units in-
volved. This research examines the long-
term historical evolution of territorial
units in terroir analysis, shedding light
on the intricate interplay between territo-
rial units and natural and human factors.
Scholars recognise four territorial units in
terroir analysis, from vineyards to global
markets. However, a divide persists be-
tween studies that focus on natural terroir
and those that emphasize social aspects,
hindering a holistic understanding of hu-
man intervention, and historical changes.
To bridge this gap, a group of historians in
Japan undertook a comprehensive inves-
tigation spanning architectural, economic,
and political history in key wine-produc-
ing regions of France. Through historical
sources and fieldwork, the study revealed
the transformative dynamics of territorial
units within production areas in the Me-
dieval to early modern times emphasizing
integration, segmentation, and dissolu-

tion of the units over time. In Burgundy,
the study traced the evolution of terroir
units through climats, showing how hu-
man interventions such as soil replenish-
ments at the medieval stage shaped vine-
yard units. Similarly, in Champagne, the
integration of territorial units was anal-
ysed. The study clarified the influence of
caves and maisons on terroir expressions.
The research culminated in an analysis of
Bordeaux and St. Emilion, illustrating the
segmentation of territorial units and the
cultivation of terroir expressions within a
chateau. Through archival investigations
and field surveys, the study uncovered
the historical processes that shaped vine-
yard’s territorial units and practices and
the relationship between human activity
and geological diversity.

Introduction:

One of the prominent challenges in histor-
ical terroir analysis stems from the dynam-
ic and diverse nature of territorial units
across different scales. Particularly since
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the increased recognition of human factors
in terroir definitions by institutions such as
INAO (2002, 2006) and UN (1999), scholars
have widely acknowledged the presence
of multi-layered units in terroir analysis.
(Cassabiancaet al, 2006). These include the
four evolutionary territorial levels delin-
eated by Vélasco-Graciet (2007): (1)Vine-
yard unit: Often not the minimum terroir
unit, but encompassing multiple terroir
zones within it; (2) Wine producing area
unit: Comprising numerous vineyards,
serving as both production sites and hubs
for knowledge and skill transmission; (3)
AOC region unit: Forming a cohesive ter-
ritorial entity with shared regulations on
production and evaluation, ensuring wine
quality across multiple wine-producing
areas; (4) Market unit: Involving varying
degrees of participation from wine pro-
ducers, now expanding globally in scale.
This fluidity and multiplicity of territorial
units underscore the complexity inherent
in terroir analysis, necessitating a compre-
hensive approach that considers the inter-
play between natural and human factors
across diverse scales.

However, a notable issue arises due to
a division among researchers: those fo-
cusing on the natural/physical aspects of
terroir (terroir physique) primarily con-
centrate on units at (1) level or at most, (2),
while studies emphasizing the social as-
pects (terroir social/humaine) incorporate
broader units of (3) and (4). Moreover, this
division impacts the delineation of natural
and human factors within terroir analysis.
While both factors are expected to mani-
fest across all unit levels (1) to (4), it can-
not be denied that historical, geographi-
cal, sociological, or anthropological terroir
studies have occasionally succumbed to
disconnecting their scopes from natural
factors. This occurs as they emphasize the
inclusion of layers (3) and (4) alongside
human factors, which are increasingly an-
alysed from socio-economic perspectives.
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This situation has led to a disconnect be-
tween historical viticultural analysis and
natural factors. Soil scientists advocate
for inclusion of human factors and history
to better comprehend soil dynamics. Van
Leeuwen and Seguin (2006) emphasized
that terroir expression involves (at a min-
imum a history of wine growing in a giv-
en place’ but also human intervention to
optimise it. In addition, soil scientist have
proven that high quality wines have been
produces in various soil types, and that
often within a single vineyard unit where
diverse soils and grapevine varieties have
been carefully managed. (van Leeuwen, de
Rességuier et al 2018) Enhanced historical
insights into the transformations of terri-
torial units at the vineyard and production
area levels would undoubtedly enrich our
understanding of soil diversities and terroir
expressions. Such clarifications would illu-
minate the role of human factors and inter-
ventions, such as land use and soil manage-
ment, associated with these terrains.

Materials and methods:

With this challenge in focus, the Terroir
Study Group was established in Japan
since 2015'. Comprised of eleven experts
in history and geography spanning vari-
ous disciplines, periods, and regions, the
group specializes in the architectural, eco-
nomic, and political histories of France, It-
aly, and Japan, covering the 12th to 20th
centuries. The group’s research encom-
passes the territorial scale units of French
and Italian wines, as well as Japanese
green tea, which has recently embraced
the terroir framework. Special emphasis
is placed on identifying human factors as-
sociated with territorial units of scale, The
term territorial here is aligned with defi-

*In 2017-2022, the group secured a significant national grant under
the theme ‘Charting a New Territorial History of Land and Culture
through Terroir Analysis’. The members are Kazue Akamatsu, Osamu
Nakagawa, Takeshi Ito, Gen Kato, Yasuko Kishi, Miwa Kojima, To-
moaki Nakajima, Keisuke Nomura, Shoichi Ota, Masanori Sakano,
Miki Sugiura, Kazuo Uesugi.



nitions in architectural history, including
geographical, geological, political and so-
cio-cultural layers.

Drawing upon a spectrum of historical
sources encompassing cadastral records,
legal documents, and archives from wine
producers’ families, our research endeav-
ours to delineate the historical evolution
of territorial units of scale in three key
French wine terroir regions: Burgundy,
Champagne, Bordeaux, and St. Emilion.
Multiple field expeditions were conducted
in these regions (Burgundy, 2017; Cham-
pagne, 2017, 2018, 2019; Bordeaux, 2018;
St. Emilion, 2019) to bridge historical
narratives of territorial units with actual
topographical features, scrutinizing land
utilization, soil management, and other
viticultural practices. The culmination of
these efforts was synthesized into a com-
prehensive volume published in 2023 (Na-
kagawa and Akamatsu, 2023).

Our approach posits that historical ter-
ritorial units of scale in each region were
initially diverse and underwent distinct
transformations over time. Contrary to a
linear progression from smaller to larger
units or from vineyards to higher tiers such
as production areas, AOC regions, and mar-
kets, our analysis underscores the non-lin-
ear nature of these changes. Emphasizing
a novel perspective, we highlight trans-
formative dynamics at the vineyard and
production area levels, encompassing pro-
cesses of integration, segmentation, and
dissolution. Through this lens, we identify
human factors driving these transforma-
tions and sustaining territorial units.

Results and discussion:

For Burgundy, the long-term evolution of
the territorial units could be analysed by
taking the climats, a terroir unit that was
created in the 16th century, as the orbit.
(Garcia 2011;2016) The human factors
required to maintain such units are also
evident in this case. The path for climats

started with the establishment of wine
on the less fertile hills (cotes) in the early
Middle Ages, which led to the distinction
between wines from the hills and wines
from the plains. In the process of expand-
ing wines from the hills, they ensured
that the location, exposure, soil proper-
ties, grape varieties and cultivation meth-
ods were compatible with each other to
achieve quality and diversity. The terms
‘terroir and boundary’ (terrouers et fins)
were used in 1486 in a decree by Charles
VIII concerning keeping grapevine sorts.
The territorial units affected by this de-
cree were determined and analysed. (Kato,
2023) Soil management was inextricably
linked to the creation and maintenance of
such units. Constant soil replacement and
replenishment was necessary to maintain
vine-growing on hillsides and was close-
ly linked both to the process of land frag-
mentation and to the selection of vine-
yards suitable for Pinot Noir.

In Champagne, we find a process of the
integration of territorial units dating back
to the Medieval to early modern Ages. In
the 13-14th centuries, the production area
units of river and mountain wines were
established, reflecting also differences in
soils. (Figure 1) The process of integra-
tion of the two wines and the dissolution
of several underlaying units, was analysed
in the early modern period on the basis
historical documents and maps relating
the construction of roads in the 1676 and
1735. Moreover, further integration of ter-
ritorial units, that led to the establishment
of Champagne, were promoted alongside
the transition of the wines from non-fizzy
to fizzy. Caves and maisons were essential
here in understanding human factors as-
sociated to creation of territorial units as
well as soil management. The caves and
maisons of Champagne were secondary
artificial environments and units creat-
ed for processing, storage and marketing.
However, it was found through our inves-
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tigation that they were influenced by the
nature of the soil in terms of underground
space and land use. (Akamatsu, 2023).

Figure 1. Vins de riviére (River wine) and vins de montagne (mountain wine)

locations on the map by Cassini 1717
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Source: Created by Akamatsu from Geoportal, https://www.geoportail.gouv.fr.

The most extensive research has been car-
ried out for Bordeaux and St Emilion. The
regions demonstrate the long-term pro-
cess of segmentation of territorial units,
from the integrated ‘artificial wine’ of the
early modern period, based on the blending
of wines from different vineyards. (Nomu-
ra 2023a, Sugiura 2022) In order to deter-
mine how the terroir expression based on
different geological classifications came to
be cultivated within a chateau, fieldwork
at Chateaux Coutet and Cru de Cadet, now
part of St Emillion, and the exploration
of the family archives of the owner fam-
ily David-Beaulieu (Archives privées des
David-Beaulieu) confirmed that the three
terraces within the chateau correspond to
three different geological classifications,
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as shown in Figure 2. The David-Beaulieu
family did not vary the grape varieties grown
according to geological composition, nor
did they plant specific varieties in particu-
lar vineyards, but rather experimented with
different grape varieties using these diverse
geological compositions to see how terroir
expressions vary, and gradually varied the
varieties they planted. (Kojima 2023). By
analysing account registers, administrative
documents and the changing political status
of the family in the 18th to 19th century from
the family archives, the introduction phase
of these practices and the human factors in-
volved in establishing such a practice were
determined. (Nomura 2023b).



Figure 2. Three Terrases for Land Use and Soil Characters at Chateau Coutet,
investigated in 2019
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Source: Made by Miwa Kojima based on the investigation of 2019, using Geoportal,
https://www.geoportail.gouv.fr.

Conclusion:

In conclusion, this study provides historical =~ tories of territorial units of segmentation,
insights into the challenges and opportuni-  integration and dissolution, this research
ties in terroir analysis, emphasizing theneed = enhances our understanding of terroir dy-
for aholistic approach that integratesnatural ~ namics and underscores the importance of
and human factors across multiple territorial ~ interdisciplinary collaboration in unraveling
scales. By elucidating the historical trajec-  the complexities of viticultural heritage.
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ABSTRACT

The concept of “terroir” integrates the in-
teraction of the physical environment (cli-
mate, topography, geology, and pedology),
the biological material (e.g., rootstock, va-
riety, and soil biodiversity), and the cultur-
al factor (tradition), and how these affect
the typicity of wine. Soil characteristics
and the processes involved in soil-plant
and atmosphere interactions (e.g., soil wa-
ter balance, nutrient cycles, etc.) are cru-
cial for vine responses and, consequently,
wine quality.

Determining stable isotope ratios in
certain elements represents an important
quality control and fraud prevention tool
for many products. It is one of the most
modern traceability methods in the wine
industry. Earth’s geochemical systems can
generate different isotopic quantities for
certain chemical elements, leading to vari-
ations from one location to another on the
Earth. Therefore, isotopic ratios of specific
elements can characterise a specific soil
and, thus, terroir, allowing the determina-
tion of the product’s origin.

In this study, we aim to identify the el-
ements that enable the traceability of
wine from the vineyard to the final con-
sumer. To achieve this, stable isotopes of
strontium (87Sr/%°Sr) were determined us-
ing mass spectrometry techniques from
three different areas of Castilla-La Mancha
(Spain), analysing a total of 30 samples:
10 soil samples (5 from limestone origin,
3 from granitic origin, and 2 from volca-
nic origin), 10 samples of leaf, and 10 wine
samples. It was observed that the isotopic
ratio remains stable in the soil, leaves, and
wine. Furthermore, the relationships ob-
tained from different soils are consistent
with the data presented in the scientific
literature for various geological origins.
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ABSTRACT

REVINE is a 3 year European projected
funded by PRIMA programme which pro-
poses the adoption of regenerative agricul-
ture practices with an innovative and orig-
inal perspective, in order to improve the
resilience of vineyards to climate change
in the Mediterranean area. The potential
for innovation lies in developing and com-
bining new approaches that make agri-
culture more environmentally sustainable
and enable a circular economy capable of
improving farmers’ incomes. Primarily RE-
VINE aims to improve soil health and bio-
diversity by promoting the multiplication
of soil saprophytic microorganisms and
the presence of useful microorganisms
linked to the life cycle of the plant, such as
rhizobacteria (PGPR) and fungi (PGPF) that
promote plant growth which, in addition
to increasing plant performance, increase
tolerance to biotic and abiotic stresses.
The project has the main goals to im-
prove the biodiversity in vineyard and the
fertility and water availability of soil.
Regenerative agriculture ameliorates
soil structure and microbial biodiversi-
ty that, in turn, leads to crop resilience
against biotic and abiotic stressful fac-
tors. Moreover, enrichment of beneficial
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microbes in the rhizosphere, such as PGPR
and PGPF, are known to trigger the plant
immunity inducing the priming state. RE-
VINE intends to improve the biodiversity
in the vineyards by using multiple ap-
proaches, including: I) screening of toler-
ant grapevine genotypes; II) consociation
of the grapevine with profitable cover
crops; iii) the use of cultivation practices
able to enhance soil biodiversity and the
beneficial rhizosphere microorganisms.
REVINE, by means of Regenerative Ag-
riculture, intends to rebuild soil organic
matter and restore degraded soil biodiver-
sity, resulting in both carbon drawdown
and water cycle improvement, by using
biofertilizers and amendments (fermented
manure, compost and biochar.
Biofertilizers and amendments will be
produced from crop residues. In this way,
REVINE intends to valorise agricultur-
al waste and to increase farmers income,
promoting the circular economy.
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ABSTRACT

Climate emergency is going to affect the
agricultural sustainability, wine grapes
being probably one of the crops more sen-
sitive to environmental constraints. In this
context, mitigation strategies such as the
revalorization of agricultural wastes are
paramount to cope with the current chal-
lenges. The use of organic mulches has
been reported to reduce soil water evapo-
ration and improve vine water status, re-
duce soil erosion, and increase soil organic
matter with little impact on berry quality.
However, less is known about their ef-
fects on the microbiote in vineyard soils.
The aims of this work were to study the
effect of mulches of different nature on
grapevine water status, yield and berry
quality and, and to assess their impact on
heterotrophic bacterial communities. The
experiment was carried out in a commer-
cial vineyard in Olite/Erriberri (Navarra,
Spain) with cv. Tempranillo. Five differ-
ent mulches (grapevine pruning waste,
almond shell, pine bark, wood waste, and
straw) were applied in the summer of 2022,
and compared to a control (bare soil) and
monitored during two seasons.

Results show that grapevine pruning
waste and almond shell mulches tended
to improve grapevine water status during
berry ripening. However, whereas the for-
mer increased yield, the latter decreased it.
Treatments did not impact on monitored
berry quality parameters. In regard to bac-
terial diversity, all the considered mulches
promoted it comparatively to bare soil. To
sum up, mulches might be a sustainable
alternative to improve soil characteristics
by means of increasing bacterial diversi-
ty, with the subsequent improvement of
grapevine performance.
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ABSTRACT

In the current context of climate change,
viticulture faces the challenge of imple-
menting sustainable practices that con-
serve plant diversity and optimize carbon
storage. The objective of this work was to
characterize avineyard - associated plant
diversity and carbon storage in vineyards
managed mainly with spontaneous veg-
etation coverage and located at two con-
trasting situations in Mendoza: a tradi-
tional vineyard from Las Compuertas, at
1070 m a.s.l in Lujan de Cuyo (LC), planted
in 1929 and surrounded by urban areas;
and a more recent plantation from 2008 at
Gualtallary, at 1650 m a.s.l. in Tupungato
(GY), which neighbors native vegetation
areas. Analyses of floristic and partitioning
of assimilates (aerial and root) of sponta-
neous vegetation from the row and the in-
ter-rows spaces were carried out. The total
accumulated carbon (TacC) was calculated
taking into account the mulch contribu-
tion, and transformed into CO2 equivalent
per ha (CO2 eqv/ha). Results of plant rich-
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ness and coverage were different between
vineyards: 23 species were identified for
LC, with Chenopodium album, Cirsium
vulgare and Dysphania pumilio being the
most abundant, while GY showed 41 spe-
cies, with major presence of Chenopodi-
um album, Salsola kali, Cenchrus spinifex,
Hirschfeldia incana and Thinopyrum pon-
ticum. The greatest amount of carbon oc-
curred in the above-ground biomass (ag)
compared to the below-ground (bg). Over-
all, the TacC content was 0.38 t/ha for LC,
and 1.86 t/ha for GY vineyards; that mean
3.10 t CO2 eqv/ha and 6.86 t CO2 eqv/ha
stored, respectively. These results support
the advantages that employing less inten-
sive soil management practices can pro-
vide in vineyards. Besides, this knowledge
paves the way for further studies regard-
ing the benefits of keeping native areas
close to productive plots. Thus, biodiver-
sity can be preserved at new plantations,
and contribute to the sustainability of the
viticultural systems.
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ABSTRACT

The literature distinguishes between prac-
tices that control competition for resourc-
es and/or facilitate tillage and practices
that optimize agro-ecosystem function to
ensure stable yields. The management of
the accompanying vegetation of the vine-
yard contributes to sustainability as it can
improve production and the conservation
of the ecosystem.

We asked ourselves about the condi-
tion of the soil and the plant community
according to the type of technical man-
agement. Three methods of accompanying
vegetation management were compared in
81 plots located in vineyard agroecosys-
tems in Gualtallary (Mendoza). One meth-
od controls spontaneous vegetation with
systemic herbicide (MH), another with in-
ter-tillage (MI) and the last method com-
bines both methods (MC). The communi-
ty resulting from MC shows intermediate
values of vegetation cover, while richness
and diversity are high. In contrast, in the
MH the vegetation cover is low and the
richness and diversity are intermediate to
low. Finally, in the IM, vegetation cover is
high but richness and diversity are low to
intermediate. Organic matter values in the

MC are high, while total fungal and bac-
terial activity is intermediate. In the IM
the organic matter and total fungi are low,
but it has a lot of bacterial activity. And in
the MH, organic matter is intermediate,
total fungi are abundant and total bacte-
ria are scarce. In conclusion, the MH was
effective in controlling competition and
achieved intermediate levels of organic
matter but with higher total fungal counts.
The CM is suitable for productive optimis-
ation if ecosystem functions and soil char-
acteristics are taken into account. Finally,
MI expresses a plant community and soil
condition that is far from ideal for both ap-
proaches, but stands out for its high total
bacterial content.
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ABSTRACT

The sustainability of viticultural agroeco-
systems is a matter of preoccupation for
science, decision-makers and producers
themselves. It requires knowledge about
the integral functioning of the agroeco-
system, but there are few studies related
to the response and functionality of the
vegetal community resulting from the
application of different viticultural tech-
nical management. In this work, phyto-
sociological methods are used to analyse
the plant composition in the vineyard row
according to different soil managements
in five vineyard agroecosystems located
in Gualtallary (Tupungato, Mendoza) with
similar environmental, socioeconomic and
technical characteristics. In two agroeco-
systems, weed control in the row is carried
out with systemic herbicide (MH), in two
others with inter-strain (grating) (MI) and
the last one with a combination of systemic
herbicide and inter-strain (grating) (MC).
The temporal and cluster analysis indicat-
ed that after 4 years of implementation of
the above-mentioned management, the
plant communities are different and rela-
tively stable. The management practices
share the same most abundant families:
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Asteraceae, Poaceae, Brassicaceae, Faba-
ceae and Amarantaceae, but are different
in indicator and abundant species, as well
as in richness and family equitability. MI is
richer than MH and MC. Equitability is ex-
pressed in the opposite direction. It should
be noted that the abundant and indicator
species in the MI are competitive species
and not very desirable in the crops. On the
other hand, native and less competitive
species are present in the MH and in the MC
without a clear typicity. These results raise
questions about quantitative aspects and
the ecosystem functions of the plant com-
munities that accompany the vineyards.
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ABSTRACT

The current concept of the terroir defini-
tion includes the care of the viticultural
ecosystem. For this work, an evaluation
of native vegetation communities was in-
cluded as a new aspect for site selection
in pristine areas located in Gualtallary,
Mendoza. In addition, a quali-quantitative
analysis of the native plant community
was carried out before and after planting
with the aim of quantifying and monitor-
ing its changes. Topographic maps and
NDVI indexes were used to delimitate ho-
mogeneous areas of vegetation that were
characterised through a phytosociologi-
cal method. With that study and maps of
soil type, hydrology and microclimate,
56 plots in 15 hectares were selected for
planting vines. The planting was car-
ried out with a conservative approach: no
mechanization was used, soil disturbance
and native herbaceous cleaning were min-
imum, only holes for each vine were manu-
ally performed up to 80 cm depth to ensure
root exploration and no vines were plant-
ed on shrub positions. Furthermore, all the
soil material was temporarily placed over

a fabric and then returned to the original
hole after the vines were planted, so that
no native vegetation was removed by these
pre-planting procedures. The irrigation
system was designed for direct vine root
zone irrigation, applying water at a depth
of 30cm. To analyse the changes in vege-
tation, 14 plots were compared before and
after implantation in summer of 2022 and
2023, respectively, in terms of vegetation
cover, richness, diversity and plant lay-
er. The results showed that all clusters of
phytosociological communities detected
were preserved after plantation. Overall,
although vegetation cover decreased, spe-
cies richness was maintained, and diversi-
ty increased. As expected, the shrub layer
decreased in cover and height because of
the maintenance work aimed at allowing
vines to co-exist with native vegetation.
This pre-planting approach shows promis-
ing results that will be monitored and rep-
resents an innovative way to consider con-
servation viticulture for future projects.
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ABSTRACT

Among all the factors that contribute to
terroir definition, soil microorganisms play
a major role from nutrient recycling to an
influence on plant growth and protection,
wine production and quality. Overall, un-
derstanding and managing soil microbiome
elicitors can be a powerful tool in optimizing
grape quality and wine characteristics, and
improving soil health and biodiversity.

This trial aimed to study the effects of
different elicitors applied through irriga-
tion system during two consecutive years
compared with ripped soil between row
and bare soil under vines as control, on soil
microbiome, soil properties, vine growth
and grape composition of Cabernet sauvi-
gnon in 2024 season.

Microbiological consortium and humic
acids treatments improved physical soils
properties at 30 cm depth showing less soil
bulk density. However, despite that there
were not significant differences in soil nu-
trients, humic acids reached high exchange-
able cations and organic matter decreased in
ripped soil.
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Stem water potential measured on vines
treated by organic amendment and micro-
biological consortium showed less water
stress than control from pre veraison to har-
vest. Pruning weights registered in organic
amendment and ripped soil were lower than
control in winter 2024.

Berry composition, assessed at harvest,
showed high levels of soluble solids and
phenolic maturity parameters in organic
amendment, where potential and extract-
able anthocyanins (g/L), TPI, and skin phe-
nols were greater than control. According
to yield components, humic and carboxyl-
ic acids obtained higher cluster and single
vine weight than ripped soil and organic
amendment. However, there was not differ-
ences in the number of clusters per vines.
Preliminarily, the addition of Bacillus, Pseu-
domonas and Tricoderma increased the lev-
el of fungal and bacterial biomass, and the
number of beneficial protozoa in soil, despite
those fungi: bacteria ratio was low. However,
detrimental Oomycetes were identified in the
control site, while anaerobic protozoa and
root-feeding nematodes were not detected.
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ABSTRACT

Argentina is the fifth wine-world producing
country with 207.047 cultivated has which
are mainly spread in Mendoza 71,2 %, San
Juan 19,9 %, La Rioja 3,6 %, Salta 1,8 % and
Catamarca 1,3 %. The main wine regions
in the province of Catamarca are located
at the foot of the Andes Mountain range,
in high-altitude valleys (1,500m above sea
level). The characterization of the soil and
climate of wine-growing regions is a key
stone for sustainable vineyard manage-
ment. Here, we are reporting for the first
time a comprehensive characterization of
the main wine-growing regions of Catama-
rca (Tinogasta-Fiambala (Abaucan Valley),
Hualfin and Andalgalé-Sijan) that include
the factors of soil, topography and climat-
ic characteristics. For soil characterization,
sampling sites were defined using census
data from the National Institute of Viticul-
ture (INV) and satellite images. Soils were
described by opening 25 trial pits and 15
auger holes in different wine-growing es-
tablishments, following the Soil Recogni-
tion Standards of Etchevehere (1976). Phys-
ical-chemical analyses were performed on

the extracted samples according to the
protocols of the IRAM-SAMLA Standards.
Using the Digital Elevation Models of the
National Geographic Institute (IGN), mor-
phometric and bioclimatic indices were
calculated. The analytical data and envi-
ronmental covariates were processed us-
ing the R software. Finally, using Machine
Learning techniques (Random Forest), a se-
ries of predictive models of the behavior of
soil variables for the areas of interest were
generated. As a result, five maps of edaphic
units and more than 60 spatial distribution
maps of soil variables were defined. In the
Abaucan valley, well-drained, non-saline
sandy loam soils predominate, with a low
total limestone content (1.9 %). Hualfin pre-
sented a similar texture composition but
with a limited effective soil depth, a slight
saline risk and low limestone (0.8%). An-
dalgala valley has well-drained soils with
a loam to sandy loam texture with 1.4% or-
ganic carbon and almost no total limestone.
This information is available in a digital re-
pository to advance the characterization of
the argentinean terroirs.
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ABSTRACT

A terroir concept is strongly related to the
geomorphological environment, which
significantly influences pedogenetic pro-
cesses and soil formation. Moreover, the
soil parameters such as texture, lithological
composition, organic matter content, water
saturation, lateral changes, among others,
mainly depend on the intrinsic soil nature.
Nevertheless, geomorphological studies are
seldom considered in research on Argen-
tinean terroirs, which are predominantly
based on physiographic settings and geo-
graphic/political boundaries. Consequent-
ly, there is a pressing need to incorporate
knowledge about this aspect gap of terroir
into existing research. Geomorphologi-
cal studies were conducted in three areas
along the Abaucan River, Catamarca. This
valley runs parallel to the western Plancha-
das Range (Famatina System) and eastern
Famatina Range (Sierras Pampeanas No-
roccidentales System) associated both with
metamorphic outcrops. Our results reveal
that this extended valley, known as well
as Grande Valley, exposing fluvial depos-
its (alluvial plains, fluvial terraces, stream-
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beds, saline playa-lake) is laterally con-
fined by different aggradational pediment
levels (I, II and III) and covered by dunes
fields in some sectors. These variable sed-
imentological deposits generated diverse
types of soils with different degrees of de-
velopment. Silt and sand material depos-
its of the Abaucan River alluvial plain pre-
dominate in the Medanitos area containing
pumicites gravels due to regional volcanic
activity, while in alluvial fan deposits and
aeolian layers mask alluvial plain deposits
in the Famatina region. Gravel to sand ma-
terial of alluvial fans prograding into the
Abaucan valley predominate in Tinogasta
region. Variations in lithological composi-
tion were also found along the valley stud-
ied, highlighting the importance of detailed
geomorphological studies in the terroir.
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ABSTRACT

Digital Soil Mapping (DSM) is a discipline
that links field observations, laboratory re-
sults and quantitative pedology methods
to infer spatial patterns of soils at different
spatial and temporal scales. Considering
the great spatial heterogeneity of viticul-
tural soils in Argentina, associated with
multiple pedogenetic processes and varia-
tions due to transport and sedimentation,
the availability of tools that facilitate the
analysis of the spatial distribution of soil
properties is of great relevance. The objec-
tive of this work is the development of a
workflow for the application of Digital Soil
Mapping techniques to predict the edaphic
properties (e.g. pH, texture, etc) and to ana-
lyze the spatial variability of soils in differ-
ent Argentine viticultural terroirs. Based on
environmental and geomorphometric vari-
ables related to soil-forming processes, a
soil sampling design using the Conditioned
Latin Hypercube method was defined for
each winegrowing area studied. The data
collected were harmonized with previous-
ly available datasets, synthesizing two soil
horizons at 0-50 and 50-100 cm for several
physical and chemical soil profile charac-
teristics. According to the characteristics

of the study variables, Random Forest was
used as a predictive tool for categorical
variables (characteristics of the associated
external landscape) and Quantile Random
Forest for numerical properties (mainly
physical-chemical variables). For this pur-
pose, multiple geomorphometric, climatic
and biological layers were considered as
predictor variables, allowing linking these
covariates with the soil properties analyzed.
This methodology was applied to 30 Argen-
tine viticultural valleys, using 2,111 study
sites and covering 197,168 ha of vineyards.
The present work illustrates the results ob-
tained for the Mendoza River Oasis, which
were used as input for the subsequently
carried out soil-climate zoning.
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ABSTRACT

Wine producers from Mendoza grouped in
CREA, and the Facultad de Ciencias Agrar-
ias of the Universidad Nacional de Cuyo,
studied the potential of different plant spe-
cies as service providers in Vitis vinifera L.
cv. Malbec vineyards in Mendoza. The most
demanded ecosystem services were identi-
fied among growers participating in the tri-
al (weed control, improvement in soil phys-
ical properties and fertility), winter cover
crop species were selected considering the
following criteria: behavior, availability, re-
gional and global background, among oth-
ers. Eight treatments were contrasted: four
pure sowings (rye, mustard, vetch, melilo-
tus), two associated (rye / vetch and rye /
vetch / mustard / melilotus), spontaneous
vegetation and bare soil. The experience
was repeated during the 2021/22, 2022 /23
and 2023/24 agricultural cycles. The trial
was performed in ten vineyards in Men-
doza’s northern central oases. The sowing
was carried out between March and April in
the three cycles. Cover crops were not in-
corporated into the soil. In each treatment,
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height, width, dry matter production and
weed control of the cover crop were eval-
uated. In the vineyard pruning weight and
grape yield were measured. On the soil:
physical properties (sedimentation volume,
pH, electrical conductivity), chemical (N,
P, K, Ca, Mg, Na, SAR, Organic Matter) and
biological characteristics (total microbio-
logical activity and microbiological com-
position). Rye and both associated seed-
lings produced more biomass and exerted
greater control over weeds in Winter. In the
last cycle also summer weed control was
important in these treatments. We did not
detect any influence on the vigour of the
plants (pruning weight) or the grape yield.
We did not detect statistical differences
on the physicochemical or microbiological
properties of the soil. In conclusion, service
crops that include Rye are useful to con-
trol winter and summer weeds when these
treatments are maintained in time. Longer
periods may be needed to obtain a signifi-
cant impact on soil’s physical and chemical
properties.
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ABSTRACT

Climate change and related extreme events
such as heat waves, hailstorms and rainfall
are becoming more intense and frequent
in viticultural regions worldwide. Moving
vineyards to high-altitude areas is a strat-
egy to deal with higher temperatures in
the desertic region of Mendoza, Argentina,
where irrigation management is challeng-
ing and a fundamental aspect of vineyard
sustainability. The care of native biodiversi-
ty is another axis when thinking about con-
serving the natural ecosystems in the ter-
roir concept. The aim of this contribution is
to show the results of the introduction of a
new irrigation device (i.e. diffuser tube) into
the drip system from emitters to dispose
water at 30 cm depth in the root zone, aimed
at increasing irrigation efficiency, dimin-
ishing competition with native flora cov-
er and providing slope stability, in a 15 ha
vineyard located at 20-60% slopes in Gual-
tallary, between 1400-1500 m asl. Thirty
parcels from a commercial vineyard - out of
56 - have been already planted in 5ha based
on soil type, topography, native vegetation,
hydrology and microclimate environmental

homogeneity. The pressure of the irrigation
system is generated by natural slope, thus
optimizing energy consumption and giving
flexibility to operate valves independently
for each predefined site, optimizing water
balance. Challenges and nature-based solu-
tions for the sustainability of these growing
areas are presented.
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ABSTRACT

A useful resource for understanding and
describing worldwide climatic patterns is
the Koppen-Geiger (KG) climate classifica-
tion system. The classification of climates
suited for viticulture has been important
in comparing regions, finding suitable cli-
mates for specific varieties, and how the
industry, journalists, and public talk about
wine regions. Over time wine production
has come to be associated with Mediterra-
nean climates due to the combination of the
KG climate classification system and the
geographic location of Europe’s old-world
wine areas. While these climate types can
also be found in other mid-latitude regions
around the world, today wine is produced
across many different climate types.

This study examines the KG classifica-
tion system’s application to the most recent
Coupled Model Intercomparison Project
(CMIP6) experiments. Using an ensemble
of 14 global climate models and the World-
Clim dataset, a baseline for the historical
period 1970-2000 was established. Cli-
matic changes in winemaking regions are

assessed using future estimates of climate
from 2041 to 2060, based on several sce-
narios of human radiative forcing (SSP2-
4.5, SSP5-8.5). The findings represent the
most thorough record of past climate clas-
sifications for most wine regions globally,
as well as prospective future changes to
these categories.

The results indicate that wine regions
in the recent past have been largely locat-
ed in temperate oceanic (~30%), Mediter-
ranean (~20%), cold dry semi-arid (~17%),
and humid subtropical (~13%) KG climate
types. Overall, this research points to gen-
eral shifts with tropical and arid climates
likely expanding into the midlatitudes,
while continental hot summer and humid
climates will likely increase in area, and
high-latitude subarctic and polar climates
are likely to shrink in area. For wine re-
gions the results indicate that significant
shifts from warm summer climates to hot-
ter and drier summer climates are likely in
the temperate zones where many wine re-
gions are located.
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ABSTRACT

For a viticulture production system under
the same management practices, studying
the plasticity of a specific cultivar under
different environmental conditions could
help to determine adequate vineyard tech-
niques and a better understanding of the
grape typicity and hence wine style of are-
gion. This work aims to assess the perfor-
mance of Albarifio vines grown in different
mesoclimates in the eastern wine region
of Uruguay. The study was developed in a
commercial vineyard in an emerging wine
region on the Atlantic side of southeastern
Uruguay (Garzoén, located in the Maldo-
nado Department). Four temperature sen-
sors were installed in plots of Albarifio in
two contrasting topographic situations,
classified as high and low coastal influ-
ence (Tachini et al., 2023). Climatic and
agronomic measurements were taken to
assess the performance of Albarifio in the
local climates. Differences were observed
in berry composition when harvested from
plots at different ocean facing slopes, po-
tentially influencing wine flavour attri-

butes from temperature spatial variability
within the same region.

Introduction:
Phenotypic plasticity is the ability of an
individual organism to alter its physiol-
ogy/morphology in response to changes
in environmental conditions (Schliching,
1986). Phenotypic plasticity and local ad-
aptation are complementary mechanisms
that allow plants to adjust to environmen-
tal heterogeneity (Liu et al., 2016). Grape-
vine responses to different environmental
conditions (spatial and seasonal climates
and type of soils) are well reported (Sadras
et al., 2009; Gladstone, 2015).
Understanding the plasticity of a cul-
tivar could, therefore, help in adapting
vineyard management practices to get the
best terroir expression in wine typicity and
styles. This work focuses on the Albarifio
vine’s plasticity grown under a specific
management practice in the eastern wine
region of Uruguay yet experiencing differ-
ent environmental conditions.
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Materials and methods:

The study was developed in a commercial
vineyard in an emerging wine region on
the Atlantic side of southeastern Uruguay
(Garzon, located in the Maldonado Depart-
ment). Four temperature sensors (Tinytag
data loggers, Gemini, UK) were installed in
plots of Albarifio in contrasted topograph-
ical situations, which were classified into
two classes as high and low coastal influ-
ence based on spatial differences in cli-
mate (Table 1 in Tacchini et al., 2023). This
study shows results over five consecutive
growing seasons (2019, 2020, 2021, 2022
and 2023).

Climate assessment: Regional seasonal
temperature and precipitation variabil-
ity were evaluated from daily data from
the Rocha agro-climatic station from the
Meteorology National Institute (INUMET)
network of the World Meteorological Or-
ganization (WMO). In the vineyards, hour-
ly temperature data measured by tem-
perature sensors (Tinytag dataloggers,
Gemini, UK) was used to assess spatial and
seasonal variability for each plot through
bioclimatic indices (listed in the heading
of Table 1). During heat waves, we con-
sidered the sea breeze influence using the
frequency of the number of hours with a
decrease in temperature at different inten-
sities (0.5° and 1.0°) at the time of maxi-
mum temperature (between 11 LH to 16
LH; Fourment et al., 2014).

Albarifio performance assessment: Four
plots of high-quality white wine Albarifio
were planted in 2009 (13 years old), to a ver-
tically shoot positioned (VSP) training sys-
tem, double guyot pruned, and the canopy
was managed. Yield components were eval-
uated from each plot (number of clusters,
yield per vine, berry weight, pruning weight
and Ravaz Index). During ripening period,
berry samples were collected weekly as out-
lined in Carbonneau et al. (1991). Grape ber-
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ry composition measures undertaken were
sugar concentration (g/1) by refractometry,
titratable acidity (g H2S04/1) by titration,
pH by potentiometry, according to the O.1.V.
protocol (1990). To analyze phenolic poten-
tial (Phenolic richness of grapes), Glories
and Agustin (1993) protocol was followed
with a Shimadzu UV-1240 Mini (Shimadzu,
Japan) spectrophotometer.

Plasticity assessment: Univariate statis-
tical analysis (ANOVA) was evaluated for
every climate and agronomic variable to de-
termine the year’s influence and High and
Low exposure to the Atlantic Ocean’s influ-
ence at different confidence levels. Multi-
variate statistical analysis was performed
to elucidate correlations between climate
and agronomic data. Principal compo-
nents analysis (PCA) was done to analyse
the dataset of different nature to discrimi-
nate the plot’s location and year effect. We
performed the statistical analysis on In-
fostat® and OriginLab® programs.

Results and discussion:

Temporal and spatial climate variability
during 5 growing seasons: The region’s
climate variability was strongly associat-
ed with precipitation patterns and tem-
perature high extremes. The 2023 growing
season was the hottest and driest of the se-
ries (Fourment and Piccardo, 2023), during
which the greatest differences between
plot locations were found (spatial variabil-
ity). For example, under the warmest sea-
sonal conditions of the study period, the
impact of sea breeze was greater on plots
exposed to the Atlantic Ocean, recording
6.5 hours more than others with a tem-
perature drop at midday (Table 1). Oth-
er bioclimatic indices were influenced by
Ocean exposition: Minimum temperatures,
such as the Cool Night Index, Minimum
Temperature during the growing season,
January Minimum Temperature, and No-
vember Minimum Temperature (Table 1).



Yield and berry composition: Yields were
on average 1.7 kg per vine, with similar
berry weight between years (1.3 g) and
similar cluster number (19.2 clusters per
vine on average). Differences in 2022 were
due to Botrytis cinerea rot incidence ob-
served on grapes, resulting in yield losses,
which can be an issue under the Uruguay-
an humid summer conditions (Table 2).
Low temperatures during flowering
(November in Uruguay) could impact
fruit set and thus final yield in the season
(Keller et al., 2010) and cluster number of
the next season (May, 1961). That could be

the case of the Spring 2021, which showed
the lowest values in November Minimum
temperature (0.9 and 1.1°C lower com-
pared with the five-year average, in H and
L plots, respectively), which impacted the
significance of the plot’s final yield in sea-
son (specifically, in L plots, 0.72 kg per
plant lower than H plots). The lower Max-
imum Temperatures during spring 2021
could explain the limited cluster number
of the 2022 season for both plot locations,
reaching a statistical difference of 7.6 clus-
ters per vine between H and L plots.

Table 1. Climatic indicators during 2019, 2020, 2021, 2022 and 2023 growing seasons with the
statistical significance between High (H) and Low (L) Coastal Influence, and the year effect.

Climatic
- 09 | 20 | wn | w2 | 2023

1654.6 b 115 1660.8 b 171441 1760.5 1708.0 b

L 1628.4 a 1125.5 15126 a 17122.0 1694.0 16734 a

GDD -
Year

Plot site ok ns ol ns ns o

H 11.51 1261a 11.28 10.34 11.38 1.42a

L 12.35 1464 b 12.13 11.80 13.06 12.81b

THA -
Year

Plot site ns i ns ns ns e

H 16.34 16.41h 1720 b 16.67 11.61 16.85h

L 15.55 15.35a 1596 a 15.12 16.86 15.85a

CNI Y rr
ear

Plot site ns * * ns o o

H 16.26 13.37 1322 b 1442 1433 b 1432 b

L 15.61 13.38 MN13a 13.31 13.00a 1341a

TN *%k%
Year

Plot site ns ns * ns o e

H 2149 25.69 24.11 2466 a 24.85 2549 a

L 21.62 25.15 25.22 2543b 2548 2586 b

TX *k%k
Year

Plot site ns ns ns o ns o

H 229 55.0 35.0 36.0a 450 4004

L 285 58.5 395 4200b 525 442h

ND30 -
Year

Plot site ns ns ns o ns il

n



Climatic 2019 2020 2021
variables
H 6.5 5 15

2022 2023

4.2

45a 35
35 4 1.0 13b 45 436
ND35
Year o
Plot site ns ns ns * ns ns
H 28.36 29.75 29.47 29.65 30.04 29.45
L 28.44 2911 29.53 30.15 30.52 29.61
TXJan
Year o
Plot site ns ns ns ns ns ns
H 1759 b 15.59 16.94 b 17.68 18.12b 1131h
L 1701a 15.1 15.61a 18.30 16.12 a 16.55a
TNJan
Year *kk
Plot site o ns el ns o o
H 25.62 23.66 23.09b 2408 241
L 26.21 2440 2383a 24 84 24 83
TXNov
Year *kk
Plot site ns ns 0.02 ns ns
H 14.49 b 1260 b 1299 b 13.78 b 1341a
L 1356 a 10.65a 10.68 a 1229 a 11.80 b
TNNov
Year o
Plot Slte k%% *% * *k%k *%
H 50,5 46 495 50,5 1015a 59,6
425 42 525 48 82h 312
Freq.H-0.5
Year o
Plot site ns ns ns ns * ns
H 28 295 35 32 615a 534
255 30 315 335 55b 35.1
Freq.H-1
Year e
Plot site ns ns ns ns o ns

*P 0.01 **P 0.005 ***P 0.001. Abbreviations mean GGD=Growing Degree Days; THA=Thermal amplitude in summer; CNI=Cool night index;
TN=Season minimum temperature; TX=Season Maximum temperature; ND30=Number of days with temperatures above 3°C; ND35=Number of days
with temperatures above 35°C; TXJan=Maximum temperature in January; TNJan=Minimum temperature in January; TXNov=Maximum temperature in
November; TNNov=Minimum temperature in November; Freq.H-0.5=Frequency in the number of hours with a temperature drop of 0.5°C; Freq.H-1=
Frequency in the number of hours with a temperature drop of 1°C.
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Table 2. Yield components (Yield kg/vine), Berry weight (g), Number of clusters per vine,
Yield without rot as diseased fruit (kg/vine), Pruning weight (g/vine) and Ravaz Index (RI)
for 2019, 2020, 2021, 2022 and 2023 with the statistical significance between High (H) and

Low (L) Coastal Influence, and the year effect.

Treatment
2019 2020 2021 2022 2023

H 141 239 228b 1.06 1.69 1.19

L 1.19 1.1 156 a 1.28 1.95 1.1
Yield *kk

Year

Plot site ns ns * ns ns

H 1.15 1.28 1.61 1.25 131 13
Berry L 1.19 1.21 1.58 1.26 1.33 13
weight Year o

Plot site ns ns ns ns ns

H 115 222 18.61 131a 171 18.1
Cluster L 212 20.1 24.25 20.7h 19.0 19.1
number Year *

Plot site ns ns ns o ns

H 1.41 2.39 228b 0.91 1.69 1.16
Vield L 1.18 1.1 156 a 112 1.95 1.0
without rot  Year o

Plot site ns ns * ns ns

H 510.0 720.7b 4243 5635 135.1b 681.6
Pruning L 4333 4963 a 533.8 1418 5302a 4958
weight Year ns

Plot site ns * ns ns e

H 413 36 496 159 a 258a 31

L 6.28 394 444 291b 439b 43
RI *%k%

Year

Plot site ns ns ns o o

*P0.01**P 0.005 ***P 0.001

Albarifio plasticity: when Albarifio perfor-
mance was analyzed between plots of High
or Lower Atlantic Ocean exposition, differ-
ences in berry composition were observed
(Figure 1). Higher ©°Brix levels in berries
resulting from the L plots were associat-
ed with greater Thermal amplitude during
the ripening period (R=0.62; p=0.003), and
higher acidity levels of berries from the
same plots were associated with higher
January Minimum Temperature.

PCA analysis showed that when plots, lo-
cation and years were analyzed through
Albarifio performances, berry composition
variables were more significant than yield
components (70.6 % and 63.4% of the total
variability, respectively). In that sense, a
clear discrimination between berry acidi-
ty and sugar content was determined be-
tween plots with different expositions to
the Atlantic Ocean (Figure 2C), where high-
er °Brix were reached in L plots. Also, we
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found discrimination between the berry’s
final composition and years (Figure 2D),
showing an interesting finding through
the five studied years, where climate con-
ditions were contrasted.

Figure 1. Plasticity assessment between Albarifio plots

at different oceanic exposition (High; and L)

(A) Grapes’ ®Brix at harvest and Thermal Amplitude during summer (R pearson 0.62; p value 0.003), (B) Grapes’ pH at harvest and Maximum
Temperature in the Growing Season (R pearson 0.75; p value 0.0001), (C) Grapes’ Total Acidity at harvest and January Minimum Temperature
(R pearson 0.83; p value 0.0001), (D) Berry weight at harvest and Number of days above 30°C (R pearson -0.67; p value 0.01).
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Figure 2. Principal Component Analysis.
(A) Yield components variables and plot location as score, (B) Yield components variables and year as score,
(C) Berry composition variables and plot location as score, (D) Berry composition variables and year as score.
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ABSTRACT

In the southern Mediterranean regions,
climate change (CC) increases air tempera-
ture, drought, and extreme events such as
heat waves, limiting agricultural systems
production. Among the various agricultur-
al sectors, the viticultural sector has been
hit hard by climate change. This is because
it requires combining grape quality, grape-
vine cultivar acclimation, and farmers’ fu-
ture incomes.

In this context, it is necessary to study
how climate change impacts specific
wine-growing areas and which manage-
ment approaches are necessary to adapt
the production sectors and make the cur-
rent DOCG areas resilient.

The main objective of this work is to
study the responses of Greco grapevine (a
native cultivar of southern Italy, Campania
region) to climate change in order to pro-
vide practical support to farmers.

The field experiment was realized in
Santa Paolina in a vineyard owned by Feudi
di San Gregorio winery, within the GREASE
project funded by the Campania region
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(Southern Italy) “Sustainable models of
cultivation of the Greco grapevine: efficien-
cy of use of resources and application of
‘Footprint family’ indicators” -PSR Campa-
nia 2014-2020; Measure 16 - Sub-measure
16.1.2.

Three soil management (cover crop-
ping, natural grassing, and tillage) and two
canopy management (double guyot and
double guyot flipped) were compared over
three years (2020-2022), during which the
soil-plant-atmosphere system was moni-
tored. The data collected were used to cal-
ibrate and validate the agro-hydrological
model SWAP and to evaluate the impacts of
climate change scenarios RCP 4.5 and 8.5
on the expected grape quality.

The results showed that water stress
during veraison is the dominant factor in-
fluencing the attainment of oenological
objectives, regardless of soil management
practices. When the expected climate
change is considered by means of simula-
tion modelling application, a significant
rise in water stress is expected. Therefore,



we highlight farmers will have to cope with
irrigation to support quality in the scenario
of increasing drought.

Introduction:

Vine productivity and profitability de-
pend on several factors (e.g., soil fertili-
ty, climate, management practices, etc.)
that drive soil-plant-atmosphere (SPA)
processes. Among all, climate can be con-
sidered the most important factor that di-
rectly affects plant adaptation and, thus,
agricultural systems resilience.

So, for current vineyards, a reliable as-
sessment of the expected effects of climate
change on both yield and quality of grapes
become important by analyzing the compo-
nents of different agricultural systems (e.g.,
soil, climate, plant) in an integrated way, as
it can be properly done by a dynamic simu-
lation modelling approach.

In the Campania region, southern Italy,
Bonfante et al. carried out a study in 2018
based on the use of a simulation model of
the SPA system on the effects of climate
change on the adaptation of Aglianico
grapevine. The applied methodology was
based on the CWSI index (Crop Water Stress
Index) and its correlation with the qualita-
tive characteristics of the grapes.

The simulation model application is re-
ally important because it allows to study
how climate change impacts specific
wine-growing realities and which manage-
ment approaches are necessary to adapt
the production sectors and make the cur-
rent DOCG areas resilient.

The main objective of this work is to
study the Greco grapevine responses to
climate change (a autochthonous cultivar
of southern Italy, Campania region) when
three soil managements (cover cropping,
natural grassing, and tillage) and two cano-
py managements (double guyot and double
guyot flipped) were applied in order to pro-
vide practical support to farmers.

Materials and methods:

The methodology applied consists of five
steps:

1) Calibration and Validation of SWAP
model on soil water balance on collected
grapevine data.

2) Evaluation of CWSI correlation with plant
responses and oenological field target.

3) Identification of management strategy
to support Greco grapevine production.

4) Simulation of future CWSI and evalua-
tion of the expected SPA system responses.

Study area and experimental design

The study area is located in a hilly environ-
ment of southern Italy (Santa Paolina -AV,
Campania region: Lat. 41.019800°, Lon
14.830348°, elevation 90 m.a.s.l.), in a farm
oriented to high-quality wine production
named Feudi di San Gregorio. The studied
vineyard hosted the Greco cultivar vines
(controlled designation of origin -DOC /
AOC), a standard clone population plant-
ed in the year 2008 on 420 A rootstock and
grown in a bilateral spur-pruned guyot
system and guyot flipped) (4347vines/ha).

The selected vineyard’s representa-
tive soil is a Calcaric Cambisol, identified
through a pedological survey and geophys-
ical measurements conducted at the proj-
ect’s inception.

The experimental design was based on
three soil managements (cover cropping,
natural grassing, and tillage) and two can-
opy managements (double guyot and dou-
ble guyot flipped): over three years (2020-
2022), the soil, plant, and atmosphere
system were monitored in the three areas.

Plant monitoring was conducted within
each plot on 10 plants, randomly selected
among those healthy-looking, weekly or bi-
weekly depending on the measured param-
eter and the phenological phase. The Leaf
Area Index (LAI), leaf water potential (LWP,
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measured with Scholander type pressure
bomb), and grape traits at harvest were
used to set up the simulation model appli-
cation and evaluate the Greco grapevine ac-
climation capacity to climate change.

Simulation modeling.

The Soil-Water-Atmosphere-Plant (SWAP)
model (Kroes et al., 2008) was applied to
solve the soil water balance in each exper-
imental plot during the three years of the
project. It was previously used and tested
in Italy and in the Campania Region and is
very often used in viticulture by different
authors (Minacapilli et al., 2009; Bonfan-
te et al., 2011, 2015, and 2018; Rallo et al.,
2011).

The soil water balance solved by SWAP
was used to calculate the daily crop water
stress index (CWSI) (Bonfante et al., 2011,
2015 and 2018) defined as follows:

CWSI=1-Tr/Tp
where Tr is the daily actual water uptake
and, Tp is the daily potential transpiration.

In each vine phenological stage, the
sum of daily CWSI represents the cumulat-
ed plant water stress.

The calibrated and validated SWAP
model was applied to simulate the vine re-
sponse to climate change conditions.

The environmental information used
in the simulation model application (e.g.,
temperature, rainfall, wind, solar radiation,
etc.) and calibration (e.g., soil water con-
tent) was collected by means of a DAVIS
instrument weather station placed in the
middle of the vineyard. Moreover, a node in
each experimental plot (six) measured the
soil water content by means of TDR probes
(at three depths).

Once the model was calibrated and vali-
dated, it was possible to simulate the effects
on plant response to climate change condi-
tions. To do this, future climate scenarios,
obtained by using the high resolution re-
gional climate model (RCM) COSMO-CLM
(Rockel et al., 2008), optimized over the
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Italian area (Bucchignani et al., 2015, Zol-
lo et al. 2015), of the Representative Con-
centration Pathway (RCP) 4.5 and 8.5, were
applied; the SWAP simulation results were
then reported in terms of Reference Climate
-RC (1971-2005) and RCP 4.5 and 8.5 divid-
ed into three different time periods (2010-
2040, 2040-2070 and 2070-2100).

Results and discussion:

The SWAP model has been calibrated and
validated in each experimental plot over
the three years of the experiment, compar-
ing the soil water content (SWC) estimated
by the model with the SWC measured in
the field at three different depths by TDR
probes (Fig.1).

The capacity of the SWAP model to sim-
ulate the soil water balance was good, as re-
ported by the model performance indexes
in Table 1.

From the simulations carried out, it
was possible to calculate the CWSI in each
phenological phase of the vine. This in-
dex was validated through comparison
with the LWP measured in the field and
the productive (e.g. average weight of the
bunches) and vegetative responses of the
vine (e.g., NDVI from drone). Once the re-
lationship between CWSI and behaviour
in the field was verified, it was possible to
relate it to the characteristics of the grapes
at harvest. The results showed that water
stress during veraison is the dominant
factor influencing the attainment of oeno-
logical objectives, regardless of soil man-
agement practices. In particular, a CWSI
threshold of 20% was detected at veraison
below which the production of ultra-qual-
ity grapes (UQG) is guaranteed.

This outcome becomes more signifi-
cant when we take into account that vary-
ing climatic conditions occurred during
the three years of experimentation. The
rainfall during the growing season ranged
from 190 mm (high stress) in 2021 to 573
mm in 2022, with average evapotranspi-



ration being roughly the same at approx-
imately 750 mm.

The analysis of the impacts of climate
change indicates that water stress will in-
crease in all vine growth phases. Specifi-
cally, during veraison, it is expected that
the Crop Water Stress Index (CWSI) will
increase by 7%, 9%, and 8% in the RCP 4.5
scenario, and by 4%, 9%, and 14% in the RCP
8.5 as compared to the Reference Condi-
tion (RC) in the time periods of 2010-2040,
2040-2070, and 2070-2100.

This will require the introduction of
cultivation strategies to improve vines ac-
climation based on irrigation to support
grape quality. On the one hand, the future
scenarios analysed have indicated an in-
crease in thermal regimes that are favour-
able for the cultivation of Greco vine (an
increase of about 20% of current average
value of Amerine and Winkler index - 1827
GDD is expected). However, it is import-
ant to note that a risk of extreme thermal
events is present.

Conclusion:

Vine water stress represents the main fac-
tor affecting the current and future adap-
tation of the cultivation of the GRECO vine
in the GRECO DOCG area in the Campania
region.

In the pedoclimate analysed, the change
in soil management did not give important
signals in the water management of the
vineyard, but it remains the first step to
deal with problems relating to soil degra-
dation processes (e.g., erosion). The change
in canopy management only partially helps
to improve the plant’s water use efficien-
cy. For these reasons, it can be concluded
that in the current and near future, it will
be necessary to be prepared for irrigation
practices in the areas where the Greco vine
is currently rainfed-cultivated to achieve
the level of water stress required to reach
the field oenological goal.

Table 1. The average value of the performance indices (Loague and Green, 1991) of the SWAP
model application obtained from the comparison between the soil water content measured
and estimated at three depths (-15, -35, and -65 cm) in the six experimental plots over the
three years of the project. (RMSE= root mean squared error; CRM= coefficient of residual
mass; r= coefficient of correlation; EF= modeling efficiency)

i | en | oo | oo | e

RMSE 0.07 0.05 0.05 0.05
CRM -0.15 -0.05 -0.07 -0.09
r 0.91 0.91 0.92 0.91
EF 0.16 0.67 0.54 0.46
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Figure 1. This is an example of a comparison between the soil water content (SWC) estimated
(Est.) by the simulation model SWAP and measured (Meas.) with TDR probes at -15 cm below
the soil surface during the three years of the experiment.
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ABSTRACT

Climate plays a predominant role in grape-
vine development, growth and productiv-
ity and several environmental variables
are already known to pose challenges to
grapevine production and the wine indus-
try. In this context, a number of extreme
weather events, already occurring and ex-
pected to occur in the next decades, even
more frequently and with higher magni-
tude, results from current climate change
scenario. The aim of this study was to ex-
amine the physiological responses of roots,
leaves, and berries of Vitis vinifera cv. Sau-
vignon Blanc to consecutive and combined
stressors simulated in a semi-controlled
environment. We specifically investigated
the effects of flooding during bud-break
followed by multiple summer stresses,
such as heatwaves and drought applied

prior to véraison. High-throughput RNA-
Seq and NMR technologies were used for
transcriptomic and metabolomic analysis,
respectively. A comprehensive hormone
profiling was also carried out. The results
pointed out that each of the three organs
responded differently to the diverse stress
factors and their combinations. Sequential
stress in berries, such as a summer heat-
wave following a flooding event during
bud-break, can affect phenological devel-
opment and fruit ripening, impacting the
quality of berries and potentially wine. A
temporal difference in the transcription of
genes between the roots and the leaves was
also observed. Furthermore, heatwaves
alone and in combination with flooding
had an impact on the roots and leaves at
metabolic, hormonal and transcription-
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al levels. A physiological model was pro-
posed that may support the development
of sustainable vineyard management solu-
tions to improve the water use efficiency
and adaptation capacity of actual viticul-
tural systems to future scenarios.

Introduction:

The grapevine (Vitis vinifera) plays a cru-
cial economic role in many countries. Mod-
ern viticulture, however, faces significant
agronomic and environmental challeng-
es, particularly related to ongoing climate
changes. In numerous European locations,
average temperatures have increased by
more than 1.5°C (Jones et al., 2005). These
findings are concerning as they could lead
to further shifts in phenological stages,
alterations in growing conditions, and
changes in crop yield and quality of the
final product in the near future (Hannah
et al., 2013). Therefore, new strategies to
address these complex issues are essential.

The resistance of grapevines to envi-
ronmental stresses has been extensively
investigated, particularly regarding water
(drought) and thermal stress (heat waves).
However, less is known about the combina-
tion of two or more simultaneous stresses
(Mittler, 2006). Indeed, the combination of
two stresses is not always equal to the sum
of the individual stresses. This is especially
true for drought and thermal stress, which
rarely occur as isolated events in nature but
often follow one another or occur simulta-
neously (Suzuki et al., 2014), particularly in
the context of climate change.

This study investigated the impact
of combined environmental stresses on
plants, focusing on water and thermal
stresses, and including waterlogging stress
to simulate spring flooding conditions. The
primary objective was to explore the vari-
ations at the transcriptomic and metabolic
levels under different stress conditions. To
this aim, RNA sequencing (RNA-Seq) was
used for transcriptomic analysis, while Nu-

82

clear Magnetic Resonance (NMR) was ad-
opted for metabolic profiling, along with
hormonal analysis. Samples were collect-
ed from berries, leaves, and roots to en-
sure a comprehensive understanding. The
insights gained from this research are in-
tended to develop a physiological response
model that will aid in the creation of more
sustainable vineyard management prac-
tices, especially regarding water resource
management. Ultimately, this approach
aims to enhance the fitness of grapevines,
enabling them to better withstand the chal-
lenges posed by future climate change.

Materials and methods:

Plant Material, Experimental Setup,

and Sampling

Experiments were carried out in 2017 and
2018 on potted grapevines, Vitis vinifera
cv. Sauvignon Blanc. In brief, a suitable
number (400) of three - years -old plants
were grown in 10L pots filled with a sand-
pumice-peat mixture (1:1:3 in volume) un-
der partially controlled conditions in two
plastic film tunnels under continuous ven-
tilation (to avoid overheating) and opti-
mal irrigation located at the Experimental
Farm of the University of Padova “L. Toni-
olo” in Legnaro, north-east of Italy. Half of
the plants for each tunnel underwent wa-
terlogging stress during spring, approx-
imately at budbreak (BBCH stage 09), as
previously described. Just before véraison,
at 46 DAA (BBCH stage 79-81) a heatwave
was imposed in Tunnel n.1 by simulating
the natural time course of such extreme
events, i.e., an initial phase of drought
and, when soil water content reached 30%
of field capacity (after 9 days), a second
phase during which temperatures were in-
creased by setting up the thermostat at 5
°C higher than Tunnel n.2 for six consecu-
tive days. Samples were collected from all
four groups of plants (C, control; F, flood-
ed; H, heatwave; FH, flooded plus heat-
wave) at the beginning of the stress (T0; 46



DAA), when the soil water content was at
30 % of Fc in stressed plants (T1; 55 DAA),
at four days after temperature increase
(T2; 59 DAA), at the end of the heatwave
(T3; 61 DAA), and after 9 days of recovery
(T4; 70 DAA) and, finally, at the ripening
of the control grapes (T5; 74 DAA). At each
sampling time point, berries, roots and
leaves were collected from five randomly
chosen grapevines per treatment, frozen
in liquid nitrogen, and stored separately at
-80°C as five biological replicates for the
following analyses.

RNA Isolation and RNA-Seq Analyses

Total RNA was extracted using the method
of (Rizzini et al., 2009) and used for RNA-
Seq at the CRIBI center of the Universi-
ty of Padova using an Illumina NextSeq
500 platform (Illumina, San Diego, CA,
United States). RNA-Seq reads were qual-
ity-checked using FastQC (Brabaham Bio-
informatics, Cambridge, United Kingdom)
and resulted of very high quality. Spliced
alignments were performed with TopHat
(Trapnell et al., 2012). Quantification was
performed by using the Bedtools coverage
program (Quinlan & Hall, 2010). A revised
version of the Grape genome based on the
12X Genoscope Pinot Noir genome was
used for reads mapping, along with the re-
lated gff file and GO functional annotation.
The RNA-Seq counts were analyzed with
the online bioinformatic pipeline iDEP ver-
sion 0.96 (Ge et al., 2018). The Differentially
Expressed Genes (DEGs) were identified us-
ing DESeq2 (Love et al., 2014) with an FDR <
0.05 and a minimum fold change of 1.5.

Hormone Analysis

For the phytohormones levels determina-
tion, berries, roots and leaves tissues from
different time points and treatments were
lyophilized before the analysis. Phyto-
hormones, including abscisic acid (ABA),
auxin indole-3-acetic acid (IAA), jasmonic
acid (JA), and its conjugate jasmonoyl-iso-

leucine (JA-Ile), jasmonic acid precursor
12-oxo-phytodienoic acid (OPDA), salicyl-
ic acid (SA), cytokinins trans-zeatin (Z),
its riboside trans-zeatin riboside (ZR), 2-
isopentenyl adenine (2iP) and its riboside
isopentenyl adenosine (IPA), gibberellins
GA1, GA3, GA4 and GA7, and the precursor
of ethylene 1-aminocyclopropane-1-car-
boxylic acid (ACC), were analyzed by UH-
PLC-ESI-MS/MS in MRM mode as previ-
ously described (Miiller & Munné-Bosch,
2011). Quantification was made by calcu-
lating recovery rates for each sample by
using deuterium-labeled compounds as
internal standards (OlChemIm Ltd. (Olo-
mouc, Czech Republic).

NMR Analysis

Pulverized samples were freeze-dried
overnight, yielding 200 + 5 mg of dried
powder each and then stored at -80°C.
Polar and hydrophobic metabolites were
extracted with deuterated solvents by us-
ing a chloroform/water/methanol solution
10:10:1, similarly to Folch et al. (1957).
NMR spectra were acquired with a Bruker
Avance Neo 600 MHz spectrometer (Bruker
BioSpin, Karlsruhe, Germany) equipped
with a Prodigy cryoprobe and using Top-
spin 4.1.1 software, applying a noesypriD
pulse sequence with spectral width 12
kHz, acquisition time 2.99 s, 16 scans, re-
laxation delay 4 s, and four dummy scans.
All spectra were processed with an ACD
NMR processor 12.1 (shortened to ACD,
ACD Labs). Spectra were grouped together,
and intelligent bucketing was performed
in ACD (the water suppression region was
excluded). Signal area values were orga-
nized into a matrix to be processed using
MetaboAnalyst 5.0.

Results and discussion:

Utilizing the web-based tool iDEP, we
conducted a series of exploratory analy-
ses. Given the constraints of this abstract,
we will focus on summarizing the prima-
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ry findings. DESeq2 package allowed us
to identify the DEGs for each comparison
and each organ (berries, leaves, and roots).
Numerous DEGs were identified across
the three analysed organs and contrasts.
However, we will give priority to those
exhibiting the most significant biological
differences. In berries (Fig. 1A), we found
a higher number of DEGs in T1, T2 and T5
contrasts. For the berries undergoing the
heatwave, the highest number of DEGs was
found between H and F at T1, with 2475
genes up-regulated and 1869 down-regu-
lated, in which the GO term “Photosynthe-
sis” was the most significantly enriched for
the up-regulated genes (data not showed).
Within the six contrasts at T2, the compar-
ison between C and H berries presented a
total of 2936 DEGs, 1656 genes up-regu-
lated and 1280 down-regulated, followed
by the contrast between H and F with a
total of 2865 DEGs. A huge increase in to-
tal DEGs occurred at harvest (T5), in cor-
respondence with physiological ripening.
The biggest amount of DEGs was found for
C/FH (3351), followed by FH/F (2795) and
C/H (2679). GO terms related to sterol/ste-
roid biosynthesis were detected that could
be related to the basic components of cel-
lular membranes rather than to a brassino-
steroids signalling, since these hormones
are usually active at the pre-véraison de-
velopmental stage (Symons et al., 2006).
In leaves (Fig. 1B) and roots (Fig. 1C), the
majority of identified DEGs were found in
the T2 and T3 contrasts. Two major differ-
ences can be highlighted in roots. At T1 we
observed a major number of DEGs in com-
parison to leaves and the down-regulat-
ed genes in general are higher than those
up-regulated.

Analysis of the levels of key phytohor-
mones in Sauvignon Blanc berry sam-
ples showed, as expected, highly signifi-
cant differences in ABA content between
treatments and sampling timepoints. As
expected, T1, T2, and T3 were the ones
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presenting the highest ABA content, as
its accumulation starts at the onset of the
ripening process (Coombe & Hale, 1973).
ACC showed a progressive increment from
the beginning of the experiment, with sta-
tistically significant differences between
timepoints, and reaching its maximum at
T4 after the recovery period, followed by
a slight decrease at harvest time in all four
treatments. In roots we found high level of
IPA, IAA, ACC and JA. Conversely, in the
leaves, our analysis revealed higher con-
centrations of SA, ACC, ZR, and Z.

A metabolomic fingerprint was carried
out through NMR on berry and leaf sam-
ples collected at T2 and T4. Differently
from previous studies pointing out an in-
crease in sugars, such as glucose, fructose,
and sucrose, during drought stress (Kumar
et al., 2021) a detailed view of these single
compounds quantified through NMR did
not point out any consistent trend. Con-
cerning the other compounds detected
through NMR, two main classes of metab-
olites were markedly shown to increase
upon stress, i.e., the amino acids and chlo-
rogenic acid (CGA). Concerning the for-
mer, we can further subdivide the amino
acids into those produced by stressed ber-
ries mainly at T2, such as tyrosine, those
mostly found at T4, such as proline, and
those detected at both timepoints, such
as alanine and -aminobutyric acid (GABA),
while CGA was prevalently produced upon
stress at T2. Arelevant amount of literature
reports several findings about the involve-
ment of these compounds in response to
different types of stress, although the re-
action is often species-specific. For ex-
ample, tyrosine was previously found to
be involved in drought stress response in
Arabidopsis (Fabregas et al., 2018).

Conclusion:

The findings pointed out in the present
research may impact wine production at
different levels, from the agronomic man-
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Figure 1. The number of differentially expressed genes (DEGs) in a selected number of

contrasts from T0 to T5 in berries (A) and from T1 to T4 in leaves (B) and roots (C).
Up- (red) and down- (blue) regulated genes are shown for each comparison. Samples within each contrast are named according to the timepoint and

treatment (C, control; F, flooded; H, heatwave; FH, flooded plus heatwave).

agement of the vineyard to wine quality,
passing through a physiological charac-
terization of the berry response to stress.
Another important piece of information
coming from our study is represented by
the acceleration of berry ripening in the
vines that underwent flooding stress at
bud-break. Taken as a whole, our results

may support the development of sustain-
able vineyard management solutions to
improve the water use efficiency and ad-
aptation capacity of actual viticultural
systems to future climate scenarios, thus
providing relevant information for the
wine sector.

REFERENCES:

Fabregas, N., Lozano-Elena, F., Blasco-Escamez, D., Tohge, T., Martinez-Andujar, C., Albacete, A., Osorio,
S., Bustamante, M., RiezHannah, L., Roehrdanz, P. R., Ikegami, M., Shepard, A. V., Shaw, M. R., Tabor, G.,
Zhi, L., Marquet, P. A., & Hijmans, R. J. (2013). Climate change, wine, and conservation. Proceedings of the
National Academy of Sciences of the United States of America, 110(17), 6907-6912. https://doi.org/10.1073/

PNAS.1210127110/-/DCSUPPLEMENTAL

Jones, G. V., White, M. A., Cooper, O. R., & Storchmann, K. (2005). Climate change and global wine quality.
Climatic Change, 73(3), 319-343. https://doi.org/10.1007/S10584-005-4704-2/METRICS

85



Kumar, M., Patel, M. K., Kumar, N., Bajpai, A. B., & Siddique, K. H. M. (2021). Metabolomics and molecular
approaches reveal drought stress tolerance in plants. In International Journal of Molecular Sciences (Vol.
22, Issue 17, p. 9108). Multidisciplinary Digital Publishing Institute. https://doi.org/10.3390/ijms22179108

Love, M. I., Huber, W., & Anders, S. (2014). Moderated estimation of fold change and dispersion for RNA-seq data
with DESeq2. Genome Biology, 15(12). https://doi.org/10.1186/513059-014-0550-8

Mittler, R. (2006). Abiotic stress, the field environment and stress combination. Trends in Plant Science, 11(1),
15-19. https://doi.org/10.1016/J.TPLANTS.2005.11.002

Miiller, M., & Munné-Bosch, S. (2011). Rapid and sensitive hormonal profiling of complex plant samples by
liquid chromatography coupled to electrospray ionization tandem mass spectrometry. Plant Methods, 7(1),
1-11. https://doi.org/10.1186/1746-4811-7-37/FIGURES/4

Quinlan, A. R., & Hall, I. M. (2010). BEDTools: A flexible suite of utilities for comparing genomic features.
Bioinformatics, 26(6), 841-842. https://doi.org/10.1093/bioinformatics/btq033

Rizzini, F. M., Bonghi, C., & Tonutti, P. (2009). Postharvest water loss induces marked changes in transcript
profiling in skins of wine grape berries. Postharvest Biology and Technology, 52(3), 247-253. https://doi.
0rg/10.1016/j.postharvbio.2008.12.004

Suzuki, N., Rivero, R. M., Shulaev, V., Blumwald, E., & Mittler, R. (2014). Abiotic and biotic stress combinations.
New Phytologist, 203(1), 32-43. https://doi.org/10.1111/NPH.12797

Symons, G. M., Davies, C., Shavrukov, Y., Dry, L. B., Reid, J. B., & Thomas, M. R. (2006). Grapes on steroids.
Brassinosteroids are involved in grape berry ripening. Plant Physiology, 140(1), 150-158. https://doi.
0rg/10.1104/pp.105.070706

Trapnell, C., Roberts, A., Goff, L., Pertea, G., Kim, D., Kelley, D. R., Pimentel, H., Salzberg, S. L., Rinn, J. L., &
Pachter, L. (2012). Differential gene and transcript expression analysis of RNA-seq experiments with TopHat
and Cufflinks. Nature Protocols, 7(3), 562-578. https://doi.org/10.1038/nprot.2012.016

Urano, K., Maruyama, K., Ogata, Y., Morishita, Y., Takeda, M., Sakurai, N., Suzuki, H., Saito, K., Shibata, D.,
Kobayashi, M., Yamaguchi-Shinozaki, K., & Shinozaki, K. (2009). Characterization of the ABA-regulated
global responses to dehydration in Arabidopsis by metabolomics. Plant Journal, 57(6), 1065-1078. https://
doi.org/10.1111/j.1365-313X.2008.03748.x

86



scienTiFic Session GLIMATE I

LINK TO INDEX »

NOV 19,2024 | 9 AM | SCIENTIFIC SESSION: CLIMATE II - PLENARY CONFERENCE (KEYNOTE SPEAKER)

Climate diversity of vitivinicultural
terroirs at local scale level

Benjamin Bois'

' Biogéosciences, Université de Bourgogne, CNRS, 6 boulevard Gabriel, 21000 Dijon, France

*Corresponding author: benjamin.bois@u-bourgogne.fr

Keywords: topoclimatology, terrain, viticulture, spatial variability, review.

ABSTRACT

The early 21st century saw a significant
increase in climate measurement in vine-
yards, enabling the quantification of the
contribution of climate variability to the
diversity of terroirs. Temperature differ-
ences over just a few hundred meters are
thus responsible for phenological differ-
ences and potential grape ripening by ten
days or more, as well as varying exposures
to thermal stress, both heat and frost.
While temperature has been the subject of
a predominantly extensive scientific lit-
erature, it is not the only climatic variable
whose local variability plays a major role
in the diversity of terroirs. Wind exposure,
humidity, solar radiation, and precipita-
tion are all elements whose local variabil-
ity alters viticultural conditions and the
oenological potential of grapes. This com-
munication reviews (1) the geographical
elements that shape the local variability
of the climate, (2) the consequences of this
local variability on viticultural terroirs,
and (3) how to quantify and adapt to it.

Introduction:
Initially used to designate a geographical
area, the link between terroir and wine

quality was recognized from the late 16th
century in a few works (Leturcq, 2020).
Although detached from the notion of ter-
roir, the role of climate, particularly local
climate, has long been considered essen-
tial for producing good wines (de Serres,
1600). From the late 20th century, especial-
ly with the normalization of the concept
of terroir by the International Organisa-
tion of Vine and Wine (OIV, 2010), climate
characterization has been the subject of
an increasing body of literature, though
still largely overshadowed by studies on
soil or plant-based zoning (Vaudour et al.,
2015). The contribution of climate to wine
quality is often studied through the lens of
vintage effects (e.g. Davis et al., 2019; van
Leeuwen et al., 2004). When climate’s role
in the terroir effect is evaluated, it is often
at a very large scale, and it was only from
the 20th century, with the advent of sen-
sors that automatically and affordably re-
cord climate data, that local scale studies
began (Bois, 2020; Quénol, 2014). Local (or
fine) scale here refers to climate variations
over a few tens of meters to a few tens of
kilometers (Oke, 1987). Studying climate
on such scales, referred to as topoclimatol-
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ogy means focusing on the climate at the
site level (from the Greek “topos” meaning
“place”). At this scale, substantial differ-
ences in temperature (de Rességuier et al.,
2020) or precipitation (Bois et al., 2020) are
observed. The consequences for phenol-
ogy, diseases, or climatic hazards causing
vine damage (frost, hail) can be significant
(Bois et al., 2011; de Rességuier et al., 2020;
Melyon-Delage et al., 2019). This commu-
nication reviews topoclimatic variability
within wine-growing terroirs. It describes
the geographical elements contributing to
this variability and recalls some method-
ological elements for assessing it.

Climate Elements and Their Local
Spatial Variability:

At the local scale, the role of topography
and land use is crucial for most climate el-
ements. However, for precipitation, these
geographical characteristics have little in-
fluence over just a few kilometers, unless
the relief variations are very pronounced.
Hereafter, the spatial variability at the lo-
cal scale of solar radiation, wind, tempera-
ture, relative humidity, and precipitation,
along with their consequences for viticul-
ture, is summarized.

Solar Radiation

At a large (macroclimatic) scale, incident
solar radiation depends on latitude, atmo-
spheric thickness, purity, and cloud cover
(Oke, 1987). Its spatial variability can be
reasonably estimated using simple astro-
nomical geometry equations and satellite
images to identify cloud cover over a loca-
tion (Rigollier et al., 2004). At a finer scale,
cloud cover is fairly homogeneous except
in specific cases (fog in plains or near the
sea, cloud cover due to orographic uplift,
as in California, Terjung et al., 1969), and
over distances of a few kilometers or tens
of kilometers, solar radiation measured on
flat terrain varies little (Huard, 2005). At
this scale, topography strongly controls
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the amount of solar radiation received.
Thus, using digital terrain models (DTMs),
it is easy to model solar radiation varia-
tions at a vineyard parcel.

InValtellina, amountainous wineregion
in northern Italy, the spatial variability of
simulated incident solar radiation (which
can vary by about 15% annually between
vineyard parcels) appears, combined with
altitude, as a factor significantly correlat-
ed with the spatial differences in vine phe-
nology and phenolic grape ripeness (Failla
et al., 2004). In South Tyrol, links between
an index based on incident solar radiation
(varying by 16% between the studied par-
cels due to relief) and grape sugar content
at ripeness have also been observed (Fer-
retti, 2021). Variations in incident solar ra-
diation have also been used as a key input
for modeling the water balance in the Rhe-
ingau region of Germany (Hofmann et al.,
2014). In this region, climate simulations
for the 21st century project significant dif-
ferences in vine water stress due to terrain
over short distances: from a few hundred
meters to a few kilometers (Hofmann et
al., 2022). These significant differences in
incident radiation and their consequenc-
es on parcel-level evapotranspiration, as
well as runoff, are elements contributing
to these simulated differences. An analy-
sis in Bordeaux relied on combining satel-
lite-estimated solar irradiance data with a
model of incident solar radiation based on
relief. It notably shows that although the
relief is not very pronounced in this wine
region, local differences in solar radiation
during grape maturation are around plus
or minus 13% relative to the average for the
Saint-Emilion and Cétes de Bourg produc-
tion areas (Bois et al., 2008).

Wind

The speed and direction of winds at the
local scale are largely influenced by to-
pography and large water bodies. Diur-
nal variations in wind direction are ob-



served: at night, mountain breezes form,
also known as “katabatic” winds, corre-
sponding to the flow of cold air. During
the day, a few hours after sunrise, valley
breezes (“anabatic” winds) are observed,
flowing from lower altitudes to higher al-
titudes. This phenomenon is not confined
to mountainous regions. In the Burgundy
wine region, where the topography is rel-
atively gentle, the average wind direction
during each hour of the day is very clearly
influenced by slope and valley breeze phe-
nomena (Madelin et al., 2014).

At the local or microclimatic scale,
wind is significantly affected by hedges
and buildings. The well-known “wind-
break” effect reduces wind speed down-
stream of a hedge or similar obstacle for
a distance of up to 10 times the height of
the obstacle, with the maximum -effect
occurring at a distance of 4 to 5 times the
obstacle’s height (Guyot, 1987; Oke, 1987).
In areas sheltered from the wind, tempera-
ture extremes are amplified. Since the air
circulates less, the temperature near the
ground is strongly linked to the soil’s ra-
diative balance: it heats up on sunny days
and cools down significantly during clear
nights (Guyot, 1987).

Temperature

Local variations in air temperature have
been extensively documented, particu-
larly in viticultural environments (Qué-
nol, 2014). Several studies report varia-
tions reaching 5 to 15°C on average over
multiple years across distances of several
hundred meters (Jones & Jones, 2016), ki-
lometers (de Rességuier et al., 2020), and
even tens of kilometers (Bois et al., 2018).
Local temperature differences depend on
the atmospheric adiabatic gradient, the
radiative balance at ground level, air ad-
vection, and the energy exchanges associ-
ated with latent heat and energy conduc-
tion at the ground level (Oke, 1987). These
factors vary significantly depending on

the topography: altitude, slope, the posi-
tion of valleys or ridges, and exposure to
solar radiation are all factors contribut-
ing to substantial local temperature dif-
ferences (Joly et al., 2012). Land use also
plays a crucial role in the energy balance at
ground level: higher temperatures in urban
areas, lower during the day in forested ar-
eas or near water bodies (Oke, 1987).

The impact of land use and relief on
the spatial variability of temperatures is
particularly pronounced in calm and dry
weather, especially during nighttime. Con-
versely, these differences are smoothed out
in overcast and windy conditions (Cantat,
2004; Le Roux et al., 2017).

Precipitation

At mesoscale level, differences of 200 to
400 mm during the growing season have
been reported over areas covering 80 to
200 km in regions of northern Spain (Blan-
co-Ward et al., 2015; Sanchez et al., 2019)
where relief is pronounced.

The spatial variability of precipitation
has hardly been studied at the local scale
in viticulture. In the Langhe wine region,
differences in precipitation of around 20%
have been reported between the villages of
Barolo and La Morra, which are a few Kki-
lometers apart (Mania et al., 2021). In the
Corton area (Burgundy, France), precipita-
tion differences over a few kilometers can
potentially lead to variations in vine wa-
ter status between flowering and veraison
that are sometimes as significant as those
observed at the regional scale (200 km
apart), and thus likely result in differenc-
es in grape quality and quantity produced
(Bois et al., 2020). However, the wettest
sectors vary from year to year and within
the growing season. These two examples
do not allow for a conclusion about the
fine-scale spatial variability of rainfall and
its impact for viticulture. Further scientif-
ic studies are needed to fill this knowledge
gap, which will enable better understand-
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ing of the optimal distribution of climate
stations for recording precipitation, thus
aiding in the management of vine water
status and phytosanitary pressure.

Humidity

For a given amount of water vapor con-
tained in the atmosphere, relative humid-
ity depends on air temperature. Therefore,
areas where cold air tends to accumulate

(wind-sheltered areas, topographical de-
pressions) tend to have higher humidity.
Proximity to water bodies (lakes, rivers,
seas) also leads to higher humidity (Oke,
1987), while urban areas tend to have low-
er humidity (Cuadrat et al., 2015). There is
a notable lack of literature on the study of
spatial variability in air humidity at the lo-
cal scale, which needs to be addressed.
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Figure 1. Local variations in solar radiation (SR), regional wind speed (WS), air temperature
(T) and relative humidity (RH), based on topography, water bodies, and vegetation during the
day (A) and at night (B). The vertical dotted lines mark several sites whose expected climatic
conditions are described in Table 1. Compilation based upon various literature, amongst

which Oke (1987) and Guyot (1987).
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Consequences of Relief and Land
Use on Spatial Variability of Climate

Elements:

Figure 1 presents the expected daily (Fig-
ure 1A) and nightly (Figure 1B) variations
in solar radiation (SR), relative humidity

(HR), regional wind speed (WS), and air
temperature (T) based on relief and land
use for 10 hypothetical sites. The local
variations of climate elements related to
relief and land use are discussed in Table 1.

Table 1. Description of observed spatial variations for each of the four climate elements at
the 10 sites indicated by lowercase letters in Figure 1. LR: Lapse rate, TI: thermal inversion,

FE: Foehn effect.

m Solar Radiation (SR) | Regional Wind Speed (WS) Temperature (T) Relative humidity (RH)

Low: north aspect Moderately low on the coast at | DAY: slightly low near the coast | DAY: high near the coast, high
night, stronger during the day | (sea breeze) and very low on the | halfway up the slope due to
(sea breeze). Increases due to relief (LR though reduced by FE, | condensation (FE)
airflow contraction encountering | low SR) NIGHT: high near the coast and
a the relief NIGHT: mild near the coast slightly lower towards inland
(thermal regulation) and halfway
up the slope (Tl ceiling). Low
inland down the hill (slope
breeze) and slightly low at the
top of the slope (LR)
b Medium: flat terrain | High: airflow contraction DAY: low (LR) DAY: moderate
NIGHT: low (LR) NIGHT: moderate
High: south-exposed | Low: airflow expansion DAY: moderate at the top of the | DAY: low (foehn effect with high
slope slope (LR compensated by high |SRandT)
C SR), high at mid slope (high SR) | NIGHT: moderately low (drained
NIGHT: low at the top of the soils)
slope (LR)
High: south-exposed | Low: airflow expansion and DAY: high (high SR and FE) DAY: very low (high SR and T)
slope turbulence NIGHT: high (heat stored in the | NIGHT: moderately low (drained
d soil and Tl ceiling) soils vs radiation storage during
the day)
Low: sheltered area Low: topographical depression | DAY: moderate (embedding, DAY: high (low SR, water
sheltered from nearby reliefs humidity) accumulation, low WS)
e NIGHT: low (cold air lake) NIGHT: very high (low T, low WS,
water accumulation)
Low: north aspect High: airflow contraction DAY: moderately low (low SR, air | DAY: moderate (low SR, low T,
mixing) drained soils)
f NIGHT: moderately high (Tl NIGHT: moderate to low (mixing,
ceiling and air mixing) drainage)
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Solar Radiation (SR)

Regional Wind Speed (WS)

Temperature (T)

Relative humidity (RH)

Very low in vegetation
shade

High: uplift due to hedge and
relief but low nearby the hedge
(turbulence)

DAY: moderately low (low SR, air
mixing, hedge shade)

NIGHT: moderately high
(radiative inputs from the hedge)

DAY: high near the hedge
NIGHT: high near the hedge

High near vegetation
(reflection) then
h | moderate (flat terrain)

Low: windbreak hedge

DAY: moderately high (low wind)
NIGHT: moderately high near the
hedge (radiative inputs), then
low (low wind)

DAY: moderately high (low WS,
hedge humidity)

NIGHT: moderately high (low WS,
hedge humidity)

Medium: flat terrain

Very low: minimum for a distance
of 4 times the height of the
hedge

DAY: high (very low wind)
NIGHT: low (very low wind)

DAY: moderate (high T, low WS)

NIGHT: moderately high (low T,
low WS)

Medium: flat terrain

Moderate: airflow deflection
(distance of 6 to 8 times the

DAY: moderately low (air mixing)
NIGHT: moderately high (air

DAY: low (moderate WS)
NIGHT: low (moderate WS)

height of the hedge)

mixing)

How to Analyze the Spatial Variability
of Climate in Viticulture at a Fine Scale:
The processes for analyzing the spatial
variables of climate are the subject of a
substantial number of scientific articles.
However, the applications are often dedi-
cated to climate spatialization at macro- or
meso-climatic scales (Bois, 2020). At these
scales, climate naturally varies more than
at fine scales simply because, in the broad-
er space, the probability of observing a
greater number of elements causing cli-
mate variability increases: it is more com-
mon to see variations of several hundred
meters in altitude across a continent than
over a small wine appellation area. Fur-
thermore, latitude, a determining factor
of climate variability across a country or
continent, does not contribute to climate
diversity at the local scale (between 1 and
50 km). Although there is no clear estab-
lished protocol for studying climate at the
local scale, numerous studies conducted in
recent years, focusing largely on air tem-
perature in viticulture, allow us to outline
the main lines of a study protocol for local
climate. Local climate spatial analysis can
be carried out by:
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e Numerical climate modeling
e Remote sensing
e Station measurements

Numerical climate modeling can be ex-
tremely simple (estimating local climate
variations based on relief, as in Irimia et
al., 2018) or can rely on atmospheric mod-
els or coupled models simulating weather
conditions at any point in space over a giv-
en time step, thus allowing the evaluation
of local climate variability (e.g. Sturman et
al., 2017).

Remote sensing allows for the produc-
tion of information at relatively fine scales
for certain parameters. Two widely used
examples are: the use of satellite images
to estimate solar radiation through cloud
cover measurement (Bois et al., 2008) and
the use of radar imaging to spatialize pre-
cipitation (Pauthier et al., 2016).

Station measurements do not provide ex-
haustive spatial information unless the
collected data are interpolated across the
studied space. However, they do allow for
precise evaluation of differences between
various measurement sites. If the condi-
tions for setting up the stations conform



to those used for calibrating agronomic
models, the data produced can directly
feed into these models for vineyard appli-
cations. Climate data measured at stations
can be estimated at any point in space. To
achieve this, one relies on so-called an-
cillary variables or environmental covari-
ates. These are generally known variables
at all points in space that describe the
environment and will be used to predict
the climate variable of interest: altitude,
slope, theoretical exposure to solar radia-
tion, landscape embedding, slope curva-
ture, vegetation index, surface tempera-
ture measured through remote sensing,
etc. These variables will calibrate spatial
interpolation models at the measurement
sites and project them to all other points
in space. Such spatial interpolation models
are typically regression-kriging (Bois et
al., 2018) or machine learning approaches
(Le Roux et al., 2017).

Conclusion

The instrumentation of the environment
and space, along with a better under-
standing of atmospheric physics, and the
increasing power of numerical computa-
tion and data storage offer datasets that
allow for climate analysis with increas-
ingly fine spatial resolution. Thus, recent
scientific literature regarding local climate
analysis is becoming denser and enables
the identification of knowledge elements
that outline a methodological framework
for documenting climate at the local scale
in viticulture. This is particularly the case
for air temperature, where a significant
number of studies now allow us to robust-
ly assess the role of this climate element in
wine terroirs. Conversely, the local spatial
variability of other climate elements such
as precipitation, wind, or air humidity and
their consequences in viticulture are still
poorly defined and quantified. Therefore,
it is essential to address these gaps to pro-
vide knowledge that will enable vineyard
operators to better adapt to local climatic
conditions, whose implications for viticul-
ture evolve in relation to climate change.
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ABSTRACT

This paper describes an international
study into the climate variability within
the Waipara region of Canterbury, New
Zealand and its importance to viticulture.
The complex terrain of the region results
in intricate patterns of climate variability,
which can create significant spatial vari-
ability in the optimal conditions needed
for high quality wine production. This
high spatial variability depends on climat-
ic conditions throughout the vine’s grow-
ing season, but also on the frequency and
intensity of extreme weather events. Such
is the case with spring frosts, which often
occur after vine budburst and represent
a major risk for winegrowers, potentially
resulting in significant yield losses. Wine-
growers require precise information at
the scale of their vineyards, which means
they need to improve their forecasting of
the areas most exposed to the risk of frost,
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based in particular on local topographical
features and atmospheric conditions. This
research uses an advanced approach to
map key climate parameters at high spatial
resolution during spring frost events by
applying a combination of field measure-
ment (climate and phenology) and climate
modelling techniques. This approach was
initiated during the spring of 2020, when
several frost episodes (e.g. 30 September,
2020 and 16 October, 2020) caused signif-
icant damage in New Zealand winegrow-
ing regions, particularly in the Waipara
region. The results have made it possible
to map precisely the spatial variability of
minimum temperatures identifying the
most frost-sensitive areas as a function of
atmospheric conditions. This information
can then be used to identify optimal loca-
tions for varieties having later budburst
in at-risk areas, or locations with reduced



frost risk. The outputs also provide a gen-
eral framework within which to evaluate
adaptation of viticulture to frost risk in
other vineyard regions of New Zealand and
elsewhere.

Introduction:

The Waipara region is a relatively new
wine-growing region, where the first vines
were planted in the early 1970s. It currently
has around 1,250 hectares of vines. Located
on the east coast of New Zealand’s South Is-
land, the Waipara wine region benefits from
a unique climate created by the topogra-
phy, which protects the vineyards from the
cool sea breezes that affect the Canterbury
region north of Christchurch. However, it
is still considered a cool climate, which is
reflected in the predominant grape variet-
ies grown here (mainly Pinot noir, Riesling
and Sauvignon blanc). In recent decades,
the increase in global temperature has been
favourable for this region, providing better
conditions for the grapes to ripen. How-
ever, this has also had an impact on the
growth characteristics of the vines, in par-
ticular with earlier budburst and a conse-
quent increase in the plant’s vulnerability
to spring frosts (Molitor et al. 2014; Sgubin
et al. 2018; Cukierman et al. 2024).

As most vineyards are regularly faced
with the risk of spring frost, they are
equipped with frost control systems such
as sprinklers, wind machines (fixed and
mobile), helicopters and heaters. In Sep-
tember 2020, southerly winds generated
a severe cold period lasting several days.
This was characterised by a perturbed
atmospheric situation with cloudy and
windy weather. On the night of 29 to 30
September 2020, the skies cleared and
the southerly wind dropped considerably,
causing arapid drop in temperature and se-
vere spring frosts. The vines suffered sig-
nificant damage as budburst was around
two weeks ahead of the normal time. The
intensity of the cold snap (down to -5°C)

severely reduced the effectiveness of the
frost protection systems. These spring
frosts had a significant impact, with yields
around 30% below average for all South Is-
land wine-growing regions (e.g., Marlbor-
ough, Waipara, and Central Otago).

A number of questions were raised fol-
lowing these events as vineyards that were
thought to be well protected sustained
significant damage due to the intensity
and duration of the frost (up to 8 hours
with a negative temperature). There was
also significant spatial variability of tem-
perature linked to local atmospheric con-
ditions. Based on this event, we aimed to
investigate how to improve simulation and
forecasting of frost at high temporal and
spatial resolution in the frostiest areas in
order to optimise the effectiveness of frost
protection systems.

Materials and methods:

An approach based on fine-scale climate
measurement and modelling has been im-
plemented in the Waipara wine region. The
complex terrain of the region creates intri-
cate patterns of climate variability, result-
ing in significant spatial disparity in tem-
perature fields during spring frost events.
In addition to the application of fine-scale
climate models, a network of meteorologi-
cal stations and temperature recorders was
used to study the effects of the complex
terrain on frost patterns in the region. Ob-
servations of the phenology of the vines (in
particular, budburst) were carried out on
several plots of Pinot noir near the climate
measurement points.

Two climate modelling approaches

were adopted in order to map the risk of
frost at high spatial resolution as a func-
tion of synoptic weather conditions and
their interaction with the terrain:
1. Numerical modelling using the Weather
Research and Forecasting (WRF) model
with a high temporal (hourly) and spatial
(1 km) resolution
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WREF is a regional climate model based on
the physical equations of the atmosphere,
which enables climate dynamics to be
transcribed as a function of surface con-
ditions (e.g. surface cover, topography,
etc.). Hourly modelling of various meteo-
rological parameters such as temperature,
atmospheric pressure, wind speed and di-
rection and relative humidity enables us to
study the influence of local atmospheric
conditions on the behaviour of air masses
during spring frost episodes in Septem-
ber and October (Sturman et al. 2017). The
hourly resolution of the simulations pro-
vides information on the spatial and tem-
poral variability of temperatures during
frost nights, such as the evolution of the
thermal inversion at different points in
the study area. WRF modelling was used
to estimate the spatial variability of spring
frost as a function of atmospheric condi-
tions. Simulations were carried out during
all frost episodes (<0°C) over the spring
seasons of 2016-2020 (Figure 1).

2. Geostatistical modelling with a spatial
resolution of 80 m

Geostatistical modelling is based on the
statistical relationship between tempera-
tures (recorded by sensors) and local fac-
tors (e.g. altitude, slope, exposure, etc.).
This approach requires the installation of
a network of measurements to both build
and validate the model. Spatial resolution
depends on the spacing of the measure-
ment network (Le Roux et al. 2017). In the
Waipara region, a network of meteorolog-
ical stations and temperature sensors has
been established within the vineyard area,
enabling minimum temperatures during
frost episodes to be mapped at a resolution
of 80 m (Figure 2; Morin et al. 2018). The
mapped temperatures enabled us to deter-
mine the areas with the lowest minimum
temperatures. Phenological observations
carried out during spring 2020 were used
to integrate the spatial variability of vine
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budbreak in order to assess areas of high-
est risk of frost damage.

The vineyards most vulnerable to
spring frost as a function of synoptic con-
ditions and the local characteristics of the
study site were mapped using these two
complementary approaches of fine-scale
numerical modelling and empirical analy-
sis of sensor data.

Results and discussion:

The WRF modelling revealed different ‘pat-
terns’ of spatial variability in the risk of
frost depending on the atmospheric con-
ditions specific to each frost event. Figure
1 provides a summary of the spatial vari-
ability in the number of spring frost events
over the period 2016-2020. The WRF sim-
ulations indicate that the highest number
of events (10-15 episodes per season with
temperatures below 0°C) occurred in the
northeastern area and also on the flat val-
ley floor and terraces of the Waipara re-
gion, while the sectors with steeper slopes
or strong exposure to local katabatic winds
had fewer than 5-7 frost nights.

The influence of topography on the geo-
statistically mapped spatial distribution of
minimum temperatures on the night of 30
September 2020' showed that the flat ar-
eas recorded minimum temperatures up to
2°C lower than on the sloping areas, even
though they were only a few tens of me-
tres apart (Figure 2). It should be pointed
out that the highest temperatures (around
0°C) correspond to the highest slopes of
the vineyard region, which are logically
the least exposed to frost. The high spatial
variability of damage occurred as a result
of local factors and the timing of budburst.
Observations of Pinot noir budburst in
the spring of 2020 showed a difference of
around one week between the coldest ar-

1 Temperature sensors are located far enough away
from frost protection systems to limit their direct in-
fluence during frost events.



eas (the valley floor) and the warmest ar-  encing -5°C on the Waipara valley bottom)
eas (plots on the hillslopes). Consequently,  but on the terraces and slopes (t_, =-3°C)

the plots with the worst damage were not =~ where budburst was earliest.
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Figure 1. WRF numerical modelling of the number of spring ground frost events
(September/October) mapped at 1 km resolution over the period 2016-2020 in the Waipara
region. The red line indicates the approximate boundary of the vineyard area.
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Figure 2. Geostatistical modelling at 80 m resolution of the minimum temperature in
Waipara Region during the spring frost night of 30 September 2020.
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Conclusion:

Our integrated approach to fine-scale cli-
mate analysis and modelling have demon-
strated consistent a spatial pattern of frost
occurrence over a five-year period that
is affected by the local complex terrain.
Temporal variability of the risk of frost has
also been identified under different syn-
optic conditions. Our results highlight that
a deeper understanding of the complexity
of the local climate is essential for better
forecasting of frost risk and for making
decisions about frost control operations.

Further work is needed to improve our un-
derstanding for the impacts of frost risk
on vine development, including investi-
gating the relationship between budburst
date and frost date and its likely change
over time as global warming continues. By
combining budburst models with our fine
scale-climate modelling, we will be able to
further evaluate the spatio-temporal vari-
ability of the risk of spring frost for differ-
ent grapevine varieties.
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ABSTRACT

The stable isotopic composition of carbon
(3*3C) and oxygen (8'®0) in wine was first
used to detect adulteration. Due to their
relationship with climatic parameters (i.e.
temperature and water stress), these sta-
ble isotopes can also be used as a proxy
for the climatic conditions during the rip-
ening period, impacting the maturity level
of the grapes. Because aroma compounds
in red wine, especially those related to ar-
omatic ripeness, depend on climatic con-
ditions during the ripening period, stable
isotopes can potentially be used to explore
these relationships in bottled wines. In
this study we compared the isotopic com-
position of 260 red wines (Vitis vinifera
var. Merlot and Cabernet-Sauvignon) from
different countries, locations and vintag-
es (1990 to 2016): France (Bordeaux), Ita-
ly (Tuscany), Switzerland (Valais, Tessin),

USA (Napa Valley, Virginia) and Chile
(Maipo Valley). As expected, strong dif-
ferences were observed according to the
country and the vintage but, more surpris-
ingly, also substantial differences were re-
corded between estates located at limited
distances (~5 km), especially for 50 val-
ues. For non-irrigated vineyards, §'*C and
5'80-values were correlated. Analyses of
the aroma compound composition of red
wines from the Napa Valley, produced un-
der high temperatures, were carried out.
Wines were also submitted to a panel for
sensory analyses. These analyses revealed
the wide spectrum of aroma balance in
the 2000-2016 range, from bell pepper to
cooked plum and dried figs linked, among
others, with the concentration level of
3-isobutyl-2-methoxypyrazine (IBMP, bell
pepper) and y-nonalactone (cooked peach-
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es). Finally, based on this large data set, we
evidenced for red wines produced in the
Napa Valley (warm climate) a §*0-value
threshold beyond which the concentration
of y-nonalactone (cooked peaches) is sig-
nificantly higher.

Introduction
One of the main characteristics of famous
red wines is their aromatic complexity,
for which connoisseurs recognize many
nuances, from herbaceous to fruity, rem-
iniscent of green pepper, blackcurrant,
blackberry, prune and figs. The aromatic
expression of these wines is closely linked
with the maturity level of the grapes as
well as the grape variety, soil type and cli-
matic conditions, i.e. the terroir (van Leeu-
wen et al., 2022). For example, overriding
aromas of dried or cooked fruits, reminis-
cent of dried prune, fig or cooked peach,
are characteristic of “extreme” vintages
marked by very high temperatures. In Bor-
deaux, 2003 is a good example of this type
of vintage. In general, these nuances are
found in wines when grapes are harvested
overripe, and most of the time owing to a
delay in the harvesting date, as a result of a
warm and dry late season. Molecular mark-
ers of these nuances have been identified
and belong to several chemical families in-
cluding lactones, furanones and carbonyls
(Allamy et al., 2018). Among them, y-nona-
lactone (coconut, cooked peach) is a good
marker of grape ripeness (for Merlot and
Cabernet-Sauvignon), as it is found at high
levels in young and old red wines made
from overripe grapes (Allamy et al., 2023).
In this sense, the terroir effect is mul-
tifactorial. For this reason, knowledge
of integrative analytical parameters can
help the winemakers and winegrowers
to improve the quality of the vineyard
management and the knowledge of wine
composition. For many years, the scien-
tific community has investigated the link
between the stable isotopic signature of
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wine, as a proxy of past climatic condi-
tions, the vine physiology and wine com-
position. In other words, how the analyses
of mature bottles can teach us valuable
information about past climate conditions
and its effect on wine composition and its
aging potential?

Stable isotopes ratios of wine constit-
uents are expressed as $'*C-values mea-
sured on grape must or wine ethanol and
5'80-values of water. These ratios are in-
dicative of the climatic conditions during
the grape ripening period. The '*C-value
of grape must or wine ethanol is related
to vine water status and therefore char-
acterize vineyards for their soil capacity
to provide water to grapevines or on the
amount of supplementary irrigation ap-
plied (Christoph et al., 2015).

According to several studies on oxygen
isotopic distribution in wines, its compo-
sition is modulated by several parameters
linked with water losses through the sto-
mata or through the grape skin. The level
of enrichment may differ between years,
but also between regions and is mainly in-
fluenced by isotopic content of air humid-
ity and by climatic conditions and other
factors of the geographic site (source of
water, temperature and relative humidity).
Moreover, the 5120 of grape water is affect-
ed by precipitations during the final devel-
opment of the grape, with a relatively rapid
response, due to stable isotope exchange
with water vapor (West et al., 2007). High
extreme daily temperatures and average
relative humidity produce high transpira-
tion rates which, in turn, result in water
enriched in heavy isotopes (Ingraham et
al., 1999). According to Perini et al. (2015),
withering of grapes on the plant and
due to the relatively high temperature in
Southern Italy, kinetic evapotranspiration
induces an increase in the 5'®0-value.

Some studies related links between the
isotopic signature of the wine, the ripen-
ing conditions of the grapes and the aro-



ma compound composition of the wine.
Whereas the impact of terroir on the aroma
balance has been reviewed by van Leeu-
wen et al. (2022), the link between stable
isotopes and aroma compound composi-
tion in wine has received little attention in
the literature (Picard et al., 2017).

This work aimed at studying the dis-
tribution of §C and §'0-values based
on the analysis of 260 mature Merlot and
Cabernet-Sauvignon wine samples (1990
to 2016) from five different countries. In
a second step, we propose to investigate
more precisely the relationship between
the 5'®0-value of Napa Valley wines and
the distribution of aroma compounds with
a focus on y-nonalactone, 3-sufanylhex-
an-1-ol and IBMP. This analytical evalua-
tion was compared to the sensory analysis
of the wines.

Materials and methods

Red wines were from several wineries (W)
located in different countries made mainly
with Merlot (M) and Cabernet-Sauvignon
(CS) grapes from multiple vintages (Table
1). Intotal, 260 samples were analyzed. The
selection of wines was based on the repu-
tation of the estates, representing some of
the best producers of each appellation. For
that reason, according to the appellation
and the vintage, retail prices ranged from
30 to more than 1000 €/bottle and wines
were kindly provided by each of the win-
eries involved in this project. Due to the
difficulty to find old vintages for some of
the wineries, the number of bottles ana-
lyzed per vintage was quite different, from
3 samples for the 2003 to 13 for the 2007
vintage in Bordeaux. In addition, despite
the fact that the group “country” was not
homogenous, we tried to include vintages
corresponding to cool and wet or on the
contrary warm and dry conditions in order
to be able to cover a large range of climatic
conditions during the maturation and the
period close to the harvest.

For each sample, two isotopic ratios, i.e.
13C/12C (expressed as $'°C) and *20/*°0O of
water (expressed as 5'%0) were measured
using isotope ratio mass spectrometry
(IRMS) according to (Guyon et al., 2015).

As acomplement of this study, an estate
from the Napa Valley (W3) was studied in
more details. For each bottle, (R/S)-y-non-
alactone (cooked peach) was quantified
by SPME-GC-MS, whereas 3-sufanylhex-
anol (passion fruit) and IBMP (bell pep-
per) were quantified by SPE-GC-MS/MS
and SPME-GC-MS, respectively. The wines
were sensory evaluated by an expert panel
(n=10) to evaluate the intensity of several
descriptors such as fresh fruit (strawberry,
raspberry), cooked fruit (prune, dried fig),
vegetative (bell pepper) and oxidation lev-
el on a 0to 10 linear scale.
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Table 1. Presentation of the selection of red wines from different countries and vintages
for isotope and aroma compound analysis.

Location/ _ . .
Country Appellation Irrigation | Variety' | Estates | Vintage range
Valai N M 1 2009-2015 1
Switzerland / aais 1
Tessin N M 1 2003-2015 6
W1 | Rutherford Y M 1 2004-2013 10
USA W2 | Rutherford Y cs 1 2000-2016 | 16
(Napa Valley) - 58
W3 | Oakville Y GS 1 2001-2015 15
W4 | Yountville N CS 1 2000-2016 11
USA (Virginia) / / Y GS 1 2008-2016 9 9
Pomerol N M 4 1999-2014 14
Saint-Julien N CS 1 2007-2013 1
France SaintEmilion | N T 4 | 19902013 | 16
(Bordeaux) / 146
Pauillac N CS 4 1990-2014 19
Pessac-Leognan N M 1 1990-2007 12
Margaux N M 2 1995-2016 19
Italy / Tuscany Y GS 1 2000-2016 11 11
Chile / Maipo Valley Y GS 1 2000-2016 11 11

"main variety, at least 65 % in the final blend. N.v.: number of vintages per estate. N = no; Y = yes.

Results and discussion

First, the overall distribution of §®0 and
513C values were compared for red wines
collected from different countries (Table 1).
According to Camin et al. (2015), the grape
variety effect found on §*®0 values in stud-
les is normally a consequence of differenc-
es in the ripening period or harvest data or
can be confused by different climates in
the area of origin. For that reason, the data
from the two grape varieties (Merlot and
Cabernet-Sauvignon) were blended. As de-
picted in Figure 2, significant location ef-
fect was observed for §%0 (Anova, F = 94.9,
p<0.001) and 5**C (Anova, F=46.8, p<0.001).
Based on our selection, we showed that red
wines from Napa Valley have significant-
ly higher §*30 values (p<0.001) than those
from other regions whereas red wines from
Bordeaux region have $'°C values signifi-
cantly higher (p<0.001) compared to rest of
the selection.
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Regarding the §**C isotopic signature, it
means that the water supply was different
according to the vineyards, except in Chile
where the irrigation protocol was more re-
strictive than that of other vineyards. The
widest range of isotope distribution was
obtained for Bordeaux wines: -0.47 < %0 <
6.4 %o and -28.1 < 5'3C < -24.4 %o. This dis-
tribution illustrates the significant impact
of the climatic conditions (including the
temperature and water status) according
to the vintage for both isotopes (p<0.001).
According to the wine, highest average
d'80-values (> 4 %o) were obtained for the
1990, 2003, 2005 and 2009 vintages, known
to be generally warm and dry (Figure 1).
This distribution was consistent with that
found in European wines (Christoph et al.,
2015). In comparison, the lowest §*0-val-
ue in Napa Valley was 3.52 %o for the 2011
(cold vintage in Napa) and was close to the



average value in Bordeaux of 3.09 %o (for
the 1990-2016 period).

For Bordeaux wines, we showed that
the linear correlation between the two iso-
topes was positive and low, but significant
(r = 0.364, p<0.001, n=146). The correlation
coefficient was higher for red wines from

Switzerland (r = 0.658, p<0.05, n=13), while
for irrigated vineyards these parameters
were not correlated. Such results are con-
sistent with the fact that warm and dry cli-
matic conditions induce high water deficit
and at the same time, high evapotranspi-
ration.
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Figure 1 : Classification of vintages in Bordeaux (from 1955 to 2020) according to the climatic
conditions (van Leeuwen et al., 2023). Specific warm vintages were underlined in red.

Based on our large dataset, we focused on
three wineries located on the right bank of
the Dordogne river (Pomerol, Saint-Emil-
ion) and three on the left bank of the Ga-
ronne river (Pauillac, Pessac-Leognan)
producing high quality red wines from the
same vintage (12 vintages between 1990
and 2007). 880 and §'*C-values were as-
sayed for each vintage and were highly and
significantly correlated between estate ac-
cording to their location and appellation,
with R? ranging from 0.698 (5'®0, Pauillac
vs. Pessac-Leognan) to 0.946 (580, Pauillac
vs. Pauillac). According to the localization
of the estate and the vintage, §*0-value
were quite different; for example, ranged

from 2.67 %o in Saint-Emilion (limestone
plateau) to 6.43 %. in Pomerol in 1990 or
from 2.73 %o to 5.0 %o in 2005. These re-
sults are consistent with results from de
Rességuier et al. (2020), who showed lower
maximum temperatures in the plateau of
Saint-Emilion compared to Pomerol. Sim-
ilar observations were made regarding the
d13C-distribution values, which reflect the
impact of the soil water holding capacity
on vine water status.
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Figure 3. A. Box plot of y-nonalactone distribution detected in the four Napa Valley red wine
estates (2004 to 2013, n=10). B. y-nonalactone distribution for the same red wine selection
according to the $*0-values.

The threshold value was 6 %o. The horizontal line represents the mediane of the distribution. Box plot indicates 25, 50 and 75th percentiles. Each
point corresponds to outliers. Differences between groups were evaluated by an Anova (post hoc Student test).
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The last part of the discussion focuses on
the link between §*0-values and the con-
centration of aroma compounds with a
particular interest with y-nonalactone, an
aroma chemical marker of late harvest or
grapes overipening, quantified in old red
wines from Napa Valley (W1 to W4, Figure
3). We demonstrated that this lactone is
found at high level (up to 67 pug/L) in red
wines made with grapes grown in warm
climates. Although there is no significant
correlation with §'®0 values (not shown),
we show that beyond a threshold estimat-
ed at 6 %o, y-nonalactone was detected at
significantly higher levels. According to
West et al. (2007), grape water isotopic
ratio should primarily reflect the evapo-
rative conditions of the grape water prior
to harvest. Therefore, the isotopic “sig-
nature” corresponding to the evaporative
conditions experienced by the grape seem
to be associated with the formation of this
lactone in wine corresponding to the bio-
transformation of precursors produced
due to an oxidative cascade in the berry
(Allamy et al., 2023).

Additional analytical parameters such
as 3-SH and IBMP were determined in red
wines from W3. A significant vintage ef-
fect on their concentrations was shown,

with for example highest IBMP levels (18.4
ng/L) for 2011, known to be wet and cold
during the maturation stage in Napa (re-
sults not shown). Such distribution was
consistent with the sensory balance of the
red wines (bell pepper vs. cooked fruit).

Conclusion

In this study we compared the isotopic
composition (8'°C and 5'®0-values) of 260
red wines (Vitis vinifera var. Merlot and
Cabernet-Sauvignon) from different coun-
tries, locations and vintages (1990 to 2016).
Additional aroma compound analysis was
also carried out on a smaller data set. We
demonstrated that the vintage effect was
very strong for these analytical parameters
with respect to specific temperature levels
and vine water status conditions. The effect
of average temperature or maximum tem-
perature as well as the impact, occurrence
and duration of heat waves just before the
harvest need to be deeper investigated in
light of these findings. Furthermore, this
work demonstrated that isotopic analysis
of old red wines can provide a retrospective
picture of the temperatures and the physi-
ology of the vine and the grapes during the
ripening period, with implications on the
aroma balance of the wine.
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ABSTRACT

Climate change is a major threat to vi-
gnerons in key wine-producing regions.
In Australia, a country that is on average
warmer and drier than other wine-pro-
ducing countries, all wine regions are pro-
jected to become even warmer and drier in
coming decades. The aim of this study is
to review how best to estimate the poten-
tial impact that climate change could have
on wine grape yields and prices, and ap-
ply that to Australia. We use a novel panel
dataset to estimate the impact of weather
shocks on wine grape yields and prices in
Australia, and then use those estimates to
quantify the potential impact of climate
change projections on those outputs. Pre-
liminary results suggest wine grape yields
are expected to decrease as all regions
become warmer and drier, and despite a
lower incidence of frosts. Further, wine-
grape quality is expected to decrease due
to higher temperatures. These results sug-
gest that for maintaining wine styles, Aus-
tralian wine growers may need to grow va-
rieties that perform better in warmer and

drier climates, and/or to plant their vine-
yards in cooler-climate regions, such as at
higher elevations or latitudes, or closer to
coastlines. We discuss ways to deal with
three key challenges when applying cli-
mate econometrics to wine: 1- choosing
appropriate weather variables and func-
tional forms; 2- modelling outputs as stat-
ic or dynamic processes; and 3- appropri-
ately accounting for adaptation and the
impact of the intensification of climatic
events.
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ABSTRACT

Valle d'Itria, an internal hilly area of Apulia
region, is an important touristic destination
famous for the typical stone house called
Trulli, and several very attractive historical
city centres. The valley, also known and vo-
cated for the production of white wines with
PDO and PGI denominations obtained from
native and unique varieties, is characterised
by a high fractionation of agricultural land
that in the last 50 years, with the ageing of
farmers, the impossibility of mechanising
the vineyards and the increase of planting
costs, suffered a dramatic loss of area under
vines with a profound change in the agricul-
tural landscape. The recent phytosanitary
emergency of the xylella epidemic affecting
olives in the area and the evident negative
effects of climate change on the vineyards
required an urgent strategic project for the
future. The ambitious 3-years pilot project
"RELAUNCHING OF VINE GROWING IN VAL-
LE D'ITRIA - Viticultural zoning and devel-
opment of tools for sustainability, valorisa-
tion of territorial resources and mitigation of
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the effects of climate change", funded by the
Puglia government for 3 years, will be imple-
mented by 5 partnersleaded by CNR through
seven priority actions. The project, through
a participatory approach open to the in-
volvement of multiple territorial stakehold-
ers, aims to achieve important innovative
results: the first viticultural meso-zoning of
the area according to the official OIV proce-
dures; a new development strategy based on
a SWOT analysis and the synergy among vi-
ticulture-tourism-landscape-environment;
the creation of a widespread infrastructure
with gemels experimental vineyards plant-
ed by farmers in all the homogeneous zones
identified; the starting of a breeding pro-
gram to obtain resistant germplasm from
autochthonous grapevine cvs; the exper-
imental evaluation of adaptation systems
to reduce the impacts of climate change on
grape quality; the valorisation of local ger-
mplasm through the development of com-
munication tools to promote local foods and
wines and to attract new investments.
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ABSTRACT

Climate change is a phenomenon that has
profound implications for agriculture,
particularly in viticulture, where tempera-
ture plays a critical role in the growth and
development of grapevines. The climatic
characteristics of Mendoza are conducive
to producing high-quality wines; how-
ever, the effects of XXI century climate
change will negatively impact. The objec-
tives of this project were to evaluate the
effect of increased temperature on phe-
nology, physiological variables and yield
of Malbec, Bonarda and Syrah cultivars.
A field trial was conducted over two sea-
sons: 2019-2020 and 2020-2021 in an ex-
perimental vineyard where an active can-
opy heating system was installed (+2-4°C
(HT)). During the two seasons, budburst,
flowering, fruit set, veraison, and harvest
dates were recorded. Shoot growth (SG),
number of shoots (NS), stomatal conduc-
tance (gs), chlorophyll content (CC), chlo-
rophyll fluorescence (CF), and predawn
and midday water potential (ya) were
measured. Temperature, relative humidi-
ty and light intensity were recorded with

a digital meteorological station located in
the vineyard, and canopy temperature was
registered with I-buttons. Furthermore,
Ravaz index, fruit set, number of clusters/
plant, cluster-weight, N° of berries/clus-
ter, berry weight, fruit yield, pH and °Brix
were recorded. HT advanced the pheno-
logical phases of the three cultivars. in
terms of budburst, flowering, fruit set, ve-
raison, and harvest by around two weeks
in both growing seasons. SG and NS in-
creased with HT. Conversely, over the two
seasons, gs decreased with the treatment
in the hottest months, as did the predawn
and midday water potential, while CC and
CF did not change with the treatments ap-
plied. During both growing seasons a de-
crease in yield, acidity, and an increase in
°Brix were observed with the treatment.
Increasing temperature due to climate
change advances the phenological phases
of Malbec, Syrah and Bonarda, resulting in
lower yields, higher °Brix and lower acidi-
ty, although it does not substantially mod-
ify the measured physiological variables.
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ABSTRACT

The environmental sustainability of viti-
culture is heavily influenced by regional
variations in climate, soil type, and water
availability. An adequate strategy to im-
prove sustainability of the wine industry
must start with an accurate and objective
quantification of its sustainability perfor-
mance. Life Cycle Assessment (LCA) is a
widely accepted tool for this. Conducting
LCA is highly context-specific, labor-in-
tensive, and require expertise of the LCA
methodology. Therefore, it is not yet a
hands-on tool to assess sustainability of
production processes for many wineries.
Simplifying LCA models could increase its
use as a management and decision tool in
the wine industry. Simplified models must
consider specific regional aspects and in-
dividual management decisions but re-
quire just a few specific key parameters
to obtain representative results. For the
remaining input data, which is needed to
build models with high predictive power,
fixed generic data can be used. This study
aimed to develop simplified, region-specif-
ic LCA models tailored to both cold-climate
and warm-climate viticultural regions, in-
cluding variations due to organic and con-
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ventional practices in these distinct envi-
ronments. Indicators and methods defined
in the Product Environmental Footprint
Standard of the EU were used. Germany
and California were chosen as representa-
tive regions, respectively for cold-climate
and warm-climate. These regions were
chosen for their significant contributions
to global wine production and their dis-
tinct environmental conditions. Average
input data for vineyard management and
its probabilistic distribution was collected
from literature and expert interviews from
research and practice. The resulting in-
ventory was analyzed in Brightway2 using
Monte Carlo simulation and global sensi-
tivity analysis to establish a parametrized
inventory. By providing a detailed compar-
ison of the different impact factors, this
research aims to offer actionable insights
for viticulturists and policymakers to pro-
mote region-specific sustainable practices
in the wine industry, ultimately contribut-
ing to the global effort of reducing the en-
vironmental impact of viticulture.
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ABSTRACT

This study focuses on the zoning of the
Prosecco DOC area to evaluate specific ter-
ritorial features through the mapping of
climatic indices and soil characteristics,
aiming to address climate change chal-
lenges. The research involved calculating
climatic indices and applying them to the
identification of 20 vineyards across the
DOC territory. Yield and quality parame-
ters, including titratable acidity and malic
acid, were measured to assess the impact
of zoning. The results indicated that zon-
ing provided a valuable perspective on the
variation of key quality parameters, par-
ticularly titratable acidity and malic acid,
across different zones. These findings un-
derscore the significant influence of local-
ized climatic and soil conditions on grape
quality. The zoning approach demonstrat-
ed its utility in managing extensive vine-
yard areas, offering a sustainable strategy
to optimize vineyard practices in response
to climate change. In conclusion, zoning
within the Prosecco DOC region is an ef-
fective tool for enhancing plant health and
vineyard productivity. By offering detailed
insights into environmental variability,

zoning supports a sustainable approach
to viticulture, equipping winegrowers to
meet future challenges. This study con-
firms that zoning is an essential strategy
for maintaining the quality and sustain-
ability of Prosecco DOC wines in the face
of climate change.

Introduction:

To enhance the capabilities of winegrow-
ers to effectively face the challenges posed
by climate change and fluctuating market
demands, a climate risk zoning is crucial
especially in vast and diverse areas like
Prosecco DOC. As climate patterns shift
and market preferences evolve, the tradi-
tional approaches to viticulture must be
re-evaluated and adapted. A zoning strat-
egy that incorporates detailed mapping
of soil types, climate conditions, and es-
pecially water risk susceptibility offers an
innovative and efficient pathway toward a
sustainable future in winemaking. Viticul-
tural zoning involves categorizing regions
based on their unique environmental char-
acteristics and their influence on grape
production. For an extensive and var-
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ied appellation like Prosecco DOC, which
spans different altitudes, soil composi-
tions, and microclimates, zoning is par-
ticularly important (Galletto et al., 2020).
This approach enables winegrowers to un-
derstand the specific strengths and weak-
nesses of their vineyards, facilitating more
informed decisions regarding cultivation
practices, grape selection, and resource
management. Climate change presents
one of the most significant threats to vi-
ticulture worldwide. Increasing tempera-
tures, altered precipitation patterns, and
extreme weather events can drastically
affect grape quality and yield (Jones et al.,
2022). By zoning the Prosecco DOC region,
winegrowers can identify areas that are
more resilient to these changes and those
that are more vulnerable. This knowledge
allows for the implementation of targeted
strategies such as selecting drought-re-
sistant grape varieties, optimizing irriga-
tion systems, and adjusting canopy man-
agement practices to mitigate heat stress.
For instance, vineyards in higher altitude
zones may benefit from cooler tempera-
tures that offset the rising heat, while low-
er altitude areas might require enhanced
irrigation to cope with increased evapo-
transpiration. Understanding these zonal
differences is essential for maintaining the
quality and consistency of Prosecco DOC
wines in the face of a changing climate. In
addition to environmental challenges, the
wine market is increasingly competitive,
with consumers demanding higher quality
and more sustainable production practic-
es. Zoning supports market competitive-
ness by enabling winegrowers to optimize
their production processes and improve
wine quality (Dominici et al., 2024). By
tailoring vineyard management to the
specific conditions of each zone, growers
can produce grapes that best express the
terroir, leading to wines with distinctive
and desirable characteristics. Moreover,
zoning can help in branding and market-
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ing efforts. Wines from specific zones can
be marketed for their unique qualities,
such as the mineral complexity of wines
from karst soil regions or the vibrant acid-
ity of grapes from cooler, higher altitude
areas. This differentiation can appeal to
consumers seeking unique and high-qual-
ity wines, thereby enhancing the market
position of Prosecco DOC. The zoning of
the Prosecco DOC region based on soil,
climate, and water risk susceptibility is a
forward-thinking strategy that aligns with
the principles of sustainable agriculture. It
promotes efficient resource use, enhances
resilience to climate change, and supports
the production of high-quality wines that
meet market demands.

Materials and methods:

This project focuses on the extensive DOC
Prosecco area, which spans 28,100 hect-
ares across the Veneto and Friuli Venezia
Giulia regions, encompassing 9 provinces
with a wide variety of soils and meteoro-
logical conditions. The project specifically
targets the Glera variety, the primary grape
used to produce Prosecco with Denomina-
tion of Controlled Origin (DOC) status.

1. Map Creation

The zoning project began with the identi-
fication of key variables essential for de-
fining the characteristics of the territory.
The initial phase focused on selecting the
key variables and divide them into “risk”
classes:

e Seasonal Precipitation: Evaluated from
March to September, it was ranked in four
classes of 200 mm span, from a minimum
of less than 500 mm to over 900 mm.

e Available Water Capacity (AWC): indi-
cating soil's capacity to retain water and
supply it to plants during the dry season,
was ranked in four classes of 50 mm span,
from a minimum of less than 80 mm to over
180 mm.



e Huglin Index: Used to assess thermal
levels and their impact on grape quality,
was ranked in four classes with a span of
200, from a minimum of less than 2200 to
over 2600.

The selected variables were combined to
create aggregated "risk" classes. The AWC
was combined with precipitation levels
in a new variable (P_AWC), ranked in five
classes based on drought risk and poten-
tial water reserves, which are correlated
with precipitation and represents decreas-
ing levels of water stress risk. In this con-

text, vineyards located in areas with lower
P and AWC classes are more susceptible to
water stress due to prolonged drought pe-
riods and limited soil water reserves, po-
tentially requiring irrigation support.
Water stress risk was integrated with
thermal risk by considering that a Huglin
Index below 2200 can still be beneficial
for grape quality, despite potential plant
water stress. Above this threshold, higher
Huglin Index values increase the potential
risk to both grape quality and overall plant
health due to water stress. The final zoning
classification results as follows:

Table1. Final classification of vineyard zones based on combined risk factors of water stress

and thermal stress (Huglin Index).

1 2 3

2
3
4

4

This classification identifies areas requir-
ing varying levels of irrigation support and
management strategies to maintain grape
quality and plant health:

Class 1: Zone with high Huglin Index and
low P_AWC, indicating a significant need
for irrigation due to both low water re-
serves and high temperatures.

Class 2: Zone with medium-low P_AWC and
high temperatures, indicating a high risk of
water stress, potentially requiring supple-
mental irrigation during certain periods.
Class 3: Zone with a balance of medium P_
AWC and temperatures, presenting a low
to moderate risk of water stress, with po-

tential risk only during specific periods or
with a high Huglin Index.

Class 4: Zone with minimal water stress
risk due to moderate to high water supply
and non-elevated Huglin Index.

Class 5: Zone with no water stress risk,
abundant water supply, and optimal Hug-
lin Index.

The map in Figure 1 is the result.
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Figure 1 The five identified classes, represented by their respective colours,

indicate varying levels of water stress tolerance.

The geographical zones are categorized as follows: Zone 1 Euganean and Berici Hills, Zone 2 Gravel Plain, Zone 3 Loose Clay Soil Plain,

Zone 4 Foothill Area, Zone 5: Pre-Alps.

2. Vineyards management

The map is clear in its delineation of the
various zones, each reflecting a specif-
ic geographical feature. Recently, an ad-
ditional zone, Zone 3T, representing the
province of Trieste, has been added. This
zone has been created to distinguish its
anthropic characteristics, which are so
distinctive as to require a subdivision
within Zone 3 to preserve its unique fea-
tures. In light of the aforementioned con-
siderations, a total of 20 vines were select-
ed for the experimental design. In each
vineyard, an experimental plot was iden-
tified with identical management of the
agronomic practices for all the resulting
plots. The farmers were responsible for
the nutrition, irrigation and pest manage-
ment of the vines. During the winter prun-
ing, the buds were equally regulated in
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order to moderate the variability and ho-
mogenise the production, thereby reduc-
ing the effects of unequal management.
Green pruning was then performed in the
middle of spring, and finally, the harvest
was conducted on 5 vines per three repli-
cates within the experimental plots. Grape
harvest occurred when the grapes reached
technological maturity, which is defined
as having a total soluble solids (TSS) con-
tent of at least 14 Babo (approximately 17
Brix (Benucci et al., 2022)). Yield per vine
and average cluster weight were measured
with a hanging scale from CH, Kern, Ger-
many. Cluster weight was determined by
dividing the amount of fruit produced per
vine by the total number of clusters col-
lected.



2.1 Statistical analysis

XLSTAT 2023, version 2023 1.4 from Lu-
mivero (2024) statistical and data analysis
solution (Paris, France), was used for Sta-
tistical analysis, specifically for Analysis
of Variance with Tukey Post Hoc Test and
significance set at p values of 0.05. Sigma-
plot 14.2 (Sigmaplot, 2023, Grafiti, Califor-
nia, U.S.A.) was utilized for creating graphs
and charts.

Results

The harvest was conducted at 14 Babo. In
Table 2 the yield parameter results high-
light a notable trend: the Trieste area is

significantly less productive compared to
other regions, with the exception of the
Pre-Alps. The two-year average yield in
these areas was adversely affected by the
severe impact of powdery mildew in Tri-
este and downy mildew in the Pre-Alps
(Gessler et al., 2011; Rienth et al., 2021).
In contrast, the other regions performed
consistently with the planned bud load,
showing significantly higher fertility in
the plains compared to the hilly areas,
which produced slightly less, this is con-
sistent with common situations in hilly ar-
eas due to low fertility and better drained
soil (“Ode to the Hills,”).

Table 2. Statistical analysis of quantitative data by zone. A Tukey Post Hoc was conducted
following Analysis of Variance with n=5 (p<0.05). ABW stands for average bunch weight.
Current fertility is the quantity of clusters produced per bud remaining after winter pruning.

Bunches (n°) |Yield per vine (kg)| ABW (kg) |Actual fertility
1| paneanand| 26 6,1 be 0.23h 11ab
2 | Gravel Plain 24 29 ab 91a 0,33a 12a
3 | Clay Plain 25 3Ha 106a 031a 14a
3T | Trieste 21 16 cd 3,4 cd 0,20 b 0,8 be
4 | Foothill 24 25 be 6,0¢c 0,24 b 1,0 ab
5 | Pre-Alps 24 12d 1,1d 0,15b 05¢c
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Figure 2. The figure shows box plots for each zone representing the parameters of pH, titratable
acidity, and malic acid. The values represent means with standard deviation as the whiskers of
the boxes. The graphs depict the results of a one-way analysis of variance (ANOVA) with Tukey's
Post Hoc Test (p<0.05). Each replicate consists of a minimum of 5 samples.
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As shown in Figure 2, the key results for
the quality parameters in Glera, the prima-
ry variety used to produce Prosecco DOC
sparkling wine, are particularly notewor-
thy across different zones. The box plots
reveal an intriguing trend in the evolution
of acidity levels in grape musts, which tend
to increase from low-rainfall, water-stress-
prone areas to cooler, wetter, and rainier
areas. This trend is corroborated by corre-
sponding pH levels. A significant aspect in
this context is the role of malic acid, which
appears to follow the acidity levels of Glera
depending on the sampled zone. An excep-
tion is observed in the foothill area, which
behaves more like a warm and dry region.
This trend is highly significant, and the
relationship between these variables is
well-documented, as explained by Boulton
(1980). These results underscore the sub-
stantial impact of soil and climate on influ-
encing quality parameters in vineyards.
The results of the sugar content analysis
highlight the timeliness and efficiency of
the harvest over such a vast area and have
allowed for the identification of differences
in other parameters by region. The high-
est average value for tartaric acid content
is found in the Trieste area, compared to
the clay plain, which is its sub-region. This
finding underscores the unique character-
istics of the Karst area (Bastianich & Lynch,
2012). Yeast assimilable nitrogen (YAN) is a
crucial parameter for natural fermentation
during the vinification process. It is closely
related to the nutritional status of the vine-
yard. In this study, the selected vineyards
exhibited similar YAN levels, with the nota-
ble exception of the Pre-Alps region. Spe-
cifically, only the Pre-Alps region reached
a level considered optimal for the vinifica-
tion process (Butzke, 1998). Generally, YAN
levels are significantly influenced by ni-
trogen fertilization. It can be hypothesized
that the Pre-Alps region was less prone to
nitrogen loss in its various forms, thereby
maintaining higher YAN levels.
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Conclusion:

The zoning of Prosecco DOC through de-
tailed mapping of soil, climate, and water
risk has elucidated significant region-
al differences in production quality and
yield. Plains, with their fertile soils, stable
microclimate, and consistent water avail-
ability, demonstrated higher fertility and
productivity. In contrast, foothill areas,
characterized by rocky soils, variable cli-
mate, showed lower yields. These findings
underscore the importance of tailored
vineyard management practices to opti-
mize production in each zone. The detailed
zoning map provides a valuable tool for
producers to enhance vineyard perfor-
mance by leveraging regional strengths
and addressing specific challenges, ulti-
mately improving the overall quality and
consistency of Prosecco DOC wines.
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ABSTRACT

The composition of wine is influenced
by various factors such as environmental
conditions, grape varieties, and vineyard
/ winemaking practices. Together, these
factors contribute to the concept of "ter-
roir," which encompasses the unique qual-
ities imparted to food products by the soil
and microclimate of a specific area. Recent
studies have aimed to identify Argentina
terroir of Malbec, with a focus on under-
standing how different vineyard sites im-
pact the chemical and taste properties of
the wines. Nevertheless, little is still know
on the Uco valley “terroir” effect for Pinot
noir. In this study, using Fourier transform
ion cyclotron mass spectrometry (FTI-
CR-MS), of 18 wines from 2 vintages and 3
vineyards, we characterizes the terroir sig-
natures of Pinot noir in Argentina. Our re-
sults reveal that the primary distinguish-
ing factor for these wines is the production
site, above the vintage effect. Futhermore,
we are able to identify unique chemical
fingerprints of hundreds of metabolites
for each production site as well as for the
2 vintages. This study provides a remark-
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able holistic molecular description of the
terroir of Argentinan’s pinot noir wines.

Introduction:

The composition of wine is influenced
by various factors such as environmental
conditions, grape varieties, and vineyard
practices (Atanassov et al., 2009). The ef-
fect of climate in viticulture is widely docu-
mented and climatic conditions, including
the annual weather conditions, associated
with vintage effects, significantly impact
the composition of grapes (Morlat et al.,
2001; Pereira et al., 2006; van Leeuwen et
al., 2024). In viticulture, the combination
of these factors contributes to the "terroir"
concept (Barham, 2003, Van Leeuwen &
Seguin, 2006), and it is now acknowledged
that the properties of wine can be linked to
its terroir. Analyzing the distinct features
of each terroir or site for a given vintage
can reveal important differences in the re-
sulting wines. However, establishing con-
sistent patterns for specific terroirs across
different vintages has proven to be a chal-
lenging task when attempting to validate



the concept of typical wines associated
with a particular terroir (Bonfante & Bril-
lante, 2022).

In Argentina, recent studies have tried
to identify the unique characteristics of
Malbec (Vitis vinifera L. cv. Malbec), which
is emblematic of the Argentinian wine in-
dustry. Malbec is the most widely culti-
vated grape in the country, covering an
area of 43,000 ha and representing 73.5%
of the world's production (Urvieta et al.,
2021). While Malbec is the dominant grape
variety, Pinot Noir produced in Argentina
is also globally recognized for its excep-
tional organoleptic qualities, and research
has indicated that consumers appreciate
its unique characteristics (Darnal et al.,
2024). Furthermore, studies have indicat-
ed that Pinot Noir is highly influenced by
the specific vineyard sites (Longo et al.,
2021), making it an ideal variety for ques-
tionning the terroir concept (Roullier-Gall
et al., 2014). Despite being the most widely
grown grape variety in the world (De Ro-
sas et al., 2022), the high cultivation and
harvest costs mean that optimizing yields
through producing high-quality, expen-
sive wines is necessary (Longo et al., 2021).
Yet, the impact of different vineyard sites
in the Uco Valley on the chemical and taste
properties of single-varietal Pinot Noir
wines produced in this region is still not
well understood.

In previous research, we demonstrated
how Fourier transform ion cyclotron mass
spectrometry (FTICR-MS), a fast and re-
liable analytical tool, can be used to ana-
lyze the terroirs of Burgundy (Roullier-Gall
et al.,, 2014). In this study, we captured
chemical images of Pinot Noir wines from
three different sites in the Uco Valley over
two successive vintages, obtained with
controlled vinification process. Through
non-targeted metabolomics and various
chemometric tools, we found that the pri-
mary distinguishing factor for these wines
is the production site, above the vintage

effect. In addition, this study allowed us to
identify the remarxable diversity of chem-
ical fingerprints for each site as well as the
impact of the vintage effet on the chemical
composition.

Materials and methods:

Sampling sites & methods

The experiment was set up in 2019 and
2020 in three Pinot noir vineyards in Uco
valley (Argentina), including the Domingo,
the Gualtallary and Gualtallary alto wine-
yards (Figure 1). In each plot, 900 kg of
grapes were collected. Three vinification
replicates were carried out for each plot by
separating grapes in three tanks of 300 Kg.
All micro-vinifications were performed us-
ing the same yeast (Uvaferm 43) and lactic
acid bacteria (Viniflora oenos) and wines
were sampled 1 year after bottling.

FT-ICR-MS

For metabolomics analysis, Fourier Trans-
form Ion Cyclotron Resonance Mass Spec-
trometry with Direct Infusion (DI-FT-ICR
MS) was used after dilution of wines (1/20)
in methanol. Mass spectra were acquired
in negative ionization mode with a Bruker
SolariX 12T FT-ICR-MS. Spectra were ac-
quired with 400 scans accumulation and
over a 92 - 1000 m/z mass range. Raw Spec-
tra were calibrated and peaks with a sig-
nal-to-noise ratio (S/N) of at least 3 were
considered. All spectra were align within
a range of 0.5 ppm and molecular formula
molecular formulae were assigned to their
elemental composition in C carbon (C),
hydrogen (H), nitrogen (N), oxygen (O), ni-
trogen (N) and sulfur (S) using an in-house
developed software tool.

Statistical analyses

All statistical analyses and post treatments
were performed within the R environment
(v 4.3.0). Prior to any statistical analysis,
data sanity was investigated, and batch ef-
fect was corrected for the grape juice data-
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set. Zero values were replaced using 2/3
of the minimum value for the considered
feature. Datasets were then Log10 trans-
formed, mean-centered and unit-variance
scaled and filtered to keep m/z present in
more than 33% of the samples. For multivar-
iate analysis, Principal component analysis
(PCA) was done using the ropls package
(Thévenot et al., 2015). Anova Multiblock
Orthogonal Partial Least Square (AMOPLS)
was used to decompose and quantify the
contribution of the different sites and the
vintages (Boccard & Rudaz, 2016). A clus-
tering has also been performd usind Euclid-
ian distance and Ward.D2 agglomeration
method. Finaly, univariate statistic where
performed with Wilcoxon test. Differences
in the intensity between sites or vintages
were tested and p-value were adjust using
the holm method.

Results and discussion:

After dataset cleaning, the analysis of the
18 Pinot noir wines by Founier-Transform
Icon Clyclotron Resonance Mass Spectrom-
etry (FT-ICR MS) allows the detection of a
remarkable chemical diversity composed
of 3430 formula molecular formulae with
carbon (C), hydrogen (H), nitrogen (N), oxy-
gen (0), nitrogen (N) and sulfur (S) elemen-
tal compositions. The total composition
of these Pinot noir wines from Argentina

appeared dominated by carbon, hydrogen
and oxygen containing compound (CHO :
34.75%). Sulfur containing metabolites also
represented a significant proportion of the
identified masses (46.99 %) with 23.70 % of
CHNOS and 23.29 % of CHOS. Among these
3430 masses, 19 masses where found only
in the Domingo vineyard, 12 only in Gual-
tallary Alto and 1 only in Gualtallary.

The analysis of the impact of terroir on
these wines, investigated with Anova Mul-
tiblock Orthogonal Partial Least Square
analysis (AMOPLS ) highlighted the major
contribution of the site (41.2%, p<0.01) on
the dataset variance. The vintage effect
represented 19.0% of the dataset variance
and 14.5 % could not be discriminated be-
tween the two factors (Table 1). As the vi-
nification process was standardized, yeast
or malo lactic bacteria impacts could be
partially excluded as a source of variation
in this study. Thus the 23,3% of residual
share of variance could partially be at-
tributed to Plant material and other fac-
tors not included in this model. With con-
trasted clones and rootstocks used in the
three plots (clone 777 and SO4 rootstock
for Gualtallary alone, along with clone 667
and 1103 rootstock for Gualtallary Alto
and Domingo), the plant material factors
where confounded making it imposible to
consider them for discrimination.

UCO Va"ey o g Gu'aha!laly Alto
X Gualtallary
omingo

75 km

Mendoza

Figure 1: Sampling sites map. White
lines are pointing the sampling sites.
Red areas represent all the Uco valley
vineyards.
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Table 1. Relative variability and variable contributions of the AMOPLS analysis of
metabolomics data
RSS: Relative sum of squares tp1-5: predictive components, to: orthogonal component.

Factor RSS p-value Main component
Appellation 41.2% <0.01 Tp1:99.1%
Year 19.0% >0.05 12:99.7%
Appellation x Year 14.5% >0.05 1p5:99.2%
Residuals 23.3% N/A To:44.6%

Still based on the metabolomic compo-
sition measured by FT-ICR MS, sampling
sites clustering allowed to split samples in
two main groups. The first one consisting of
Gualtallary Alto samples alone. Within this
cluster, samples were subsequently split-
ted according to their year of production.
Within the second group, wines from Do-
mingo vineyard where found within a sub-
group and the same vintage effect could be
observed. As for the wines produced from
the vineyards located in Gualtallary, this
clustering showed that wines obtainted in
2020 where closer from the one produced
in Domingo, while the one obtained in 2019
formed a distinct subgroup. In addition, the
main contribution of the vineyard on the
wines composition, as well as a proximity
of the Gualtallary 2020 wines with the ones
produced in Domingo, were also shown us-
ing Principal Component Analysis (PCA).
The first component (31,1%) clearly dis-
criminated sites whereas the second (18%)
discriminated vintages. This unsupervised
multivariate method also showed a higher
variation between Gualtallary Alto and Do-
mingo, Gualtallary wines being distributed
between these to sites

In order to identify the chemical fin-
gerprints characteristics of each vineyard,
pairwise wilcox mean tests where per-
formed between each sites. Each mass was

consided representative of a given site if
its intensity was significantly different
(p<0.01) from the two other vineyards. Do-
ing so, 256 CHNOS elemental compositions,
with mainly CHO compounds (41.8%) were
identified as representative for Domingo
(Figure 2.a) with a potential high contri-
bution of carbohydrates (Gougeon et al.,
2009). Interestingly, for Gualtallary Alto, a
high contribution of CHNO (51.1%) coum-
pounds, mainly in the amino acid-peptide
like area (Figure 2.b) was identified the as
the main contribution to the 262 masses. Fi-
nally Gualtallary’s wines, with 136 CHNOS
elemental compositions, were also carac-
terized by a slightly higher proportion of
CHNO elemental compositions (36.8 %). In
addition, for these wines, the relative high
contribution of CHO (33.1%). These results
therefore revealed a clear discrimination of
the chemical fingerprints characteristic of
each site with potential specific organolep-
tic profiles, on the basis of several hundred
compounds.
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Figure 2 : van Krevelen diagrams representation of Domingo (a) and Gualtallary Alto (b)
discriminant masses, with the following color code for elemental compositions: CHO (blue),
CHON (orange), CHOS (green), CHONS (red). These diagrams represent mass peaks annotated
into assigned elemental composition with an error below 0.5 ppm, an O/C ratio below 1.1, a H/C
ratio below 1.5. Dot sizes are proportional to the relative intensity of corresponding mass peaks.

In addition to terroir effects, it is also par-
ticularly interesting to note that among
the 538 elemental compositions identified
as marker for a vintage effect (wilcox test,
p<0.01), none of these masses were found in
the 654 CHNOS identified compositions for
the sites. Futhermore, the vintage chemi-
cal fingerprints was composed by 44.2 %
of CHO compounds, with a potential high
contribution of polyphenols, highlighting
an alternative contribution of hundreds of
compounds for the vintage, significantly
distinct from those previously identified.

Conclusion:

In this study, the analysis of 18 Pinot Noir
wines from Argentina, obtained with a con-
troled vinification process, and analysed
using Fourier-Transform Ion Cyclotron Res-
onance Mass Spectrometry (FT-ICR MS) has
revealed a remarkable chemical diversity,
comprising 3430 unambiguously-assigned
elemental formulas. The investigation of
the terroir effect has lead to the identifica-
tion of the site as the major factor of chem-
ical diversity change between wines. While
polyphenols were found to be impacted by
the vintage, this study also identified hun-
dreds of compound in the CHNOS chemical
space that can be linked to each vineyard.
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ABSTRACT

The application of irrigation in grapevine
growing continues to be a highly debat-
ed aspect in terms of the amount of water
and its time of application throughout the
vegetative cycl. So, it requires a deeper un-
derstanding of the cycle water and physi-
ological effects that the alternative of the
irrigation recharge of soil profile at the
beginning of the cycle can have in com-
parison with the alternative of the deficit
irrigation applied exclusively during the
summer, in a context of climatic variation
such as the one currently existing.
Throughout the 2021-2023 period, a
trial was carried out on the water status
and physiological response of the vine-
yard to the application of irrigation in two
completely separate periods: complete
water recharge of the soil before sprouting
(about 130 mm) against deficit irrigation
(30% ETo) during the summer (approxi-
mate total dose of 130 mm) through weekly
drip irrigation. The work was carried out in
a vineyard of cv. Tempranillo, grafted onto
110R, located in the D.O. Ribera del Due-
ro, with 3.0 x 1.2 vine distances, trained
as vertical trellis and pruned as bilater-
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al Royat cordon, where 4 random blocks
were established, with elementary plots of
48 vines, distributed in 4 rows of 12 vines.
The results show a clear and favorable re-
sponse of the vineyard to the application
of deficit irrigation during the summer in
comparison with the application of soil
water recharge in sprouting, both in water
potential and in photosynthetic activity.
Nevertheless, as the soil water recharge
can favor temporarily the physiological
activity, a more solid evaluation of these
irrigation alternatives requires an expan-
sion of its study in different types of soil
and a climate monitoring in each zone.

Introduction

The rain collected during the winter peri-
od in many wine-growing areas of Spain
is generally not enough to cover the water
needs of the vine during the vegetative cy-
cle, from budbreak to maturity, which is
why a large part of the vineyards cultivat-
ed in Mediterranean climatic conditions
must be irrigated to achieve appropriate
yield and quality. Although in the initial
phase of shoot growth the water require-



ment is not high for the development of
the vine, as the season progresses its wa-
ter deficit increases progressively until the
harvest, so irrigation usually begins when
the vineyard has developed most of its leaf
surface (Yuste et al. 2024).

The interannual variability of rainfall
sometimes generates the need to start the
irrigation early in the cycle, depending on
the level of water stress suffered by the
vines (Santesteban et al. 2019), to avoid a
decrease in physiological activity and in
production and grape quality (Vilanova et
al. 2019). The disparity in criteria regarding
the time of application of irrigation contin-
ues to exist in Spain, including those who
argue that abundant winter rain is suffi-
cient for the entire vineyard growing sea-
son. Logically, the capacity for maintaining
water availability in the soil for the vines
depends not only on previous rainfall but
also on the type of soil and the rain that is
collected during the vegetative cycle (Ra-
mos and Yuste 2023), so the alternative
application of irrigation in pre-sprouting
or during summer deserves to be studied
deeply, given the scarcity of references re-
lated to the irrigation dates in the vineyard.

The water status of the vineyard is deci-
sive for the crop in the current context of cli-
matic variation, so knowing the effect that
the management of water resources has on
the water and physiological relationships
of the vineyard is important to facilitate the
making of cultivation decisions (Uriarte et
al. 2023). For this reason, this work is aimed
at quantifying the hydric and physiologi-
cal effects that the alternative application
of irrigation in pre-sprouting or during the
summer can have on the cv. Tempranillo in
the D.O. Ribera del Duero.

Material and methods

The work was carried out in the period
2021-2023 in Pesquera de Duero (Vallado-
lid), in a vineyard belonging to the De los
Rios Prieto winery, within the D.O. Ribera

del Duero. The material used is Vitis vi-
nifera L., cv. Tempranillo, on 110 Richter
rootstock, planted in 2006, with vine dis-
tances of 3.00 m x 1.20 m (2,778 vines/ha).
The row orientation is N-S. The training
system is a vertical trellis, using bilater-
al Royat cordon pruning with 3 spurs of 2
buds on each arm (12 buds per vine). The
soil has sandy loam texture, being deep
and with hardly any slope, with the lower
part of profile (from approximately 50 cm
down) of gravel type, with considerably
more coarse elements than the upper part,
presenting an estimated field capacity of
130 mm/m and good drainage in general.

The experimental treatments applied con-
sisted of the following descriptions:
TOP: water recharge (126 mm average) of
the soil before sprouting, applied by drip
until field capacity is saturated, without
any application of irrigation during the rest
of the vegetative cycle.
To7: without soil water recharge before
sprouting, but application of weekly deficit
irrigation (30% ETo) by drip during the sum-
mer (from berry pea size stage to maturity).
Four random blocks were established
in the vineyard, with elementary plots
of 48 vines (4 rows of 12 vines), of which
2 were taken for the individualized mea-
surement on each date. The water status
of the vine was determined by measuring
stem water potential, at 12 h (solar time),
in 2 leaves on the east side of the trellis,
bagged 1 hour before the measurement,
using a Scholander-type pressure cham-
ber. The physiological activity was estimat-
ed by measuring net photosynthesis at 9
h (solar time), in 2 leaves also on the east
side of the trellis, completely sunny, of the
same vines as water potential, with IRGA
Li-6400. The monthly temperature and pre-
cipitation data are indicated in Table 1 and
the amount of water provided and the dates
of its application are indicated in Table 2.
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Table 1. Medium temperature, Tm (°C) and precipitation, P (mm) in 2021-2023 in Valbuena

de Duero (Valladolid).
Oct | Nov | Dec | Jan | Feb | Mar [ Apr | May | Jun | Jul | Aug | Sep | Annual
Tm | 2021 | 107 87| 51| 24| 19| 83| 103| 142| 185| 212| 219| 11.2 122
Tm | 2022 | 125| 51| 61| 28| 55| 80| 95| 111|206 248 | 235| 11.2 12.1
Tm| 2023 | 15.3| 86| 15| 36| 39| 95| 129| 141|196 226| 229 | 11.6 132
P | 2021 19 13| 54| 33| 68 5| 46 36| 40 0 1 33 408
P 12022 | 36| 61| 36| 12 8 69| 31 4 M 8| 33 8 323
P | 2023 67 61| 107, 31| 12| 15 9 22| 4 1 1 83 461

Table 2. Water amount (mm) and date of irrigation in each treatment in 2021-2023.

2021 2022 2023

TOP 107 TOP 107 TOP 107
Irrigation 110 126 132 141 136 133
Date 29-31mar. | 6-jul./24-sep. | 18-20 apr. | 28-jun./27-sep.| 10-12apr. | 21-jun./19-sep.

Results and discussion

Stem water potential before weekly
irrigation.

The vines generally showed significant dif-
ferences in the measurements carried out
on monday - the day before the weekly ir-
rigation of TO7 -, from the beginning of the
summer irrigation, totally favorable to T07
treatment with respect to TOP, which had
not received irrigation contribution after
thewaterrecharge carried outin pre-sprout-

ing (Table 3). However, in the second year
(2022), which was the least rainy, although
the T07 values always corresponded to a
lower level of water stress, the differences
between both treatments were only statis-
tically significant on the last measurement
date. In the last year (2023), some measure-
ments carried out in august were also not
statistically significant, although the TOP
was always below TO07.

Table 3. Stem water potential (MPa) at 12 h on monday, in 2021-2023. Sig. *p<0,05.

TP 12-ul. [ 19-jul. | 26-jul. | 9-aug. | 23-aug. | 30-aug.
TP | -064| -075| -085| -109| 16| 122
107 | -055| -0477|-060*| -080%| -093*| -092*
27-jun 1ul. | 18ul. | 25-ul. | 8-aug. | 26-sep.
TP | -052| 07| 24| 4| 132 An
107 | 054 099 am| am| 2| 64
3ul. | 10-ul. | T74ul. | 31ul. | T-aug. | 21-aug. | 28-aug.| 12-sep. | 25-sep. | 2-oct.
TP | 081 | 14| 123 21| 30| 53| 64| -013] 28| a1
107 |-0707| -095¢| 104*| 16| 22| 34| 161 -056*| -097%|-099*
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Stem water potential after weekly
irrigation

Analogously to that observed in the mon-
itoring on monday, the vines showed in
the majority of measurements carried out
on thursday - two days after the weekly
irrigation - statistically significant dif-
ferences favorable to the T07 treatment
with respect to the TOP treatment, which
was clearly more disadvantaged due to
not have received irrigation contributions
during the summer, but only the complete

water recharge in pre-sprouting (Table 4).
However, in the 2nd year (2022), although
the T07 values always presented a lower
level of water stress, the differences with
respect to the TOP treatment were only sta-
tistically significant on the last measure-
ment date. Likewise, some measurements
carried out in july and august of 2021 and
2023 were also not statistically significant,
although TOP always showed lower values
than T07.

Table 4. Stem water potential (MPa) at 12 h on thursday, in 2021-2023. Sig. *p<0,05.

AR 15-jul. | 22-jul. | 29-jul. | 5-aug. | 12-aug. | 26-aug. | 23-sep. | 30-sep.
TP | -069 | -100| -104| -096] -099| -129| 155 -128
107 | -056* | -088*| -093| -070%| -089] -116*| -097% -101*
Tul. | 14-jul. | 25-aug. | 1-sep.

TP | 097 | 35| -131] 152

107 | 083 | -119] -126] e

T4ul. | 13ul. | 3-aug. | 17-aug. | 24-aug. | 31-aug. | 14-sep.

TP | 081 | -114| 123 21| 30| 53| -164

107 | -070% | -095¢| -104*| 18| -122] 34| 61

Photosynthesis activity before weekly
irrigation

The photosynthesis values in leaves ex-
posed to the sun (at 9 h, solar time) gener-
ally showed significant differences in the
measurements carried out on monday - the
day before weekly irrigation -, throughout
the summer irrigation period, in favor of
the T07 treatment compared to the TOP
treatment, clearly disadvantaged by not
having received irrigation contributions

after the water recharge that was applied
in pre-sprouting (Table 5). However, the
differences were not statistically signifi-
cant until the end of july, despite the fact
that the T07 values were always above
those of the TOP. The smaller margin of
difference favorable to T07 until close to
veraison could be due to the water benefit
that pre-sprouting recharge brings to TOP
with respect to T07, whose irrigation start
did not occur until summer.
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Table 5. Photosynthesis (umol CO,.m.s) at 9 h on monday, in 2021-2023. Sig. *p<0,05.

A0PAR 19-jul. | 9-aug. | 23-aug. | 30-aug.
TP | 229 | 156| 1071] 14
107 | 257 | 251 187 189"
27-un. | 11-ul. | 18-ul. | 25-jul. | 8-aug. | 22-aug. | 5-sep. | 12-sep. | 26-sep.
TP | 234 | 681 219 252| 153 296 178 225 322
107 | 239 | 922| 24| 55| 450%| 699¢| 807| 560%| 862*
3ul. | 10-ul. | 174ul. | 314ul. | T-aug. | 21-aug. | 28-aug. | 25-sep. | 2-oct.
P | 218 | 212| 108 78| 321| 080| 4715 148 152
107 | 243 | 241 149] 119*| 862*| 367*| 916*| 192¢| 166

Photosynthesis activity after weekly
irrigation

In a more constant tendence than that
observed in the monday monitoring, the
photosynthesis values showed in the vast
majority of the measurements carried out
on thursday - two days after the weekly
irrigation - significant differences favor-
able to the T07 treatment with respect to
the TOP treatment, clearly disadvantaged
by not having received irrigation contribu-
tions during the summer, except only for

complete water recharge in pre-sprouting
(Table 6). The differences between both
treatments were clearer than in the mea-
surements on monday, practically from
the start date of irrigation in T07, favored
by the fact that the measurements were
carried out only 2 days after the time of
irrigation, on tuesday, which represents a
temporary benefit for the water status of
the T07 plants with respect to those of TOP.

Table 6. Photosynthesis (umol CO,.m.s™) at 9 h on thursday, in 2021-2023. Sig. *p<0,05.

AR 15-jul. | 22-jul. | 5-ago. | 12-aug. | 26-aug. | 23-sep. | 30-sep.
ToP 178 239 179 134 5.4 10 9.5
107 | 20.6* 258 | 254*| 227*| 202*| 152*| 16.0*
T-jul. | 14-jul. | 18-aug. | 25-aug. | 1-sep.
ToP 19.2 24 5.1 2.8 3.1
107 223 176*| 17.1¢] 167*| 16.1*
T-jul. | 13-jul. | 3-aug. | 17-aug. | 24-aug. | 31-ago. | 14-sep.
ToP 22.1 175 9.8 18 1.0 5.2 17.0
107 24.1 2271¢| 204*| 201*| 121¢| 1677 198




Conclusions

The stem water potential has responded
with significant differences in favor of the
TO7 treatment from the beginning of its
summer irrigation, compared to the TOP,
which did not receive irrigation contribu-
tions after water recharge in pre-sprout-
ing. Photosynthesis, at mid-morning,
showed a similar trend to the water poten-
tial, offering significant differences favor-
able to the TO7 treatment, due to the lack
of irrigation of the TOP during the summer.
The water status and photosynthetic ac-
tivity presented similar trends in the mea-
surements carried out on monday - one
day before the weekly irrigation - and on
thursday - two days after the weekly irri-
gation -, although the thursday measure-
ment more clearly reflected the differenc-
es favorable to the T07 treatment with
respect to TOP.

The results show a notable water and
physiological impact of the application
of deficit irrigation in summer compared
to the exclusive application of soil water
recharge before sprouting. On the other
hand, the application of water recharge
before sprouting, which can be assimilat-
ed to abundant precipitation at the end of
winter or beginning of spring, can partial-
ly and temporarily favor photosynthetic
activity, depending on the meteorological
conditions of the vegetative cycle period.
In any case, the alternative application of
irrigation in pre-sprouting or during the
summer requires in-depth experimenta-
tionin different types of soil and, of course,
the consideration of annual climatic con-
ditions, to optimize efficiency in water use
and the response of the vineyard.
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ABSTRACT

Climate change is causing increasing ex-
treme heat events, with negative conse-
quences on both quality and quantity of
grape production. In order to study the
Ocean influences as a means for grapevine
to face the heat in Uruguay, the develop-
ment of Tannat, situated at similar lati-
tude (34°35’S) but at different altitudes,
distances and exposure to the Atlantic
Ocean was studied during the growing
season (GS) 2022-23, the warmest season
of the past 32 years. The mesoclimate was
described using temperature data from
12 sensors and was subdivided in: 6 sen-
sors at high altitude exposed to the ocean
"H”; 4 sensors at low altitude shelter to the
ocean "L" and 2 sensors at the traditional
region “C”. The evolution of grape metab-
olites was evaluated during the ripening
period. H recorded up to 90 fewer hours
than L with temperature above 30°C,
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and 408 less than C. H and L recorded no
hours above 40°C, while in C, there were
13 hours. During a 4-day heat wave, the
sea breeze caused a temperature decrease
in H of 4°C at 13:00 local time leading to a
maximum difference with C at 16:00 of 7.9
°C. C shows an earlier harvest by 15 days,
-25% in berry size, -28% in titratable acid-
ity, +13% in soluble solids concentration
(gTSS/L) and -46% in potential anthocy-
anins (ApH1) compared to H and L. L ob-
tained +16 gTSS/L, +1202 mg/L ApH1, and
-1 g/L malic than H. During the heat wave,
the accumulation of soluble solids (gTSS/
berry) and ApH1 slowed down in H and L,
while C stopped completely. Plots exposed
to the ocean better controlled the thermal
excesses, reducing the impact on final ber-
ry metabolites. In the context of climate
change, cooler oceanic terroirs become an
option for the production of wines with
acidity, aroma, colour and lower alcohol.
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ABSTRACT

Vineyards with distinctive features (e.g.
soil types, microclimates) has lead viticul-
turists of Mendoza to explore new areas
for vine plantings, specially at higher al-
titudes, as well as to re-think plantations
conserving pristine conditions. With that
philosophy, this work investigates the mi-
croclimatic conditions for two pre-plant-
ing vineyard projects located in different
main viticulture regions of Mendoza. One
is located at 1400-1500 m a.s.l. in Gualtal-
lary, Tupungato, and the other vineyard
is located at 950 m a.s.l. in Agrelo, Lujan
de Cuyo. In both vineyards, 15 sensors of
air temperature were distributed over 15
hectares to generate data for delimiting
parcels for vine planting. Analyses of data

from two vine growing seasons (2022-2023
and 2023-2024) show large variations of
the microclimatic conditions within each
vineyard and between seasons, regarding
seasonal heat accumulated, heat waves,
diurnal temperature cycles, among others.
Different land exposures, slope percentag-
es and keeping the surrounded native veg-
etation influence the observed diversity
of microlimatic conditions. Overall, it was
found that considering the climatic varia-
tion in pre-planting studies it is key, not
only for understanding the suitability of a
place for vine growing, but also regarding
choosing the correct varieties and thus,
to achieve the best terroir expression at a
site.
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ABSTRACT

Global viticulture has faced declining fruit
yieldsand vinelongevity inrecent decades.
Esca disease is one of the causes identified
which leads to yield loss and a shortened
plant lifespan. Research has improved the
understanding of this complex disease but
the losses linked to this disease have been
poorly quantified and the factors inducing
the appearance of esca leaf symptoms are
still debated.

Esca incidence, vine yield loss, and fruit
composition were assessed as part of an
extensive esca surveying program which
monitored approximately 57,000 vines
annually in 12 estates from the Bordeaux
region across 9 years. Climate data from
localized daily weather stations were in-
tegrated into this database to quantify the
impact of climate on esca incidence.

Even though yield losses from vines with
esca can reach up to 50%, individual dis-
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eased vines are rarely unproductive. At
the plot level, yield losses remain low and,
moreover, the majority of mortality ob-
served in the vineyards was not due to esca,
with only 40% of dead vines having a pre-
vious history of esca. The incidence of esca
varies greatly from one vineyard to another
with a significant change in the behavior
of the disease in plots planted over the last
10-15 years. The data show that the amount
of precipitation early in the season and the
temperature dynamics later in the season
have a clear relationship with disease in-
cidence. By isolating the effect of plot age,
we uncovered disease patterns that suggest
hidden factors unrelated to climate, which
could potentially include changes in man-
agement techniques. These results suggest
that there is a need to study other factors
contributing to vine mortality and dieback
more broadly.
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ABSTRACT

Climate change is having a significant
impact on wine production in the world
(Van Leeuwen, 2024 & Grazia, et. al., 2021).
In this scenario, winegrowers are facing
agro-environmental disturbances where
the development of climate change adap-
tation strategies is imperative (Naulleau,
2021). Alterations in climatic conditions,
such as rising temperatures, changes in
precipitation patterns, and extreme weath-
er events, are affecting the quality and
quantity of harvests. These variations are
particularly influencing the grape ripening
cycles, the incidence of pests and diseases,
and the availability of water for irrigation.

Wine producers in Chile, especially
in regions like Northern Patagonia, are
adopting various adaptation strategies to
address these challenges. These include
the implementation of advanced technol-
ogies such as agrometeorological sensors,
automated irrigation systems, and moni-
toring tools based on artificial intelligence.
Additionally, they are exploring crop di-
versification and using grape varieties
more resistant to climatic stress.

In summary, adaptation to climate change
is crucial for the sustainability and com-
petitiveness of the wine industry in Chile.
The combination of advanced technolo-
gies, innovative management strategies,
and an inclusive approach to technolog-
ical development is helping to adapt the
effects of climate change and secure the
future of wine production in the country.

Introduction

En Chile, agriculture 4.0 is characterized
by delivering solutions with an exces-
sive focus on technological developments
without a comprehensive consideration of
the relational processes involved in tech-
nology adoption. Additionally, there is a
high cost associated with the development
and access to these technologies (Rose et.
al., 2018; Klerk & Rose, 2020).

The transition towards Agriculture 4.0,
with a focus on a "just technological tran-
sition," aims not only to improve economic
efficiency and productivity but also to en-
sure that small producers have access to
these technologies (Rolandi, et.al., 2021).
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Projects like Smart Wines 4.0 Inclusive
are designed to be affordable, scalable,
and relevant for small-scale production,
enhancing farmers' quality of life and in-
creasing their capacity to adapt to adverse
climatic conditions.

Viticulture is an activity that, due to
environmental conditions and the impact
of climate change, is proving to be innova-
tive in the rural world of the Northern Pa-
tagonia.

This research aims to develop a proto-
type, under the framework of a just tech-
nological transition, based on an integrat-
ed digital platform called Smart Wines 4.0
Inclusive for small-scale viticulture, aim-
ing to increase economic efficiency and
improve the quality of life for small wine
producers in C Northern Patagonia, Chile.

This prototype revolutionizes the way
small farmers can design and implement
productive diversification strategies in the
context of climate change in the Chilean
Northern Patagonia.

In this context and based on the phe-
nomenon of "just technological transi-
tion", Smart Wines 4.0 Inclusive was born
in the chilean northern patagon, with the
purpose of improving economic efficiency,
the capacity to adapt to critical climatic
events, and enhancing the quality of life of
small agricultural producers in the region,
enabling productive diversification in a
historically livestock-oriented area.

Materials and methods
The development of the prototype for
small wine farmers was carried out partic-
ipatively through an open innovation pro-
cess in five vineyards of the Northern Pa-
tagonia (Table 1). These production units
produce sparkling wine from the varieties
Pinot Noir, Gewiirztraminer, and Chardon-
nay. The average area they manage is 0.7
hectares.

The research considers the following
phases: Characterization of the socio-cy-
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ber-physical system (SCPS) (Metta et.al.,
2022) of small-scale wine production that
identifies conditions for the impact of
digital transition, modeling of the Smart
Wines 4.0 Inclusive prototype based on
an SCPS, through co-design between an
expert team and small winegrowers from
Northern Patagonia, Chile and validation
of Smart Wines 4.0 Inclusive prototype at
experimental level, analyzing results to re-
fine the design and develop an intellectual
property protection and industrial proper-
ty strategy that can support the project.

Smart Wines 4.0 Inclusive is a pro-
totype based on an integrated digital
platform that promotes productive di-
versification by encouraging emerging
agricultural activities such as viticulture
in the southernmost macrozone of Chile.
It reduces operational production costs
and increases gross production margins.
Moreover, it enhances farmers' quality of
life by increasing their income and reduc-
ing their workload, allowing more time for
non-agricultural activities. This prototype
is installed on a commonly accessible An-
droid or IOS mobile device for farmers in
general.

Results

The Smart Wines 4.0 Inclusive prototype
reduces operational production costs and
increases gross production margins, en-
hancing the economic efficiency of viti-
culture management in an affordable, scal-
able, and contextually relevant manner for
small-scale production. Our predictive
model has generated a 20% reduction in
operational costs. Currently, the experi-
mental vineyards are systematizing data to
generate comparisons between vineyards.
Through co-creation with small agricul-
tural producers that reflects the specific-
ity of their enabling operating conditions
and applying an analytical framework to
identify key performance indicators, the
socio-technical system generated will im-



prove farmers' quality of life by offering
a digital vineyard management transition
process that reduces workload, thus in-
creasing time for other non-agricultural
activities. Additionally, it enhances their
capacity to adapt to adverse climatic
events through an early warning system
for adverse weather conditions, enabling
preventive actions.

Smart Wines 4.0 Inclusive embraces the
technological challenge of designing solu-
tions that consider small-scale co-design,
recognizing that small agricultural pro-
ducers have limited capacity, access, and
adoption of technologies. It promotes R&D
processes that develop affordable, scalable,
and contextually relevant technology.

Smart Wines 4.0 Inclusive is charac-
terized by being affordable for small ag-
ricultural producers, developing digital
agricultural competencies, adapting the
technology to the socio-economic and
productive reality of the users, providing
access to meaningful data and analysis to
improve the decision-making process, and
finally creating virtual learning commu-
nities that generate collective knowledge
and collaborative agricultural practices.
The mechanisms and conditions for us-
ing and accessing Smart Wines 4.0 Inclu-
sive focus on its affordability, technology
adaptable to the needs of small farmers,
development of digital agricultural com-
petencies with purpose, intuitive inter-
face, and contribution to diversifying pro-
duction by fostering an emerging activity
in the southern Austral macrozone, such as
the growing viticultural activity.

Currently, the prototype is in the tech-
nical validation stage at TRL 4 level with
small wine farmers in northern Patagonia,
aiming to begin the commercial validation
stage in early 2025.

Conclusions

Smart Wines 4.0 is not just a technological
development but also builds technological
management capabilities among small vi-
ticultural agricultural producers in emerg-
ing areas. Additionally, it creates a virtual
learning community where spaces for ef-
fective co-construction of the prototype
are generated, considering the socio-tech-
nical system that is part of the prototype
development.

The prototype emphasizes a co-con-
struction approach with small agricul-
tural producers, tailored to their specific
enabling conditions, and applies an ana-
lytical framework to identify key perfor-
mance indicators. The core technological
components of Smart Wines 4.0 are cen-
tered on critical viticulture metrics, le-
veraging meteorological data, vineyard
management, and harvest optimization to
enhance productivity and improve farm-
ers' quality of life by digitizing vineyard
operations. This shift reduces the physi-
cal workload, increases leisure time, and
strengthens resilience to adverse weather
through early warning systems, enabling
proactive measures against climatic risks.
What interests us, in addition to reducing
costs and improving the lives of winegrow-
ers, is being able to validate and scale up
the open innovation model so that it can
be applied in other contexts in Patagonia.

Smart Wines 4.0 tackles the challenge
of designing solutions considering co-de-
sign at a small scale, acknowledging that
small agricultural producers have limited
capacity, access, and adoption of tech-
nologies. It promotes R&D processes that
develop affordable, scalable, and relevant
technology.



Table 1. Modelling Smart Wines 4.0

Key performance
indicator - KPI

“

Capture of
agrometeorological
data

This component gathers
real-time data on weather
and meteorological
conditions, such as
temperature, humidity,
precipitation, wind speed,
and solar radiation. It
includes an environmental
alert system.

Cumulative Temperature
Index over 10°C,
Precipitation, Sunshine
Hours, Maximum and
Minimum Extreme
Temperatures, Wind Speed.

Intelligent Monitoring

Sensors connected in
automated weather
stations.

Crop management

Controls the quantity and
optimal timing of irrigation
to ensure an adequate
supply of water to the
grapevines. Records the
energy used.

Water consumption, soil
moisture level, irrigation
efficiency.

Soil temperature and
humidity sensors.
Hyperspectral and
multispectral imaging.
Predictive algorithms.
Artificial Intelligence.

Monitors the ripening

Brix degrees, acidity, pH,

Brix degrees, geographic

generate reports.

Harvest status of grapes and plans | harvest date, grape quality. | information systems (GIS),

management the harvest at the optimal tracking applications.
moment.

Integrated data Processes and analyzes Overall performance, Data analysis software,

management and collected data to make trends over time, custom dashboards.

reporting. informed decisions and projections.

Figure 1. Open innovation design "Smart Wines 4.0 Inclusive"
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ABSTRACT

In Uruguay, six viticultural climatic types
were defined based on a multi-criteria cli-
matic system adapted to the conditions of
the crop. To determine the influence of the
climate component on the typicity of the
Tannat red grape variety, trials were set
up in two contrasting climatic situations,
in 2018 and 2019. The vineyards were
trellised, dry-farmed, one installed in a
warm climate, warm nights and moderate
drought (IH5 IF1 IS1), and the other in a
warm-temperate climate, warm nights and
moderate drought (IH4 IF2 IS1). For each
terroir and per year, on duplicate samples
of 100 berries, the primary composition
during ripening, growth dynamics, accu-
mulation rate and solute reduction were
analyzed, and at 23 °Brix, the secondary
composition was determined. It was ana-
lyzed by multivariate and mean compari-

son (Fisher's LSD test). The thermal com-
ponents (HI and FI) were stable in the two
years analyzed, while the water factor (SI)
showed a marked annual variability, with
direct influence on the phases (I and II) of
sugar accumulation (F , - 15.14;p<0.01in
phaseTandF  -9.77; p<0.1). The compo-
sition at 23° Brix determines differences in
total acidity (7.82 H,SO, L*; p< 0.01), and
in anthocyanins (4.19 mg berry?; p< 0.1),
with the highest values in the warm-tem-
perate climate. Phenolic richness values
are higher in the warm climate (82 ua; p<
0.1). The warm-temperate climate presents
greater stability between years, resulting
in favorable thermal and hydric conditions
for ripening processes and for the main
components of the berry. The thermal com-
ponent allows differentiating the Tannat
grapes from each terroir.
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ABSTRACT

Global warming due to greenhouse gas-
es (GHG) has become a serious worldwide
concern. The new EU Green Deal aims t0
achieve GHG emissions reduction by at
least 55% by 2030 and a climate neutral EU
economy by 2050. The deal strongly en-
courages GHG reducing measures at local,
national and European levels. The REDWine
project will demonstrate the technical,
economic and environmental feasibility
of reducing by, at least, 31% of the CO, eq.
emissions produced in the winery industry
value chain by using biogenic CO, produced
by fermentation for microalgae biomass
production.

REDWine concept will be realized
through the establishment of an integrat-
ed Living Lab demonstrating the viability
of the system at TRL 7. The Living Lab will
be able to utilize two tons of fermentation
off-gas/year (90% of total CO, produced
in the fermenter) and 80 m3 of liquid ef-
fluent (100% of the liquid effluent generat-
ed during fermenter washing) to produce
one ton (dry weight) of Chlorella biomass/
year. This biomass will be processed under

a downstream extraction process to obtain
added-value extracts and applied in food,
cosmetic and agricultural end-products
and to generate a new EcoWine. REDWine
will focus on the recovery of off-gas from a
20.000L fermenter of red wine production
existing in Adega Cooperativa de Palmela
(ACP, located in Palmela, Portugal).
REDWine’s microalgae were tested in
2022 and 2023 with four purposes in vine-
yard: improve flowering stages, contrib-
ute to high temperature resistance, act as
a biofungicide against downy mildew and
increase nitrogen content in ripening, to
help fermentation and improve aromatic
compounds. It was also used in winemak-
ing processes as a clarificant and anti-ox-
idant. Results showed that algae can work
as an anti-oxidant and clarificant. Effect as
biofungicide or prevent heat stress didn’t
show any positive result and, on the effect,
to increase N contente in grapes, more
studies are needed. Even thou the idea to
capture CO, from fermentation is not new,
the idea to use it on the development of al-
gae on a circular economy approach is.
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ABSTRACT

The availability of water is usually greater
at the beginning of spring than in the sub-
sequent months, until the end of summer,
in most wine-growing areas in Spain. The
development of the sequential phenolog-
ical stages from sprouting can be benefit-
ed by the water available in the soil for the
plant, but it is important to know what sub-
sequent physiological effects the use of the
water provided to the soil at sprouting can
have in the vineyard, in growing situations
in which the vineyard can be deficitary ir-
rigated during the summer, when it suffers
greater evapotranspirative demand and
need for irrigation to reduce excessive wa-
ter stress.

Throughout the 2021-2023 period, the
water status and physiological response of
the grapevine to the application of irriga-
tion for complete water recharge (126 mm
average) of the soil profile before sprout-
ing were analyzed in a vineyard cultivated
during the summer through deficitary irri-
gation (30% ETo), applied weekly by drip-
ping from pea size to harvest. The work
was carried out in a vineyard of cv. Tem-
pranillo, grafted on 110R, located in the

142

D.O. Ribera del Duero, with 3.0 x 1.2 vine
distances, trained as vertical trellis and
pruned as bilateral Royat cordon, where 4
random blocks were established, with ele-
mentary plots of 48 vines, distributed in 4
rows of 12 vines.

The impact of the recharge irrigation
during the sprouting period, in vineyard
subjected to déficit irrigation during the
summer, was scarce, both in water po-
tential and in photosynthetic activity,
which could only be verified in the cam-
paign with the greatest rainfall scarcity.
These results suggest the convenience of
spatially expanding the study in different
types of soil, in order to contrast the pos-
sible limitation related to the soil profile
structure in terms of the use of water by
the vineyard, depending on weather con-
ditions.

Introduction

The availability of water is usually greater
at the beginning of spring than in the sub-
sequent months, until the end of summer,
in the wine-growing areas of Spain. The
majority of vineyards cultivated in a Med-




iterranean climate show the need for irri-
gation as the season progresses, increasing
their water deficit progressively, due to the
increasing development of their leaf sur-
face, in many cases until the harvest, to re-
duce water stress and alleviate the loss of
yield and, possibly, grape quality (Vilanova
et al. 2019).

The phenological development from
sprouting can be benefited by the wa-
ter available in the soil at that time, but
it is important to know what subsequent
physiological effects the possible use of
the water provided to the soil during the
sprouting season can have, in situations
in which the vineyard can be subjected to
déficit irrigation later, during the summer,
when it suffers greater evapotranspirative
demand, to reduce excessive water stress
and avoid a decrease in physiological ac-
tivity (Pellegrino et al. 2005).

Some producers in various wine-grow-
ing areas say that usual winter rain is
enough for the vineyard to perform prop-
erly in productive and qualitative terms.
However, the possibility of maintaining
sufficient water availability in the soil to
be used by the vines depends, in addition
to previous rainfall, on the type of soil
and the rain collected during the vegeta-
tive cycle (Pereyra et al. 2023), in such a
way that the application of irrigation in
pre-sprouting, ensuring water recharge of
the soil profile up to field capacity, should
also be studied when the cultivation re-
gime allows the application of deficit irri-
gation during the summer, when water is
most scarce (Ramos & Yuste 2023).

In the current context of climatic varia-
tion, it is interesting to know the influence
of water resource management on the phys-
iological activity of the vineyard to improve
its cultivation (Yuste et al. 2024). Thus, this
work tries to quantify the hydric and phys-
iological effects that irrigation applied in
pre-sprouting can have on the cv. Tempra-
nillo in the D.O. Ribera del Duero.

Material and methods

The work was carried out in the period
2021-2023 in Pesquera de Duero (Vallado-
lid), in a vineyard belonging to the De los
Rios Prieto winery, within the D.O. Ribera
del Duero. The material used is Vitis vinif-
era L., cv. Tempranillo, on 110 Richter root-
stock, planted in 2006, with vine distances
of 3.00 m x 1.20 m (2,778 vines/ha). The row
orientation is N-S. The training system is a
vertical trellis, using bilateral Royat cordon
pruning with 3 spurs of 2 buds on each arm
(12 buds per vine). The soil has sandy loam
texture, being deep and with hardly any
slope, with the lower part (from approx-
imately 50 cm down) of gravel type, with
considerably more coarse elements than
the upper part, presenting an estimated
field capacity of 130 mm/m and good drain-
age in general.

The experimental treatments applied

consisted of the following descriptions:
T7P: water recharge (126 mm average) of
the soil before sprouting, drip applied un-
til field capacity is saturated, and applica-
tion of weekly deficit irrigation (30% ETo)
during the summer.
To7: without soil water recharge before
sprouting, but application of weekly defi-
cit irrigation (30% ETo) during the summer
(from berry pea size stage to maturity).

Four random blocks were established
in the vineyard, with elementary plots
of 48 vines (4 rows of 12 vines), of which
2 were taken for the individualized mea-
surement on each date. The water status
of the vine was determined by measuring
stem water potential, at 12 h (solar time),
in 2 leaves on the east side of the trellis,
bagged 1 hour before the measurement, us-
ing a Scholander-type pressure chamber.
Physiological activity was estimated by
measuring net photosynthesis at 9 h (solar
time), in 2 leaves also on the east side of
the trellis, completely sunny, of the same
vines, with IRGA Li-6400. The monthly
temperature and precipitation data are in-
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dicated in table 1 and the amount of water
provided and the dates of its application
are indicated in table 2.

Table 1. Medium temperature, Tm (°C) and precipitation, P (mm) in 2021-2023 in Valbuena
de Duero (Valladolid).

. mmmmmmmm

Tm | 2021 | 10.7| 87| 51 19| 83| 103| 142| 185| 212| 2119| 12| 122
Tm | 2022 | 125| 51| 61| 28| 55| 80| 95| 111|206| 248| 235| 1.2 121
Tm | 2023 | 15.3| 86| 75| 36| 39| 95| 129| 147|196 226| 229| 116| 132
P 12021 19| 13| 54| 33| 68 5 46 36| 40 0 1 33 408
P 12022 | 36| 61| 36| 12 8| 69| 31 4 N 8| 33 8 323
P {2023 | 6/ 61| 1071| 31| 12| 15 9 22| 41 1 1| 83 461

Table 2. Water amount (mm) and date of irrigation in each treatment in 2021-2023.

2021 2022 2023

TIP | 107 Date TIP | T07 Date T7P | T07 Date
Recharge | 110 - 29-31mar. | 132 | - 18-20 apr. 136 | - 10-12 apr.
Irrigation | 126 | 126 | 6-jul./24-sep. | 141 | 147 | 28-jun./21-sep. | 133 | 133 | 21-jun./19-sep.

Water potential before weekly irrigation
The vines did not show significant differ-
ences in the measurements carried out on
monday - the day before weekly irrigation
-, with some exceptions favorable to one or
the other treatment (table 3). The first year
(2021), To7 showed some less negative
values than T7P, although the difference
was only significant in the mid-july mea-

Water potential after weekly irrigation

In the thursday measurements - two days
after weekly irrigation - no statistically
significant differences were observed be-
tween treatments in any measure (table 4).
Analogously to what was observed in the
monday measurements, in the first year

surement. The second year (2022), which
was the least rainy, the T7P values tended
to correspond with a level of water stress
slightly lower than that of T07, although
the difference between both treatments
was only statistically significant at the end
of july. The last year (2023), the trend was
similar to the first one, with some values
slightly higher in T07. (Table 3)

the TO7 treatment showed some less neg-
ative values than the T7P, while in the sec-
ond year and the third year the T7P tend-
ed to present slightly less negative values
than the T07. (Table 4)



Table 3. Stem water potential (MPa) at 12 h on monday, in 2021-2023. Sig. *p<0,05.

7] 12-ul. [ 19-jul. | 26-jul. | 9-aug. | 23-aug. | 30-aug.
107 | -055| -047¢| -060| -080| -093| -092
P | 053 | -060| -062| 086 -091| -098
27-jun 1ul. | 18ul. | 25-ul. | 8-aug. | 26-sep.
107 | -054| 099 An| 12| 21| 164
mp | -041| 02| 12| ao0er| am| 58
3ul. | 104ul. | T74ul. | 31ul. | T-aug. | 21-aug. | 28-aug.| 12-sep. | 25-sep. | 2-oct.
107 | 070 | 095 -104| 16| -122| 134 61| -056| -097]-099*
mp | 072 | 098] 01| a:| 25| 36| 55| 066 -099] -110

Table 4. Stem water potential (MPa) at 12 h on thursday, in 2021-2023. Sig. ¥*p<0,05.

VAR 15-jul. | 22-jul. | 29-jul. | 5-aug. | 12-aug. | 26-aug. | 23-sep. | 30-sep.
107 | -056 | -088| -093| -070| -089] -116] -097| -1.01
TP | 060 | -093| -098| -083| -096| -102| -098 102
Tul. | 14-ul. | 25-aug. | 1-sep.

107 | 083 | 119 126 -1

P | 015 | 24| 124| 106

Tul. | 13-ul. | 3-aug. | 1-aug. | 24-aug. | 31-aug. | 14-sep.

107 | 087 | -090| -097| -134| -144| -108| -070

TP | 085 | -091| -094| 32| 43| 115 -069

Photosynthetic activity before weekly
irrigation

The photosynthesis values at 9 h (a.m.)
did not show significant differences in the
measurements carried out on monday - the
day before weekly irrigation -, with one
exception, in the 1st measurement of 2023
(table 5). The first year and the second
year, the trend of photosynthesis between

treatments was similar to that of the water
potential measured on monday, slightly
favorable to T07 the first year and slightly
favorable to T7P the second year, this hav-
ing been the least rainy year of the study
period. In the third year, no defined trend
was observed between both treatments,
with slightly higher values alternating be-
tween T7P and TO07.



Table 5. Photosynthesis (umol CO,.m.s™) at 9 h on monday, in 2021-2023. Sig. *p<0,05.

AR 19-jul. | 9-aug. | 23-aug. | 30-aug.
107 25.1 251 187 189
TIP 252 224 174] 183
21-jun. | N-jul. | 18-jul. | 25-jul. | 8-aug. | 22-aug. | 5-sep. | 12-sep. | 26-sep.
107 239 92| 274| 557 450 699| 807, 560 862
TIP 243 108| 544, 720 595, 816 125| 632 868
3ul. | 10-ul. | 17-ul. | 31jul. | T-aug. | 21-aug. | 28-aug. | 25-sep. | 2-oct.
107 243 2411 149 1n9| 862 367 916 192, 16.6
TIP | 26.6* 235| 133| 125| 824 440 826 202 175

Photosynthetic activity after weekly

irrigation

The vines presented net photosynthesis
values, in the measurements carried out on
thursday - two days after weekly irrigation
-, without significant differences between
treatments, except only in the 2nd mea-
surement of july 2022, favorable to the T7P
treatment (table 6). The first year (2021),
the trend was similar to that of the water
potential measured on thursday, with the
TO7 treatment presenting some slight-

ly higher values than the T7P. In the sec-
ond year and in the third year, a tendency
for the T7P treatment to present slightly
higher values than T07 was observed. This
trend may have responded to a water sit-
uation presumably more favorable to T7P,
derived from the water recharge applied
in pre-sprouting in this treatment, which
would mean a temporary benefit for the
water status of the T7P plants with respect
to those of T07.

Table 6. Photosynthesis (umol CO,.m.s™) at 9 h on thursday, in 2021-2023. Sig. *p<0,05.

APARS 15-jul. | 22-jul. | 5-ago. | 12-aug. | 26-aug. | 23-sep. | 30-sep.
107 | 206 | 258| 254 221| 202 152] 160
P | 203 | 256 239 225| 187 142] 160
Tul. | 14-ul. | 18-aug. | 25-aug. | 1-sep.

17 | 223 | we| w1l 11| 181

mp | 235 | 20| w6| 168] 11
Tul. | 134ul. | 3-aug. | 17-aug. | 24-aug. | 31-ago. | 14-sep.
107 | 247 | 227| 204 201 121| 1671 198
mp | 258 | 231| 217] 209] m9| 15| 205




Conclusions

The stem water potential has not respond-
ed significantly to the water recharge ir-
rigation in pre-sprouting in the vineyard
that is subjected later to deficit irrigation
during the summer. However, a variable
interannual trend was observed between
treatments, which was more favorable
to T7P in the least rainy year. Photosyn-
thesis, at mid-morning, showed a similar
trend to stem water potential, without sig-
nificant differences between treatments,
although with variable alternation of val-
ues between them.

The water status and photosynthet-
ic activity presented similar trends in the
measurements carried out on monday -
one day before the weekly irrigation - and
on thursday - two days after the weekly ir-
rigation -, although the thursday measure-
ment reflected a trend somewhat more fa-

vorable to the T7P treatment with respect
to T07 than the measurement carried out
on monday.

The results show little water and phys-
iological impact of the application of soil
water recharge before sprouting when the
vineyard is subjected later to deficit irriga-
tion during the summer. However, the wa-
ter recharge before sprouting, which can
be assimilated to abundant precipitation
at the end of winter or beginning of spring,
can slightly favor, temporarily, photosyn-
thetic activity, depending on the weather
conditions of the vegetative cycle period.
In any case, the analysis of the application
of recharge irrigation in pre-sprouting re-
quires in-depth experimentation in dif-
ferent types of soil and, of course, under
consideration of the weather conditions,
to also contrast the productive and qual-
itative response of the vineyard.
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ABSTRACT

This review aims to examine the effects of
climate change on the Douro Valley and its
vineyards. An overview of the Douro Val-
ley’s characteristics and terroir is analyzed
by the geography, climate, and land use
within the area. This contextualization of
the area further sets the stage for exploring
climate-induced challenges faced by the
vineyards in the region. The primary con-
sequence of climate change is the increase
in temperature and its impact on the lev-
els of precipitation and the occurrence of
extreme weather patterns. The drier and
warmer climate trend can be seen in the

Douro Valley. This shift in climate within
the region will result in possible losses of
yield and productivity within the vineyards
unless certain practices are altered to bet-
ter fit the changing environment. By syn-
thesising relevant studies and research, our
poster seeks to demonstrate the multifac-
eted implications of climate change on the
region’s viticulture and identify potential
mitigation strategies. These strategies in-
clude technological advancements, viticul-
tural practices, and approaches to vineyard
resilience and biodiversity conservation.
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ABSTRACT

Anthocyanins (Anto), are crucial for berry
coloration, wine quality, and health bene-
fits. In the context of climate change, rising
temperatures pose a threat to grape quality
by reducing Anto levels. This study inves-
tigates how the application of abscisic acid
(+ABA) on grape bunches and 3°C increased
temperatures (+T) influence Anto accumu-
lation and gene expression in Malbec ber-
ries. A factorial experiment was conducted
with four treatments: +ABA -T, +ABA +T,
-ABA +T, and -ABA -T. At harvest, berry
skin Anto levels were analysed, and gene
expression was measured. ABA application
alone increased the levels of several Anto
including delphinidin (Df), cyanidin (Cn),
peonidin (Po), petunidin (Pt), malvidin
(Mv), malvidin acetylated (Mv-Ac), peoni-
din coumaroylated (Po-Cu), , malvidin cou-
maroylated (Mv-Cu), and total Anto (TA),
with the exception of peonidin acetylated
(Po-Ac). An increase in +T led to a decrease
in the levels of Df, Cn, Po, Mv Ac, Po-Cu,
Mv-Cu and TA. However, Pt, Mv, and Po-Ac
levels remained unaffected by the tempera-
ture increase. No interactions between ABA
and T were observed. At harvest, +ABA -T

resulted in upregulation of CHS2 and UFGT
genes, aligning with the increase in total
and individual Anto. Additionally, ABA it-
self upregulated the expression of F3'5'H
and F3'H genes, corresponding with the in-
crease in Po, Mv, Pt, Df and Cn levels. Mean-
while, the elevated T downregulated F3'H
expression, aligning with decreased Cn
and Po levels. The T increases also down-
regulated AT3 expression, corresponding
to the observed decrease in Mv-Ac and Po
levels. The dynamics of these genes, as well
as MYBA1, MYB14, and MYBC2L, across dif-
ferent sampling dates are presented. These
findings suggest that precise management
of ABA can mitigate the negative effects of
rising temperatures due to climate change
by upregulating key genes involved in Anto
biosynthesis, ensuring better colour stabil-
ity and overall quality of Malbec grapes.
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ABSTRACT

Red Globe is a table grape cultivar that often
fails to develop adequate red color in Medi-
terranean climates, specially under increas-
ing temperature due to climate change. The
application of abscisic acid (S-ABA) may help
improve coloration, but its potential effects
on overall grape quality need to be thorough-
ly evaluated. In our study, we applied 1 mM
concentration of S-ABA (ProTone®) to grape
bunches at 7, 21 and 35 days post-veraison
in a commercial vineyard located in Favara,
Sicily, Italy, to verify its effects on the evo-
lution of texture properties using a texture
analyzer (berry skin strength, thickness
and TPA), berry color characteristics using
a chroma meter (CIELab test), anthoyacinins
concentration and their profile using HPLC,
size (transversal and longitudinal diameters),
and weight. Additionally, technological pa-
rameters (pH, titratable acidity, and total sol-
uble solid) were recorded. It was found that
the berry skin strength and thickness sig-
nificantly decreased with S-ABA, although
springiness, chewiness, resilience, gummi-
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ness, cohesiveness remained the same. The
hormone treatment positively affected berry
skin color by significantly decreasing L and
b* value, while increasing a* value at the api-
cal, medium, and basal levels of the berry.
This treatment made the grapes darker, red-
der, and less yellow, accelerating the coloring
process and making the berries harvestable
about 15 days earlier compared to untreated
ones. Furthermore, S-ABA significantly in-
creased the anthocyanin concentration and
modified their profile towards more stable
forms. Additionally, the treatment increased
berry weight by increasing the transversal
berry diameter only, while ripening param-
eters were not statistically affected, except
for the titratable acidity, which was lower
with S-ABA. This study provides new infor-
mation about the positive effects of S-ABA on
Red Globe color, size, anthocyanin content,
their profile, and acidity that can be used in a
context of climate change without affecting
significantly technological maturation and
some texture parameters.
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ABSTRACT

Air temperature is a key element of wine
terroirs. This article documents its spatial
variability at local-scale and its conse-
quences for grapevine phenology within
the vineyards of Morey-Saint-Denis and
Chambolle-Musigny, two villages of Bur-
gundy wine-growing regions. Air tem-
perature at 60 cm above ground level was
measured from March 1st to October 30th,
2023, using 104 temperature sensors. Ter-
rain descriptors (slope, elevation, potential
radiation, etc.) were used to map daily tem-

peratures via regression-kriging, achieving
high precision for minimum temperatures
(daily average R? of 0.61 between observed
and predicted temperatures) and lower pre-
cision for maximum temperatures (average
R2=0.31). Predicted véraison dates using a
heat summation model (GFV) were on av-
erage underestimated but showed strong
spatial consistency with field observations
for Pinot noir, suggesting significant lo-
cal-scale effects of temperature variations
on vine development and grape ripening.
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ABSTRACT

In Chile, vines have traditionally been
grown in the central valleys of the coun-
try [1]. However, increases in average
temperature, as well as the intense and
prolonged drought [2], have forced the in-
dustry to look for new productive areas,
both in coastal valleys and in the South of
the country. Despite this, efforts to eval-
uate the viticultural potential of these
new areas have been limited [3-4]. Con-
sequently, the aim of this research was to
characterize the climate of the traditional
and emerging areas for wine production
in Chile. Averaged temperature (ta), min-
imum temperature (tn), maximum tem-
perature (tx), and precipitation (pp) data
from 233 weather stations between the
years 1963 and 2023 were extracted from
the database of the Centro de Ciencias del
Clima y la Resiliencia (CR)2. These data
were used to characterize the wine-grow-
ing regions of Chile by estimating classical
bioclimatic indices, as well as their tempo-
ral variations and correlations.
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The latitude and altitude of the different
weather stations showed good correlations
with the climatic variables and bioclimatic
indices studied. The Winkler index showed
an increase of 57 units on average over the
past 30 years, with the areas showing the
greatest increases being those located in
the traditional wine-growing valleys (cen-
tral zone). The heliothermic index (HI), the
Growing Season Temperature (GST) index,
and the Night Coldness index (NCI) exhibit
the same trend. The traditional production
areas have recorded a decrease of up to 300
mm of rainfall, with an average decrease of
60 mm.

The current climate change scenar-
io will force the industry to seek for new
wine-growing areas that allow the cultiva-
tion of existing varieties or to replace them
with new varieties resistant to extreme
temperatures and prolongated drought. In
that sense, Chile's diverse climate regions
make it an ideal location for researching
potential new viticultural areas.



SCIENTIFIC SESSION: CLIMATE - POSTER

LINK TO INDEX »

Climate mediated metabolomics profile
of Chardonnay grape juices and Wine

Sébastien Nicolas™, Kévin Billet, Roy Urvieta?, Fernando BuscemaZ, Héloise Mahé?,
Gilles Tavernier3, Régis D. Gougeon', Philippe Schmitt-Kopplin* and Benjamin Bois®

" Université de Bourgogne, Institut Universitaire de la Vigne et du Vin - Jules Guyot, UMR PAM 1517, Institut Agro/INRAe, Rue Claude Ladrey,

BP 27877, 21078 Dijon, France
2(atena Institute of Wine, Bodega Catena Zapata, Mendoza, Argentina

SBureau Interprofessionnel des Vins de Bourgogne, Centre Interprofessionnel Technique, Beaune, France
*Research Unit Analytical BioGeoChemistry, Helmholtz Zentrum Miinchen, Ingolstaedter Landstrasse 1, 85764 Neuherberg, Germany
5Université de Bourgogne, Biogéosciences, UMR 6282 CNRS, 6 boulevard Gabriel, F-21000 Dijon, France

*Corresponding author: sebastien.nicolas@u-bourgogne.fr

Keywords: Chardonnay, climate change, metabolomic, Burgundy, Uco valley.

ABSTRACT

In the context of rapid climate change,
which is reflected in the increasing tem-
peratures and water deficits, it is essential
to understand the impact of climate on
the evolution of vine phenology and the
chemical composition of grapes. This un-
derstanding will allow for the anticipation
and implementation of adaptation strat-
egies to cope with these new constraints.
Chardonnay, an emblematic grape variety
of Burgundy and Champagne, is grown
worldwide under various climatic con-
ditions, producing quality wines. This
study aims to explore the adaptability of
the Chardonnay grape variety to climate
change by comparing samples from two
distinct wine regions: the Uco Valley in
Argentina and Burgundy in France. Based
on climatic projections, the current cli-
matic conditions of the Uco Valley could
be a good model for the future climatic
conditions that Burgundy and Champagne
may encounter by 2050. By comparing
must and wine from these two regions,
obtained using a standardized protocol,
we aim to evaluate how climate influences

the chemical diversity of grape juices and
wines using metabolomic analysis tech-
niques. To identify how climate impacts
the oenological potential of Chardonnay,
ultra high-resolution mass spectrometry
was used to provide a complete metabol-
ic fingerprint of the grape juices and wine,
incorporating the instantaneous contri-
butions of all possible plant-environment
interactions associated with the multiple
natural conditions of the vineyard. Our
study reveals that if the grape juices and
wines obtained in these two regions are
both impacted by similar environmental
parameters, they develop distinct metabo-
lomic imprints of hundreds of compounds
according to the environmental parame-
ters considered. These results provide an
unprecedented representation of the met-
abolic diversity of Chardonnay, contribut-
ing to a better understanding of grapevine
mitigation strategies in the context of cli-
mate change.
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ABSTRACT

Terroir is a French term that designs the
complex interactions that take place be-
tween climate, soil, microbiomes, agricul-
tural and oenological practices and plant
genotypes that generate plant phenotypes
and determine the specific characteristics
of wines in a given region. While genetics
focuses on the study of genes and of their
functions, epigenetics aims at investigat-
ing the changes in gene functioning that
are heritable or stable and that do not en-
tail a change in DNA sequence. As such,
epigenetic mechanisms are major contrib-
utors to the response of plants to the en-
vironment, and to the memory they keep
of them. How epigenetics may shape the
“terroir” of grapevine is an exciting yet
underexplored research area that requires
thorough analyses of the epigenetic pa-
rameters of grapevine plants grown in di-
verse environments.

Introduction:

Epigenetics was initially defined by C
Wadington as “the branch of biology
which studies the causal interactions be-
tween genes and their products, which
bring the phenotype into being” (Wad-
dington 1942). Epigenetics now refers to

the study of changes in genome function-
ing that are stable or mitotically and/or
meiotically heritable, an inheritance that
do not rely on a change in DNA sequence
(Eichten, Schmitz, and Springer 2014).
Epigenetic mechanisms include histone
post-translational modifications (HPTMs),
histone variants, DNA methylation, and
require small RNAs. They are major reg-
ulatory processes involved in the control
of plant growth and development, and in
their responses and adaptation to the en-
vironment (Ldmke and Biurle, 2017). In
addition, epigenetic processes, together
with other molecular and biochemical net-
works, contribute to the memory of plants
(Gallusci et al, 2022). Plants have acquired
the ability to store, reuse, and eventually
forget information generated by the previ-
ous situations, which provides them with
an efficient way to adapt to environmen-
tal changes. In perennials, this epigene-
tic information can be stored during one
growing season and most likely over years
(Gallusci et al, 2022). This is also true for
grapevines, and epigenetics may provide
means to adapt to the specific environ-
mental conditions of vineyards (Berger et
al, 2023).
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From a plant perspective, the diversi-
ty of vineyard environmental conditions
include climate, soil, pathogen and sym-
biotic interactions, viticulture practices,
graft combinations that together interact
with the plant genotypes and influence
grapevine development, phenotypes, and
ultimately wine characteristics. This com-
plex combination of factors likely shapes
the epigenetic landscapes of grapevine
plants in the long term. In this oral presen-
tation, I will discuss recent evidence and
provide preliminary data suggesting that
various environmental factors impact the
grapevine epigenomes and may contribute
to defining an epigenetic signature of the
grapevine Terroir.

Epigenetic information:

Epigenetic mechanisms are based on the
methylation of cytosines, the posttransla-
tional modifications of histones (HPTMs)
and histone variants, and involve small
RNAs and enzymes participating to the
remodelling of chromatin (Feng, Jacob-
sen, & Reik, 2010). When set up during de-
velopment or in response to environment
signals, epigenetic marks determine chro-
matin organisation and dynamic, thereby
gene expression patterns. In plants, DNA
methylation can occur at the symmetrical
CG and CHG (H=C, T or A), where methyl-
ation occurs on both strands, and at the
non-symmetrical CHH sequence context,
where only one strand is methylated (Law
and Jacobsen, 2010). DNA methylation dy-
namics that take place during plant devel-
opment or in response to environmental
stresses is controlled by DNA methyltrans-
ferases (DNMTs) of three different classes.
De novo DNA methylation is established
by a mechanism called the RADM path-
way (RNA directed DNA methylation) that
involves the Domain Rearranged Methyl-
transferases 1, 2 (DRM1/2) that are guided
totheir targets by 24 nt-long small RNAs. In
addition, the chromomethylase 2 (CMT2)
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will establish DNA methylation at CHH,
which is located in heterochromatic re-
gions). Once established DNA methylation
is maintained after replication of DNA by
DNMTs which are sequence context specif-
ic. The MET1 enzyme will add the methyl
group on the newly incorporated cytosine
at CG hemimethylated sites, whereas the
CHG methylation maintenance depends
on plant specific enzymes, called the chro-
momethylases (CMT), mainly CMT3. At
CHH sequences, methylation of the newly
synthesised DNA strands is performed by
the RADM pathway and by CMT2 (Zhang et
al, 2018). Finally, methylated cytosine can
be removed by DNA demethylases (DMT)
in an active process, or passively diluted
following replication when the mainte-
nance methylation is not working after cell
division (Liu and Lang, 2020). Addition-
al epigenetic marks include histone-post
translational modifications (HPTMs). The
HPTMs occur at various amino acids locat-
ed essentially, but not exclusively, on his-
tone H3 tail. They include lysine, threonine
and serine residues. The main HPTMs are
acetylation, methylation and phosphory-
lation. Whereas the acetylation of histones
is usually associated with transcription-
ally active genes, methylation is either an
active or a negative mark depending on
the residue which is methylated. In addi-
tion, histone variants can affect the nu-
cleosome composition, and together with
HPTMs, influence chromatin structure
and activity (Lauria and Rossi, 2010). The
distribution over the genome of the differ-
ent epigenetic marks will define the plant
epigenomes which are established during
the development of plants and therefore
differ between organs, cell types, and are
influenced by environmental conditions.

Epigenetic memories: the foundation of
a Terroir signature?

Epigenetic memories and Terroir:
Epigenetic is the molecular support of im-



portant aspects of the memory of cells,
contributing to their ability to store, and
re-use information of previous experi-
ments. Consistently, epigenetic marks are
maintained during mitosis, which allows
a somatic memory of epigenetic chang-
es, whether they are developmentally de-
termined or generated by environmental
signals. This memory can be maintained
over years in individual plants and even-
tually transmitted to the next generation
through clonal propagation and to a lower
extend sexual reproduction (Gallusci et al,
2022). In the case of grapevine, the epigen-
etic landscapes depend on many different
factors that include but are not limited to
the epigenetic information inherited from
the mother plants during clonal propaga-
tion (Rootstock and scion), the interac-
tions between RS and scion, the influence
of the environment (soil, microbiome, cli-
mate etc..) and the trans-annual memory
of this environment.

Studies in poplar, a woody perennial,
have shown that ramets originating from
the same plants but grown in contrasted
environments displayed different meth-
ylation landscapes consistent with DNA
methylation imprints reflecting the en-
vironment in which the new plants are
grown, whereas the parental origin seems
to have little influence (Guarino et al.,
2015). The phenotypic consequences were
not studied, neither was the link between
the new environment and the epigenetic
landscape. Concerning grapevines, the
study of methylation variations across
the Barossa region in Australia showed
that methylation patterns varied with the
geographical location of plants and vine-
yard management methods, also suggest-
ing that the environment was shaping the
plant methylome over the origin of plants,
and reflecting the Terroir (Xie et al, 2017).
However, different clones were compared,
which may have generated epigenetic dif-
ferences unrelated to the Terroir. In anoth-

er study, the methylation profiles of Merlot
and Pinot Noir (PN) seemed to be more af-
fected by their location than by their clon-
al origin (Barankova et al., 2021). These re-
sults would suggest that the environment
of the plant defines in part its methylome
and thereby gene expression patterns and
plant phenotypes. In contrast, when cut-
tings from adult poplars from different
places were grown in a single location, pa-
rental epigenetic marks were transferred
from parents to the progeny suggesting
that the parental epigenetic imprints were
maintained over those of the environment
(Vanden Broeck et al., 2018). Similarly,
DNA methylation patterns of grapevine
(cv Malbec) grown in different Argentini-
an vineyards suggests that the clonal or-
igin was more important than the growth
location (Varela et al., 2021). Hence, it is
unclear whether the parental origin or the
environment will define the epigenetic
landscapes of plants, and most likely both
of them will contribute to different levels,
depending on plant age and environmen-
tal conditions.

An additional layer of complexity is
due to grafting because in a grafted plant,
both partners may react differently to the
local environment of the plant and influ-
ence each other. Since there is a clear epi-
genetic dialogue between the graft part-
ners in grapevine as in other plants (Rubio
et al, 2022), the graft combination will also
contribute to the scion and RS epigenetic
signatures in a specific environment, and
to its evolution.

In addition, in grapevine, as in oth-
er perennials, plants may maintain their
epigenetic landscape in meristems over
years, a process that can generate an epi-
genetic drift reflecting the environmental
and growing conditions of each individual
plant. In the case of poplar under drought
stress, epigenetic changes induced by
summer stress periods were maintained
in winter-dormant shoot apical meristem,
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consistent with an epigenetic memory of
environmental conditions that occurred
during the preceding year (Le Gac et al,
2018).

So far, there is growing evidence of
an epigenetic signature that depends not
only on the genotypes of plants, their pa-
rental origin, but also on their growing
conditions. It remains unclear how the
environment shapes the plant epigenetic
landscapes in the long term. Also the rela-
tive importance of different factors to the
plant epigenomes (plant genotypes, pa-
rental origin, soil, climate etc..- the graft
combination), and their influence on plant
phenotypes and typicity of wines in a spe-
cific region awaits additional studies.

Toward an epigenetic signature of
grapevine terroir: what strategies?

A terroir signature implies that from the
initial parental epigenetic imprints that
is inherited during clonal propagation of
grapevines, the growing conditions (soil,
microbiome, climate, viticulture practise,
grafting etc.) will lead to changes in the
epigenetic information that will be memo-
rised by plants over years and lead to new
epigenetic landscapes in the different or-
gans of the plant. Although epigenomes
may evolve with plant age, they should be
stable enough to define a terroir specific
epigenetic signature that may reflect the
main traits of the plant and the wine typ-
icity in a specific location.

In addition to the epigenetic character-
isation of plants in a specific environment,
we think that it is necessary to develop
complementary research strategies to de-
fine possible links between Terroir and the
plant epigenetic information, as well as
the relative contribution of factors deter-
mining the Terroir. So far our research ad-
dresses the following questions: (1) What
part of the parental epigenome is trans-
mitted to the progeny during plant clonal
propagation and how stable is this infor-
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mation? (2) What is the influence of the en-
vironment on clone plants generated from
the same mother plant? (3) Can we deter-
mine a trans-annual epigenetic memory
of grapevines and determine the stability
of the transmitted epigenetic information
over years; (4) How the epigenetic dialogue
between rootstock and scion contribute to
the epigenetic signature of a plant? (5) Is
the microbiome of the plant, which may
depend on the environment and reflect the
Terroir, influencing the epigenomes and
contributing to an epigenetic signature of
plants in a specific environment?

I will present some of the evidence we
have obtained that suggest that the epig-
enomes of plants are influenced by these
different parameters that may define the
epigenetic landscapes of organs at a spe-
cific time and in a given environment. We
expect that these approaches in combina-
tion will allow determining the part of the
epigenetic information that is acquired in
a specific environment and allow defining
a signature specific to this environment.

Conclusion:

Terroir embodies the intimate interactions
between climate, soil, agricultural and
enological practices and plant genotypes
(rootstock and scion and their interac-
tion), that influence plant phenotypes and
determine the specific characteristics of
winesina givenregion. In this context, epi-
genetics, which does not rely on changes
in the DNA sequence, has been associated
with phenotypic variations that are stable
and or heritable. They play a major role in
the memory that plants have of their past
and contribute to their acclimation and/
or adaptation to their environments (re-
viewed in Berger et al. 2023). As such they
may reflect the “terroir” of grapevines.
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ABSTRACT

Grapevine (Vitis vinifera L.) is a perennial
crop widely cultivated around the world
and characterized by a remarkable pheno-
typic plasticity. Understanding the molec-
ular basis of this phenomenon is crucial for
modern viticulture, as climatic conditions
are becoming increasingly unpredictable
with rapid climatic change. Although these
molecular mechanisms are crucial, they re-
main poorly understood due to their com-
plexity. This study aims to explore the role
of small RNAs in influencing the pheno-
typic plasticity of grape berries grown in
different environments. We used two vari-
eties, Aglianico and Cabernet Sauvignon,
cultivated in three different Italian sites.
Using two different pipelines, we identified
miRNAs and phasiRNAs across 18 samples.
We assessed how these varieties respond
to different environmental conditions by
conducting differential expression analy-
sis among the vineyards and carrying out
a PCA using the expression profiles of the
small RNAs. Our findings indicate that the
two varieties display a different sensitivi-
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ty to the surrounding environment. More-
over, the in-silico prediction of small RNA
targets suggested their role in secondary
metabolites production pathways. Using
WGCNA, we correlated clusters of co-ex-
pressed small RNAs to climatic data under-
scoring the significant role of small RNAs
in the genotype x environment interaction
in grapevine.

Introduction:

Phenotypic plasticity, the ability of asingle
genotype to express different phenotypes
in response to environmental variations,
is a key adaptive strategy for sessile or-
ganisms like plants (Bradshaw, 1965). This
capability is particularly vital in the face
of climate change, where increasing vari-
ability and extremity in weather patterns
necessitate flexible phenotypic responses
for plant survival. Thus, understanding
the molecular mechanisms underpinning
phenotypic plasticity is crucial, especially
for advancements in modern agriculture.
It has been suggested that phenotypic
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plasticity may involve a combination of
genetic and epigenetic regulation of gene
expression. This regulation can occur
through mechanisms such as DNA meth-
ylation/demethylation, histone modifi-
cations, chromatin remodeling, and the
involvement of small and long non-cod-
ing RNAs (ncRNAs) (Fortes and Gallusci,
2017). Among these, small RNAs - short,
non-coding RNA molecules ranging
from 19 to 24 nucleotides - are pivotal.
They primarily regulate gene expression
through post-transcriptional gene silenc-
ing (PTGS) and RNA-directed DNA meth-
ylation (RADM) (Borges and Martienssen,
2015) playing a crucial role in shaping the
phenotypic plasticity of plants.

Grapevine (Vitis vinifera L.) is charac-
terized by remarkable phenotypic plas-
ticity, which is closely tangled with the
concept of terroir in viticulture - where
unique environmental factors of a specific
area influence vine growth and fruit char-
acteristics (Van Leeuwen & Seguin, 2005).
In this work, we explored the role of small
RNAs in the plasticity of grapevine berries
of two varieties, Aglianico and Cabernet
Sauvignon, cultivated in three different
vineyards of southern Italy. We focused
on two classes of small RNAs: microRNAs
and phasiRNAs, the latter being a subclass
of endogenous secondary siRNAs (Axtell,
2013). First, we used two pipelines to de-
tect small RNAs across the genome, then
we conducted a differential expression
analysis among vineyards. Using in-sili-
co approaches, we predicted the putative
targets of differentially expressed small
RNAs. Finally, we employed Weighted Gene
Co-expression Network Analysis (WGCNA)
to correlate groups of small RNAs with cli-
matic data, aiming to elucidate their roles
in the genotype x environment interaction
in V. vinifera.

Our findings provide new insights into
the complex mechanisms by which small
RNAs influence plant adaptation to envi-

ronmental changes, offering implications
for both agricultural practices and sus-
tainability in the era of climate change.

Materials and methods:

This study we used two grape varieties,
Aglianico, a traditional southern Italian
red cultivar, and Cabernet Sauvignon, an
international cultivar of French descent,
grown in three Italian vineyards located
at different altitudes, namely: San Biase in
Molise (600m asl), Galluccio in Campania
(125m asl), and Zafferrana Etnea in Sicily
(720m asl) (Figure 1). Berry samples were
collected at ripeness during the 2021 sea-
son, with three biological replicates per
site. RNA was extracted from berries us-
ing a method from Villano et al. (2023), and
concentrations measured with a NanoDrop
ND-1000 spectrophotometer. To identify
sncRNAs, 18 single-end small RNA libraries
were sequenced with an Illumina TruSeq
technology, data quality controlled by
trimming reads shorter than 16 nucleotides
using Trimmomatic v0.39. MicroRNAs and
phased small interfering RNAs were iden-
tified using miR-PREFeR and ShortStack
v3.8.5 (selection criteria: phase score > 30).
The PN40024 (v4) grapevine reference ge-
nome was employed for the alignments.
Expression analysis excluded small RNAs
with counts below 1 cpm or a coefficient
of variation above 0.5, using the Trimmed
Mean of M-values for normalization. Prin-
cipal Component Analysis (PCA) confirmed
the reproducibility of replicates and fa-
cilitated differential expression analysis
across vineyards. Potential targets of differ-
entially expressed RNAs were predicted us-
ing psRNATarget, with biological functions
and pathways examined via Gene Ontology
and KEGG. Small RNA data were correlat-
ed with already available environmental
information (Ferlito et al., 2023) through
Weighted Gene Co-Expression Network
Analysis (WGCNA), linking RNA expression
to climatic variables.
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Results and discussion:

In a previous study, we evaluated the
physiological and reproductive respons-
es of Aglianico and Cabernet Sauvignon
across the three environments to deter-
mine their influence on adaptations (Fer-
lito et al., 2023). Aglianico showed more
variability in key physiological parameters
such as leaf water potential and photosyn-
thesis rates compared to Cabernet Sauvi-
gnon, which displayed more consistent
responses, indicating lesser environmen-
tal sensitivity (Ferlito et al., 2023). Based
on this evidence, we decided to study the
role of small RNAs in influencing the phe-
notypic plasticity of grape berries grown
in different environments. Across 18 sam-
ples, high-throughput sequencing gener-
ated a total of 228,740,031 raw reads, with
an average of 12,707,779 reads per sample.
A total of 736 small RNAs were predicted,
including 568 miRNAs and 168 phasiRNAs.
After filtering, 304 miRNAs did not meet
the selection criteria due to low expression
levels or high variability, leaving 264 miR-
NAs and 168 phasiRNAs in the final dataset
- a total of 432 small RNAs.

Principal component analysis (PCA)
and differential expression analysis
demonstrated distinct influences of the
growing environment on Aglianico and
Cabernet Sauvignon. Specifically, the first
principal component (PC1) differentiated
the Aglianico samples from those of Cab-
ernet Sauvignon, indicating unique small
RNA expression patterns across the three
environments (Figure 1). This is consis-
tent with the findings from our differential
expression analysis, which indicated that
environmental variations induced a great-
er change in the expression of small RNAs
in Aglianico than in Cabernet Sauvignon.
Furthermore, while the Cabernet Sauvi-
gnon samples demonstrated tight cluster-
ing, with minimal separation of Campania
replicates, indicating a relatively uniform
expression patterns across different envi-
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ronments, the Sicilian Aglianico samples
diverged noticeably from those of other
regions. This result is consistent with dif-
ferential expression analysis, where the
Sicilian vineyard in Aglianico displayed
the greatest number of differentially ex-
pressed small RNAs (127 between Sicily
and Molise, 123 between Sicily and Cam-
pania). In contrast, Cabernet Sauvignon
showed fewer differences in expression
profiles, with Campania vineyard being the
only one to exhibit differential expression
of small RNAs (25 between Campania and
Sicily, 49 between Campania and Molise).
This suggests a higher degree of expres-
sion variability among the Aglianico sam-
ples, underscoring their greater sensitivity
to environmental differences compared to
the relatively stable expression observed
in Cabernet Sauvignon.

In-silico prediction identified sever-
al target genes for the differentially ex-
pressed small RNAs, notably in pathways
related to secondary metabolite biosyn-
thesis, stress response, and regulation of
gene expression. These findings suggest
that small RNAs may play critical roles in
accumulating secondary metabolites, en-
hancing stress tolerance, and regulating
key transcription factors.

WGCNA clustered the small RNAs in 13
highly co-expressed modules (Figure 2).
The correlation of these modules with cli-
matic traits enabled the identification of
hub small RNA groups whose expression is
significantly influenced by environmental
factors.

Conclusion:

In this research, we explored the small
RNA transcriptomes of two grapevine va-
rieties, Aglianico and Cabernet Sauvignon,
in three different Southern Italian envi-
ronments. Aglianico showed greater en-
vironmental sensitivity, displaying more
variable small RNA expression patterns
across regions compared to Cabernet Sau-



vignon. In-silico target prediction further  sponses. This highlights their potential role
demonstrated that these small RNAs are in adapting the grapevine's physiological
crucial in regulating pathways important  traits to diverse environmental stresses,
for metabolite accumulation and stress re-  potentially affecting fruit quality and yield.
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Figure 1. The genetic material used in this study and the PCA constructed using TMM values
of small RNAs expression of the 18 replicates.

a) Cabernet Sauvignon, b) Aglianico, c) sampling areas, d) PCA where shapes represent different sites, whereas colours indicate the varieties

(CS: Cabernet Sauvignon; AG: Aglianico).
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Figure 2. Barplot showing the number of co-expressed small
RNAs in each module detected
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ABSTRACT

In recent years, molecular biomarkers
have emerged as important tools in mod-
ern agriculture, facilitating the monitoring
of plant health and providing objective
assessments of resistance and suscepti-
bility to environmental factors. Within
the realm of grapevines (Vitis vinifera L.),
genomic biomarkers hold promise owing
to their ability to integrate multifaceted,
context-dependent information.

In this context, telomere length emerg-
es as a promising, rapid, and cost-effective
genomic biomarker, as observed in other
species such as mammals and other plants.
Telomeres, repetitive DNA sequences sit-
uated at chromosome ends, play a central
role in safeguarding genetic material from
damage and have been widely used in pro-
cesses related to health, aging, and stress
in mammalian models. While the telomere
sequence (TTTAGGG) is evolutionarily con-
served across species, the development
of species-specific protocols and primer
designs is imperative for accurate analy-
sis. Currently, standardized protocols for

measuring telomere length in grapevines
are lacking. Therefore, our study attempts
to establish a qPCR protocol for assessing
telomere length in grapevines, serving as an
epigenetic biomarker for their well-being.

Quantitative real-time PCR (qPCR) en-
ables precise quantification of telomere
length relative to an internal reference
gene specific to grapevines, ensuring sta-
ble measurements across diverse environ-
mental conditions. Implementation of this
novel protocol will facilitate the evaluation
of telomere length dynamics in grapevines
under varying conditions, thereby provid-
ing a valuable tool for assessing the vine's
health status.

This contribution presents the first
results on the Aglianico vine subjected
to different levels of water stress (irrigat-
ed and non-irrigated) under the same soil
conditions in an area of southern Italy de-
voted to the production of high-quality
wines (Taurasi DOCG area) in the Tenuta
Donna Elvira winery (Montemiletto—AV).
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ABSTRACT

The history of grapevine in South America
dates from around 500 years. During that
period, several varieties were originated
from natural crossings between the variet-
ies brought by Spaniards. Recent evidence
brought to light that the existing diver-
sity within the group of autochthonous
cultivars from Argentina and other South
American countries, is higher than previ-
ously thought. These varieties are com-
monly known as criollas. In this paper,
we present a brief update of the results of
more than 10 years of study in which we
have prospected, rescued and identified
grapevine phenotypes recovered in an-
cient vineyards in the western provinces
of Argentina.

During this period, we have analyzed
more than 200 samples in several locations.
Their identity and pedigree were analyzed
through nuclear simple sequence repeat
(nSSR) markers. Our results show that the
diversity within the Argentinian and South
American cultivars is higher than previ-
ously thought. Our grapevine collection,
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one of the most important in the Southern
Hemisphere, and ancient vineyards lo-
cated in isolated valleys, are reservoirs of
minor cultivars, and growers have played
a key role in maintaining and conserving
them. Significance of the Study: This ge-
netic diversity constitutes a valuable tool
to explore alternatives for diversification
and adaptation to climate change.

Introduction

Currently, between 6000 and 10,000 cul-
tivars of Vitis vinifera L. exist worldwide,
which are cultivated for different pur-
poses, wine production, table grapes, rai-
sins, or juice (Lacombe et al., 2013). These
existing cultivars have originated since
grapevine cultivation and domestication
commenced 11,000 years ago (Dong et al.,
2023). While this considerable genetic di-
versity is mainly conserved in germplasm
collections (This et al., 2006), the global
wine market is limited to a small group
of cultivars. The 13 most planted culti-
vars around the world, Kyoho, Cabernet
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Sauvignon, Sultanina, Merlot, Tempranil-
lo, Airen, Chardonnay, Syrah, Red Globe,
Garnacha Tinta, Sauvignon Blanc, Pinot
Noir, and Trebbiano Toscano, cover more
than one-third of the total cultivated sur-
face area. The 33 most planted cultivars
cover more than 50% of the global culti-
vated area (OIV, 2017), which represents
less than 1% of the total existing genet-
ic diversity (Wolkovich et al., 2018). This
global trend to cultivate some internation-
al cultivars has led to the disappearance
of numerous minor and local genotypes.
Furthermore, these 13 international culti-
vars cover more than 60% of the cultivated
surface area of the main producer coun-
tries, and even more (up to 80%) in some
countries, such as Australia, New Zealand,
or Chile (Wolkovich et al., 2018). In Argen-
tina the situation is somewhat different
since the two more cultivated varieties
(Malbec and Bonarda) are not within these
13 most important varieties, and almost
30% of the cultivated area corresponds to
local cultivars or criollas (INV, 2020). The
main cultivated criollas in our country are
Cereza and Criolla Grande, two varieties
widely spread during the 1960s and 1970s
because of their high yield potential. Other
criollas varieties widely cultivated are Pe-
dro Giménez, Torrontés Riojano, and Mos-
catel Rosado and a large number of minori-
ty varieties spread over different regions.
The history of grapevine (Vitis vinifera
L.) in America dates to the fifteenth cen-
tury, when it was first introduced to the
Antilles during the Spanish colonization
where it did not prosper due to climatic
conditions (Martinez et al., 2006). Howev-
er, it was cultivated with success in Mex-
ico a few years later, and then in Peru in
the early sixteenth century (Martinez et
al., 2006) expanding subsequently to the
rest of the South American colonies (Mil-
la Tapia et al., 2007). The introduction to
Argentina would have been in 1557, when
some plants were introduced to the North

of Argentina from Chile. During these first
steps of South American viticulture and
for more than 300 years, the Spanish vari-
ety Listan Prieto was the predominant va-
riety (Lacoste et al., 2010). Besides, Muscat
of Alexandria was introduced from Spain
to Mendoza by Jesuitic missionaries and it
was one of the most cultivated white vari-
eties until the end of the twentieth centu-
ry. During the eighteenth century, the vast
majority of the criollas varieties were orig-
inated. Several recent studies have demon-
strated that the two most planted varieties
at that time (Criolla Chica and Muscat of
Alexandria) are the main progenitors of
South American varieties, including the
group of the Torrontés, Criolla Grande,
Cereza, and Pedro Giménez, for instance
(Agiiero et al., 2003; Martinez et al., 2006;
Milla-Tapia et al., 2007; Duran et al., 2011;
Boursiquot et al., 2014). The most proba-
ble processes leading to the origin of these
genotypes may probably be the uninten-
tional sowing of raisin seeds which spon-
taneously generated from marcs that were
mixed and incorporated as manure to fer-
tilize the vineyards. However, until some
years ago, the diversity about this group of
varieties remained unknown. Here, we re-
sume the works performed previously by
our group (Aliquo et al. 2107; Torres et al.
2022) and some other in course where we
have identified, rescued, conserved and
characterized this family of varieties.

Materials and methods

During these last 10 years, we have ana-
lyzed more than 100 accessions. We first
analyzed accessions conserved at the
Grapevine Collection, located at the INTA
EEA Mendoza experimental campus (lat.
33°S; long. 68°51'W), Argentina. Those ac-
cessions were collected by Gonzalez and
Vega (1949) in ancient vineyards in the
western provinces of the country. From
that date, they were conserved in the col-
lection without identification. We also col-
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lected samples found in ancient vineyards
located in different provinces of Argentina
(Torres et al., 2022). A first morphological
analysis was performed in situ to deter-
mine the putative origin of specific plants
identified within the vineyards. Then, a
sample was extracted and a set of 19 mi-
crosatellites was analyzed (Aliquo et al.,
2017) and the identity and parental anal-
ysis were performed with CERVUS v3.0.7.
The genetic profiles obtained were com-
pared with the Vitis International Variety
Catalogue (VIVC, http://www.vivc.de/)
to verify the identity and check for syn-
onyms and homonyms. We also compared
our results with the INRAe database, which
comprises more than 4000 accessions gen-
otyped (Lacombe et al., 2013).

Results and Discussion
Our results have revealed that (i) the di-
versity among criollas varieties is higher
than previously supposed (Aliquo et al.,
2017), and (ii) this diversity is conserved
in ancient, isolated, small vineyards where
growers have played a key role in con-
serving this genetic diversity (Torres et
al., 2022). Summarizing, we have found 70
different varieties, including 21 European,
49 criollas of which 34 of them were pre-
viously unknown criollas (Aliqud et al.,
2017; Torres et al., 2022). As expected, a big
group corresponded to the progeny origi-
nated from Listan Prieto x Muscat of Alex-
andria (Fig. 1). Still, many other varieties
have also participated as parents, such as
Muscat a Petits Grains Blanc, Mollar Cano,
and many backcrossing. Surprisingly, Mal-
bec also participated in the origin of two
red cultivars. This finding suggests that
the process leading to the origin of criollas
varieties continued after the introduction
of French cultivars by Pouget in 1853.
Most of the prospected vineyards
were trained in an overhead system (i.e.,
“parral”), a traditional training system
in Argentina, that still represents around

168

50% of the cultivated surface (INV, 2019).
These family vineyards, with less than 1
ha of surface, are mostly cultivated for
local market and self-consumption. They
are planted with the most cultivated cri-
ollas (e.g., Pedro Gimenez, Criolla Grande
Sanjuanina, Cereza), but they present a
high diversity of other varieties planted
in the same block, many of them not still
identified or confounded with others. The
role played by growers in maintaining the
vineyards has been crucial to avoid the ge-
netic erosion of the species.

Conclusions

Grapevine genotypic diversity in Argen-
tina, and probably also in South America,
is higher than previously thought. The
identification through molecular markers
has allowed us to highlight this diversity.
Small grapegrowers distributed in differ-
ent locations in the western counties of
Argentina and the Grapevine Collection at
INTA (which conserves material brought to
our country more than 100 years ago) has
played a key role in conserving this diver-
sity that otherwise would have been lost.
This collection has now been enriched
with a criollas section, including around
71 accessions of different autochthonous
varieties and their related genotypes.



Muscat of Alexandria Listan Prieto

Unkown Quebranta (P) «————— Mollar Cano
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Canelén

Unkown
Moscatel Apicia (W)

Torrontés Riojano Cereza

Moscatel Rosado (P)
Torrontés Mendocino (WY
Coco de Gallo (P)
Huevo de Gallo (W)
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Moscatel Pincanta (W)
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Canelén Costefia
Canelén Grande Criolla Blanca
Cereza Malvasia Criolla
Figure 1. Schematic pedigree and parental relationship of criollas varieties showing European varieties (in red). cr'?:?ﬂﬁ;a'\"'%e s 'ﬁ;:s;ix{;ﬂu
The circle with 1 in the center indicates the group of varieties originated by the crossing between Muscat of Criolla N°125 Palo Blanco
Alexandria and Listén Prieto. In the table, a detail is shown of this group of varieties classified by their berry skin Deolinda Pedro Giménez
. i or - varieti : § ‘e origi - y Moscatel Tinogasta  Torrontés Ricjano
color. In .1he s.cheme‘. in green appeal \angﬂes belonging to gjoup 1 that gave origin to other variety through Moscatel Tinte . Torrontés Sanjuaning
backerossing either with another eriolla or with a European cultivar. San Francisco  Torrontés Sanjuanino
Tinta Angualasto Glabro
Tinta de Tinogasta  Torrontés Tatén
Uva Anis
Uva Blanca criolla
Uva Maria
Uva Mollar
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ABSTRACT

Grapevine cultivars can be unequivocally
typed by both physical differences (am-
pelography) and genetic tests. However
due to their very similar characteristics,
the identification of clones within a culti-
var relies on the accurate tracing of supply
records to the point of origin. Such records
are not always available or reliable, par-
ticularly for older accessions. Whole ge-
nome sequencing (WGS) provides the most
highly detailed methodology for defining
grapevine cultivars and more important-
ly, this can be extended to differentiating
clones within those cultivars.

The AWRI has developed a world-first
clonal sequencing methodology that com-
bines the latest next-generation genome
sequencing technologies, high-perfor-
mance computing and customised bioin-
formatics tools. This technique has been
successfully used to define clonal varia-
tion across 1000 accessions of 20 differ-
ent cultivars obtained from nurseries and
vineyards throughout Australia.

To aid in the phylogenetic analysis and
identification of intra-cultivar somatic
mutations, long-read reference genomes
were produced for several cultivars, in-
cluding Shiraz, Grenache and Sauvignon
Blanc. These reference genomes were also
used to detect unique structural varia-
tions that may be important drivers of the
phenotypic differences observed between
these cultivars.
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ABSTRACT

The concept of typicity linked to a spe-
cific terroir is based on a range of knowl-
edge held by different actors: the ability
to establish product characteristics, to
produce, to evaluate, and to appreciate
(Casabianca et al., 2006). This type of pro-
duction, generally promoted and protect-
ed within a Geographical Indication (GI),
can contribute to the sustainable develop-
ment of the region in which it is produced.
In response to climate change, agro-eco-
logical transition, and increasingly com-
petitive markets, GI actors are part of new
collective strategies (Ruggieri et al., 2023).
We analysed these strategies, focusing on
a case study in the Anjou PDO wine area
(around 400 winegrowers produce this
PDO), within the Loire Valley wine area
(France). The Grolleau N grape variety, his-
torically present in the region and mainly
used for rosé wines, is attracting renewed
interest for the production of red wines. A
first step involved 3 interviews with the
PDO managers and document analysis. In
a second step, 10 semi-structured inter-

views were conducted and used to create
a questionnaire to identify agronomic and
sensory characteristics and winegrowers’
mental representations; 52 winegrowers
responded. Sensory analyses were carried
out to evaluate the impact of Grolleau N on
the sensory typicity of the Anjou PDO red
wines. Our results provide new insights
into the agronomic and sensory character-
istics of Grolleau N. Interest in the Grolleau
N variety was confirmed, but winegrowers
do not want to make it compulsory in wine
blends. More generally, our methodology
can be used to study the influence of new
grape varieties in a context of adaptation
to climate change and to the market for GI
wines.
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ABSTRACT

Apulia, a southern Italian region overlooking
the Adriatic and Ionian seas with 865 km of
coastline, stretching towards the Mediterra-
nean, for geographical, climatic and histori-
cal reasons is particularly rich in germplasm,
with a vast heritage of unique varieties for
wine and table grapes. If the extensive clonal
and sanitary selection programs, starting from
the 1970s, made possible the valorisation of
the main local varieties at the basis of region-
al denominations, the recent attention to the
agrobiodiversity protection met the interest of
consumer and markets for new products and
wines by minor and neglected varieties. Since
2012, three successive integrated projects for
the agrobiodiversity of the Mediterranean
crops, funded by the Rural Development Plan
of Apulia Region, enabled the research insti-
tutions to explore all the region, plant new
collection fields, acquire new equipment and
facilities for the conservation and the study
of regional germplasm. The project “Recovery
of Apulian grapevine germplasm” (ReGeViP)
promoted the Apulian viticultural heritage
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through historical, sanitary, morphological,
genetic, and technological studies/analyses
aimed to identify, recover, characterize, and
protect interspecific and intra-varietal biodi-
versity under genetic erosion, providing also
sanitation and official registration to the Na-
tional Catalogue of Vine Varieties. Within the
germplasm conservation centre of Locoro-
tondo, in the charming frame of Itria Valley,
the ancient stone buildings, such as trulli,
lamie and a snow house, have been restored
and transformed in a "Widespread Museum
of Biodiversity" aimed to attract and welcome
visitors among ancient varieties, premultipli-
cation, breeding and experimental fields, like
in an open-air classroom; wine tasting and the
storytelling about memories and traditions of
regional germplasm and local communities,
complete a full and unique enotouristic ex-
perience. In a multifunctional approach, the
experience of Apulia demonstrates how the
protection of viticultural biodiversity, through
the exploitation of the minor genetic resourc-
es, could became a concrete opportunity of
sustainable economic development.
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ABSTRACT

One of the great challenges facing viticul-
ture today is climate change impact. For
this reason, the need has arisen to devel-
op new strategies for vineyards to adapt
to climate fluctuations. The effects asso-
ciated with climate change jeopardize the
preservation of the terroir characteristic
of specific winegrowing regions where
viticulture has been practiced for thou-
sands of years, such as the Marco de Jerez
(Spain). This region, the southernmost in
Europe where vines are grown and wines
of recognized prestige are obtained, works
mainly with three white grape varieties:
"Palomino Fino", "Pedro Ximénez" and
"Moscatel de Alejandria". However, the
number of cultivars allowed to produce
these wines has been extended recently.
In this context, the main objective of
this work is to study the physiological,
ampelographic and enological behaviours
of 6 traditional white grape cultivars from
the Marco de Jerez, in order to determine
their potential for adaptation to the new

growing conditions and the demand for
new types of wines, always preserving the
expression of the terroir so characteristic
of southern Spain. In addition, "Palomino
Fino" has been used as a reference variety,
which is characteristic and predominant
in the region of Jerez.

The study of the different traditional
white cultivars has made it possible to de-
termine the viability of their cultivation in
warm climate zones, and therefore their
establishment as a tool for the preserva-
tion of the characteristic terroir of the Jer-
ez. Therefore, its use can be established as
a natural alternative for the production of
white wines in a warm climate region, while
contributing to the conservation of the ge-
netic diversity of these varieties. However,
to promote its cultivation throughout other
wine regions with similar climates, it is nec-
essary to continue with further studies, as
well as to study its behaviour in other soil
and climatic conditions.
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ABSTRACT

Traditional methods for assessing vine
water status, such as the Scholander pres-
sure chamber, are time-consuming and
labour intensive. The development of al-
ternative methods which are accurate,
reliable and can provide real-time water
status is a necessity for farmers all over
the world. Therefore, this study propos-
es the use of plant electrophysiology as
a novel approach for real-time water sta-
tus assessment in grapevines. The study
conducted climate chamber experiments
under different irrigation regimes, moni-
toring various morphological and physi-
ological parameters in parallel with elec-
trophysiological measurements. Machine
learning techniques, including two mod-
els based on classification and regression,
were employed to analyze the collected
data and train prediction models. Results
indicate significant differences in irriga-
tion status between well-watered and wa-
ter-deficit plants, with the latter showing
reduced growth and physiological activ-
ity, confirming the water stress status of
the plant. The developed models demon-
strated promising results in differentiating
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between control and water stress groups.
Additionally, the regression model showed
better results on finding true stress and
true control groups compared to the clas-
sification model. Further validation and
optimization of the models are necessary,
particularly under field conditions.

Introduction:

The ever-increasing risk of water defi-
cit stress due to global warming exposes
winegrowers to new challenges regarding
water status assessment and implementa-
tion of adequate mitigation strategies such
as irrigation and accurate vineyards man-
agement (Scholasch & Rienth, 2019). Water
status of vines is commonly assessed by
destructive batch measurements such as
the Scholander pressure chamber which is
time and labour intensive (Rienth & Scho-
lasch, 2019). Reliable, automatized, and
remote real-time water status assessment
methods are still scarce. Plants respond to
water deficit in different ways and many
morphological and physiological aspects
are affected by water limitation. Changes
in morphology of root system and leaves,
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photosynthesis rate, transpiration and
stomatal conductance are a few exam-
ples of plants’ adaptation to water stress.
In the same way, endogenous ion trans-
port mechanisms are part of plants’ life
cycle and play a crucial role in their ho-
meostasis. These changes in ion distri-
bution, measured as electrical potential
variations, quickly reflect environmental
alterations, and can be transmitted over
long distances (Zhang et al., 2020). Plants
facing different kinds of stressors trigger
physiological changes to adapt to the new
environmental conditions. This physi-
ological response can generate an elec-
trical potential difference which can be
measured in real-time (Najdenovska et al.,
2021). Together with the use of mathemat-
ical modelling and artificial intelligence,
these biological signals have been used to
assess plants water status in tomato, mul-
berry and Chinese violet cress (Najdenovs-
ka et al., 2021; Xing et al., 2019; Zhang et
al., 2020). Grapevines have started to be
explored, however no evaluation of water
stress responses in grape vine using elec-
trophysiology has been published yet. In
this work, we adopt this new innovative
method based on plant electrophysiology
(Najdenovska et al., 2021; Tran et al., 2019)
for the determination of vine water deficit
stress. To build models for analysis of the
correlation between electrophysiological
signals and water status, different series of
water stress experiments were conducted.
Classical ecophysiology methods taken
along with electrophysiology recordings
were used to create accurate models to de-
termine water deficit based on plants elec-
trical potential.

Materials and methods:

Experimental design and drought assays
To generate dataset from plants experi-
encing different state of the water deficit,
four series of two-weeks (trial 1 and 2),
three-weeks (trial 3) and four-weeks (trial

4) climate chamber experiments (16 plants
each), were conducted on Cabernet Sauvi-
gnon L. cuttings under different irrigation
regimes. Plants were grown under 25 °C
Day /15 °C night; 14/12 lighting hours and
55% of humidity. They were split into two
groups of irrigation: well-watered (WW),
where watering was managed to keep field
capacity (FC) between 80-100% and wa-
ter-deficit (WD) where irrigation was kept
from 60% to 40% FC. The irrigation status of
all plants was monitored three times a week
by pot weighting in order to determine the
soil water content (SWC). Predawn leaf wa-
ter potential (Wpd) was measured in all WW
and WD plants using a pressure chamber
(PMS Instrument, USA) every 5 days. Net
photosynthesis, stomatal conductance,
transpiration, water use efficiency, va-
pour-pressure deficit and chlorophyll fluo-
rescence were measured three times a week
using a portable photosynthesis system
(CIRAS-3, PP systems, USA). Plant growth,
stem diameter and leaf emergence rate were
monitored every 7 days. At the end of each
trial biomass accumulation and plant water
content was also estimated taking into ac-
count fresh and dry mass. All plants were
connected to the Vivent electrophysiolog-
ical amplifier. To measure differential elec-
trical potential from each plant, two silver
electrodes were inserted in the plant trunk
(reference electrode) and in the middle of
the vegetative stem (active electrode). Each
electrophysiology amplifier can record
signals from up to 8 plants, therefore, two
devices were used. Electrophysiological
signals were recorded throughout the en-
tire experiment and could be monitored in
real-time on the Vivent online dashboard to
evaluate signal quality and perform basic
analysis. Vivent electrophysiological am-
plifiers have 200MOhm input impedance.
Acquisition of 265 Hz frequency was used
and recorded signals were subjected to an-
alog notch filtering to remove 50 and 100
Hz mains noise.
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Machine learning - interpreting
electrophysiological signals in response
to drought: dataset and training.

The dataset consists of univariate time
series representing the electrophysiology
recording of each plant during each trial.
We segmented the data into consecutive
rolling windows, each covering 24 hours.
These windows were created to overlap,
with a 6-hour shift between each succes-
sive window. Subsequently, we applied
a Debauchies 11 discrete wavelet decom-
position to each window, yielding wavelet
coefficients at different levels of decom-
position (Mallat et al., 1989). From these
wavelet coefficients, we extracted a com-
prehensive set of features to capture rele-
vant information. This included standard
statistical measures such as minimum,
maximum, and mean, computed for each
level of decomposition. Additionally, we
used Catch22 features (Lubba et al., 2019),
a curated set of features designed for time
series analysis. Next, the dataset was split
into training and test sets, the former was
used to train the model while the latter
was kept aside and only used for perfor-
mance evaluation. Moreover, the sets were
split by plant to avoid information leakage
(Kaufman et al., 2012). This meticulous
approach safeguards against bias and en-
sures the robustness of our analysis. For
training strategies, two different meth-
odologies were used: 1) classification,
where the model outputs the probability
of a window being WD and 2) regression,
where the model predicts the ¥pd value
of a given window. In both cases, the ex-
tracted features were used as input to an
extreme gradient-boosted tree algorithm
(Chen & Guestrin, 2016). For the hyper-
parameter optimisation of the models, we
used a leave-one-group-out strategy with
groups consisting of the four separate ex-
periments and made use of the Bayesian
optimisation python library Optuna (Aki-
ba et al., 2019).
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Results and discussion:

To develop accurate models for drought
prediction in grapevines based on electro-
physiology, we conducted different series
of drought experiments under controlled
conditions to minimize other field aspects
besides water deficit. The collected data
was used to train the machine learning
algorithms. In all trials, irrigation status
(measured by SWC) was significantly dif-
ferent between groups. The WW plants
were kept constantly at a minimum of 75%
FC, while the WD group could reach less
than 40% of FC when no more water was
available. The water status was confirmed
by the measurements of ¥Ypd. In all the as-
says, ¥Ypd values of WW plants remained
around - 0.3 Mpa (Fig. 1A). For WD treat-
ment values ranging from -0.6 to -2.5 Mpa
(Fig. 1A) were observed after 7 or 10 days,
depending on the assay.

A significant reduction of absolute growth
and leaf emergence rate was observed on
WD plants. Net photosynthesis (Fig. 1B),
stomatal conductance, transpiration and
water use efficiency was congruently re-
duced in WD plants. Significantly reduced
biomass and plant water content were also
demonstrated in response to water pri-
vation. A differential biomass allocation
was not observed between groups. All the
above-mentioned results are well-known
ecophysiological responses to plants wa-
ter deficit (Gambetta et al., 2020), confirm-
ing the stressed status of the evaluated
grapevines.

The datasets obtained from real-time
monitoring of electrical potential in both
WW and WD groups were utilized to devel-
op two distinct grapevine drought stress
prediction models. For the classification
model, evaluation of the test predictions
yielded a precision score of 1.0 and a re-
call score of 0.42, as illustrated in Table 1.
In contrast, the regression model aimed to
predict the value of ¥pd. Unlike the classi-
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Figure 1. Physiological monitoring of grapevines under drought stress

(A) Predawn leaf water potential (\Wpd) was measured in all plants for the 4 trials using a pressure chamber approximately every 5 days. (B) In the
same way, net photosynthesis was determined for the same plants using a portable photosynthesis system. WW: well-watered; WD: water-deficit; 1, 2,
3 or 4 indicates the trial number and the asterisks represent statistical differences between treatments in the same trial (t-test, p<0.05).

fication model, precision and recall scores
are not applicable for regression tasks. To
facilitate comparison with the classifica-
tion model, we defined a threshold indicat-
ing plant entry into WD when ¥pd is lower
than -0.9 MPa, as suggested by previous
studies (Choné et al., 2001; Leeuwen et al.,

2009; Lovisolo et al., 2010). Subsequently,
we constructed a confusion matrix for the
regression model (Table 1) and computed
precision and recall scores of 0.46 and 0.55,
respectively. This approach allows for a
standardised comparison between the clas-
sification and regression models.

Table 1. Confusion matrix for the classification and regression model

True Stress | True Control True Stress | True Control
Predicted Stress 22 0 83 99
Predicted Control 30 14 89 181

Both models have low precision-recall av-
erage scores. However, it is important to
note that these metrics focus on individu-
al windows. In practical applications, the
drought status of a field is often determined
by aggregating data from multiple windows
originating from various plants, thereby
mitigating inter-plant variability. When
employing this averaging technique, the
test predictions reveal that the classifica-

tion model has effectively learned to differ-
entiate between windows from WW and WD
conditions. Similarly, applying the averag-
ing technique to the regression model also
yields a notable differentiation between the
two water regimes (Fig. 2B). The results in-
dicate that the model predictions can dis-
cern between the two groups as early as 6
days into the experiments, just 3 days after
the start of the watering restriction.
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Figure 2. Water deficit prediction models for grapevines based on plant electrophysiology.

A) Box plot showing the median test predictions per label (WW and WD) for the classification model. The shaded area represents the rotated and
vertically-mirrored kernel density plot of the predictions. (B) Average of test predictions per group with standard deviation approximating predawn leaf
water potential (Wpd), over three time periods for the regression model.

Conclusion:

Drawing upon the obtained results from  models optimized, and their performance
climate chamber experiments, electro- investigated under field conditions. Future
physiology measurements provide a  experimentations with a focus on other
promising technology to continuously  biotic and abiotic stressors and respec-
assess water status of vines in real-time.  tively adapted models could make the use
Nevertheless, in subsequent experiments,  of electrophysiology a valuable tool for
the obtained results need to be confirmed,  multi-stress prediction in vineyards.
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ABSTRACT

Climate change can affect vineyards. Im-
pacts include altering grape growth and
harvest timing, leading to compressed
harvests and changes in fruit quality. Bio-
dynamic viticulture is gaining popularity,
with both environmental and marketing
benefits as drivers, and involves applica-
tion of a series of nine preparations to soil
and plants. Biodynamic preparation 501 is
silica based and has minimum yearly use
requirements for certified growers. There
are conflicting reports of silicon-based
foliar sprays eliciting favourable plant re-
actions, leading to enhancements in qual-
ity, yield, and resistance against pests and
diseases. Here, vine growth, reproductive
metrics, berry and wine composition anal-
yses, and sensory evaluations were con-
ducted over two years to compare the ef-
fects of biodynamic and commercial silica
treatments against a water control on Se-
millon and Cabernet Sauvignon (Vitis vinif-
era L.). Very few differences were observed
in yield and vine growth parameters. Ba-
sic berry compositional attributes pH, TA,
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TSS, total anthocyanins and phenolics
showed little to no differences. While ber-
ry and wine sensory descriptive analysis
showed significant differences in skin and
seed tannin related attributes suggesting
that berry and wine sensory may be better
able to capture small, but significant vari-
ations in the vineyard. The findings of this
study might validate anecdotal reports of
increased light interception and propose
a direct association between silicon and
polyphenols, potentially impacting senso-
ry mouthfeel characteristics by modifying
skin thickness. This study demonstrates
the potential of silica applications to offer
a positive contribution to climate change
mitigation through enhanced vine resil-
ience to environmental stresses.

Introduction:

Climate change is already placing greater
pressure on vineyard infrastructure and
management, impacting the grape and
wine community, as evidenced by chang-
es in grape phenology and harvest dates,
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which has led to compressed harvests and
changes in fruit quality (van Leeuwen et
al., 2024). The susceptibility to climate
change impacts differs throughout the
value chain, with the vineyard exhibiting
the highest level of vulnerability. Possi-
ble adaptation strategies that can be im-
plemented in vineyards include improved
irrigation efficiency, modified irrigation
practices to combat frost and heatwaves,
retaining soil moisture via vineyard floor
management practices, alternative variet-
ies and/or rootstocks, and modified man-
agement practices (van Leeuwen et al.,
2019). At the same time, there has been
an increased exploration into methods of
farming that reduce the need for synthetic
fertilisers and chemicals, and strive to be
more environmentally friendly and sus-
tainable including organic and biodynamic
farming practices (DOring et al. 2019). One
component of biodynamic practice is the
application of atmospheric silica sprays
and anecdotal evidence suggests that sil-
ica sprays may “strengthen” the plant
through the thickening of cell walls and
enhanced light assimilation of the plant,
leading to better fruit and seed develop-
ment with improved flavour, aroma, co-
lour, and nutritional quality. Foliar sprays
containing silicon have demonstrated the
ability to enhance plant responses, includ-
ing improved quality, yield, and resistance
to pests and diseases (Laane 2017). Silica
has been linked with increased cell wall
thickness and in turn an increase in grape-
vine disease resistance (Doring et al. 2019).
Foliar application has been observed to in-
crease the total silicon concentrations in
leaves and fruit, and the wine produced
from the silica-treated grapes were ranked
better in sensory evaluations (Schabl et al.,
2020). However, to date, there is no defin-
itive link established between silica use
and improved grape and wine quality. This
project sought to explore how applying
foliar silica, including both biodynamic

preparation 501 and a commercial equiv-
alent (potassium silicate), affects grape-
vines and influences the quality of their
fruit and resultant wine as a potential tool
to mitigate climate change stresses.

Materials and methods:

Experimental design, vine management
and treatment application

The experimental trial was carried out in
the Coombe Vineyard at the Waite Campus
of The University of Adelaide, South Aus-
tralia during the 2011/2012 and 2014/2015
growing seasons. Semillon (clone SA32)
and Cabernet Sauvignon (clone 125) vines
were planted in 1992 with 3 m row and 1.8
m vine spacing. Vines are grown on own
roots, trained to a bilateral cordon, with
vertical shoot positioning (VSP) and hand
pruned to approximately 30-40 nodes per
vine. A randomised design of three treat-
ments including a control with six vines
per treatment replicate was used. These
were grouped into panels, with buffer
panels between each treatment to prevent
cross-contamination due to spray drift.
Control vines received a foliar applica-
tion of rainwater, biodynamic vines were
sprayed with horn silica ‘501’ (Biodynamic
Agriculture Australia) and a commercially
available potassium silicate solution (OF-
30, Ferbon, Australia) was applied to foli-
age of the commercial treatment vines. The
biodynamic preparation consisted of 1 g of
preparation 501 (Biodynamic Australia Pty
Ltd, Australia) diluted in 17 L of rainwater
(1.2 pM). The potassium silicate (Ferbon,
OP-30, Australia) solution was a 1 in 300
dilution in rainwater (18 pM) as per the
manufacturer's instructions. Grapevine
growth stages (Coombe 1995) and the lu-
nar-sidereal calendar (Keats 2011/12 and
2014/15) were used to determine timing
of treatments. Application of treatments in
the first season were on October 25" 2011,
at the modified E-L stage 19 (beginning of
flowering) and December 16% 2011 at E-L
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Stage 31 (berries pea-size). In the second
season application occurred on the 4th of
November 2014, E-L Stage 25 (80% flower-
ing), and the 11th of December 2014, being
E-L Stage 31 (berries pea size). Both these
dates were during spray periods for sili-
ca according to the lunar calendar (Brian
Keats, Australia).

Vine growth, reproductive performance

and chemical analysis

Five inflorescences per vine were random-
ly selected and enclosed within a mesh bag
prior to flowering (E-L19). At the comple-
tion of flowering, mesh bags were collect-
ed, and the number of flower caps counted
to give an average number of flower caps
per inflorescence. Percentage fruit set was
evaluated as the ratio of berries per bunch
to flowers per inflorescence, as described
by Collins and Dry (2009). Bunch yield
components were assessed on five random-
ly selected bunches per vine. Total bunch
number and total yield per vine were mea-
sured at harvest for each treatment. The
weight of canes removed from each vine
at pruning was recorded, and the ratio of
fruit weight to pruning weight calculated
to give an indication of vine balance (Smart
& Robinson 1991). Stomatal density was
determined on 10 leaves per vine for each
treatment, with leaf samples collected at
harvest using methods described by Rogi-
ers et al. (2011). Petioles were collected at
E-L 25 (80% flowering) for elemental anal-
ysis using an inductively coupled plasma
optical emission spectrometer (ICP-OES)
and the concentration of nitrogen was
determined by the combustion technique
(Waite Analytical Services, Adelaide). Sili-
ca concentration was determined through
the colourimetric determination of auto-
clave-induced digestion of the ground pet-
iole sample, as described by Elliot and Sny-
der (1991). The same process was used to
assess the elemental concentration of juice
samples. Berry samples were collected at
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harvest from each vine replicate of each
treatment strategy for both Semillon and
Cabernet Sauvignon. From each sample, a
randomised selection of fifty berries was
taken and crushed. The juice collected was
used for berry compositional analysis. TSS
was measured as degrees Brix (°Brix) us-
ing a DMA 35N Density Meter (Anton Paar
GmbH, Austria). pH and TA were measured
by titration to pH 8.2 (Iland et al. 2004) us-
ing a Crison Compact Titrator 08328 Alella
(Crison, Spain). A modified spectropho-
tometry method described by Iland et al.
(2004) was used to obtain total anthocyan-
in and phenolic levels. The same analyses
plus alcohol measures were performed on
wines made in 2015 only.

Berry and wine sensory analysis

Grape berry and wine sensory evaluation
was performed to examine the sensory
differences arising from the application of
BD 501 and potassium silicate compared
to control treatments and to relate sen-
sory attributes to berry composition. Be-
fore sensory evaluation, randomly select-
ed bunches from each vine replicate were
stored frozen at -20 °C and defrosted for 24
h at 4 °C, panellists received 5 berries per
treatment replicate in duplicate for tasting.
Wines were also made in 2015 from 50 kg
ferments taken at harvest. Panels consist-
ed of 8-10 members (21 to 40 years old) all
with previous formal sensory evaluation
and descriptive analysis experience. The
panel underwent sample specific training
in berry and wine assessment and perfor-
mance evaluation in three, 2 h sessions and
participated in two, 2 h formal evaluation
sessions. A round table discussion with
panellists was conducted to generate sen-
sory descriptors and line scales based on
the methods of Lohitnavy et al., (2010).

Data analysis
Measures were analysed using analysis of
variance (ANOVA) in the statistical soft-



ware XLSTAT (Addinsoft, XLSTAT, Version
2015.4.01.21576). Multiple comparisons
were used incorporating the Tukey (HSD)
and Fisher (LSD) post hoc tests with the F
probability (P-value) set at <0.05 for sta-
tistical significance. Principle component
analysis (PCA) was also used in XLSTAT to
display statistically significant attributes.

Results and discussion:

Vegetative and Reproductive Growth
Silica concentration in petiole tissues were
significantly greater when a foliar appli-
cation of potassium silicate was applied
(Figure 1). Very few differences in vege-
tative and reproductive growth measures
were found between treatments (data not
shown). However, greater yield was ob-
served when silica was applied with a
greater response from potassium silicate
application to vines in season 2 for Semi-
llon and in both seasons for Cabernet Sau-
vignon (Figure 2).

Numerous differences in berry sensory as-
sessment of Semillon and Cabernet Sauvi-
gnon grapes were observed over the two
seasons of application (Figure 2). Many of
the attributes that differed between treat-
ments were associated with mouthfeel
characteristics. For example, skin and seed
astringency as well as tannin intensity and
grain size were found to be significantly
greater when both silica applications were
applied. Skin disintegration was also ob-
served to be harder for potassium silicate
treated fruit and could be related to an in-
crease in skin thickness and the mechan-
ical strength provided by silica (Epstein
1994). Several changes in flavour were ob-
served with the application of silica. Skin
citrus flavour was higher for potassium sil-
icate and lower for biodynamic silica com-
pared with the control in Semillon, skin
flavour intensity was higher for potassium
silicate and biodynamic silica when com-
pared with the control in Semillon, pulp

and skin ripe dark fruit flavour was higher
for potassium silicate compared with bio-
dynamic silica and the control in Cabernet
Sauvignon, seed flavour was shown to be
altered with the application of silica com-
pared with the control. Silica application
has been shown to improve the taste of
tomatoes as well as increase the quality of
apples, tobacco and rice (Wang et al. 2001).
No research has been conducted into silica
and flavour molecule synthesis in grape-
vines, however, increases in flavour are
positively correlated to wine quality and
highlight a benefit of silica application.
Wine assessments were also made but data
is not shown.

Berry sensory evaluation highlighted nu-
merous discernible differences in mouth-
feel characteristics. Seed tannin size ap-
peared finer in biodynamic silica compared
to potassium silicate and the control. Lon-
ger re-salivation times for potassium sili-
cate and biodynamic silica indicated higher
astringency. In Cabernet Sauvignon, seed
astringency was higher for biodynamic sil-
ica, while tannin grain size was lower for
potassium silicate. While no significant
difference was observed for total phenolics
or epicatechin concentration, the sensory
panel was able to discern numerous senso-
ry differences. This could suggest that sili-
caisinfluencing the type of tannin present
in the grapes, however, no research into
silica and tannin and phenolic synthesis
and accumulation has been conducted. To
determine the cause of sensory differenc-
es observed in skin and seed tannin attri-
butes, the phenolic composition of berries
should be examined further, as a differ-
ence in tannin type or structure could be
the cause of sensory differences. The form
of tannin and phenolic compounds can al-
ter sensory perception and will be the em-
phasis of future work. Silica has also been
linked to the development of peristomatal
protuberances and foliar application of
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Figure 1. Percentage silica in petiole tissues and yield (kg/m of cordon) of Semillon (A +C)
and Cabernet Sauvignon (B + D) in the 2011/12 and 2014/15 growing seasons, Coombe

vineyard, Adelaide, Australia.
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Figure 2. Principal component analysis of significantly different berry sensory attributes
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Biodynamic silica treatments.
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silica may affect their development and
the subsequent preferential accumulation
of phenolic compounds in later stages of
berry maturation (Blanke et al. 1999).

Conclusion:

The application of silica increased flavour
intensity, altered mouthfeel attributes in
grapes and increased aroma and flavour
in Cabernet Sauvignon wines (data not
shown). Vegetative growth and yield in-
creased with silica application and this ex-
periment highlighted that a larger portion
of the beneficial results were observed for
potassium silicate, which could be due to
the lower silica concentration in the biody-
namic application. Increases in perceived
astringency observed may be attributable

to changes in tannin type and structure,
and further research will help to elucidate
this effect and substantiate this in the con-
text of grower’s claims of increased light
interception or a direct binding of silicon
with polyphenols. Since grape composition
is directly related to wine quality, quantifi-
cation of the links between grape and wine
sensory attributes will aid in determining
whether these skin and seed attributes are
positive or not and hence help to confirm
anecdotal evidence of improved fruit qual-
ity through silica application in vineyards.
This study demonstrates how silica ap-
plications have the potential to positively
contribute to mitigating climate change by
enhancing vine resilience to environmental
stresses and improving fruit quality.
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ABSTRACT

Serra Gaucha is the main wine producing
region of Brazil. Around 80% of total wines
are elaborated, in the region, with Vitis
labrusca grape varieties, while 20% from
Vitis viniefera L. The climate condition is
humid temperate, requiring new grape
varieties, adapted and more resistant to
pathogens. Therefore, the objective of the
study was to evaluate the agronomical
and oenological characteristics of grapes
and wines from five red Italian varieties
considered resistant to downy mildew.
The experiment was performed in a ran-
domized trial with two blocks, consisting
of 12 plants each, with vine spacing of
1.15m between plants and 2.30m between
rows. The red varieties tested were Merlot
Kanthus, Cabernet Volos, Julius, Merlot
Khorus and Cabernet Eidos, in the 2021
vintage. Disease susceptibility, cycle dura-
tion, yield, and oenological parameters of
grapes and wines were evaluated. All vari-
eties were resistant for downy mildew, and

cycle duration varied between 160 to 183
days. Julius presented the highest yield,
while Carbenet Eidos presented the low-
est. No differences were observed for total
soluble sugars, while total acidity and pH
varied according to the grape variety. Phe-
nolic compounds were strongly influenced
by grape varieties, and differences were
observed for skin+pulp and seeds extracts
of grapes and wines. Cabernet Eidos pre-
sented the highest amounts of total antho-
cyanins in skin+pulp, while Merlot Khorus
the lowest concentrations. In seed ex-
tracts, Cabernet Volos and Cabernet Eidos
presented the highest concentrations of
total flavanols, while Julius, Merlot Kan-
thus and Merlot Khorus presented the low-
est values. In wines, Julius presented the
highest concentrations of total flavanols,
while Cabernet Eidos the lowest amounts.
Merlot Khorus presented the highest con-
centrations of total anthocyanins, while
Cabernet Eidos the lowest amounts. Ex-
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cept Cabernet Eidos, all other varieties
may have good adaptability to the region
and could be commercially used by winer-
les in the future for winemaking.

Introduction:

Rio Grande do Sul is the main wine
grape-producing state in Brazil, respon-
sible for 62.72% of national winegrowing
area, and 90% of the national production
of grapes and wines (Mello and Machado,
2020). In 2019, 332.6 million liters of wine
were consumed in Brazil, and Serra Gau-
cha was the main wine grape-producing
region. Brazilian wines are composed of
80% from Vitis labrusca grape varieties,
and 20% from Vitis vinifera L. (Mello and
Machado, 2020; Pereira et al., 2020; Perei-
ra, 2020). The region is located in a humid
temperate climate, with high rainfall pe-
riod during grape maturation. From De-
cember to March is the period of matura-
tion and harvesting of wine grapes in the
region, and total rainfall accumulated was
606 mm. In January, there was high rain-
fall (226 mm) and in February, the number
of rainy days decreased and was 139 mm.
In March, rainfall was 147 mm. The use of
varieties tolerant/resistant to pathogenic
fungal diseases, in order to reduce and/
or avoid risks of losses in productivity or
oenological quality caused by pathogen
attacks, for wineries, improving the qual-
ity of their wine. Resistant varieties could
also reduce phytosanitary treatments and
production costs, thinking in a sustain-
able viticulture at Serra Gaucha. New va-
rieties were developed through backcross-
ing to obtain resistance genes. Among
them, Merlot and Cabernet Sauvignon
were crossed with varieties recognized for
their resistance to fungal pathogens, such
as the Bianca, Regent and Konza 20-3 va-
rieties. These new varieties have a high
percentage of Vitis vinifera L. in their ped-
igree (285%) (Etienne et al., 2016; Casano-
va-Gascon et al., 2019). They are interna-
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tionally known as PIWI, an abbreviation
of the German word Pilzwiderstdndsfhige
(resistant to fungal diseases) (Souza et al.,,
2019; Zanghelini et al., 2019).

In this context, the objective of the
study was to evaluate the agronomical and
oenological responses of five red Italian
varieties considered resistant to downy
mildew, recently introduced in the region.

Materials and methods:

The study was developed in an experimen-
tal vineyard located at Embrapa Grape and
Wine, in Bento Gongalves city, Rio Grande
do Sul state. The experimental design was
installed in 2016 in randomized blocks,
with two plots, of 12 plants per replicate,
totaling 24 plants per variety, spaced
1.15m between vines and 2.30m between
rows. The varieties were Merlot Kanthus,
Cabernet Volos, Julius, Merlot Khorus and
Cabernet Eidos, grafted onto the Paulsen
1103 rootstock. Vines were trained in ver-
tical shoot positioning-VSP, pruned in a
bilateral spur-pruned cordon. Agronom-
ical characterization was carried out by
determining the cycle duration (days after
pruning until the harvest-DAP), suscepti-
bility to downy mildew disease (by check-
ing disease symptoms in the field), and
yield (kg/plant) and (kg/ha). At harvest,
decided according to grape sanity and cli-
matic conditions of the region, 100 berries
were collected per plot, of which 40 ber-
ries were used for physical-chemical anal-
yses, namely total soluble solids (°Brix),
total acidity (g L-1 of tartaric acid) and pH
(AOAC, 2002). The remaining 60 berries
were used to characterize individual and
total phenolic compounds by UPLC-MS,
by extracting with ethanol skin+pulp and
seeds separately, in triplicate (20 berries
each) (Pereira et al., 2021). Wines were
elaborated using 20 kg of grapes from
each plot, following standard protocols
for reds, controlling alcoholic and malo-
lactic fermentations (25+2°C and 18+2°C,



respectively) (Peynaud, 1997). After cold
stabilization, wines were bottled and an-
alyzed according to the following phys-
icochemical analyzes: density, alcoholic
content, total acidity, pH (AOAC) and phe-
nolics coumpounds by UPLC-MS accord-
ing to Canedo-Reis et al. (2020) methodol-
ogy. Results of harvest, 2021 vintage, were
subjected to analysis of variance (ANOVA)
and comparison of means using Tukey test
at 5% probability level, using the Action
stat statistical program.

Results and discussion:

Significant differences were observed for
agronomical and oenological parameters.
The five varieties were resistant to downy
mildew in the 2021 vintage, no spraying
was applied, and no symptoms were ob-
served. Vintage 2021 was characterized
and influenced by La Nifa, considered a
dry season as compared to other vintages.
In 2021, the rainfall was 606 mm between
December to February (Ripening period),
while the normal is 550 mm. The cycle du-
ration, between pruning to harvest, varied
between 160 to 183 days (Table 1).

The yield was strongly influenced by
variety. Julius presented the highest yield
(3.0 Kg/plant), followed by Merlot Khorus
(2.7 Kg/plant), Cabernet Volos (2.3 Kg/
plant), Merlot Kanthus (2.3 Kg/plant), and
Cabernet Eidos (0.6 Kg/plant). The average
production per plant ranged from 2,226.5
to 11,245.5 Kg ha-1. The productivity (Kg
ha-1) and weight per plant obtained in this
study were lower than those found by Tes-
tolin et al. (2020), with the exception for
Julius variety, which showed higher pro-
ductivity.

There were statistical differences were
observed for total soluble sugars (ranging
from 19.5 to 22.5 °Brix), and these results
were lower than those observed by Testo-
lin et al. (2020). Total acidity and pH varied
according to the grape variety (Table 1).
Cabernet Volos, Merlot Khorus and Merlot

Kanthus grapes presented the highest total
acidity value (6.7 g L* and 5.3 g L?), while
Julius and Cabernet Eidos presented the
lowest values (5.2 g L?). Concerning pH, it
ranged from 3.40 (Julius) to 3.79 (Cabernet
Eidos). Grapes of Cabernet Eidos and Mer-
lot Khorus presented higher values of pH,
while Cabernet Volos and Julius presented
lower values than those described by Tes-
tolin et al. (2020).

In skin+pulp extracts of the grapes,
higher values of flavonols + stilbenes were
observed for Cabernet Volos, Julius, Cab-
ernet Eidos and Merlot Kanthus (14.47
mg kg?, 13.42, 12.69 and 9.08 mg kg™, re-
spectively), and lower concentrations for
Merlot Khorus (7.18 mg kg) (Table 2). In-
dividual phenolic compounds were char-
acterized. The major compound identified
was isoquercitin, varying from 5.72 mg
kgt (Merlot Khorus) to 11.74 mg kg (Cab-
ernet Volos) (data not shown). The high-
est concentration of total flavanols was
observed in Merlot Khorus and Cabernet
Volos grapes (789.75 and 782.85 mg kg™),
while Cabernet Eidos and Merlot Kanthus
presented the lowest values (250.82 and
265.81 mg Kg*). The major compound was
epicatechin gallate, ranging from 187.52
mg Kg* (Cabernet Eidos) to 701.08 mg
Kg* (Cabernet Volos) (data not shown).
The concentration of total anthocyanins
varied from 57.06 mg Kg* (Merlot Khorus)
to 125.76 mg Kg* (Cabernet Eidos), which
concentrations were lower than those de-
termined in the study of Susin et al (2022),
in Merlot grapes at Serra Gatucha. The ma-
jor compound of total anthocyanins was
malvidin-3-glucoside, whose concentra-
tions ranged from 26.07 mg Kg* (Merlot
Khorus) to 98.04 mg Kg* (Cabernet Eidos)
(data not shown). Merlot Kanthus, Caber-
net Volos and Julius presented the high-
est concentrations of caftaric acid (18.59,
16.56 and 13.26 mg Kg*, respectively),
while Merlot Khorus and Cabernet Eidos
presented the lowest concentration (2.71
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and 5.35 mg Kg?, respectively). These
variations may be due to the climate con-
ditions in the vintage for different regions
at the harvest date, and the protocols of
winemaking (Peynaud, 1997).

In seed extracts, a higher total content
of flavonols + stilbenes were observed for
Cabernet Eidos (11.98 mg kg*) and Merlot
Khorus (10.80 mg kg*), and lower for Ju-
lius, Merlot Kanthus and Cabernet Volos
(5.05, 5.39 and 6.02 mg kg, respective-
ly). The major compound of total flavo-
nols+stilbenes was isoquercitin, which
ranged from 1.48 mg kg™ (Merlot Kanthus)
to 9.21 mg kg (Cabernet Eidos) (data not
shown). Different concentrations of to-
tal flavanols were found in seed extracts,
ranging from 3,006.0 mg kg™ in Julius to
4,777.64 mg kg* for Cabernet Volos. The
major individual compound of total flava-
nols was epicatechin gallate, ranging from
644.47 mg kg (Merlot Khorus) to 1,796.06
mg kg (Cabernet Volos) (data not shown).

These results were higher than those
shown by Hornedo-Ortega (2020), from
Cabernet Sauvignon, Merlot and others va-
rieties. Merlot Khorus, Cabernet Eidos and
Julius presented the highest concentra-
tions of caftaric acid in seed extracts, while
Cabernet Volos and Merlot Kanthus had the
lowest concentrations (Table 2). Differenc-
es between the five varieties are due to ge-
netic factor, and adaptation to the Terroir
of Serra Gaucha. That could be explained
by, soil type, climate conditions, vine man-
agement, harvest date, and enological pro-
tocols (Van Leeuwen et al., 2004).

All wines were considered dry, accord-
ing to the density, and had different values
(Table 2). Alcoholic degree ranged from
10.22 % for Cabernet Eidos, to 13.28 % for
Merlot Khorus, harvested in the same DAP
(183 days). Total acidity varied from 6.4
g Lt (Cabernet Eidos) to 9.4 g L* (Merlot
Khorus), and pH presented differences.
For wine phenolic compounds determined
by UPLC-MS, Julius presented the highest
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concentrations of total flavonols + stilben-
es and total flavanols (84.96 and 566.14
mg L7, respectively), while Cabernet Ei-
dos presented the lowest amounts (12.91
and 266.92 mg L*, respectively). For to-
tal anthocyanins, the values ranged from
596.33 mg L* (Merlot Khorus) to 133.07
mg Kg* (Carbenet Eidos). Julius presented
the highest concentration of caftaric acid
(113.67 mg L), while Cabernet Eidos had
the lowest amount (38.12 mg L*). The vari-
ations of wine composition were due to
genetic factor of each cultivar, which can
be considered well adapted to the pedocli-
matic conditions at Serra Gaucha, except
for Cabernet Eidos which presented very
low yield, considering it to be explained
by the low adaptation of the variety to the
climatic conditions of the region or man-
agement adopted

Conclusion:

In 2021 vintage, Cabernet Eidos presented
very low productivity and, this variety is
not recommended for commercial use in
the region. Other varieties showed very
good yields and could be used by winer-
ies. Differences were observed in the cy-
cle duration, TSS, TTA and pH at harvest
date, which suggest many possibilities for
winemaking. Physico-chemical composi-
tion of skint+pulp and seed extracts, and
wines, allowed us to determine the differ-
ent oenological potential of the grapes and
wines, in terms of flavanols, flavonols and
anthocyanins. It is possible to recommend
varieties to elaborate different kind of
wines, for example, among young or aging
wines. However, more study and harvests
are needed to further validate the adapta-
tion of these varieties in the Serra Gatcha
region.



Table 1. Agronomical and oenological characterization of red Italian varieties in 2021 vintage.

Varieties Weighh?;)r plant [Kzifll;l_” Cycle duration (DAP)TOtaITSS[lSIU(Elgr?:;gars' (@ LT'?i:Irta:riiﬁl:itaycid)
Merlot Kanthus 2.3%0.1 8,505.0°+315.0 160 19.6%0.2 5.3%£0.2 3.52:0.02
Cabernet Volos 2.3%:0.1 8,548.0+1,841.0 160 19.52£0.4 6.7::0.1 3.31%:0.04
Julius 3.0::04 11,245.5%1,06.5 168 22505 5.2'+0.0 3.40*<0.03
Merlot Khorus 2.1%+0.2 10,080.02:630.0 183 204426 6.7:0.0 3.110.08
Cabernet Eidos 0.6*+0.0 2,226.5++179.0 183 VARCEYN] 5200 3.19:0.16

*Averages followed by the same lowercase letter in the line do not differ by the Tukey test at the 5% probability level. DAP: days after pruning.

Table 2. Characterization of total and individual phenolic compounds from skin+pulp, seeds
and wines extracts by UPLC/MS of Italian red varieties resistant, 2021 vintage.

Parameters* Merlot Kanthus Cabernet Volos Julius Merlot Khorus Cabernet Eidos
Skin+pulp**
Total flavonols + stilbenes 9.08%+1.54 14.41%+2.21 13.42:¢1.25 118%1.40 12.69%+1.91
Total flavanols 265.81%£30.42 182.85%33.21 503.47+58.36 189.75¢233.86 250.82¢+34.41
Total anthocyanins 81.25'+13.23 99.37%+8.21 83.58'+11.00 51.06°+2.41 125.76*+13.94
Caftaric acid 18.59%2.26 16.56%2.77 13.2620.76 2.71%£0.43 5.35¢1.09
Seeds™*
Total flavonols + stilbenes 5.39°#1.23 6.02°£0.68 5.05%1.15 10.80%+4.22 11.98:¢1.40
Total flavanols 3390.56%£171.38 | 4777.63:+208.64 | 3006.00%567.85 | 3732.62*+180.25 | 4159.15*+176.36
Caftaric acid 4.22+0.62 4.04+0.65 5.52:+1.31 9.25%2.02 6.960.40
Density (20°C) 0.9974b+0,0002 | 0.9993a:0.0000 | 0.9958d+0.0002 | 0.9960c=0.0000 0.9974b0.0008
Alcoholic Content (%) 11.41¢0.01 10.96d+0.01 12.86b+0.00 13.28a0.02 10.22e+0.02
pH 3.54b0.01 3.59b0.01 3.13a£0.05 3.27¢£0.01 3.83a20.01
Total acidity (g L-1) 15¢0.0 1.8b<0.0 1.0d<0.0 9.4a:0.0 6.4e0.1
Total flavonols + stilbenes 55.74¢+2.24 45.40d+1.20 84.9620.93 68.86b<0.91 12.91e£0.98
Total flavanols 342.28¢+6.50 371.99bc+2.61 566.13a£6.99 401.96b0.04 266.92d+19.54
Total anthocyanins 340.33b+3.48 339.61b+4.99 329.79b+1.36 596.332£0.15 133.07¢+0.83
Caftaric acid 64.37c£0.21 67.62bc+1.28 113.67a+3.00 14.67b+1.60 38.12d+0.30

*Averages followed by the same lowercase letter in the line do not differ by the Tukey test at the 5% probability level. ** For skin+pulp and seeds,
results are expressed in mg Kg' of grapes, while for wines, in mg L"; flavanols and stilbenes (expressed in mg Kg'of quercetin-3-0-glucoside)
and total flavanols (expressed in mg Kg™' of epicatechin).
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ABSTRACT

Water scarcity and salinity pose growing
challenges to the viticulture and wine in-
dustry. Understanding how grapevine
physiology and wine quality adapt to
these environmental hazards is crucial for
developing mitigation strategies. Here, we
investigated the mediatory potential of
two rootstocks grafted with cv. Syrah sci-
on. Syrah grafts on 1103 Paulsen (PL1103)
and SO4 rootstocks were tested under sets
of combinations of salinity (0.5 and 2.5 dS
m-1) and different irrigation levels during
the entire development season (66%, 100%
and 133% of the local recommended irriga-
tion amount) in an experimental five-year-
old vineyard located on Sde Boker, Israel at
30°51’22.37” N and 34°46’52.98” E. Syrah
grafts on SO4 generally produced higher
yield than PL1103 grafts, while accumu-
lating more Cl- ions in leaves. Lower phys-
iological activity including chlorophyll

fluorescence and photosystem efficiency
under stress treatments were recorded
in PL1103 vines than SO4. Spectrophoto-
metric readings showed that salinity with
deficit irrigation increased tannins and
reduced carotenoid content in berries.
Furthermore, PL1103 rootstock accumu-
lated more chloride in wine than SO4 un-
der salt stress. Rootstocks also influenced
color and tannins. Using gas chromatogra-
phy-mass spectrometry coupled with sol-
id-phase microextraction (GC-MS-SPME),
out of 84 volatile metabolites we profiled in
Syrah wine, 31 of them showed significant
differences between control and stressed
vines. Among identified volatiles’ groups,
the esters decreased under stressed treat-
ments, while volatile acids, ethers, and
ketones increased specifically under salt
stress. Salinity increased alcohols and
ethers, regardless of rootstock. Root-

193

LINK TO INDEX »



stock-dependent analysis revealed stron-
ger positive correlations between volatile
compounds of SO4 than PL1103 grafts.
Principal component analysis clearly sep-
arated saline-treated and control samples,
with key volatile compounds like ethane,
1-ethoxy-1-methoxy, 3-methylbutyl es-
ter, ethyl ester and acetaldehyde (fruity),
Butanal (nutty), 1-Propanol and 2-meth-
yl-2 (solvent-like flavors) being the most
discriminant. Altogether, our results show
multi-level differences in Syrah wine qual-
ity, volatiles, and vine physiology and the
involvement of rootstocks in the response
of grapevine to salinity and water deficit.
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ABSTRACT

The Argentine Patagonia is the southern-
most wine-growing region in the world
and is characterized by a high frequency
of mid and strong winds. This meteorolog-
ical factor can induce mechanical stress
(MIS), impacting grapevine physiology,
but its effects remain understudied. Mal-
bec (Mb), the most widely cultivated red
variety in Argentina, and Cabernet Sauvi-
gnon (CS), a globally recognized cultivar,
exhibit contrasting phenotypic plasticity,
that is, capacity to express different phe-
notypes under changing environments. A
field experiment was conducted with Mb
and CS in the windy locality of Casa de
Piedra, La Pampa (Argentina), selecting
plants near a poplar windbreak (wind-pro-
tected) or farther away (wind-exposed).
During the dormancy, wood cores samples
of the main trunk were collected and used
to evaluate annual ring width and xylem

structure (WinCell software). These vari-
ables were correlated with meteorological
data registered during the whole plant life
(2011-2021). Additionally, multifactori-
al ANOVA for different growing seasons,
wind exposures, and cultivars were done.
Results indicate that grapevine xylem
structure varied in response to seasonal
environmental conditions, and depending
on cultivar. Seasons with more extreme
conditions (higher winds, temperatures,
and lower precipitation), correlate with
reduced annual ring width. Further anal-
ysis that is in process will elucidate xy-
lem anatomy modifications to acclimate
against extreme environmental conditions
in windy regions.
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ABSTRACT

In viticulture, forecasting yield at the
vineyard scale a few weeks before harvest
is crucial for the planning of vineyard op-
erations, investment, and even marketing
and sales strategies. Vine fields present
a high yield variance due to within-field
variability mostly explained by spatial
variation of environmental factors. Tradi-
tional ground-based approaches are ac-
curate, but the small number of observa-
tions and the choice of sampling areas not
representative of the variability result in
high errors in yield estimation (5 to 30%).
Research in the field of precision viticul-
ture, described many solutions based on
leveraging technologies like GPS, remote
sensing, and artificial intelligence, offers
efficient support in sampling area local-
ization or non-destructive monitoring
tools. This study aims to develop and test
a technological workflow using the mobile
app Digivit, integrated with the AgroSat
platform, to estimate yield variability in
vineyards. The workflow was performed
during the 2023 growing season in a series
of vineyards (Italy) and involved two main
steps: spatial variability characterization
using AgroSat and yield estimation using
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the mobile Digivit app. AgroSat processed
Sentinel-2 NDVI data to identify homo-
geneous zones, while Digivit used smart-
phone images of grape clusters to estimate
yields. The field campaign, performed
three weeks before harvest, involved mon-
itoring representative vines within iden-
tified zones and uploading georeferenced
images for cluster segmentation analysis.
Yield estimates were validated against
measured weights, showing a strong linear
correlation (R?=0.85, RMSE=43.74g). Ex-
cluding one outlier improved correlation
to R?=0.95, RMSE=14.58g. Vineyard-level
yield predictions were compared with har-
vest data, achieving an overall error of 7%,
in agreement with literature (Font et al.,
2015; Aquino et al., 2018; Di Gennaro et al.
2019). The study demonstrates that Digivit
app provides accurate, timely yield predic-
tion, supporting farmers in harvest plan-
ning and winemaking management. The
user-friendly mobile approach facilitates
a broader adoption of precision viticulture
technologies among farmers, overcoming
barriers related to technical expertise.
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ABSTRACT

In order to study the impact of climate
change on Bordeaux grape varieties, and
to assess the behaviour of other grape va-
rieties potentially better adapted to fu-
ture climatic conditions, an experimental
vineyard composed of 52 grape varieties
was planted in 2009 at INRAE in Bordeaux
Aquitaine France. Among many parame-
ters studied since 2012, berry weight for
each variety was measured weekly from
mid-veraison to maturity, with four inde-
pendent replicates.

An analysis with ten years of data en-
abled the classification of varieties ac-
cording to their berry weight, which
ranged from 1 to 3 grams per berry, on av-
erage. The year effect was also evaluated.
Both variety and year were found to have
a significant impact on berry weight. Us-
ing annual climatic parameters, it was also
shown that both temperature and rainfall
from flowering to veraison have a signif-
icant impact on berry weight. During the

ripening period, both temperature and
water status (as measured by §13C in ber-
ry juice) had a significant impact on ber-
ry weight. Finally, seed number also has a
significant impact on berry weight. This
study provides a better understanding and
characterisation of the environmental and
genetic factors that govern berry weight
across a wide range of grape varieties.
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ABSTRACT

Water status profoundly affects the phys-
iology of the grapevine and particularly
its reproductive development and grape
composition at harvest. Mild water defi-
cits improve the qualitative potential of
the grapes, while severe water deficit can
impair quality parameters and yield. With
climate change, the frequency and severi-
ty of drought events is increasing in most
winegrowing regions and this trend is ex-
pected to continue over the next decades.
Grapevines have been cultivated since
millennia in warm and dry areas, in par-
ticular around the Mediterranean basin. In
this region, growers have selected drought
resistant genotypes and developed adapt-
ed training systems. Grapevines can be
dry-farmed or irrigated. Traditionally,
dry farming is the rule in Europe, while
irrigation is predominant in winegrowing
regions in other continents. Since the end
of the 20th century, irrigation is gaining
importance in Europe. This trend raises
questions about sustainability, because of
increased competition for limited fresh-
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water resources. The amount of water re-
quired to produce a quantity of wine, or
the water footprint, is a relatively recent
concept, for which no consensus calcu-
lation method for vineyards has emerged
yet. The development of a methodology
for water footprint calculations could be
a tool to assess the sustainability of wa-
ter use in wine grape production. Such a
method should be easy-to-implement and
produce meaningful results for stakehold-
ers and policymakers in both dry-farmed
and irrigated vineyards.

Impacts of water status on vine
physiology:

Water is essential for the vegetative and
reproductive development of the grape-
vine. Water deficits develop frequent-
ly during the growing season, due to low
rainfall, high evapotranspiration and/or
low soil water holding capacity. These wa-
ter deficits profoundly affect the physiolo-
gy of the grapevine. One of the first visible
symptoms of water deficit is a reduction

LINK TO INDEX »



in shoot growth, in particular for second-
ary shoots (Pellegrino et al., 2006). When
water availability becomes more limiting,
stomatal closure reduces transpiration,
which results in a decline of photosynthetic
activity (Flexas et al., 1998). This response
is triggered both by hydraulic (Charrier et
al., 2018) and hormonal (Tardieu and Si-
monneau, 1998) signals. Stomatal closure
appears when approximately 60% of the
total transpirable soil water (TTSW) is con-
sumed (e.g., 120 mm for a soil with a TTSW
of 200 mm) and intensifies progressively as
the remaining soil water is depleted (Lebon
et al., 2003). The grapevine has a comfort-
able hydraulic safety margin, meaning that
grapevines rarely die from hydraulic fail-
ure under severe drought, even when 100%
of the TTSW is consumed (Charrier et al.,
2018). However, vines operate with a low-
er hydraulic safety margin when exposed
to multiple dry years (Tombesi et al., 2018).
Perennial plants can also decline and even-
tually die when repeated restricted photo-
synthesis in a series of dry seasons lead to
carbon starvation (McDowell et al., 2008).
Water deficits also affect reproductive
development. Early water deficits (in May,
or early June on the Northern Hemisphere,
November, or early December on the
Southern Hemisphere) can impair the ini-
tiation of inflorescences in the latent buds,
leading to lower yields in the next season
(Guilpart et al., 2014). All other yield com-
ponents of a given vintage are impacted
by water deficits during the same year, in
particular berry weight. Pre-veraison wa-
ter deficit results in a greater reduction of
berry weight compared to post-veraison
water deficit (Ojeda et al., 2001).
Regarding grape composition at har-
vest, berry sugar content is restricted
under water deficit. This effect does not
necessarily result in lower sugar concen-
tration, because drought reduces berry
weight in a similar magnitude. Mild water
deficits accelerate grape ripening, due to

the combined effect of limited competition
for carbohydrates with growing shoots and
smaller berries (van Leeuwen et al., 2023).
Grape ripening can be impaired under se-
vere water deficits when photosynthesis is
too much restricted (growers refer to this
phenomenon as “stuck maturation”), but
this remains relatively rare (van Leeuwen et
al., 2023). Water deficit increases the con-
centration of polyphenols in berry skins,
and in particular of anthocyanins in red
grape varieties (Ojeda et al., 2002; Koun-
douras et al., 2002). This effect is not only
linked to a reduction in berry size (and the
subsequent increase of skin to flesh ratio),
but also due to a direct triggering of the
enzymes involved in the synthesis of phe-
nolic compounds (Castellarin et al., 2007,
Triolo et al., 2019). Vine water deficit mod-
ifies aromas in grapes and wines. Green
aromas like 2-methoxy-3-isobutylpyrazine
(IBMP) are decreased under water deficit
(Roujou de Boubée et al., 2000), while red
wines produced from water deficit exposed
vines develop a more complex bouquet af-
ter bottle ageing (Picard et al., 2017). Savoi
et al. (2020) showed that mild water deficits
also improve aromatic expression in white
wines, although severe water deficits may
reduce aromas of the volatile thiol family
(Peyrot des Gachons et al., 2005) and trig-
ger accelerated and atypical ageing, due to
the development of o-aminoacetophenone
(AAP; Hiihn et al., 1999). Koundouras et al.
(2006) investigated the effect of vine water
status in Peloponnese, Greece on the red
grape variety Ageorgitiko. These authors
showed that water deficit improved aroma
expression and overall wine quality. Hence,
water deficit can be considered as an im-
portant factor in the production of high
quality wine.

Wine production in a changing climate:
Most viticultural areas are located around
the globe between the 30%" and 50" par-
allel latitude (Puga et al., 2022). Aver-
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age Growing Season Temperatures from
April through September (AvGST; Jones
2006; Jones et al., 2018) are between 9.9

and 30°C (Puga et al., 2022). Surprisingly,
grapes used for wine production are grown
in very dry to very wet areas, with annual
rainfall ranging from 7 to 1836 mm/year

(Puga et al, 2022). Average annual rainfall
for a selection of wine grape producing
regions is presented in table 1 (note that
extreme areas were wine production is
confidential have been discarded). How-
ever, most regions renowned for their high
quality wines are rather dry.

Table 1. Precipitation average from 1989 to 2018 in some major winegrowing areas around
the world. Data from Puga et al. (2022) who extracted the TerraClimate database at the
location of a major city (name given between brackets in the table below) located within
or near each wine region. Areas in pink have such low rainfall that irrigation of vineyards

in mandatory for commercial viable viticulture.

Precipitation [mm]
Data: Puga et al, 2022 Growing season Vegetative rest
(exept Carifiena and Pinhdo) Annual  April-Oct NH  Nov-March NH

Oct-Avril SH March-Nov SH
Atacama [Copiapd) Chile 7 0 7
Mendoza (Junin) Argentina 216 185 31
Central Valley (Fresno) USA 272 60 212
Murray Darling (Mildura) Australia 276 156 120
ialige (Sanitazo) ___________Chile. S5 47 266
Carifiena _ __ ______________Spain_ _338 _ 225 133
La Rioja (Logrono) Spain 440 256 184
Barossa Valley (Nuriootpa) Australia 591 218 373
Rheingau (Geisenheim) Germany 598 371 227
Piemonte (Asti) Italy 620 394 226
Champagne (Reims) France 631 380 251
Stellenbesch (Stellenbosch) South Africa 709 215 494
Tuscany (Siena) Italy 737 375 362
Loire (Angers) France 751 391 361
Southern Rhdne Valley (Nimes) France 755 443 311
Daouro (Pinhdo) Portugal 761 355 406
Burgundy (Dijon) France 778 477 302
Marlborough (Blenheim) New Zealand 793 433 360
Cognac (Angouléme) France 843 444 399
Bordeaux (Merignac Airport) France 889 450 439
Napa (5t Helena) USA 892 145 747
Yarra Valley (Healesville) Australia 1014 531 484
Margaret River (Margaret River) Australia 1043 229 814
Willamette Valley (McMinnville) USA 1155 313 842
Vale dos vinhedos (Bento Gongalves)  Brazil 1836 1101 736
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With climate change, rainfall patterns and
evapotranspiration rates are changing,
impacting the intensity of drought expe-
rienced by grapevines. For instance in Eu-
rope, drought is expected to increase at
lower latitudes (in particular around the
Mediterranean basin), while it is expect-
ed to decrease at higher latitudes (Figure
1; van Leeuwen et al., 2024). Predictions
on the trend of drought experienced by
grapevines are, however, complex, be-
cause they depend on:

1) the amount and timing of rainfall (vari-
able according to location),

2) reference evapotranspiration or ETO (in-
creasing in most areas, as a result of higher
temperatures) and

3) the length of the cycle from budburst
to harvest (which reduces when tempera-

tures increase, and when variety, soil wa-
ter holding capacity and training system
remain unchanged).

The impact of these three factors can
be assessed by water balance modelling.
When vine water status during the ripen-
ing period is modelled with a fixed end
date (e.g. 30 September), water deficits are
generally increasing over time as a result
of increasing ETO (as for example for Bor-
deaux: van Leeuwen and Darriet, 2016).
However, when harvest dates are mod-
elled, accounting for a shorter cycle when
temperatures are higher, this trend is
much less obvious (see for Bordeaux: van
Leeuwen and Simonneau, 2024). Unfortu-
nately, few trends are published with vine
water status measured over longer periods.

C Europe

Levals of drought change
Region ——— @ High increase
bl (O @ Moderate increase
0-2°C~ “-2-4°C @ Slight increase
of GW GwW

@ Decrease

Confidence in the assessment Present-day precipitation lovel
® Low |

|
g ol 1 1
.High 150 450 70 1050

Averaged mm year '

Figure 1. Expected levels of drought change in Europe, for 2 scenarios of climate change
(0-2°C warming and 2-4°C warming compared to the preindustrial reference).

Adapted from van Leeuwen et al., 2024.
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Adaptations to drought:
The use of drought resistant plant material
is a sustainable and cost-effective way to
deal with drought. In the Mediterranean
basin, growers have selected drought re-
sistant varieties, like Grenache, Carignan
and Cinsaut (Champagnol, 1984). The
mechanisms driving genotypic differences
in drought resistance are complex and in-
volve, among others, the reactivity of sto-
matal closure to drought signals (Plantevin
et al., 2022) and multiple hydraulic traits
(Dayer et al., 2023). In dry environments,
the use of drought resistant rootstocks is
a major lever for adaptation. Rootstocks
control the transpiration of the scion (Mar-
guerit 2012), but all the multiple mecha-
nisms involved in rootstock drought resis-
tance have not yet been unravelled. Ollat
et al. (2016) provides an empirical classifi-
cation of drought resistance in rootstocks.
Another lever for adaptation to drought
is the design of the training system. Re-
duced density (i.e., the number of vines per
hectare) limits vine transpiration when ex-
pressed per surface area (van Leeuwen et
al., 2019). The Mediterranean goblet bush
vine is the ultimate drought resistant train-
ing system (Salvi et al., 2017). Unfortunate-
ly, vineyards planted with this training sys-

tem are increasingly ripped-up, because of
the constraint that no specific mechanical
harvester has been designed.

The total amount of soil water available
to vines, or TTSW, increases with rooting
depth. Deep soil preparation promotes
deep rooting (van Zyl and Hoffman, 2019),
as does the use of vigorous rootstocks
(Ollat et al., 2016). Moreover, dry-farmed
vines seem to implement long-term ad-
aptation strategies to low TTSW, although
those mechanisms are not fully under-
stood (Pagay et al., 2022).

When several adaptations to drought
are combined (e.g., drought resistant
grape variety, drought resistant rootstock,
adapted training system), vines can be
cultivated without supplementary irriga-
tion in very dry environments. In Carifie-
na (Aragon, Spain), annual rainfall is as
low as 360 mm. In these conditions, Gre-
nache grafted on 110R and trained as gob-
let bush vines, produce high quality wines
without any visual drought stress damage
on the vines in most years (Figure 2A). In
the same environment, Tempranillo vines
trained as VSP (vertical shoot position-
ing) and cordon pruned, suffer excessively
from drought stress and may require sup-
plementary irrigation (Figure 2B).

Figure 2. A - Goblet trained Grenache in Carifiena (Aragon, Spain) on September 2, 2019.
B - Vertical shoot positioned (VSP), cordon pruned Tempranillo on September 3, 2019.

Photo credit: Laure de Rességuier.
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This observation raises a question about
when supplementary irrigation is required
in vineyards. Drought stress can easily be
relieved with irrigation and yields can be
secured or even increased when compared
to those obtained in dry-farmed vineyards
(Intriglio et al., 2008). The example in Fig-
ure 2A shows, however, that excessive wa-
ter deficit stress can also be avoided by the
use of adapted plant material and training
systems. The implementation of irrigation
has multiple impacts on vine physiology,
on the economics of wine production and
on its water footprint.

Different techniques for irrigation:
Vineyards can be irrigated by flooding,
sprinklers or drip systems (van Zyl and
Huyssteen, 1988). Drip and sprinkler sys-
tems are more efficient in terms of water
consumption (van Zyl and Huyssteen,
1988). Because sprinkler irrigation pro-
motes diseases like downy mildew (Smart
et al., 1974), drip irrigation has become
the reference technique for vineyard irri-
gation, although precise statistics on the
percentage of each approach are not easily
accessible. Most drip systems are above-
the-surface, although buried systems are
currently developing because they limit
water losses through direct evaporation
(Noltz et al., 2016). Several techniques for
deficit irrigation have been developed, in-
cluding partial root zone drying (PRD; Stoll
et al., 2000; Scholasch and Rienth, 2019)
and regulated deficit irrigation (RDI; Sant-
esteban et al., 2011; Scholasch and Rienth,
2019). Water for irrigation can be sourced
from shallow groundwater, aquifers, riv-
ers, natural lakes or artificial water reser-
voirs. The latter can be rain fed, or filled
with water pumped from aquifers.

Implications of irrigation:

Many studies attest to the efficiency of
supplementary irrigation in increasing
vineyard yields, in particular when irriga-

tion is applied early in the season (among
many references on the topic see Intriglio
et al., 2008; Muniz et al., 2020 and refer-
ences cited herein). Full irrigation decreas-
es wine quality (in particular for red wine),
because it induces an increase in berry size
and reduction in grape and wine anthocy-
anins concentration due to a lower skin-
to-pulp ratio (Ojeda et al., 2001; 2002). The
impact of deficit irrigation on wine quality
varies depending on the local context (soil,
climate, cultivar) and the amount and tim-
ing of irrigation water applied. RDI and PRD
allow for increased yield with minimal (or
no) quality losses. Drip irrigation restricts
root growth to the drip-zone (Araujo et al.,
1995), while promoting vigour (Intriglio et
al., 2008), possibly leading to a disbalance
between aboveground and belowground
development. Such vines, with excessively
vigorous canopies, developed on a shallow
and restricted root system, increase the
chances of hydraulic failure in the vine un-
der heatwaves when atmospheric demand
is very high (Scholasch and Rienth, 2019).
This disbalance is reduced by increasing
irrigation intervals (compared to high-fre-
quency irrigation; Scholash et al., 2018).
Depending on the soil and source wa-
ter, irrigation in dry climates has the po-
tential to increase salinity in the vine root
zone, possibly leading to salt stress (Qadir
et al., 2014). This is particularly the case
when accumulated salts in the vine root
zone are not leached by excess irrigation
or high rainfall (Minhas et al., 2020). Salt
accumulation in soils negatively impacts
soil structure (Laurenson et al., 2011) and
soil microbiome (Rietz and Haynes, 2003;
Egamberdieva et al., 2010). When irrigation
water is sourced from treated wastewater
or salty aquifers this process is accelerated
(Hoogendijk et al., 2024), leading to yield
reductions in food crop production (Gao et
al., 2021), including vineyards (Laurenson
et al., 2011). The grapevine is a salt-stress
sensitive species, although some root-
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stocks like Ramsey are more tolerant than
others (May, 1994).

The water footprint of winegrape
production:
Fresh water is a limited resource while
global demand is ever increasing, in par-
ticular in agriculture (Rosa et al., 2020).
Physical water scarcity refers to the situa-
tion where demand exceeds the amount of
available water. Economic water scarcity
occurs when there is inadequate invest-
ment in water distribution infrastructure
providing access to fresh water resources
(White, 2014). The concept of the Water
Footprint of goods and services was in-
troduced by Hoekstra from the University
of Twente (The Netherlands) and resulted
in the foundation of the Water Footprint
Network (WFN; Hoekstra, 2017). Water
Footprint is defined as the volume of wa-
ter used per unit of product (Hoekstra and
Chapagain, 2007). Mekkonen and Hoeks-
tra (2011) defined several types of water
according to their origin and identified
them by a colour code:
» the Blue Water Footprint refers to
the volume of surface and groundwa-
ter consumed (evaporated) as a result
of the production of a good, in general
through the implementation of supple-
mentary irrigation;
» the Green Water Footprint refers to
the rain-water consumed; applied to
plants it refers to the water consumed
from the rootzone, originating from lo-
cal rainfall;
» the Grey Water Footprint of a product
refers to the volume of freshwater that
is required to assimilate the load of pol-
lutants based on existing ambient wa-
ter quality standards.

The colour code is now widely accept-
ed, although the precise definitions for
each type of water are not consensual and
other researcher prefer separating water
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footprint from water consumption (see
next paragraph). The calculation of water
footprint in crop production is important,
because water consumption can only be ef-
ficiently reduced when relevant metrics are
available

Methodologies for water footprint
calculations:
Water Footprint Network and Life Cycle
Assessment approaches
There is no consensus on how water foot-
prints should be calculated, and alterna-
tive methods for water footprint account-
ing can yield highly divergent results. The
water that is used in the production pro-
cess of an agricultural (or industrial) prod-
uct is called the 'virtual water' contained
in the product (Hoekstra, 2003). According
to the WFN, Water Footprint should be ac-
counted at a global scale, because water
can be virtually traded between countries
(Hoekstra, 2003). This assumption leads
to the calculation of Water Footprints in
which green and blue water are more or less
equivalent. Life Cycle Assessment (LCA)
aims at assessing the environmental foot-
print of a product from the cradle to the
grave, i.e., from raw material acquisition, via
production and use phases, to waste man-
agement (Finnveden et al., 2009), including
water footprint calculations. LCA assesses
the local environmental impact of the pro-
duction of commodities and proposes the
calculation of a water scarcity weighted
footprint (Liu et al., 2017), together with a
method called “assessing impacts on water
consumption based on Available WAter RE-
maining” (AWARE, Boulay et al., 2018). The
subsequent approaches of water footprint
calculations of the WFN and LCA communi-
ties have given rise to a fierce controversy
in the scientific literature (Hoekstra, 2016;
Pfister et al., 2017).

The WFN approach, considering green
and blue water as more or less equivalent,
does not seem appropriate for Water Foot-



print calculations in wine grape produc-
tion. It considers water intensive goods
should be produced in areas where water
is not scarce, which is not compatible with
the strong regional identity of wine pro-
duction. The LCA approach is not easily
applicable either, because calculations are
complex, and the result depends on other
water usages in the same catchment area.

Hydrological method

An alternative method, using water bal-
ance modelling, was proposed by Deurer at
al. (2011) on kiwifruit in New Zealand and
was applied to winegrape production by
Herath et al. (2013). This method is based
on a “hydrological” approach, considering
hydrological inflows, outflows and storage
changes. It can be implemented by means
of water balance modelling and has been
updated by Johnson and Mehrvar (2021).
It has the advantage that it is applicable to
both irrigated and dry-farmed vineyards.
The hydrological approach distinguish-
es between blue and green water “foot-
print” (where inflow, outflow and storage
changes are considered simultaneously),
and blue and green water “consumption”
(where only the outflow is considered).
These are referred to respectively as Green
and Blue Water Footprints (GWF and BWF)
and Consumptive Green and Blue Water
Footprints (CGWF and CBWF). Water foot-
prints and consumption are expressed rel-
ative to yield (L/kg, which is comparable in
magnitude to L/0.75L bottle of wine). Blue
water consumption is a highly theoretical
concept, because inirrigated vineyards the
relative part of water consumed from rain-
fall and irrigation cannot be easily distin-
guished and will not further addressed in
this article. Grey Water Footprint depends
considerably on local water standards and
is out of the scope of this article, as is the
water footprint of the transformation of
grapes to wine (small compared to the wa-
ter footprint of the production of grapes).

According to Herath et al. (2013) and John-
son and Mervar (2021), Green Water Foot-
print (L/kg) represents the water balance
of a dry-farmed vineyard and can be ex-
pressed as:

10((Ty+ Ep+ Dy+ Ry)—(P—P;))
YT”

GWF =

(eq. 2)

Where :

¢ 10 is for unit conversion

« T represents vine and cover crop
transpiration (mm/year)

» E, represents evaporation from the soil
surface (mm/year)

» D, represents drainage from the rootzone
in rainfed conditions (mm/year)

* R, represents surface runoff (mm/year)

« P represents precipitation (mm/year)

» P, represents precipitation intercepted by
the canopy (mm/year)

* Y, represents yield in rainfed conditions
(T/ha/year)

« r refers to rainfed conditions

In this approach, the inflow of the GWF is
rainfall and the outflow is transpiration,
evaporation, drainage and runoff. As a re-
sult, the GWF represents changes in soil
water storage in the rootzone. In most sit-
uations, the GWF equals zero on an annual
basis, because the water consumed by the
vines and cover crop from the soil during
the vegetative season is generally refilled
by autumn and winter rains. In a particular
year it can, however, be negative when the
soil available water is depleted during the
summer and rainfall is low at the end of the
year.

Precipitation intercepted by the canopy
(P,) corresponds to rain that hits the cano-
py and which is evaporated from the leaves
before it reaches the ground. In climates
with multiple small rainfall events in the
summer, this can represent a substantial
part of the total precipitation, but the pre-
cise amount is not easy to estimate.
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Consumptive Green Water Footprint (L/
kg) represents evapotranspiration from a
dry-farmed vineyard relative to yield and
can be expressed as (Herath et al., 2013;
Johnson and Mehrvar, 2021):

10(Ty + Ey)

CGWF = (eq. 1)

r

Where:

* 10 is for unit conversion

« T represents vine and cover crop
transpiration (mm/year)

« E_represents evaporation from the soil
surface (mm/year)

* Y represents yield (T/ha/year)

« r refers to rainfed conditions

CGWF only considers consumptive use
from the vineyard (i.e., transpiration and
evaporation). To understand the relevance
of calculating CGWF of viticulture in a
particular location, it may be appropriate
to also consider the CGWF of the ground
cover that would otherwise occupy that
location for comparison.

Blue Water Footprint represents the net
usage of ground and surface water and can
be expressed as (Herath et al., 2013):

10(I-(Dj+R;))

BWF = (eq. 4)

i
Where :
* 10 is for unit conversion
* I represents the amount of irrigation
applied (mm/year)
» D, represents drainage from the rootzone
(mm/year)
* R, represents surface runoff (mm/year)
* Y. represents yield under irrigated
conditions (Tonnes/ha/year)
« i refers to irrigated conditions

Note that if drainage and/or runoff occur,
D, and/or R, result both from irrigation wa-
ter and rainfall.
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BWF calculations are particularly relevant
to be considered in irrigated vineyards. A
negative BWF calculated on an annual ba-
sis indicates a net backflow to the aqui-
fer and/or surface water bodies (the sum
of rainfall and irrigation is greater than
evapotranspiration), meaning that irriga-
tion in the given vineyard and year is sus-
tainable. Conversely, a positive BWF in-
dicates that more water is taken from the
environment compared to the return flow,
which in the long term is not sustainable.
In dry-farmed vineyards, BWF is always
negative or zéro, because no water is taken
from aquifers or surface water bodies.

These equations can be simplified by
considering that P, R_and R, are most often
negligible. These assumptions are not al-
ways met for R inregions with heavy rainfall
and/or in sloping vineyards and for Ri when
flood irrigation is applied. These terms are,
however, always very difficult to estimate.

To assess the applicability of the hydro-
logical water footprint calculation, a prelim-
inary test was conducted for rainfed and irri-
gated vineyards. These tests were performed
using climate data from Bordeaux (Merignac
Météo France weather station) and Roussil-
lon (Sencrop private weather station, loca-
tion 42,7109 latitude; 2,9695 longitude) as
inputs of the grapevine soil water balance
model from Lebon et al. (2003).

Applications of the hydrological method
for water footprint calculations to a
rainfed vineyard.

Bordeaux (France) served as an example of
a rainfed vineyard for which a hypothetical
analysis was performed using the vineyard
water balance model of Lebon et al., 2003.
Annual Green Water Footprint (GWF, Fig-
ure 3A), Annual Consumptive Green Water
Footprint (CGWF, Figure 3B) and annu-
al Blue Water Footprint (BWF, Figure 3C)
were calculated for 24 years (2000-2023)
with climate data of the Bordeaux-Méri-
gnac weather station. Simulations were run



for three levels of TTSW (100 mm, 200 mm  Spacing = 3m; Medium Spacing = 2m ; High
and 300 mm) and three row spacings (Wide  Density = 1 m). Yield was set to 6,000 kg/ha.
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Figure 3. Annual Green Water footprint (A), annual Consumptive Green Water Footprint (B)
and annual Blue Water Footprint (C) calculated with the hydrological water footprint method
based on Herath et al., 2013 for Bordeaux from 2000-2023. Three levels of TTSW

were considered (100, 200 and 300 mm). WS = wide spacing (3 m between the rows);

MS = medium spacing (2 m); HD = high density (1 m). Yield was set at 6,000 kg/ha.
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Although variable from year-to-year, av-
erage Green Water Footprint over multiple
years is zero, because the water depleted
from the soil during the growing season is
refilled with winter rain (Figure 3A). Con-
sumptive Green Water Footprint rang-
es from 676 L/kg (year = 2010, WS, TTWS
= 100 mm) to 1213 L/kg (year = 2000, HD,
TTSW = 300 mm), depending on the year,
TTSW and row spacing (Figure 3B). Blue
Water Footprint is zero or negative in all
combinations of year, TTSW and row spac-
ing. In a dry-farmed vineyard, the Blue Wa-
ter Footprint represents drainage, ranging

in these simulations from 0 L/kg (2017, MS
and HD, TTSW = 300) to -1217 L/kg (2000,
WS, TTSW = 100 mm).

Applications of the hydrological method
for water footprint calculations to an
irrigated vineyard.

A real irrigated vineyard located in the
Roussillon region (France) served as an
example for GWF, CGWF and BWF calcula-
tions. Because only three years of data were
available, the results are presented as a ta-
ble (Table 2).

Table 2. Annual Green Water Footprint (GWF), annual Consumptive Green Water Footprint
(CGWF) and annual Blue Water Footprint (BWF) calculated with the hydrological water
footprint method based on Herath et al., 2013 and Johnson and Mehrvar, 2021, for a vineyard
in Roussillon (France) from 2021-2023. Row spacing = 2.5 m, TTSW = 105 mm. Yield = 5.6, 7.5
and 4.1 Tons/ha in 2021, 2022 and 2023, respectively.

Year  Rainfall (mm) Irrigation (mm) GWF (L/kg) CGWF (L/kg) BWF (L/kg)
2021 466 67 16 563 -37
2022 362 57 171 497 -108
2023 309 35 2 483 61
Average 379 53 T 6 | 514 | 28

In this situation, average Green Water Foot-
print is not zero, because during dry win-
ters TTSW is not always refilled. Consump-
tive Green Water Footprint ranges from
483 to 563 L/kg, according to the climatic
conditions and yield of each year. Blue Wa-
ter Footprint is sometimes negative (2021,
2022) and sometimes positive (2023). Neg-
ative BWF means outflows are superior
to inflows resulting in net drainage when
considered over the whole year. In the very
dry year 2023, the inflow of blue water (ir-
rigation) was higher than the outflow, so no
drainage occurred.

Considerations about the application

of water footprint calculations:

Although grapevines are a drought resis-
tant crop species, their water footprint can
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be highly variable, depending on environ-
mental conditions (rainfall, ET,, TTSW),
plant material (grape variety and rootstock)
and management techniques (training sys-
tem, vineyard floor management, irrigation
or dry-farming). For sustainable wine pro-
duction it is important to assess its water
footprint with an easy-to-apply, universal-
ly accepted methodology, producing mean-
ingful results in both dry-farmed and irri-
gated conditions This seems to be the case
for the hydrological method with a limited
number of input variables (daily climate
data, TTSW, training system and canopy
dimensions, irrigations schedule, yield).
However, some potential issues still need
to be resolved. The hydrological method
can be applied at the plot level and con-
siders that water is sourced locally, which



is not always the case in irrigated areas. If
water is taken from surface water bodies
located at higher elevation, these can be
unsustainably depleted, while aquifers and
rivers in the irrigated agricultural areas can
be replenished. Runoff from the soil sur-
face is difficult to estimate but can be sub-
stantial in (1) flood irrigation, (2) climates
with heavy rainfall events and (3) in sloping
vineyards. Rainfall intercepted by the can-
opy was not considered here, but may not
be negligible in regions with frequent, but
small rainfall events. The grey water foot-
print cannot be easily taken into account in
an internationally accepted water footprint
calculation, because it depends on local
water quality standards.

Conclusions:

Water is a major resource in wine grape pro-
duction. Water scarcity impacts both yield
and grape composition at harvest. Yield de-
creases with increasing water deficit, while
grape quality potential increases, before
decreasing when water deficit turns into
severe stress. Global freshwater resources
are increasingly limited in most winegrow-
ing regions due to climate change. Hence,

adequate management of vine water sta-
tus is of utmost importance to reach yield
and quality objectives in wine production,
while minimizing impacts on water resourc-
es. Plant material (varieties and rootstocks)
needs to be chosen in relation to local water
availability. The training system is also an
important consideration in adaptation to
drought. Irrigation can then be considered
when these other adaptations are not suf-
ficient to produce high quality wines with
economically sustainable yields, which is
particularly the case when annual rainfall
is below 350 mm. In irrigated vineyards, ir-
rigation techniques and scheduling should
be managed to reduce freshwater consump-
tion as much as possible. Water footprint
calculations produce metrics to assess and
improve the efficiency of water manage-
ment for sustainable wine grape produc-
tion. No internationally accepted standard
exists yet for water footprint calculations,
but the hydrological method shows prom-
ise for application in both dry-farmed and
irrigated vineyards with the aim of better
assessing sustainable water use in wine
grape production.
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ABSTRACT

The final sugar concentration in grapes
is an important parameter for winegrow-
ers as it determines the alcohol content by
volume of the final wine, allowing to opti-
mize the timing of harvest. In this research,
a comprehensive dataset spanning seven
years and 18 sites located in Saint-Emil-
ion, Pomerol and satellite appellations
(Bordeaux, France) was used to assess how
growth and developmental factors (berry
weight and mid-veraison date, respective-
ly) and environmental factors (vine water
status, nitrogen status, and mean air tem-
perature) influence the dynamics of sugar
accumulation.

The results of this study highlighted
the strong influence of mean temperature
on the timing of maximum sugar accumu-
lation, the duration of sugar accumulation
and maximum sugar concentration in grape
berries. Berry weight and the rate of sugar
accumulation also appeared to be signifi-
cant drivers of final sugar concentration.
Fast ripening and increased berry weight
were associated with lower sugar concen-
trations. Sites were clustered according
to parameters driving sugar accumulation
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dynamics and mapped at the scale of the
study area, in order to link these findings to
terroir expression. In this study, vine nitro-
gen status did not emerge as a significant
explanatory variable in any of the models
developed to analyse sugar accumulation
dynamics and berry weight, and a small
but significant effect of vine water status
on the precocity of the plateau and on berry
weight was found.

These results provide a better under-
standing of the factors that affect the dy-
namics of sugar accumulation in grape ber-
ries, which can help vine growers to adapt to
climate change. For example, by promoting
practices to delay the onset of ripening to
shift to a cooler period of ripening through
the choice of plant material or management
practices. Alternatively, this can be done
through an increase in berry weight, which
lowers grape sugar and therefore wine alco-
hol concentration, taking care not to alter
the skin-pulp ratio excessively to avoid re-
ducing secondary metabolites.

LINK TO INDEX »



scienTiFic Session PLANT MATERIAL AND MANAGEMENT i

NOV 20,2024 1 9.45 AM | SCIENTIFIC SESSION: PLANT MATERIAL AND MANAGEMENT 111 - SCIENTIFIC ORAL

Exploring grapevine canopy management:
insights from a six-year field trial

in Switzerland

Thibaut Verdenal”, Vivian Zufferey', Stefan Bieri?, f\gnes Dienes-Nagy?,

Gilles Bourdin?, Jean-Laurent Spring'

' Agroscope, avenue Rochettaz 21,1009 Pully, Switzerland

2 Agroscope, route de Duillier 60, case postale 1012, 1260 Nyon 1, Switzerland

*Corresponding author: thibaut.verdenal @agroscope.admin.ch

Keywords: pre-flowering defoliation, intensity, 3-mercaptohexanol, wine aroma

ABSTRACT

A six-year field trial studied the physiologi-
cal response of the Swiss white cultivar Vi-
tis vinifera Arvine, rich in varietal thiols and
precursors, to canopy management, i.e. re-
moving either main leaves or lateral shoots
or both from the cluster area. Four treat-
ments were set up in a randomized block
design to assess the impacts of removing
either 1) only laterals, 2) laterals + 50% main
leaves, 3) laterals + 100% main leaves, or 4)
only main leaves from the cluster area. All
lateral and leaf removals were performed at
pre-flowering stage.

Intensive pre-flowering LR of both lat-
eral shoots + 100% main leaves from the
cluster area severely reduced the yield
potential (-47% on average) and tended
to reduce the concentration of 3-mercap-
tohexanol precursors (3MH-Cys) in the
must (-21%; p-value < 0.10). The impact of
LR was modulated by removing less main
leaves. When compared one-to-one with
removing only the lateral shoots, remov-
ing only main leaves induced the growth
of a larger leaf area (+13 %) due to the
development of lateral shoots; it also in-

duced a lower chlorophyll index, a lower
number of berries per cluster (-11 %) and
a lower yield potential (-12 %); in the must
at harvest, there were higher concentra-
tions of soluble sugars, malic acid (+12
%), yeast-assimilable nitrogen and gluta-
thione (+8 %), without affecting the con-
centrations of 3MH-Cys; in terms of wine
tasting, removing main leaves induced
negligible differences in terms of color in-
tensity and vegetal aromas.

Observing the long-term impact of
each LR treatment separately provided in-
sights into the physiological mechanisms
influencing fruit development and aroma
formation, pointing out the interests and
risks of pre-flowering LR. This trial is part
of an extended project on grapevine can-
opy management and its impact on grape
composition in temperate Swiss climatic
conditions.

Introduction:

Leaf removal (LR) is a common practice in
viticulture to limit fungal attacks and im-
prove grape maturation. The impact of LR
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is a combination of effects associated with
both the loss of important source leaves
proximal to the clusters and the modifica-
tion of the microclimate in the cluster area
(Martin et al. 2016). When applied before
flowering, LR impacts the berry set and
strongly affects the yield at harvest (Van-
derWeide et al. 2020). It may also affect
grape composition and wine sensory in
terms of soluble sugars, acids and polyphe-
nols (Poni et al. 2009). Previous researches
have shown the importance of LR timing,
which is related to regional climatic condi-
tions and should depend on the objective
of the viticulturist (Alem et al. 2018). More-
over, lateral shoots do not always grow suf-
ficiently before flowering to be removed
easily. In practice, this would mean several
passes in the case of pre-flowering LR, un-
lessremoval of the main leavesis considered
sufficient. A six-year field trial studied the
physiological response of the Swiss white
cultivar Vitis vinifera Arvine, rich in varietal
thiols and precursors, to canopy manage-
ment, i.e. removing either main leaves or
laterals or both from the cluster area.

Materials and methods:

The trial was carried on in the experimental
vineyards of Agroscope in Leytron, Switzer-
land, from 2016 to 2021. The cultivar Arvine
was grafted onto rootstock 3309C, planted
in 2011 at a density of 6180 vines/ha and
pruned in a single Guyot system. The can-
opy was trimmed to 110 cm in height. Four
treatments of 18 plants each were replicat-
ed four times in a randomized block design
to assess the impacts of removing either A)
only laterals, B) laterals + 50% main leaves, C)
laterals + 100% main leaves, or D) only main
leaves from the cluster area. All lateral and
leaf removals were carried out at the 'sepa-
rated floral buds' phenological stage (BBCH
57, Lancashire et al., 1991) and consisted of
manual removal of either the first six main
leaves, laterals or both (depending on the
treatment) from the base of each shoot.
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Field measurements were made per repli-
cate, except for leaf mineral composition
which was assessed once per treatment.
Bud fertility was estimated (average num-
ber of clusters per shoot). Potential yield
was estimated in July (before cluster thin-
ning). Cluster thinning was carried out per
treatment to achieve 11 t/ha at harvest, in
line with regional practice. Average berry
weight was determined from 100 berries
collected one week before harvest. Clus-
ter weight was estimated from the yield
per vine divided by the average number
of grapes previously assessed. Pruning
weight, an indicator of plant vigour, was
assessed in winter by removing 10 shoots
from the penultimate position on the cane;
the shoots were then equalised to one me-
tre in length and weighed. Leaf mineral
composition (N, P, K, Ca and Mg) was as-
sessed at veraison. Must composition was
assessed at harvest: total soluble sugars
(TSS), titratable acidity, tartaric and malic
acids and pH. Further analyses were per-
formed once per treatment: total phenolic
concentration (Folin index), ammonium
and free alpha amino acids, total gluta-
thione concentration. Wines were made
per treatment and were analysed to assess
the concentrations of glycerol, proline and
succinic acid. The chromatic characteris-
tics of the wines were described according
to the CIELab method. A sensory analysis
was carried out each year.

The data were statistically described
as a randomised complete block design,
with leaf removal treatment (four levels)
as a fixed factor and year (five levels) and
replicate (four levels) as random factors.
Tukey's post hoc test was used for multi-
ple comparisons.

Results and discussion:

Table 1 summarizes the observations and
analyses performed on grapevines, musts
and wines as a function of the canopy re-
moval treatments.



1. About the intensity of pre-flowering
LR (comparison treatments A, B and C)
Pre-flowering LR had a huge impact on the
agronomic performance of the vines and
essentially affected the berry set and the
yield: compared to the removal of only lat-
erals (A), which is the standard in the re-
gion, the removal of laterals + 100% leaves
(C) in the cluster area resulted in an aver-
age yield loss of 37% over the period 2017-
2021 (Figure 1). Treatment C resulted in a
lower leaf chlorophyll index and a higher
leaf to fruit ratio. It had an overall negli-
gible effect on must composition, in par-
ticular +8% in tartaric acid, and no effect
on grape nitrogen content in comparison
to treatment A. No consistent effects on
wines were observed, except for a slight
increase in Folin index and colour inten-
sity. Treatment C tended to reduce aroma
precursors (3MH-Cys) from 21.0 to 16.6
ug/L (not significant), with no effect on
wine aromas, in comparison with treat-
ment A. Reducing LR intensity (treatment
B, 50% main leaves) allowed to modulate
the effect on yield, in line with the results
of Verdenal et al. (2019) on five other cul-
tivars in Switzerland. While pre-flowering
LR represents an interesting tool to reg-
ulate the yield, the interaction of the cli-
mate in Switzerland may also affect the
berry set and make it difficult to predict
both the yield at harvest and the effect on
grape composition. The 82% yield loss in
2016 was extremely high due to the excep-
tionally cold and cloudy conditions during
flowering that year, which induced poor
conditions for berry set (data not shown).
Thus, in view of both the risk of not reach-
ing the production target and th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>