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T

he OENOVITI International network is the first and only international network for training and
research in oenology and viticulture. It aims to promote exchanges of expertise and know-how
between stakeholders in the academic and industrial winemaking worlds. The network offers its
members a high level of visibility on the international scene, enabling them to maximise opportunities via
joint research and training projects, as well as discussions. The OENOVITI International network has grown
from 21 partners in 2012 to nearly 57 partners across the globe in 2018, forming an international consortium of institutions known for their excellence in the field. Its members are organised into seven interdisciplinary and thematic working groups. Born from the network, the joint OENODOC doctoral programme
was created with the aim of developing an international doctorate specific to the oenology and viticulture
sector. The OENODOC consortium includes in particular members of VINTAGE and EMaVE, which offer
the VINTAGE and VINIFERA and recently WINTOUR (oenotourism) Erasmus Mundus Master Courses respectively.
The different working groups deal with the subject areas of climate change, extended oenology, extended
viticulture, wine tourism and wine management, industrial transfer, development, strategic monitoring and
international relations, and wine and health. The OENOVITI International network’s innovative approach is
based on staff and student mobility exchanges of experience and good practices between disciplines, and
the establishment of a common educational and training framework. The programmes also bring together
numerous partners in industry and the socioeconomic world. In additional to financial support, they also
offer their expertise in conducting R&D to high standards of excellence and provide professional opportunities for young graduates.
This network, coordinated by the University of Bordeaux, enables the academic and industrial worlds to
unite to take up the many challenges of oenology and viticulture research. Today, under the frame of climatic changes and protection of world resources, wineries and vineyards need to commit themselves to
sustainable agriculture with an elevated degree of environmental stewardship. Today we need to pay a
careful attention to nature and to promote renewal of resources with protection of environment. The winemakers are able to truly exhibit the beauty of their unique local terroir and produce quality wines with an
eco-responsible way.
The Opportunities and challenges for vine and wine production by preserving resources and environment
have become a priority. This topic is of great importance for the wine sector to adapt and preserve an integrated grapes and wines production. Several questions are approached during this symposium:
Viticultural aspects for wine and table grapes, Winemaking and ageing aspects, Economical marketing,
consumers’ preferences aspects, Health and Safety aspects, Innovation in sustainable production for
vines and wines.
Can we change or improve practices for a better production of grapes for wine production with preservation of resources and environment in the vineyard, winery, cellar and during distribution of final product?
What practices should we encourage as sustainable practices in the vineyard and winery? Measuring performance rather than tracking practices is also a change in approach to determining levels of sustainability. For an innovative sustainable oenology several points have to be considered: CO2 reuse solutions,
Water management and saving, Renewable energy, Good practices in oenology, Functional biodiversity,
Management and use of by-products in oenology, Climate change adaptation in oenology. If we implement practices to improve resources-use efficiency, then we should measure resources use over time in
relation to yield and quality to see if our practices are, in fact, improving resources-use efficiency. The vines
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and wine industry need to be supported to appreciate performance tracking, goal setting and continuous
improvement. These are the major points and questions of this symposium with the recognized scientists
and researchers in this field. All these questions are developed in this 7th symposium of OENOVITI
International network and an adaptation demand for more environmentally friendly production with
resources preservation can benefit to the vines and wines sector with potential innovation and alternatives
that need to be encouraged. The network enjoys particular support from Château Pichon-Longueville (AXA
Millésimes group), the Foundation Bordeaux University (original interface between the university and
socioeconomic worlds), IdEx Bordeaux (an investment programme supporting the University of
Bordeaux’s transformation and development drive) and all of the network's academic, research and industrial partners. We would like to thank Christian Seely (Managing Director of Château Pichon Longueville),
and all the partners involved in the support, life and progress of the network, which will benefit the entire
vine and wine sector.

Pierre-Louis Teissedre

Professeur
Coordinateur Réseau Œnoviti International

New resistant grape varieties and alternatives
to pesticides in viticulture for quality wine production
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Eco-quali-conception©:
agroecological transition in viticulture
through Life Cycle Assessment
Christel Renaud-Gentié1, Aurélie Perrin1, Anthony Rouault1, 2 , Emmanuelle Garrigues-Quéré1,
Marguerite Renouf1, 3, Séverine Julien1, Magdalena Czyrnek-Delêtre1 and Frédérique Jourjon1
GRAPPE Research Unit –ESA-INRA, Université Bretagne Loire,
École Supérieure d’Agriculture (ESA), 55 Rue Rabelais, B.P. 30748, 49007 Angers cedex 01, France
2ADEME, Service Forêt, Alimentation, Bioéconomie, 20 avenue du Grésillé, 49000 Angers, France
3
School of Chemical Engineering, The University of Queensland, Brisbane, 4072, Australia
1

Abstract: Quality viticulture faces the double challenge of agroecologic transition and protection of product quality.
The eco-quali-conception© approach proposes a Life Cycle Assessment (LCA)-based design of vineyard technical
management routes1 (TMRs), which also accounts for grape quality. As a multicriteria environmental assessment
method, LCA considers an array of impact categories and creates a picture of the entire life cycle of the product. A
framework was developed for using LCA to assess TMRs, as well as a customised tool for easier calculation and
interpretation (VitLCA). Main hotspots were identified on 5 Loire Valley contrasted TMRs.
In collaboration with extension services and a wine cooperative, we developed and implemented the participative
Eco-quali-conception© approach. It consists in workshops organised with winegrowers and technicians facilitated
by researchers with specific tools and database (VitiPoly and Viti LCA Database). The workshops integrate
winegrowers knowledge with the expertise of the researchers and technicians, to create and assess new TMRs based
on LCA, but also on their quality implications. Challenges and perspectives are identified and discussed, such as the
inclusion of economic aspects in the approach, the scaling up of Eco-quali-conception© participatory approach to
farm and territory scales, and the inclusion of new stakeholders like consumers in the approach.
Keywords: environment, winegrowers, vineyard management, practice change, participative ecodesign

Introduction

Winegrowers are increasingly scrutinized by media
and required to take the path of agroecological
transition, i.e. the transformation towards more
sustainable viticulture (Beudou et al., 2017), by
vineyards stakeholders, consumers (Jourjon et al.,
2016 ; Jourjon and Symoneaux, 2014) and markets.
Viticulture, which occupies more than 780 000
hectares in France, can indeed affect many aspects of
the environment (Christ and Burritt, 2013; Renaud et
al., 2011). It is therefore essential to facilitate this
agroecological transition by a rapid evolution
towards more environment-friendly vineyard
technical management routes (TMRs). However,
quality is essential for the wine sector, especially in
Protected Denomination Origin (PDO) wines, and it
is important that environmental objectives do not
compromise product quality.
Eco-quali-conception© is defined by ESA (2016) as
an overall approach aimed at the implementation of

*Corresponding author : c.renaud@groupe-esa.com

improvements to technical or technological
management routes, allowing dual performance from
both an environmental point of view and also product
quality.

The design of agricultural systems can integrate
various degrees of innovation (Meynard et al., 2012)
and be led by the farmers or by the agronomists for or
with the farmers. In viticulture, in France, the design
of new systems driven by environmental objectives
has focused mainly on the decrease of pesticides use
(Barbier et al., 2011) in the frame of the Ecophyto
program. The whole life cycle of the « grape »
product has not been integrated into the existing
approaches.
The ecodesign approach, originally applied to
manufactured products, has been very recently

1 Technical management routes (TMRs):
logical successions of technical options designed by the farmers
(Renaud-Gentié et al., 2014)

7
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applied to agricultural productions (Kulak et al.,
2016). Ecodesign is «the integration of environmental
aspects into Product Development Processes (PDP)
with the aim of reducing adverse environmental
impacts through the product life’s cycle» 14006:2011
& ISO 14001:2015 (SME).

Life cycle assessment (LCA) is the method
recommended for the environmental assessment in
ecodesign. It allows the assessment of existing
processes and to simulate new scenarios. Compared
with other assessment methods, the multi-criteria
nature of LCA allows several environmental
objectives to be considered at the same time in the
eco-design process. LCA considers an array of
environmental impacts, and all the phases of the
production process so that burden shifting can be
avoided, like a decrease of local environmental
improvements causes an increase of impacts
elsewhere or like a decrease in an impact category
results in an increase in another one (Jolliet et al.,
2010). Therefore, all the elements involved in the
product production are included in the calculation of
impacts from the extraction of raw materials through
the manufacture of inputs, materials and buildings,
the transport until the end of life of the product. LCA
calculates many impacts, such as the consumption of
water, mineral and fossil fuel resources and the
damage caused by the emission of pollutants to the
environment (global warming, eco- and human
toxicity, water quality)

It is an internationally standardised method for
analysing environmental impacts through the ISO
14040 to ISO 14049 series (ISO 2006a), and
recognized by the French and European public
authorities as a reference method for the
environmental labelling of products (Finkbeiner,
2014).

The application of LCA has been considerably
refined over the past twenty years in agriculture. Its
use in the wine sector is more recent (Aranda et al.,
2005; Claudine and Fearne, 2011; Petti et al., 2010).
Most recently, it has been applied to assess the grape
production in detail (Bellon-Maurel et al., 2014 ;
Renaud-Gentié et al., 2014b ; Rouault et al., 2016 ;
Vázquez-Rowe et al., 2012a). It is deemed to be one
of the most suitable methods for assessing
improvement opportunities for the wine growing
practices. Nevertheless, LCA does not generate the
alternative solutions necessary for the eco-design
process; these must be generated separately.

This paper explains and illustrates the interest, and
state of the art and challenges of LCA to support the
agroecological transition in viticulture by Eco-quali8

conception©. Through an overview of the research
achievements and perspectives of the GRAPPE
Research Unit, we show i) how the method could be
used to assess vineyard technical management routes,
ii) how it can support participative eco-design of
vineyard TMRs, iii) how to include the quality
dimension in TMR ecodesign : Eco-qualiconception©, and finally we discuss iv) the future
challenges for Eco-quali-conception®.

How LCA can be used to assess vineyard
technical management routes
1. Methodological approach

We identified the LCA approach appropriate for
assessing the environmental impacts of vineyard
Technical Management Routes (TMRs), at field
scale, to permit the choice of the most eco-efficient
technical operations and TMRs.

It was designed and tested on five contrasted Middle
Loire Valley real-life TMRs (Renaud-Gentié et al.,
2014a), all managed to produce dry white Chenin
Blanc PDO wines.

The methodological approach that was established
(Renaud-Gentié et al., 2015) comprised of:

i) system definition which includes productive and
non-productive phases of the perennial system, where
the non-productive phases (planting, grubbing,
cultivation of the young plantation, etc.) are
amortized over the lifespan of the vine;

ii) the choice of the most suitable and available
models for calculating direct emission of pollutant
from the vineyard;
iii) the customization of the pesticide’s emission
calculation model, Pest LCI 2.0 to viticulture specific
needs
iv) impacts expressed per « kg of grapes » produced
and « ha of vineyard » both over a production year .

The calculations use primary data collected from the
winegrowers, and secondary data from local
expertise, literature and databases, from which are
calculated the flows of substances to and from the
studied system. This is the Life Cycle Inventory
(LCI). Viticulture examples of LCI data are, the
quantity of pesticide active ingredients emitted to
different parts of the environment (air, water, soil),
and the volumes of crude oil consumed by the
system, both in the vineyard and in background
production processes.
2. Hotspots identification and TMR comparison

From the LCI data, the environmental impacts are
estimated through a process called characterization,
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which generates impact indicators for a range of
impact categories (global warming potential,
eutrophication, ecotoxicity, etc.).

The Figure 1 shows an example of contribution
analysis for two impact categories - global warming
and fresh water ecotoxicity. It compares the impact of
the 5 studied viticulture TMRs and it identifies which
aspects of the TMR contribute most to the results..

We identified the main environmental hotspots in the
5 TMRs to be on-farm diesel use and related
emissions due to the use of tractors in mechanised
operations, production and transport of trellis posts
and wire, fertilisers production and their on-field
emissions, and to a lesser extent, emissions of
pesticides (Beauchet, 2016; Renaud-Gentié et al., in
prep. ; Rouault et al., 2016). Water use was not a
hotspot, as it is very low compared to irrigated
vineyards (Fusi et al., 2014). Less impacting TMRs
were identified. The impacts of the same TMR
proved to vary inter-annually due to practice
modifications, mainly in relation to climatic
conditions (Renaud-Gentié et al., 2016), as
previously observed by (Vázquez-Rowe et al.,
2012b). However, this variation was modulated by
the type of farming system (organic/conventional)
(Beauchet et al., in prep). For this reason,
environmental performances of a given type of TMR
should be assessed on a set of different climatic years.

How can LCA support participative Ecodesign of vineyard management routes

e

The approach that we are developing aims to
integrate scientific and local knowledge, in order to
produce new knowledge useful for supporting
practice change and informing advisers and policy
makers about the opportunities and barriers.
Implemented in collaboration with viticulture
extension service and a wine cooperative, it involves
organising series of three workshops with groups of
winegrowers and technicians and/or extension
officers. The first two workshops aim to redesign
more environment-friendly TMRs, guided by the
LCA results of the actual TMRs that are based on
data collected from some members of the group. The
3rd workshop is dedicated to the assessment of the
quality implications of the new TMRs.

This approach requires LCA to be used in a particular
way. Indeed, considerable work has been done to
make the LCA results understandable by the
participants, and to facilitate the rapid identification
of the hotspots, so that they can be addressed
(Rouault et al., in prep).

A prototype of an LCA game named VitiPoly was
developed to facilitate the participative design
g
process. It is composed of a simplified calculator
that
provides instant LCA results to the participants
during theo Eco-design workshops p(Rouault
submitted), and a board with playing cards that
represent each technical operation (figure 2).

Figure 1. Comparative LCA contribution analysis for
five contrasting vineyard technical management routes
(Chenin Blanc, Middle Loire Valley, 2011) for two
impact categories Global Warming potential
(GWP100a) using the IPCC 2007 method, and fresh
water ecotoxicity potential (FwEtoxP) using the
USETox™ method. In percentage relative to the most
impacting TMR.
5

Innovative technical management routes may be
designed by groups of expert agronomists, using a
technique called prototyping, after Lafond and Metral
(2015). However, in order to increase adoption of
innovations through motivation and autonomous
practice choice (Garini et al., 2017) and to build on
field actors’ expertise, we chose to develop and apply
participative Eco-design in viticulture, which
involves the main conceptors of new grape
production processes, i.e. the field actors.

e

The next step for facilitating easier ecodesign, is to
also integrate a database named Viti LCA Database.
It characterises existing field operations, based on
their environmental impacts, which can be used as
building block for the design and assessment of ecoefficient TMRs. This database for Loire Valley
vineyard currently compiles more than 600
operations (Garrigues-Quéré et al., in prep).

Bringing together various stakeholders, such as wine
growers, technicians and researchers to work on a
real case study, changed the way the participants
viewed the TMRs, and led to the development of
innovative ideas. A good understanding of the
environmental impacts and their causes developed at
the beginning of the workshops, allowed the
a

a

g

d

9
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Predicting the effect of practice change on grape
quality is a challenge, as quantitative modeling up to
now has permitted explanation of practice-quality
relationships, but not prediction of the quality
implications of practice change (Beauchet et al.,
under review ; Beauchet et al., 2014). A qualitative
approach is used in the participative Eco-qualiconception© approach based on the experiences of
field actors. to evaluate the quality implications of
TMR options.

s

Figure 2. TMR Eco-quali-conception© workshop
with winegrowers facilitated with the Vitipoly
game prototype including instant calculation of
LCA impacts.

m

participants toh generate alternative practices and
n
alternative TMRs together. The approach enables
advisers and wine growers to develop new skills
about environmental evaluation. They use this
capacity to consider eco-design collectively during
workshops. Then they can integrate this knowledge
individually at their own vineyard. Finally, the
scientists acquire the local knowledge needed for the
practice change and to modify their researcher’s
posture.

Including the quality dimension - Eco-qualiconception©

Quality is a key aspect in PDO wine production and
is dealt with in depth in the 3rd workshop of the Ecoquali-conception© approach.

As part of the Qualenvic project (2012-2016), a
method of joint environmental and quality
evaluation, named CONTRA-QUALENVIC, was
adapted for viticulture to calculate an aggregated
single score for environmental performance from
LCA results as well as for multicriteria grape quality
(Beauchet et al., 2017). The two aggregated marks
permit to observe the trade-offs between quality and
environmental performances.

The aggregated CONTRA-Qualenvic environmental
score is used in the Eco-quali-conception© workshops
to communicate to the winegrowers the overall
environmental performance of their base case and
newly-designed TMR.

Inclusion of quality considerations in the Eco-qualiconception© approach requires to assessing existing,
measured quality parameters, and the predicted effect
of practice change on grape quality, in order to then
assess the newly designed TMRs.
10

Perspectives and challenges for LCA use
for Eco-quali-conception© in viticulture
1. Including the economic dimension

The economic dimension is also critical in the
winegrowers’ decision process about practice change.
It is being included within the scope of another
participatory viticulture Eco-quali-conception ©
activity within the Eco3Vic project (ADEME project,
2016-2019). Therefore, the Viti LCA Data Base
contains, in addition to LCA results of vineyard
technical operations, their production costs and
manpower requirements (time and cost) (GarriguesQuéré et al., in prep).

Moreover, decisions concerning practice change are
taken not only at field scale but also at farm scale.
Therefore, economic indicators are being defined in
relation with the regional viticulture extension service
in the Eco3vic project too.
2. Streamlining LCA for a wider use in viticulture
and Eco-quali-conception© - VitLCA

The data collection and calculation of a LCA can be
long and complex, and life cycle impact results can
be difficult to interpret by non-LCA practitioners. In
response, customised LCA calculation tools have
been developed to make LCA accessible to field
actors (Renouf et al., 2018). Such a tool designed for
viticulture named VitLCA will soon be released. It
will permit to non-expert users, like extension
officers or non-LCA researchers, to collect data from
winegrowers and rapidly conduct the LCA
themselves, and generate easily interpretable results
(Renouf et al., submitted).

VitLCA will also enable the comparison of
alternative TMRs for ecodesign. It should be included
in the Eco-quali-conception© chain of tools in the
future.
3. Addressing methodological challenges

Some methodological improvements are needed to
generate more accurate LCA results for viticulture.
Some are being addressed through national or
international research projects like i) the integration
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of impacts on biodiversity in LCA, ii) better
assessment of the impacts of copper and sulfur and,
iii) quantification of the emission and impacts of
degradation molecules of pesticides. Accounting of
nitrate emissions in viticultural context also needs to
be refined for LCA.
4. Different scales and actors for different
objectives

Practice changes that require investment in new
equipment and/or changes to work loads and
manpower organisation are decided at the farm-scale,
and based on economic and organisational rationales.
It is thus important to scale-up the LCA methodology
from field scale to farm level, to move closer to the
level at which decision-making occurs, and allowing
the integration of economic indicators.

Finally, agroecologic transitions can also be
facilitated through the inclusion of environmentalfriendly practices in PDOs’ set of rules. One of the
next steps for the application of Eco-qualiconception© in viticulture is to operate at different
territorial scale, which opens up new methodological
challenges for LCA application, and involves new
types of stakeholders in the participatory process,
such as consumers, and stakeholders in addition to
viticulture professionals.
Study of consumers’ perception of the generated or
possible practice changes would add useful new
elements to winegrowers’ decisions, at the different
scales. Future projects include this dimension.

Conclusion

Eco-quali-conception© provides a change pathway
for winegrowers and other agents of change, who
want to design less impacting technical management
routes (TMRs) for agroecologic transition. It has been
established for collective innovation with field actors
of viticulture, and based on consideration of both the
life cycle environmental impacts and product quality
considerations. It results in the generation of new
shared knowledge by the participants.

LCA, a multicriteria and holistic method of
environmental assessment, gives a powerful support
for the assessment of viticultural TMRs and practices.
Now that it has been adapted to viticulture, LCA
makes it possible to identify the main hotspots within
viticultural operations and to compare alternative
scenarios, with a whole-of-farming system
perspective. However, the method remains complex.
Therefore, a viticulture customised LCA calculation
tool, VitLCA, that will soon be released, will make
the calculating faster and interpretation easier.

The methodological approach still needs to be
improved and refined before being made available to
larger audiences for autonomous use.

Its results should now be completed by studies on
consumers’ perception of the generated practice
changes.

Future development will involve the implementation
of economic indicators, and that application of the
Eco-quali-conception © approach at farm level,
because it is on this scale that main decisions
concerning the wine production and investments are
taken.
Territory scale involving various stakeholders in
participative Eco-quali-conception© process in order
to better meet society wills is the next research front.
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Abstract: Conventional table grape growing, as well as other industrial agriculture systems, consumes natural resources at
high and increasing rate. This process damages the environment and creates a serious risk to the prosecution of agricultural
activity itself. To curb this process and improve sustainability of table grape production, all the actors need to have a wide
view of the main aspects involved in the supply chain under environmental, economic and social points of view. The challenge
is to obtain over the time a consistent quantity and quality of grape production to make economic profit without compromising
the environment, the future use of natural resources and the related economic activities. An extensive literature has discussed
the most suitable definitions of viticulture sustainability and suggested how to pursue them taking into account, at the same
time, environment, economic and social needs.
Keywords: economic sustainability, environmental sustainability, social sustainability.

Definition

The notion of sustainability is multifaceted. It has not
been clearly defined for a long period during which
the lack of consensus caused confusion around its
meaning.

Sustainability, sensu lato, may be assumed as “the
ability of someone or something to continue and be
sustained over time” (Santiago-Brown, 2014), while,
from the point of view of productive activities, it may
be defined as “the idea that goods and services
should be produced in ways that do not use resources
that cannot be replaced and that do not damage the
environment” (Cambridge Business English
Dictionary).

Agriculture makes extensive use of natural resources.
Moreover, after the Second World War, agriculture
started with a massive use of farm machinery and
synthetic chemical products in order to increase
availability of food at affordable costs. This model,
which was subsequently referred to as “conventional
agriculture”, accelerated and intensified the
exploitation of natural resources, with a serious risk
of harm to the environment and to the prosecution of
agricultural activity itself.
As summarized by Santiago-Brown (2014), the Word
Commission on Environment and Development of

14

the United Nations Organization was called to define
the lines of a sustainable development model and, in
the 1987, delineated it as the one that “meets the
needs of the present without compromising the ability
of future generations to meet their own needs”.
Elkington (1998) stated this concept into the “Three
Bottom Line”, emphasizing that, for a sustainable
development, the economic, social and environmental
aspects have to be considered at the same time.

In viticulture, as well as generally in agriculture, the
term sustainability has been widely used to indicate
environmentally friendly farming models, such as
those named as integrated, organic, biodynamic etc.
In any case, since the aim of commercial viticulture is
to obtain a consistent quantity and quality of grape
production to make economic profit, sustainable
models cannot avoid to also consider economic
aspects in addition to agronomical ones. Nonetheless,
considering that specific environment and growing
conditions may limit grape commercial yield,
sustainable viticulture has to contemplate the view
that any genotype, in any environment, has an
optimum cultural method apt to give the best
quantity/quality balance over years, provided that the
viticultural techniques respect principles of vine
growth and development. In this sense, the concept of
vine-balance, defined by Gladstones (1992) as the
point where “vegetative vigor and fruiting load are in
*Corresponding author : vittorino.novello@unito.it
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equilibrium, and consistent with high fruit quality”
may be associated to the concept of sustainability
(Howell, 2001).

The Organisation Internationale de la Vigne et du
Vin (OIV) has defined the sustainability in
vitiviniculture as the “global strategy on the scale of
the grape production and processing systems,
incorporating at the same time the economic
sustainability of structures and territories, producing
quality products, considering requirements of
precision in sustainable viticulture, risks to the
environment, product safety and consumer health and
valuing of heritage, historical, cultural, ecological
and landscape aspects” (OIV, 2004).
Further, five general principles of sustainability
applied to viticulture have been specified:
1. Sustainable approach integrates environmental,
social and economic aspects,
2. Sustainable vitiviniculture respects the
environment,
3. Sustainable vitiviniculture is sensitive to social and
cultural aspects,
4. Sustainable vitiviniculture maintain economic
viability,
5. Sustainable initiatives require planning and
assessment (OIV, 2016).

These theoretical principles are widely shared by
grape growers, as shown by the results of 14
discussion groups involving farmers from Australia,
Chile, New Zealand, South Africa and the United
States. In facts, they defined sustainability as “the
continuous pursuit of equilibrium between economic,
social and environment variables and their trade-off
over time”, and a sustainable vineyard as “one that is
able to economically provide for the farmer while
maintaining its ability to consistently produce over
the time” (Santiago-Brown, 2014).
Table grape sustainability insights

In the year 2011, the Organisation Internationale de
la Vigne et du Vin approved the Guidelines for
sustainable viticulture adapted to table grapes and
raisins: production, storage, drying, processing and
packaging of products (OIV, 2011). This document
underlined that the success of table grape industry is
markedly dependent on the availability of natural
resources, such as solar energy, appropriate climate,
good quality water, fertile soils, and that, for a longterm viability of the viticultural activity, all these
factors have to be preserved through environmentally
sustainable practices and integrated with the
ecological processes. Some main principles were
stated.

First of all, the development of sustainable activities
has to be based on the assessment of the
environmental risks, starting with the most significant
for the specific regions where the activities are
located. The main factors on which to assess
environmental risks include : site and cultivar
selection, soil and water management, wastewater,
human resource management, biodiversity, solid
waste, energy use, air quality, neighboring land use,
and agrochemical use. Moreover, programs finalized
to support and develop table grape and raisin
environmental sustainability should include selfassessment or other forms of evaluation devoted to
individuate deficiencies and/or improvements in
environmental performance. Finally, it was remarked
that the selection of appropriate programs for a
sustainable table grape growing should be based on
the satisfaction of the three fundamental aspects :
economic, environmental and social. The balance of
the “three bottom line” varies with the individual
enterprise, hence, enterprises require flexibility in
establishing environmental sustainable programs
within their specific operating contexts.
1. Economic sustainability

Generally speaking, facing the challenges of
economic sustainability within a food supply chain
requires cooperation among companies operating
along the chain. Manufacturers should increase
communication and transparency as well as their
willingness to share data. Suppliers should work
together to achieve the pre-eminent common goals,
such as reducing energy use, saving water
availability, lowering the use of chemicals, improving
the health and safety of workers and guaranteeing
their labor rights. The center of the economic
sustainable organization is the entrepreneur, who
needs to have a complete view of the global chain of
production.

However, large and small producers involved in this
chain have different positions. Smaller farmers are
often quite isolated in the competitive market
dominated by bigger and more aggressive actors.
These, later, are able to control and condition the
chain to lower their own risks. Thus they may easily
ask to improve the level of sustainable development.
Smaller producers do not have the same possibilities
as the bigger ones. Moreover, they often have to face
the social tensions including land grab, and diffuse
illegality, and to operate with untrained workers. In
this situation, one of the solutions suggested to small
producers is to work in order to create a short supply
chain in order to be more incisive within it
(Vermeulen et al., 2013).
15
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Several surveys on the economic aspects of the table
grape industry were carried out among producers of
South Africa, where table grape industry is living a
consolidation of its production trend and export
ability. Those studies pointed out that growers and
marketing companies with a higher economic
sustainability are able to produce/attract greater
volumes of grapes to be exported to worldwide
destinations (Kirsten, 2012).

In this context, the search on the current marketing
mode showed that table grape industry consists of
two main marketing models: the marketing agent and
the grower-exporter. This latter model is considered
as the most economically sustainable one since it has
lower operation costs (Kirsten, 2012). Nevertheless,
producers are convinced that, to achieve a consistent
economic profit, it is very important a good
entrepreneurship that has to be related with
appropriate management practices, social
responsibility, inovations and joint with
diversification strategies aimed to reduce risks. A
specific inquiry on this topic also pointed out that
there are no economic matters for avoiding to follow
sustainable environmental practices (Ras and
Vermeulen, 2009).

A considerable impact on economic sustainability is
exerted even by the technological improvements that
farms adopt to deal with factors limiting table grape
production. Some relevant limiting factors are related
to the environment, as it occurs in the growing areas
characterized by warm climate and scarce rainfalls ;
there, water availability becomes discriminant for the
economy of production process due to the high cost
of natural resources. In those areas, as underlined by
Fernandez-Zamudio and coauthors (2007, 2008), the
over-exploitation and related low quality of water is
one of the main reasons why some vineyards become
marginal and, with the concomitance of other
unfavorable circumstances, such as lack of personnel
and of economic incentives, they are prone to the be
definitely abandoned. In order to maintain the
economic profit it is necessary to introduce
technological improvements.

Similar considerations can be extended to other
natural factors of production and to some management techniques, since the economic sustainability
and environmental sustainability are closely related.

2. Environmental sustainability

Reducing input and emissions is a central principle of
environmentally sustainable production.

To cope with environmental sustainability, table grape
producers must start with the selection of a vineyard
16

site suitable to allow correct grape maturation, to
limit pathogen pressure, to escape from frequent
dangerous meteorological phenomena such as late
frost, hail, heavy rains between veraison and harvest,
in order to diminish the use of resources necessary to
counteract all these problems. In this regard, the OIV
guidelines underline, in particular, the importance of:
i) evaluating the site viticultural aptitude and
potential; ii) carrying out a soil study before any soil
preparation/cultivation ; iii) considering water
availability and requirements of water resource
protection. An appropriate vineyard establishment
should first of all : to avoid replanting immediately
after previous planting removal and ensure that
residual vine portions are eliminated, in order to
elude pathogen contaminations; to care that surface
water management is apt to limit run-off and erosion,
and that surface and subsoil drainage are adequate; to
ensure that resident biodiversity is maintained; to use
plant materials suitable for local conditions and free
from diseases ; to choose vine density and training
system compatible with the site viticultural potential;
to use amendments and fertilizers adequate to the
vineyard requirements and the soil conditions, as
they result from chemical and physical analyses
(OIV, 2011).

According to the above mentioned guidelines,
“materials and viticultural inputs such as plastic
covers, plant protection products, fertilizers and soil
conditioners, gibberellins or other growth regulators,
pre-drying products, as well as dipping solutions and
packaging materials, should limit environmental
impact to a minimum and favour renewable
resources. Their use should be restricted to the
minimum quantities necessary to achieve the desired
outcomes”. Hence, to improve the environmental
sustainability of table grape growing, cultural
techniques applied along the entire vine life should
be able, on one hand, to preserve natural resources
starting from the main ones that are soil and water,
and, on the other hand, to reduce inputs of nutrients,
energy, pesticides and hormones, as well as to reduce
pollution and waste during all the productive process.

Several table grape producing areas have problems of
soil composition with special regard to salt
concentration, since saline soils are diffused in the
warm-arid zones where the table grape growing is
mostly spread. Interaction between characteristics of
soil and of irrigation water determine the final level
of soil salinity. This problem has been studied in
South Africa for many years by investigating, at a
regional level, the soil salt state and its influence on
plant growth. Trunk circumference was found to be a
reliable index of vine growth and vigor, and showed
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a negative correlation with electrical conductivity
(ECe), and a positive correlation with soil pH. Hence,
according to the vine age, it resulted quite well
predictable basing on soil pH and ECe and was
considered useful to reflect sustainability in grape
production. Nevertheless, the studies showed that
risks related to increasing water salinity, such as the
lowering on fruit production and quality, could be
mitigated with the use of gypsum or leaching
irrigation (de Clercq and Van Meirvenne, 2006).

Irrigation is a fundamental issue in table grape
growing, since this crop requires a high water
consumption to satisfy evapotranspiration demand,
support heavy yield, and obtain berries with big size
and high turgidity as demanded by the market. As
summarized by Permanhani and coauthor (2016),
average evapotranspiration of table grape vineyards
(ETc) may vary from 2.2 to 5.6 mm/day depending
on agro-environmental factors, such as evaporative
demand and soil type, as well as on vineyard
features, such as plant density, canopy architecture,
net or plastic sheet, weed control, in addition to the
fruit and rootstock genotype. Many important
producing regions have rainfalls largely lower than
these amounts. Moreover, the current increase in
duration and intensity of drought periods (Kovats et
al., 2014) reduces the availability of water resource
and increases the interest for saving irrigation water.
In this context, the high water use of table grape
vineyards is fighting with the human and industrial
consumes, and its sustainability is strictly related
with the adoption of irrigation techniques able to save
water maintaining grape yield and quality, such as
controlled irrigation, systems to supply water with
high efficiency, combination between plant-based
estimation of water requirement and remote imagery.

Regulated irrigation deficit has proved its high utility
in saving table grape irrigation water. Restoring 6080 % of crop evapotranspiration (ETc) has
demonstrated to increase the marketable yield
without penalizing sugar accumulation and berry
weight, and 60 % of deficit irrigation after veraison
has shown not to penalize the main grape commercial
features (Williams, 2000 ; Williams et al., 2010 ;
Blanco et al., 2010 ; Conesa et al, 2016).
Nevertheless, relevant variations in water use
efficiency, grape yield and berry quality may be
observed under different growing conditions
(Permanhani et al., 2016), as well as with different
irrigation strategies or grapevine genotypes (Novello
and de Palma, 1997). In Southern Italy, after
restoring 80 % of the vineyard water use (ETc) from
bud-break to harvest, performing results were
obtained with two seedless varieties differing in bud

fertility, berry weight and phenol accumulation.
Shortening by 50 % the water supplied from veraison
to harvest, both cultivars showed small changes in
their performance, while, cutting 50 % of the water
supplied from bud-break to harvest, vine water status,
bunch weight, berry quality and skin color were
markedly penalized in one of the two genotypes,
namely, the one characterized by small berry, difficult
skin coloring, need of a great shoot number to ensure
a consistent production. The other genotype, having
opposite features, showed less performing, but still
acceptable, grape quality (de Palma et al., 2018).

Nutrition of table grape vineyard should be based on
the estimate of the vine mineral uptake, of the
residual concentration of soil minerals and of the
mineral release by soil organic matter. Hence,
growers should decide amount and type of nutritional
input considering soil/plant tissue analysis joint to
critical observation of the vines. In particular, amount
and timing of nitrogen applications should be
accurately evaluated taking into account the pattern
of nitrogen requirement and uptake along the vine
growing cycle, the soil type and management, the
leaching risks. Recycled organic sources should be
preferred and fertilizers or containing substances
dangerous for the environment (e.g. heavy metals,
organic micropollutants, pathogenic microorganisms, etc.) avoided (OIV, 2011).

Control and reduction of nutrient application can also
be pursued applying the soilless cultivation
technique, developed for table grapes especially in
Sicily (Buttaro et al., 2012; Di Lorenzo et al., 2013;
Di Lorenzo et al., 2014a). This technique allows also
to increase economic sustainability by getting a
double annual production ; in facts, when properly
managed, soilless cultivation makes possible growing
two vine cycles each year (Di Lorenzo et al., 2014b).

Although the OIV guidelines recommends to limit
the use of plastic covers, this technique, provided that
recyclable materials are adopted, may favor
environmental and economic sustainability of table
grape growing. In facts, plastic sheet covers protect
vines and grapes from bad weather and modify the
vineyard microclimate so that bunches are defended
against damages and, moreover, grape ripening/
harvest may be advanced or delayed. Changes of
light and thermal microclimate influence vine
ecophysiological activity resulting, in many cases, in
better bunch and berry quality. Finally, covers protect
foliage and bunches from the contact with the rains
that stimulate disease attacks (Novello et al. 2000 ;
Novello and de Palma, 2008; de Palma et al., 2012;
Fidelibus et al., 2016). In the humid subtropical
climate (Köppen Cfa) of Fayetteville in Arkansas
17
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(USA), growing vines under high tunnels allowed to
reduce the number of sprays to three fungicide and
two insecticide applications in comparison with six to
ten fungicide and four to six insecticide applications
needed in open filed (Garcia et al., 2016). In the
Northwest region of São Paulo State, one of the main
Brazilian areas for table grape production, plastic
cover proved to reduce downy mildew pressure,
resulting in 75 % less fungicide application respect to
the open field control (Holcman et al., 2014). Further
studies in Brazil confirmed the utility of overhead
plastic cover in reducing amount and cost of
fungicide applications (Almanca, 2017). Nevertheless, reducing the consumption of pesticides is even
matter of appropriate sprayer calibration of (Pascuzzi,
2016).

Plastic sheets revealed to be also useful in lowering
the percentage of restored water. Recent trials carried
out in Chile on two varieties under plastic cover
showed that 60 % of farm irrigation could be applied
without affecting the berry size and bunch weight
(Selles et al., 2017). Nonetheless, in late spring and in
summer, air temperature under cover is high and may
penalize leaf physiological activity and berry
ripening, especially when deficit irrigation is applied.
Evaluating radiometric properties of plastic sheets
and their related effects on light and thermal regime
makes possible to individuate plastic materials apt to
reduce those inconveniences also in plots where only
50 % of ETc was restored (Vox et al. 2012, de Palma
et al., 2011-2012).
3. Social sustainability

In the past, sustainable development was seen almost
exclusively from the environmental point of view,
and governments were considered the only
responsible for environmental protection, as well as
for social policies. This insight has changed along the
time and it emerged, more and more clearly, that
businesses interact with the society and the
governments to produce global development (Müller
et al., 2009). Company business affect directly or
indirectly the community and generate potential risks.
Hence, as emphasized by Kristen (2012) for the
South Africa table grape industry, marketing
companies should have a social policy and govern
their own social projects aimed to create opportunities
of education and training, and to improve health
status of population and employers.

Social aspects are interconnected with the economical
ones: in facts, if the growers can earn profit, they can
pay the workers, if not, the workers may lose their job
(Vermeulen et al., 2013). In South Africa, table grape
vineyards grown in the Breede River Catchment area,
18

compared to orchards of other deciduous fruit species
in the same area, resulted in the highest water use
efficiency and number of jobs created per volume of
water used into the production process (Pegasys,
2010). In Mexico, table grape industry invigorated an
area at slack agriculture, like that of Sonora,
achieving a better water use efficiency compared to
that obtained by other food products, such as cotton
and wheat, and also the best economic return per
volume of used water, with benefits for workers.
However, further expansion of table grape industry
increased water exploitation and sea-water intrusion
to a very high extent (Carter and Alexander, 2012),
putting at risk both the sustainability of farming and
of jobs.

Understanding the interconnected functions and
responsibilities of private companies, market actors
and national government into the governance for the
development of the table grape industry is essential
for the social sustainability in its supply chain.
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Grape breeding above and below ground
for sustainable viticulture
Summaira Riaz, Alan Tenscher, Dániel Pap, Rebecca Wheeler-Dykes, Kevin Fort,
Claire Heinitz, Jake Uretsky, Cecilia Agüero, Nina Romero and M. Andrew Walker1
Department of Viticulture and Enology, University of California, Davis
One Shields Avenue, Davis, CA 95616

Abstract: The cultivated Vitis vinifera L. is highly susceptible to a wide range of pests and diseases. Above ground, mildews
(powdery and downy), bacterial diseases and other pests impede efforts to reduce pesticide use in viticulture. Phylloxera and
various species of nematodes are constant threats below ground and are controlled with resistant rootstocks or pesticides. The
breeding program at the University of California, Davis is developing both scions and rootstocks that provide resistance to
pests (phylloxera, nematodes), diseases (powdery mildew, Pierce’s disease) and biotic stresses such as salinity and drought
through classical breeding augmented with marker-assisted selection. Grape culture with disease resistant varieties and
rootstocks will greatly reduce pesticide applications and is a key for sustainable viticulture.
Key words: Powdery mildew, Pierce’s disease, nematodes, phylloxera, grape breeding

Introduction

The history of grape breeding in North America goes
back to before the early 1800s and was initiated by
the first settlers to the New World. Breeding efforts
soon focused on developing hybrids of Vitis vinifera
with North American grape species to combat severe
winter cold damage, pests and diseases like
phylloxera, Pierce’s disease (PD), mildews (powdery
and downy), and multiple types of roots. In Europe,
resistance breeding began with the inadvertent
introduction of the mildew diseases and accelerated
after grape phylloxera was introduced in the 1860s.
Breeding efforts to create phylloxera resistant
rootstocks changed the world’s viticultural practices
and allowed this aggressive root pest to be controlled.
As phylloxera spread, it became necessary for the
vast majority of viticultural regions to use these
resistant rootstocks. Today, there are many grapebreeding programs around the world attempting to
incorporate disease and pest resistance while
improving the fruit and wine quality.
The University of California, Davis grape breeding
program uses conventional breeding techniques to
develop scion varieties that produce high quality fruit
and resist PD and powdery mildew. It also breeds
rootstocks to provide stable resistance to different
strains of nematodes and phylloxera, as well as
tolerance to abiotic stresses such as salinity and
drought. Political pressure and population growth

*Corresponding author : awalker@ucdavis.edu

worldwide will make water increasingly limited for
viticulture, irrespective of climate change impacts.
Thus, drought tolerance and associated tolerance to
salinity are crucial. Grape breeding can help in the
transition to a more sustainable viticulture with
cultivars that require fewer pesticides and provide
options for changing climates.

Breeding for powdery mildew
and Pierce’s disease resistance:

The stacking of resistance loci from multiple
backgrounds is a useful breeding strategy to increase
the durability of resistance in the field. We have
identified multiple sources of resistance to PD and
powdery mildew (PM) in North American, Chinese
and Central Asian grape species (Table 1). Genetic
mapping with DNA markers was used to identify
genomic regions and to develop DNA-based markers
for each resistance locus. There is a dual benefit of
using markers in grape breeding. First, the screening
of plants with markers at an early stage allows
breeders to advance only those seedlings with the
trait of interest. Those without the trait are eliminated
before being planted in the field. This saves time and
resources. Second, and most importantly, only the use
of markers allows forms of resistance from multiple
backgrounds and with the same phenotype, to be
combined in a single line. With the help of markers
and improved plant training, we have achieved a twoyear seed-to-seed cycle, which made it possible to
21
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adaptingS and developing specific virulence on certain
stocks. Our rootstock breeding program is developing
selections with stable field resistance to diverse forms
At as
thetolerance
same time,
of nematodes and phylloxera, as well
to
w
abiotic
stresses such as salinity and drought. The
program relies on the identification of resistance
sources, genetic characterization of these resistances,
and marker assisted selection to advance the
program. We have collected a wide range of North
American grape species from the southwestern USA
to provide a germplasm pool for breeding resistance
to root pests (root-knot, ring, citrus, lesion and dagger
nematodes, and different forms of phylloxera) and
abiotic factors like salinity and drought (Figure 2).

Figure 1. Schematic presentation of the vine
and fruit evaluation process in-house and private labs

develop a new disease resistant variety with viniferalike fruit quality in about 12 years instead of a more
traditional 25-30 years.

Each year we carry out several stages of evaluations
in the field to choose selections that represent
optimum vine and fruit characteristics. Figure 1
details the sequence of observations used to evaluate
In addition,
vine and fruit quality traits in parallel with
multiple
sdisease resistance challenges in the greenhouse. We
Our
also carry out field trials of advanced PD resistant
r
selections
with the help of cooperators in various PD
hot spots around California and in several southern
States where PD is endemic. We also present wines
from PD resistant selections at the 94 % and 97 %
V. vinifera levels to industry, faculty, staff and student
tasters at UC Davis and industry gatherings.

Rootstock breeding
for biotic and abiotic stress

Most of the commonly used rootstocks were
developed in late 19th century to combat the
phylloxera infestation in Europe and they have a very
narrow genetic base. In addition, soil borne pests are

We constantly fine-tune the screens for resistance to
nematodes and phylloxera, test new germplasm,
evaluate existing breeding populations, select optimal
individuals, and evaluate mapping populations to
identify genomic regions for marker development.
Each year crosses are made with the objectives of
improving and combining strong sources of chloride
exclusion with deep rooting and broadly based
nematode and phylloxera resistance.
E
Salt screens are carried out at high concentrations
(75mM NaCl) to select highly resistant accessions
from a wide range of germplasm for use in crosses.
At the same time, we screen breeding populations to
Seedling
that
determine the inheritance of resistances
andplants
develop
d
genetic maps and markers.
Harold Olmo collected accessions from Mexico as
seed in 1961.

Each year, thousands of seedlings from rootstock
breeding crosses are planted in the field and
evaluated for horticultural traits (lack of brushy
growth, long internodes, good caliper canes) and ease
of rooting. Seedling plants that do not meet the
criteria of a good rootstock are removed. Thus far, the

Table 1. List of loci for PM and PD resistance breeding that are being used in the UC Davis breeding
program. The use of markers allows us to combine multiple forms of resistance in a single line.

PM

y

!
PD

22

R Locus
Run1

Source species
M. rotundifolia

Run2
Ren1

V. vinifera

18
13

V. romanetii
V. piasezkii
V. piasezkii
American spp
American spp

18
9
19
14
8

Ren4
Ren6
Ren7
PdR1
PdR2

Each M. rotundifolia

Chromosome
12
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At the same time,

w

strains, dagger nematode and phylloxera, and do so
in the presence of mixed nematode inoculations and
at high soil temperatures where resistance often
breaks. The GRN rootstocks also resist phylloxera,
several resist citrus and lesion nematodes; and GRN1 resists all of these pests.
Acknowledgements

Figure 2. Map of our collections

n addition,

rootstock grape breeding program has released five
rootstocks (GRN-1, -2, -3, -4 and -5) that provide
resistance
E to multiple aggressive root-knot nematode
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Viticulture in the Cuyo region of Argentina
Juan Bruno Cavagnaro

Deparment of Plant Biology, University of Cuyo, Mendoza, Argentina
Abstract: Énvironmental arid conditions on the west regions of Argentina determine that viticulture is only possible by using
irrigation, since annual rainfall is just 200 mm. Most water for irrigation comes from snow that precipitates in the Andes
mountain during winter. Andes mountain is the great reservoir for water irrigation. In Argentina more than 80 % of wine
production is consumed in the internal market. Wine and grape juice exportation is just 16 % of total production. Most grape
varieties are from European origin. Some varieties called “criollas” that although are Europeans in their origin, were
introduced very early during Spaniard colonization. Our research team in Plant Physiology Laboratory, at the University of
Cuyo, Mendoza, studied the effect of climatic changes on grape and wine characteristics like Malbec and Bonarda. Studies
combined in the experimental field increase of canopy temperature, water stress and plant hormones (Abscisic acid and
Jasmonic acid) sprayed from veraison to harvest. An additional environmental danger for viticulture sustainability in the
region is the presence of hail storms. Damages produced by hail are about 12 % in average, but in many areas the damage is
more than 100 %. However, many vineyards have anti-hail nets to avoid these damages. Our studies have obtained results that
will be useful in the future to lowering damages over grape crops and, that way, to increase sustainability of viticulture in our
region.
Keywords: viticulture in arid regions, water for irrigation, high temperature, water stress and plant hormones, sustainability
and hail storms

Environmental conditions on the west regions of
Argentina determine that viticulture is only possible
by the use of irrigation. Annual rainfall average is
just 200 mm occurring mainly during summer time
(National Meteorological Service, Argentina). Most
water used for irrigation comes from snow that
precipitates in the Andes mountain during winter.
Andes mountain are the greatest reservoir for water
irrigation (Leiva et al., 2008; Masiokas et al., 2006;
Villalba et al., 2005). Through an extended web of
channels it arrives to each farm. A less important
proportion of farms obtains water from underground
holes. In the case of Mendoza the system is
administered by the own farmers through the
Department of Irrigation. High temporal and spatial
variability is observed in rainfall storms. Mendoza
and its northern neighbor state, San Juan, sum up to
92 % of grape and wine production of Argentina.
Total grape and wine production accounts to
2,3 millions of metric tons and 1.950 millions of
liters. The climate of these states is sunny and warm
during summer, but wine quality is obtained because
most vineyards are cultivated from 700 to 1,600 m of
altitude (Grape and Wine Observatory).

As said before, in Argentina, more than 80 % of wine
production is consumed in the internal market. Wine
and grape juice exportation is just 16 % (310 millions
liters) of total production meanwhile the internal
wine and juice consumption rises to 1,650 millions
24

liters. Wine consumption in Argentina has diminished
in a consistent way in the last decade. According to
the Institute of Grape and Wine of Argentina the
average consumption per person and per year is of
approximately 20 liters. This consistent tendency
over the last decade puts in danger the economical
sustainability of viticulture in our country. Many
factors influenced the decreasing trend. Among the
most important ones we can mention: a) a change of
habits in the population that historically consume
wines : wine beverage was traditional inside home
customs where most of the time wine was mixed with
sparkling water. At present times the high incoming
classes choose expensive and sophisticated wines,
that are scarce in volume. Besides, young consumers
are strongly oriented to consume other drinks like
bear y/o “fernet” (an alcoholic beverage made of
some vegetables) mixed with some cola drinks. b) the
economic factors: the present economic situation of
the less income clases (but the most numerous one)
have generated a retraction in the wine consumption.
c) a competency of wine with other drinks : in this
aspect the two previous items add to reinforce the
declining use of wine front other drinks that show a
very powerful advertisement trend, difficult to follow
by the enology industry.
A special remark should be mentioned respecting
sparkling wines, which have shown an increasing
tendency in the last decade in Argentina.

*Corresponding author : bcavagnaro@fca.uncu.edu.ar
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Most grape varieties are from European origin. The
most important red wine varieties are Malbec,
Bonarda Argentina, Cabernet-Sauvignon, Syrah, and
Pinot noir. White varieties for wine making are :
Torrontes Riojano, Chardonnay, Chenin, and white
Sauvignon. Among white and pink varieties there are
some varieties called “criollas” that although are
Europeans In their origin, have been introduced very
early during Spaniard colonization of those lands.
They show a great adaptation to these climates. The
most outstanding variety Is Torrontes riojano, that has
acquired a well gained fame by the organoleptic
conditions of its wines. Malbec, the emblematic
variety of Argentina is another example of the special
combination of “variety x climate” during centuries.
In France, in its original region of cultivation, it is not
considered a good variety, but here, Malbec obtained
such characteristics that it has been recognized over
the world as an outstanding variety.

In order to gain knowledge about the varietal
responses to climate change in the Cuyo region, our
research team in Plant Physiology Laboratory, at
University of Cuyo, Mendoza, has been working on
the effect of environmental changes over grape and
wine characteristics of some red varieties like Malbec
and Bonarda Argentina, which are the most important
in respect to surface and grape production of
Argentina. Studies have combined the effects of
experimental increase of canopy temperature, water
stress from the onset of veraison and plant hormones
(like Abscisic acid and Jasmonic acid) sprayed at
bunch of levels from veraison to harvest. These
treatments were applied under field conditions. One
of the first conclusions was that not all varieties
respond in the same way to environmental
conditions, avoiding generalizations about these
aspects. Bonarda Argentina showed consistent higher
values of anthocyanin respecting Malbec.
Anthocyanin content in both varieties was different in
each year, indicating that year climate conditions can
influence the anthocyanins levels. Experimental
increase of temperature produced significant
lowering of anthocyanins in both varieties ; but the
combination of high temperature + the hormone
Abscisic acid, compensated the detrimental effect of
high temperature. Malvidine-3 glucoside was the
most important anthocyanin in both varieties, (70 %
of the total content). For example, comparing Malbec
with Cabernet-Sauvignon : the first one seems to
acclimate in a better way than the other when
subjected to high temperatures.
An additional environmental danger for viticulture
sustainability in the region is the presence of
hailstorms that usually occur during summertime.

Damage produced by hail is about 12 % in average,
in the state. However, in many cases those storms
produce more than 100 % damage in certain areas.
For this reason an important proportion of vineyards
are protected with anti-hail nets. Previous studies of
the group have shown that we can alleviate the effect
of high temperature by covering plant canopy with a
shade net that lowers 30 % of the incident radiation,
without any effect on yield and grape quality. Based
on these results we can advise the use of anti-hail nets
with a higher shading value and in that manner,
obtain a combined effect of damage protection and
beneficial effects over canopy.

In summary, our studies have obtained results that
will be useful in the future to lowering damages over
grape crops and by that way to increase the
sustainability of viticulture in our region.
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Creative and sustainable enology
Sebastian Zuccardi

Uco Valley, Argentina
Keywords: soils differentiation, time harvest, whole bunch, concrete vats

Since the year 2009, with the creation of the
Research and Development area, we started
exploring a new path, putting at test crucial decisions
in the winemaking process of our premium wines.
We focused on wines that were a pure and sincere
expression of the different terroirs of the Uco Valley
without leaving aside the interpretation of the
different harvest
Key items we took into consideration:

1. Classification and division of the different soil
types

Separating vinifications according to specifics soil
types, strengthens the origin of the grape through the
same varietal. The soils of the Uco Valley are
alluvial. As a consequence, we find many variations
of soils, more specifically in rock depth ; these
variations can be found within short distance ratios
For this reason, the investigation of the soil was
carried out through the combination of technology
(electromagnetic conductivity measuring probe at
two different depths, and NDVI measuring) ;
observation of the different soil types ; and the
experience and commitment of our team, who
contributed with their visual inspection and grape
tasting for the complete identification of the different
soil types present in each vineyard.

Timing during harvest is crucial for the future of the
wine. In this aspect, the research was carried out
through the vinification of grapes from different soils
types, in different harvesting periods. This helped us
increasing the understanding of various soil types and
their influence in grape ripening. For the test, it was
necessary to establish some chemical parameters that
we expect to find in the wine, to help us define the
different harvesting periods. Authentication came

*Corresponding author : SZuccardi@familiazuccardi.com

conclusive once technical tasting was conducted as
the final decision of harvest for each variety, in each
micro-region, of each vineyard and therefore each
soil type.
2. Whole cluster vinifications

…in different percentages, causes (in certain terroirs),
a particularly meaningful expression of the soil. This
provides tannic structure, increasing its aging
potential and naturally balancing its color. Whole
bunch vinification also reduces the alcohol content of
wines. There´s something that has not been yet
closely studied and that is, whole cluster vinification
in those areas with high calcium carbonate content,
magnifies the mineral texture in mouth. Our midterm endeavor seeks to positively confirm such
statement.
3. The vat

Last but not least, the vat where the wine is
elaborated has great influence not only in the
vinification process, but also in its aging. Running a
comparison between vats of different materials
(stainless steel, French oak barrels, concrete vats with
epoxy and concrete vats with no epoxy) we
concluded that fermentation in concrete vats with no
epoxy results in a more natural and pure expression
of the terroir. The reason: concrete is a more natural
element composed by sand, mud, clay and rocks; and
in concrete vats the wine is in contact with solid
materials. By not using epoxy many benefits come
along: better development of indigenous yeasts, color
stabilization and better tannic structure due to the
micro-oxygenation this type of material allows. To
finalize, concrete let us work in a more sustainable
way. This material allows us to save energy in the
control of temperature.
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Application of unripe grapes
as a technology alternative for reducing
alcohol content and pH of red wines
Martín Fanzone1,*, Santiago Sari2, Esteban Bolcato2, Mariela Assof1, Viviana Jofré1

Laboratorio de Aromas y Sustancias Naturales, Estación Experimental Mendoza, Instituto Nacional de Tecnología
Agropecuaria (EEA Mendoza INTA), San Martín 3853, M5528AHB, Luján de Cuyo, Mendoza (Argentina)
2
Centro de Estudios Enológicos, EEA Mendoza INTA (Argentina)
1

Abstract: The impact of global warming in some wine regions of Mendoza (Argentina) implies in many cases important
delay in the harvest date of grapes to achieve an appropriate phenolic maturity in red varieties, especially in seeds, resulting in
high levels of sugar and low acidity. These parameters lead to wines with high pH and alcohol content, which generates low
acceptation in good part of the consumers, and important problems in chemical and microbiological stability. This problematic
can be addressed from viticultural, oenological or microbiological level. The aim of the present study is to provide a
technological alternative for reducing simultaneously the alcohol content and the pH of Malbec and Syrah wines from
Mendoza. The assay began with the vinification of white grapes (cv. Sauvignon blanc) harvested at the beginning of veraison
(2016 season), to obtain a product with high acidity and low alcohol content “green wine” that together with the «green juice»,
without vinification, were used in the experiments of reduction and dilution of ripe grapes. Subsequently, the Malbec and
Syrah grapes were harvested at two different moments (M1, 12.5% alcohol; M2, 14%) and elaborated following a standard
protocol. For each variety, it was obtained a total of 18 wines: 3 wines with M1 (1C) and 15 wines with M2 (3 control wines,
2C; 3 wines with replacement of ripe grape must by green wine, 2RW; 3 wines with replacement by green juice, 2RM; 3
wines with dilution of ripe grape must with green wine, 2AW; and 3 wines with dilution with green juice, 2AM). General
analytical parameters, phenolic composition, and sensory analysis were performed. In both varieties, the wines obtained from
the different treatments (2RM, 2RW, 2AM and 2AW) showed similar levels of total phenols, tannins, anthocyanins and
polymeric pigments with regard to control wines (2C), and higher than 1C wines. At the same time, it was observed a
significant reduction of alcohol level (1-1.5%) and pH (0.1-0.15 units), and an increase in citric and tartaric acids (0.2 g/L),
which resulted in higher color intensity with regard to 1C and 2C wines. Complementarily, the sensory evaluation revealed,
for both varieties, that 1C wines presented less color intensity and more herbaceous character, 2RW and 2AW wines more
acidity and spicy aromas, and 2RM and 2AM wines more astringency and an intense violet hue. These preliminary results will
be complemented by characterization of individual phenolic composition. In conclusion, this simple and economical tool could
be adopted by the industry for red wine production of low alcohol content and high chemical and organoleptic quality,
satisfying the needs of the national and international market.
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Wine quality production and sustainability
Pierre-Louis Teissedre*

Univ. Bordeaux, ISVV, Unité de recherche Œnologie EA 4577,
USC 1366 INRA, Bordeaux INP, 33140 Villenave d’Ornon, France
Abstract: The term sustainability was identified and defined by the World Commission on Environment and Development
as: “a development that meets the needs of the present without compromising the ability of future generations to meet their
own needs.” Several existing systems and initiatives at wineries’level exist. Several green tactics can be employed by the
wineries including solar power, recycled building materials, living soil roofs, natural ventilation, geothermal heating and
cooling systems, drought-tolerant landscaping, and even insulation made of jeans scraps. Sustainable winery architecture is a
global trend that needs to be developed. Principal aspects to consider for a wine sustainability production are developed with
innovations : CO2 reuse solutions, water management and saving, renewable energy, good practices in oenology and
winemaking processes, functional biodiversity, management and use of by-products in oenology, climate change adaptation in
oenology. Many questions and challenges need to be explored to purpose advances for a more sustainable oenology
production. Interactions of oenologists, winemakers, chemists, microbiologists renewable energy and water specialists,
processes specialists, computer and electronic scientists need to be encouraged to develop wineries adapted to climate changes
scenarios with a sustainable, qualitative and economically compatible oenology production.
Keywords: grapes, wine, quality, sustainability, innovation

Introduction

Today the consumers are increasingly expecting wine
to be produced in a sustainable manner (Bisson et al.,
2002) and the complexity in defining sustainability,
the applied research and discourse specifically within
viticulture, oenology, and consumption of wine
results in a multidisciplinary literature base.

winery architecture strategy is earth sheltering, in
which wineries or cellars are built partially or
completely underground, where it’s naturally cooler
and easier to moderate temperatures. We also need to
consider gravity-flow wineries, which allow grapes
and wine to be moved more energy-efficiently and
gently during the winemaking process. Some of the
green tactics that can be employed by the wineries
include solar power, recycled building materials,
living soil roofs, natural ventilation, geothermal
heating and cooling systems, drought-tolerant
landscaping and even insulation made of jeans scraps.
Sustainable winery architecture is a global trend that
needs to be developed.

There are many ways to be more sustainable, major
challenges consist in reducing energy consumption,
greenhouse gas emissions, raw material use, waste
outputs and water consumption. Wineries can be built
with reclaimed materials, employ skylights for
natural light, plant more trees for shade and collect
water to filter and reuse it. One popular sustainable

In North America, wine producers are aiming to be as
green as possible inside and out, constructing their
new facilities to standards set by the LEED
(Leadership in Energy and Environmental Design)
Green Building Rating System. The U.S. Green
Building Council has introduced in 1998, and since
adopted by Canada, the voluntary LEED
certification, which is an international benchmark for
buildings that are environmentally friendly and
healthy places in which to work or live. This
certification of new management of sustainable

In 1987, the Bruntland Report, in Our Common
Future, the term sustainability was identified and
defined by the World Commission on Environment
and Development : “development that meets the
needs of the present without compromising the ability
of future generations to meet their own needs.”

Certification, water use and quality, soil, air and
climatic impacts, energy, chemicals, wildlife,
materials, waste, and globalization are all important
topics within the discussion of sustainable wine. All
factors are of great importance and need to be
considered.

*Corresponding author : pierre-louis.teissedre@u-bordeaux.fr

Existing system and initiatives at wineries
level
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winery has been developed. Several North American
wineries have already earned LEED certification for
one or more of their buildings, Oregon’s Sokol
Blosser is reported as being the first, in 2002 and
several winery-related projects have been designed in
California, Oregon, Florida, Michigan, New York,
South Dakota, Vermont and Virginia. In addition to
the commercial wineries, both the University of
California at Davis, with its new teaching and
research winery, and the Napa Valley Vintners
association, with its new headquarters, have been
models for the industry.

In France, starting with the 2019 vintage, every bottle
of St.-Emilion wine will have been made from grapes
grown with sustainable farming methods, such as
organic or biodynamic viticulture. The local wine
council for four Bordeaux appellations has passed a
measure mandating sustainable farming. Any wine
not farmed sustainably may only be bottled as
generic Bordeaux. The decision impacts nearly
3.85 million cases of wine made annually within the
St.-Emilion, St.-Emilion Grand Cru, Lussac St.Emilion and Puisseguin St.-Emilion appellations. The
bold move has sparked interest from other
appellations and builds on St.-Emilion’s existing
environmental initiatives. The logic was already in
place and is a continuity of earlier projects, which
work collectively to reduce the use of insecticides,
and for biodiversity preservation. St.-Emilion’s
picturesque landscape, a UNESCO World Heritage
site, added an extra impetus and winegrowers choose
from a list of state-approved certifications, for
example, organic, biodynamic or HVE 3 (Haute
Valeur Environmentale, High Environmental Valor).
Environment lines scans be accepted as long as they
are officially certifiable. The new requirements
include measures like treating vineyard and winery
waste products and a ban on blanket herbicide use.
Another notable one is for example in Castillon, as
another indicator of a wider evolution in Bordeaux.
Castillon is the appellation with the greatest
percentage of the vineyard surface area in conversion
to organic farming in Bordeaux, and around
120 châteaux had obtained the HVE 3 certification,
including well-known estates. HVE 3 is France’s
highest level of certified sustainable farming,
demanding water and fertilizer management, a
biodiversity program and reduced pesticide and
fungicide use. The bottles started to include the HVE
logo on labels, so consumers can know that
winemakers have made this commitment to the
environment and are certified. However, the new
rules in Saint Emilion, are not legally binding until
the national appellations authority has modified the
32

specifications for the appellations, and it should be a
long process.
In Europe some incredible wineries have also
emerged and there are striking wines, and then there
are striking wineries, which have become landmarks
in their own rights, thanks to their innovative design.
For those avid wine travellers who are planning to
taste their way through the vineyards of Europe this
year, here are a few favourites which have to be seen
to be believed:

- Bodegas Ysios in Spain is a sea of wine waves in
the heart of Spain : this dramatic and dominating
construction in the Rioja wine region is an
impressive 200m in length and 8,000m² in total
area! The brief, asking for an iconic design, which
was well integrated into the surrounding landscape,
was also well and truly answered by architect
Santiago Calatrava and contains state of the art
winemaking facilities. Bodega Ysios, named for the
Egyptian deities Isis and Osiris, craft fruit-forward
Rioja’s and are part of the Pernod Ricard Group.

- Château Cheval Blanc in France is a modern,
minimalist feel from the exterior through to the
interior of the winery at Château Cheval Blanc in
Bordeaux’s Merlot-dominated right bank commune
of Saint-Emilion. This design, conceived by
renowned architect Christian de Portzamparc,
resembles something of a flying saucer on the
outside and this space-age theme is continued Inside
to the egg-like concrete vats, such as a new style in
the winemaking process. There are 52 in total.

-Marchese Antinori in Italy, producing the Super
Tuscan Tignanello. From a distance, the structure is
seemingly camouflaged into the rolling Chianti
hills, yet, once a little closer, the cutting-edge design
by Archea Associati takes on so much more detail,
befitting of the complex and ever evolving wines
which are born there.
- Petra Winery in Italy, which was designed by
celebrated Swiss architect Mario Botta. The winery
at Petra Wines features his hallmark cylindrical
element, almost an altar to the sun. When we
consider how essential an ingredient the sun is in
the vineyard cycle, we can completely understand
why the building sits perfectly in its surrounds.

Principal aspects to consider for a wine
sustainability production
1. CO2 reuses solutions

During the grape’s growing season, CO 2 is
sequestered by the vines’ growth and production of
sugar in the grapes. This is more than the CO 2
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Table 1. Sequestration of CO2 in function of sugars levels of grapes.

emitted by the biomass and during the fermentation
process, to such an extent that production and
fermentation of 1 kg of grapes reduces the CO2 by
approximately 0.3 kg.

Interestingly, the production of higher alcohol wines
f sequesters more CO2 (table1):
However, it is possible to improve these figures if we
are able to collect CO2 from alcoholic and malolactic
fermentations in the wineries. During alcoholic
fermentation, one liter of wine produces 44 liters of
CO2 or around 81 g of CO2. This gas comes mainly
from the alcoholic fermentation of the must. The
process begins as soon as the skin of the grapes is
split and the temperature exceeds 12 °C. The sugar
then comes into contact with the yeasts present on the
skin of the grain or in the air and is gradually
transformed into alcohol. During the fermentation of
the secondary compounds will be released such as
carbon dioxide, ethanol (alcohol), glycerols (which
brings the creaminess to wine), succinic acid, acetic
acid and aromatic compounds (esters) like those of
banana or raspberry, found in early wines. Malolactic
fermentation bring only around 2 g of CO2 by liter of
wine. Lonvaud et Ribéreau Gayon (1977).

operations ranging from fermentation to bottling and
where it is important to replace the amount of oxygen
between the wine and the closure in order to avoid
oxidation. CO2 can be use as inert gas for wine
ageing and can participate to a potential reduction in
During
thecan be
use of sulphur dioxide (SO2). Carbon
dioxide
used also in cryo-extraction, a process through which
the partial freezing of grapes before pressing results
in higher quality white wines. Enzymatic processes
that can lead to degeneration of the aromatic
components are inhibited, preserving the aromas and
thereby producing a better bouquet that can be
maintained in the finished product. With CO2 it is
also possible to freeze only the less-ripened grapes
(with a lower sugar content) in order that the must
that is released in the pressing comes only from the
ripest grapes. Finally, carbonic maceration exploits
CO2 to induce intercellular fermentation of the whole
grape, which is the basis for the production of new
wines (Primeurs wine).
sugars levels of grapes.

An interesting example, for capturing the carbon
dioxide (CO2) emitted by the fermentation above the
vinification tanks and transforming it into baking
soda is the principle proposed by Alcion
Environnement, a company operating in Bordeaux
In the field of oenology, the uses of carbon dioxide
and the Paris region. This capture system is an
are numerous, and first and foremost, go towards
innovative project, labeled by Inno’vin, which helps
producing the frigories required to maintain the must
develop sustainable viticulture through the promotion
at low temperatures. But CO2 also has a blanketing
of new techniques in the wine sector. Experiments
and control effect on the development of
have already taken place. From 1,000 hl of wine,
microorganisms (yeasts, etc.) and is used in
with 80 % of capture that emit 8 tons of CO2 during
E refrigeration and the protection of harvested grapes
fermentation, we get 15 tons of baking soda. At the
of 28 hectares, twenty tons of
and in the continuous cooling of the pressed grapes
scale of Château of 28 hectares, twenty tons of
b
This sequestration of CO2, resulting from winemaking,
(CO2 in dry ice form). These operations require CO2
bicarbonate of soda can be produced from the
w
to be utilized in liquid form directly after mechanical
This
of CO2, resulting from
Thevineyard.
capture of
thissequestration
CO2
harvesting as well as to lower the temperature of the
winemaking, will allow the manufacture of
pressed grapes to around 5 °C, to obtain an
compounds for local uses. Thus baking soda can be
immediate and homogeneous state of coldness, to
used as a cleaning agent in water softeners, agri-food
reduce stress and to protect against excessive
and pharmaceutical applications. The capture of this
oxidation. Another important point is the use of CO2
CO2 (greenhouse gas) and its recovery will have an
as a technical and anti-oxidation gas during all the
impact on the carbon footprint of the vineyard. For
33

07-teissedre_05b-tomazic 28/03/18 18:18 Page34

OPPORTUNITIES AND CHALLENGES FOR VINE AND WINE PRODUCTION BY PRESERVING RESOURCES AND ENVIRONMENT

by Alcion
Picture 1. Example of CO2 captation system (process VALECARB) by Alcion.
Gas can be converted to other side products or used for carbonation or biofuels.

100 hectares of vines, the reduction of CO2 emitted
will be 37 t/year in the Bordeaux appellation. The
carbon footprint of the Bordeaux wine sector has
been evaluate to 744000 t/year of CO2. the reduction
target would be 147000 t/y of CO2.
2. Water management and saving,

The ISO-14001 Standard is considered the first
necessary step for a winery towards a more
environmental friendly management of its operations.
It measures and allows wineries to work towards
maximizing efficiency in use of water (in many parts
of the world, more than 10 litres of water is used for
each litre of wine produced), energy, raw materials
and maximizing recycling and waste treatment. Drip
irrigation increases efficiency of water use in the
vineyard by up to 90 % compared to flood irrigation.

For example, the use of water within the winery itself
amounts to about two litres per shipped bottle of
Champagne (4.1 litres for combined vineyard/winery
operations). This is slightly higher than the global
average for wine production – close to the average
T drink production but significantly lower than
for soft
for the brewing industry.

Water conservation remains a priority, without ever
compromising high standards of hygiene in wineries,
cuveries (units housing the fermenting vats) and
other work premises. Winemakers use various
methods to reduce their consumption of water. These
34

include : the eco-design or eco-refurbishment of
buildings ; improved systems of water purification,
recycling and/or collection; and a general reduction
in water wastage wherever possible. Collection of
rainwater with storages in tanks is a good way to do
water economy, and to be able to use it during dry
period. Waste water treatment and/or closed loop
reuse of cooling water also contribute significantly to
improving the environmental impact of winery
operations.
Three keys points need to be considered:

- Generalize the installation of differential sub-meters
of water;
- Promote the collection of rainwater;
- Optimize cleaning practices.
3. Renewable energy

The practice of viticulture and winemaking is highly
dependent upon the weather and climate. Any future
changes in the seasons, their duration, local
maximum, minimum and mean temperatures, frost
occurrence and heat accumulation could have a major
impact on the winegrowing areas of the world. Given
that the winegrowing industry has substantial energy
requirements and is directly influenced by any
changes in climate, the industry should be at the
forefront in promoting the case of energy efficiency
and the adoption of renewable technologies. Solar
renewables in the form of solar thermal and
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photovoltaics (PVs) offer a complimentary solution to
many winegrowing processes:

- Limit indirect energy consumption (eg the day
before equipment);
- Identify the energy consumption of each equipment,
including fuel;
- Promote the installation of photovoltaic energy on
farms;
- Improving the efficiency of winery operations and
the use of renewable energy and biofuels;
- Generalize the installation of electric differential
sub-meters.
4. Good practices in oenology and winemaking
process

Several aspects can be included in this field, for
example, there’s no formal definition of “gravityflow” or “gravity-fed” wineries, but it indicates a
particular winery-design style, suggesting that the
winery production will take place on at least two
different floors or levels. If you have your entire
winery operation on one floor, every time you move a
wine from a crusher or press to a tank or barrel, there
will be a need for pumps, conveyors or other
materials. Gravity-flow winery designs take
advantage of gravity, allowing wine to be moved
around much more gently. Too much force, too much
rough-and-tumble handling, and a wine might
become over extracted or too tannic, or experience
too much oxidation. It’s also harder to leave grape
solids behind if you have a hose on at full blast.
Ideally, a gravity flow winery could have a different
floor for every stage of wine production. The grapes
coming in from the vineyard on the top floor and, as
the wine goes from crushing to fermentation to aging
to bottling, every time you move the wine along, you
have the help of gravity to move it. For oenologists
the idea is that gravity flow provides a gentler, less
interventionist approach to winemaking, takes less
work moving around pumps and hoses and requires
less electricity. But gravity-flow wineries can be
expensive to build, and require a winemaking team
willing to walk up and down stairs and ladders. Their
designs typically work best when built into an
existing hillside, and some of the best wine regions
are in valleys.

In France, a recent official validation of the Guide of
Good Hygiene Practices for the wine sector, GBPH
on 1st of April 2017, responds to changes in hygiene
and food safety practices and regulations while taking
into account the specificities of the sector of wines
and spirits of wine. National and Community
regulations lay down obligations to ensure consumer
safety and traceability of foodstuffs. In particular, the

winemaker and the producer are responsible for the
sanitary quality of the food they put on the market.
The obligations which concern more particularly the
« hygiene package » are defined in terms of results,
the means to be implemented being left to the choice
of the operators. The document was designed to help
all operators of the French wine industry in the
implementation of good hygiene practices and
HACCP. It is a reference document that can be used
as proof for official controls if the operator follows
the principles described. The GBPH is a guide of
voluntary application. The guide allows each
company to assess its own risks and define the means
of control to be implemented as part of its food safety
policy. The main regulations are taken into account.
The general regulations on food safety were
reviewed as well as the specific regulations for wine
products in order to adapt the recommendations
taking into account pre-existing constraints. The
assessment of the level of risk highlights certain
compounds to be monitored in the sector. The control
measures for these compounds are detailed in
specific sheets and in « toolboxes ».

The good practices in oenology concerning
technology, additives and processing aids need to
refer to the Official International Code of
Oenological Practices/Oenological practices : Wine,
OIV and International Oenological Codex with
Products used in oenology. (OIV, 2018). It’s
necessary to insist on the fact that any
product/technique with new functionality must
comply with the oenological codex or oenological
practice with tests validated by national/international
bodies.
Some recommendations to promote:

- Cross-cutting actions on input reduction : good
practices, use of decision support tools, etc.
- A precision oenology research should be developed
(e.g.: yeast selection for specific functionality, tools
and oenological adapted products creations,
fermentation management, quality adaptation)
5. Functional biodiversity

Wine production in most countries is based on the
use of commercial yeast and bacteria strains leading
to the colonisation of the wineries and vineyards by
these strains with potential consequence reduction of
autochthonous biodiversity. This also implies that
wine styles could also become standardised. Thus,
vineyard could be an important source of native
yeasts and bacteria of oenological interest. A better
knowledge about the functional role of biodiversity
in the vineyard and wine ecosystems is required: the
spatial and temporal interactions between native
35

07-teissedre_05b-tomazic 28/03/18 18:18 Page36

OPPORTUNITIES AND CHALLENGES FOR VINE AND WINE PRODUCTION BY PRESERVING RESOURCES AND ENVIRONMENT

microorganisms such as yeasts and bacteria and
natural enemies of pests (fungal infestation) and
climate and management factors (such as the
irrigation systems, temperature, perennial cover
crops, use of agrochemicals, harvesting practices or
fermentation performance). On this aspect, it will be
necessary to advances and examine synergies and
trade-offs between native microorganisms, the
natural control of pests and other ecosystem services
for viticulture and winemaking production and
environmental objectives.

Biodiversity conservation and agricultural
sustainability should also take into account
‘ecoagriculture’ landscapes. It will be important to
conserve wild biodiversity in agricultural landscapes;
this will require increased research, policy
coordination and strategic support to agricultural
communities and conservationists.
6. Management and use of by-products in
oenology

The management, diversification and valorisation of
by-products and co-products in oenology need to be
develop : digestibility, degradability, transformation
of nutrients of vine shoot (VS), grape marcs (GMG
and GMM), white (WL), red (RL) and Liquors (LL)
wine lees and grape marc plus lees (GML). Byproducts possesses variable crude protein (CP) and
cell walls (from 44.8 to 203 and from 122 to 741 g x
kg−1 dry matter (DM) for CP and neutral detergent
fiber (NDF) respectively (Molina Alcaide et al.,
2008). A new dimension and economic logic must be
studied and then tested to take into account the grapegrape-processed products continuum within
specialized sectors dedicated with reverse
engineering logic. For this, aspect the development of
grape juice, grape sugar, alcohol, organic acids,
polyphenols and others types of compounds can be
explored. With this approach the concept of biorefineries would make sense economically for the
products from the vineyard, to develop bioplastics,
biocompatible polymers, fertilizers (organic and
inorganic), phenolic extracts, bio-fuels and gas, color
extracts, etc. Otherwise, the use of grape derivatives
and bioactive products that can be used in the
formulation of products nutraceuticals/cosmetics, or
ensuring a feature of strong antioxidant activity must
be encouraged (seed flours or grape skins…).

The marc (or pommace) is generally delivered to
authorised distilleries where it is broken down by
separation and extraction. A wide range of
compounds are recovered for recycling:
- ethanol for industrial use and motor fuel;
36

- grape-seed oil ; polyphenols, anti-oxidants and
natural colour pigments; tartaric acid with potential
application in processed foods, cosmetics and
human health products;
- co-products used as organic fertilizers;

- carbon-based additives used as animal feed
ingredients.

The type of residues produced in the wineries is
finally, closely dependent on the specific winemaking
procedures, which also affect the physic-chemical
properties of the residual material, the characteristics
of which determine its further use and specific
valorisation circuit in which it could be integrated.
The major residues from wine-making activity are
represented by : organic wastes (grape pomace,
containing seeds, pulp and skins, grape stems, and
grape leaves), wastewater, emission of greenhouse
gases (CO2, volatile organic compounds, etc.), and
inorganic wastes (diatomaceous earth, bentonite clay,
and perlite) (Oliveira et al., 2013). In this regard, it is
estimated that in Europe alone, 14.5 million tons of
grape by-products are produced annually
(Chouchouli et al., 2013).The valorization of
winemaking by-products is mainly represented by the
elaboration of soil fertilizers as well as a fermentation
substrate for biomass production and livestock feeds
(Arvanitoyannis, 2006, Harsha et al., 2013; Yilmaz et
al., 2004). However, there are several constraints for
current available options for reusing these
unprofitable materials. For example, certain
polyphenols present in winery by-products are known
to be phytotoxic and display antimicrobial effects
during composting, impairing their utilization for this
purpose. Regarding their use in livestock feed, some
animals show intolerance to certain components, such
as condensed tannins, which negatively affect
digestibility (González-Centeno et al., 2014). Hence,
their valorisation as a source of bioactive
phytochemicals of application in pharmaceutical,
cosmetic, and food industries might constitute an
efficient, profitable, and environment-friendly
alternative for residues (Makris et al., 2007).
Several actions should be encouraged including:

- Valorize by-products in compounds of interest (eg
compost), via distilleries or others specialized
compagnies;
- Develop composting of shoots and effluents;
- Valuing biomass.

Reducing and recovering waste from start to finish of
the oenological chain should be also an ongoing
priority for the wine industry. Waste generated by
consumers’ consumption: consumers discard a high
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quantity of metric tonnes waste per year, principally
glass (90 %), plus cardboard, paper, aluminium, steel,
cork and plastic. Two special measures should be put
in place to address the issue of post-consumer waste:
-Waste prevention (also known as source reduction),
mainly by switching to eco-friendly packaging and
lighter glass bottles when possible.

-The setting-up of a membership scheme for all Wine
producers stakeholders via subscriptions to firms
providing community-based, domestic waste
collection and reuse services (eg Ecoemballage).

Conclusions

A good example of a Self Sustainable Winery can be
view on UCD website (2015)

Sustainable initiatives require planning, monitoring
and assessment of knowledge. It is a constantlyevolving process and, as such, it requires continuous
evaluation and improvement. For an innovative
sustainable oenology several point have to be
considers:

- CO2 reuse solutions,
- Water management and saving,
- Renewable energy,
- Good practices in oenology,
- Functional biodiversity,
- Management and use of by-products in oenology,
- Climate change adaptation in oenology.

Many questions and challenges need to be explored
to purpose advances for a more sustainable oenology
production. Interactions of oenologists, winemakers,
chemists, microbiologists renewable energy and
water specialists, processes specialists, computer and
electronic scientists need to be encouraged to develop
wineries adapted to climate changes scenarios with a
sustainable, qualitative and economically compatible
oenology production.
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Microbial challenges
in sustainable winemaking
Albert Mas*

Deparment of Biochemistry and Biotechnology, Faculty of Oenology, University Rovira I Virgili,
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Abstract: Sustainable winemaking is a complex term that includes many different options. However, most of them include
minimal intervention at several levels. On one side, viticultural practices, which might have an effect on microbial diversity on
the grape and later on the grape juices and alcoholic fermentation. Furthermore, some of the sustainable options question, or
even exclude, the use of starter cultures, either yeast or bacteria. All these practices, included in the tendencies of the so called
“natural wines” or “biodynamic wines”, open up a new era of the microbiology, where the microbiological control that has
been achieved at the end of the last century has to use new tools and new approaches. The present review raises some concerns
about how these new practices should be complemented with new tools of microbiological control.
Keywords: yeast, starter culture, mixed population, bacteria, yeast interaction

Introduction

We can define natural biodiversity as the variety of
life found in a given ecosystem. If biodiversity is
considered as the number of life organisms in a given
location, agriculture has to be considered as contrary
to diversity, given that the objective is to only have
one or very limited number of species (“the crops”).
For centuries, agriculture has enhanced monocultures, with the use of a big diversity of tools, either
chemicals, mechanical actions and human activity, to
get to the highest production possible of a single or
limited number of crops. A very broad array of
“chemical” fertilizers and pesticides has been used to
favour the limited number of crops, mostly at the end
of the last century. Thus, a very broad number of
herbicides, fungicides, etc. are currently available to
be used in general agriculture. These practices had a
biodiversity impact and also had changed
dramatically the soil and thus, the plants and the
animal welfare. These chemicals might remain in the
soil, water and air, producing the development of
resistance to these treatments and allowing new pests
to appear. Thus, the final result of such applications is
the reduction of their efficiency. These results have
produced a general concern about the sustainability
of industrial agricultural practices, making more
environmental-friendly food options more popular.
As a result, the recovery of natural diversity has
38

become a strong objective in agriculture. This
objective has originated terms like “organic”,
“ecological”, “eco-friendly”, “biodynamic”,
“natural”, and “sustainable” to describe agricultural
practices and food that somehow follow very
traditional practices and limited use, or no use at all
of chemicals, and some mechanical and human
practices.

Viticulture is not aside of these new tendencies and so
wine making either. The starting level for
sustainability should be considered the “integrated”
pest management. It is based on an acceptable level
of pests and their biological control. This integrated
control could be done by facilitation of the
development of some predators, antagonists or
competitors. It might be a very labour-intensive
practice, because the land has to be monitored and
some actions are required. In this management they
can incorporate some pesticides and fertilizers, with
the goal to use them as little as possible. Some
“natural” alternatives are actively sought; for instance
compost as fertilizer. Although it is becoming a
common practice, there is no certification for
“integrated” grapes or wines. Sometimes and in some
countries indications of “integrated management” can
be included.

*Corresponding author : albert.mas@urv.cat
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Another aspect is the “Organic production” (or
organic product), legally regulated and accepted.
Organic production goals include the increase of
natural biodiversity in the crop ecosystems in order to
increase the development of interactions among
organisms. Although there might be local differences
and variations from country to country, the organic
production denomination is usually well defined.
Certification bodies exist for monitoring and
certification of these organic practices. The
certificates refer to “wines produced from organic
grapes”, which might include conventional
winemaking and the use of oenological products,
which are usual in industrial cellars. However, if the
term is “organic wines”, it then involves a restrictive
use of oenological products. Normally it includes the
reduction of concentrations of some of them (for
instance, sulphites) or even their elimination. The
elimination of sulphites can be partially replaced by
the use of available microorganisms that can be
grown on organic molasses or the result of a local
selection. However, the use of microorganisms is
scarcely regulated and even contradictory when we
compare different countries and/or certifying bodies.
The establishment of specific regulations during
winemaking is still under debate, although it is
expected that the production of organic wine will
consider specific limitations. So far, the use of yeast
or bacterial starters are not prohibited or strongly
regulated (IFOAM, 2013). In the future, they could
be indicated on the labels : « obtained without the
addition of commercial yeast » or « produced with
indigenous yeasts ».

Biodynamic wines can be observed as a kind of
organic wines. The biodynamic philosophy is based
on the “antroposophy” proposed by Rudolf Steiner in
1924. Steiner developed the concept of integrating
the spiritual, ethical and ecological in all the human
activities. Currently, biodynamic concepts are
becoming popular in winemaking, but especially in
viticulture. According to biodynamic practices, some
specific “preps” should be “dynamised” before they
are spread in the vineyard. In biodynamic fields,
animals are required to fertilisation and pasturisation.
Furthermore, other plants should be present in the
vineyard for animal feeding. Also the lunar cycle is
observed to adjust the traditional practices in the
fields. In fact many of the biodynamic practices are
positive and can even be considered as part of the
organic production. However, there are many
concerns about some biodynamic aspects coming
from scientists and winemakers (reviewed by
Barquin and Smith, 2006). The first concern lays on
the followers that take biodynamic as almost a
religion based more on faith instead of observations

and critical thinking. Many of these followers are
reluctant to scientific analysis. The lunar cycles in
agriculture have been traditionally taken into
consideration, although it lacks scientific evidences
and the impact is probably very limited. The “preps”
are also more esoteric preparations (horns or skulls
filled with camomile or manure let to ferment buried
in the fields) to be “dynamised” and further diluted to
homeopathic levels. The action of such practices has
to be integrated with cosmic energy. In addition, strict
biodynamic winemakers do not use any starter for the
alcoholic or malolactic fermentations. There are
certifying companies, all of them private that monitor
these practices and issue the corresponding
certificates. Thus, there is no legal status as
Biodynamic and those wines are often labelled as
organic.

Another alternative denomination is the “natural”
wines. There is a complete lack of regulation and/or
certification by a monitoring body. Thus, the
consideration is based on trust. The basics are the
traditional practices. For instance only copper
sulphate or sulphur can be used. Only compost as
fertilizers can be used. In wine making, no sulphur
dioxide or microorganisms are allowed.

“Sustainable” wine is another mention that is
currently in use. This consideration is based on a
holistic approach that tries to integrate ecology,
business and social issues. Ecology introduces the
concept of landscape and also the energy
consumption (to reduce or balance CO2 and water
footprint). Economic profit is also included as an
important aspect of sustainability. Finally, social
issues incorporate the local and social development
and the population wellbeing (Zucca et al., 2009).
Sustainability can be defined as the use and benefit of
resources without compromising their use for future
generations. According to this definition, human
activity should ensure that the land has to be used to
support human development that will require a social
structure to ensure the benefit for future generations.
Some producers are creating associations to provide a
denomination as “sustainable” wines.
The fermentation process: alcoholic fermentation

Grapes and grape musts are the niches for a broad
array of microorganisms that proliferate freely. For
centuries, SO2 addition has been used to limit the
presence of unwanted microorganisms. Most of these
microorganisms are not fermentative and produce
compounds that should not be present in wines
because they are considered deleterious for its
quality. Sulphite is currently the most common form
of SO2 addition. Their main effects sought in wine
39
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making are the activity as antioxidant, which helps
the precipitation of solids, and also antimicrobial
effects preventing their growth of yeast and bacteria
(Ribéreau Gayon et al., 2006). The antimicrobial
effects reduce the activity of the so-called nonSaccharomyces yeasts and some bacteria that are
present on the grapes or can develop in the cellar. The
wine yeast Saccharomyces cerevisiae is resistant to
SO2 that together with its metabolism specifically
adapted for alcoholic fermentation, allows a quick
take over the alcoholic fermentation (Constanti et al.,
1998). The adaptation to wine fermentation results in
the production of alcohol as well as other compounds
with antimicrobial activity that favour the capacity to
overcome the other yeasts (Wang et al., 2015a). Thus,
the wine industry has selected as “wine yeast”
S. cerevisiae, which, in turn has become a common
starter culture. This selection has been more extended
in the wine industry since the development of the
drying technology that has allowed commercial
presentations as “Active Dry Wine Yeast” (ADWY).
ADWY commercial presentations have allowed a
very good control of the alcoholic fermentation as
well as an appropriate use in wine making. It is a
presentation that is very cellar-friendly because there
is no need of any special care beyond a rehydration in
warm water. The starter cultures have been selected
according different criteria; with the result of a very
broad array of ADWY available. The basic aspect is
that they have a good fermentation capacity to ensure
the completion of the alcoholic fermentation.
Furthermore they are also selected to ensure a
reproducible wine quality, in terms of aromas, other
secondary compounds (for instance glycerol), etc.
Thus yeasts have a clear impact on the sensory wine
profiles by increasing complexity and mouth feel
(Ribereau Gayon et al., 2006). Thus, the use of
commercial starters of S. cerevisiae has been
extended worldwide to control the alcoholic
fermentation and produce a predictable and
reproducible wine.

A side-effect of this massive use has been the
elimination of the “native” or indigenous
microorganisms that are believed to have an impact
on the variability, complexity and personality that are
considered as a relevant aspect of the typicality of a
wine (Fleet, 1993). Typicality could be defined as the
characteristics that allow the identification of a wine
with the land. Thus, it is a pairing of territory and
wine. It has been proposed that native yeasts can be
used to defend the typicality. In fact, recent
observations have identified that microbial diversity
might be characteristic of a region or production area
(Bokulich et al., 2014). Thus, the microbial
population present in a terroir or piece of land will be
40

the microbial fingerprint. This population will
leave on the produced wine a microbial footprint
that will be defined by the components that will
define the wine character.

This microbial footprint will be consequence of the
time that those microorganisms are present during
the alcoholic fermentation. The analysis of the yeast
populations has been done since Pasteur, although
nowadays more effective microbiological methods
allow a very complete determination of the yeast
population. Native yeast on the grapes are between
10 4 and 10 6 cells/g, mostly non-Saccharomyces
yeasts. Saccharomyces is rare on grapes, although not
completely absent (Beltran et al., 2002). These yeast
population changes when it joins the microorganisms
present in the cellar. These microorganisms are rarely
present in new wineries (Constanti et al., 1997). The
cellar environment is very appropriate for
S. cerevisiae, which is the main resident yeast in
cellars (Beltran et al., 2002).

In absence of starters (or spontaneous fermentations),
the native microbiota, mostly composed by nonSaccharomyces yeasts, is abundant in the fermenting
must for several days. During this period, they can
produce compounds that might improve the
complexity of the wines and, thus, their quality. Very
interesting compounds and enzyme activities have
been found in Non-Saccharomyces yeast (Jolly et al.,
2014). Additionally, the use of some of these yeasts
could reduce the ethanol content of wines (Gonzalez
et al., 2013). These two aspects could be considered
goals in winemaking especially the ethanol
reduction. The changes induced by the climate
change affect especially the increase of sugar
concentration (Mira de Orduna, 2010). However,
taking in consideration the detrimental aspects that
have been traditionally attributed to NonSaccharomyces which use is still limited. Recently
mixed fermentations and selection of nonSaccharomyces yeasts together with S. cerevisiae has
deserved more attention.

The use of Non-Saccharomyces yeast has been based
on their improvement of wine quality by adding new
aromas or by removing deleterious compounds. For
instance, Torulaspora delbrueckii is currently
proposed to reduce volatile acidity and has
recommended for the fermentation of botrytised
grapes (Bely et al., 2008). Currently, there are
various commercial preparations of this yeast.
Another commercially available Non-Saccharomyces
yeast is Metschnikowia pulcherrima. This yeast is
used to increase the aromatic intensity in white and
sparkling wines (González-Royo et al., 2015). Also
Lachancea thermotolerans is commercially available
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and recommended to increase mouth feel (glycerol)
and lactic acid (Gobbi et al., 2013). The number of
commercially available Non-Saccharomyces yeasts
will certainly grow in the near future. Among these
Starmerella bacillaris, fructophilic yeast that
produces large amounts of glycerol (Soden et al.,
2000). Hanseniaspora vineae has been successfully
used for the production of highly aromatic wines in
Spain and Uruguay (Lleixà et al., 2016, Martín et al.,
2016). Other alternate species that have aroused
interest are of the genera Zygosaccharomyces,
Schizosaccha-romyces, Pichia, Hanseniaspora,
Hansenula, etc. although commercial development
seems still far (Jolly et al., 2014).

The use of non-Saccharomyces yeasts can tackle
another problem: the uniformity caused by the use of
ADWY. Some winemakers have tried to increase the
influence of the native yeasts by delaying or reducing
the use of starter cultures. However, this can lead to
uncontrolled alcoholic fermentations. The noncontrolled fermentations might lead to economical
losses, due to the risk of spoilage not be acceptable
by consumers.
The selection of indigenous yeasts has been a
common practice by some AWDY producers. The
commercial presentations based on “local selection”
of yeasts were a strategy to defend the authenticity
and typicality. The focus was based always on the
selection of S. cerevisiae to enforce the terroir and
typicality.

Our results

We were involved in the WILDWINE Project
(http://www.wildwine.eu/en/), which proposed
another way to overcome the uniformity provoked by
the use of ADWY. The proposed alternative was to
incorporate the “wild” microorganisms to starter
cultures. These mixed cultures were alternative to
single strain cultures. The concept is that these mixed
cultures aimed to reproduce the vineyard natural
microbiota, incorporating both different strains as
well as different species. However, the strains and
species were selected afterwards:
- An ecological study of the zone of interest (in this
case the Qualified Appellation of Origin Priorat) to
establish the microbial fingerprint. Although we had
performed similar studies in the past (Torija et al.,
2001), we used in WILDWINE new methodologies, such as Next Generation Sequencing (NGS)
to analyze the microbial population (Wang et al.,
2015b; Portillo and Mas, 2016).

- An oenological selection in the laboratory. We
tested challenges such as temperature (Torija et al.,

2003), nitrogen requirements, competition between
species and strains (Andorrà et al., 2008, 2010;
Wang et al., 2016; Lleixà et al., 2017) and
production of off-flavours or other detrimental
compounds (acetic acid, for instance) (Andorrà et
al., 2012).

- Finally we have performed vinifications in
laboratory (Wang et al., 2015c) and industrial
conditions (Padilla et al., 2016). In industrial
conditions, the test also included sequential
inoculations, that is, inoculating first the mixed
population of Non-Saccharomyces species and 24
hours later the mixed population of Saccharomyces
strains (Padilla et al., 2017). In this case also the
microbial footprint has been analysed.
The final objective of WILDWINE was to provide
local winemakers with instruments to defend the
typicality of the product by incorporating selected
yeast from the local vineyards. The use of such
products will diversify their wines for both global and
domestic markets. The added value of these is that
the fermentation is well controlled and is using local
microorganims to increase the concept of terroir,
which may attract new consumers.

As main results, few strains of S. cerevisiae were
detected after the ecological study in different cellars,
vineyards and vintages (2012 and 2013). It is
surprising that we were able to find such limited
number of strains when a similar study performed by
ourselves 18 years ago provided a much higher
number of strains. The main species on the grapes
were the yeast-like fungus Aerobasidium pullulans
and Hanseniaspora uvarum. A. pullulans which
quickly disappeared in the must, and then H. uvarum
and C. zemplinina which were the main species.
Other minor species were found in musts, and later in
wines, such as M. pulcherrima and T. delbrueckii.

The use of combinations of these species in starter
cultures instead of a single strain of a single species
will help maintain the biodiversity and is consistent
with natural or organic practices that aim to employ
more sustainable procedures.

Finally, very interesting methodologies are currently
in our hands to follow the microbial dynamics during
alcoholic fermentation. Next Generation Sequencing
is a powerful tool that is still far from being cellarfriendly, but most likely oenological service
companies will quickly incorporate these
possibilities, which could be a definite help to
improve the control of the process, even in those
cases where starter cultures are not used.
41
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Abstract : The Nexus Conference in Bonn (2011) was the formal beginning of a new approach, an integrated one,
for understanding the relations between natural resources (water), energy and food production. After decades of
exclusive focus on increasing food production, environmental conditions have defined a new scenario. A new
revolution, a double green revolution, is now required. More food production to feed a growing population and
more environmental protection to stop and reduce global warming and climate change are needed. Both processes
must occur at the same time and now. The Argentinean vine-wine industry is an interesting case for this analysis.
The vine-wine industry in Argentina can be defined as a three model system : quality bottled wine for the internal
and external market ; bottled or tetra brick wines for the internal market and concentrated must for the export
market. The Nexus approach offers different views to the interdependences between water (key product factor in the
arid lands) and energy (directly related to extract groundwater and to concentrate the must, to control the
temperature in the wineries during the production and aging process, to the transport of the products, etc.).
Additionally, this analysis could help all stakeholders of the chain on the definition of new strategies for production
of better wines with more environmental consciousness.
Keywords : nexus, water, energy, wine, production

Introduction

In the beginning of the new century the world
economic situation had suffered very important
changes, crisis and transformations. Today, some new
subjects are more and more present in the
international agenda, in the media and especially in
the demands of the different people of the world. The
TIC technologies have completely transformed the
life of the people and particularly thus of the new
digital generations. We talk about the different
generations related with the born year: baby boomers
(1946 – 1965), X (1965 – 1980), Y = millennial
generation (1980 - 2000) and Z (after 2000). At the
same time, we make classifications related with the
approach to TIC techs, and we find for example, the
digital (born between 1982 and 1999) and the virtual
(born after 2000) generations. Despite these
differences, the life of people in different countries,
*Corresponding authors : ajgennari@hotmail.com

and the basic forms of consumption (food, water,
housing, energy, clothing, transport, leisure and
entertainment, etc.) have followed similar trends
related with a growing use of natural resources such
as water and different kinds of energy, especially unrenewable fossil energy, directly (coal, natural gas,
fuel) or indirectly (to produce electricity). The first
economic red lights related with energy were the
1973 & 1979 oil crisis related to the OPEP policy,
focused in the shock to the consumption behaviors of
the increase of fuel prices and the related world
inflation and flat or slow growing of the world
economics. However, the problem was much more
serious. The “limits of growth” (Rome Club paper)
opened a strong discussion and the seed for new
approaches began to grow. The Rio Conference, the
Brundtland report, among others, showed a new
reality. The paradigm “more consumption-more
47
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In this context, in the 2008 Assembly of World
Economic Forum, the food nexus -the
interdependence between water, energy & food
production- was in the table with special reference in
the relevant paper talking about water in food
production. It is important to remember that in 2003
began a very important period of price growing of
basic foods, (especially wheat, corn, rice, soybean,
milk, meat, etc.), and in 2008 the prices reached the
highest peak of the history. The geopolitical
consequences were immediate. The “Arab spring”
changed the political map of North Africa and
Middle East; all these countries are strong importers
of basic foods. The fundamentals of the increasing
prices of the basic agricultural commodities may be
discussed but there is great consensus in some
fundamentals : the increasing population and the
higher incomes are a of part of this, the new role of
China and India as strong importers of agricultural
and food products, changes in the food diet (more
meat less cereals), increasing prices of oil, increasing
biofuels and the speculation in the Stock Exchange of
agricultural commodities.
The 2011 the Conference in Bonn was untitled “The
Water, Energy and Food Security Nexus – Solutions
forI a Green Economy”. Obviously, in this approach,
water & energy could be considered in strictu sensu
or with a wide vision like natural resources. And in
the same way food security could be considered
strictly or as a way to discuss the production process
of all the farm goods and the food and not food chain
related with agriculture based products.

The Nexus approach offers a more comprehensive
understanding of the problems related to food
production and the trade-off between food production
and natural resources (renewable and not renewable)
consumption and can provide better indications to
more integrated agricultural, rural and food policy
trying to produce more agricultural goods; tradable
(wheat, grapes, cotton, corn, wines etc.) and not
tradable (environment, landscape, carbon dioxide
capture, water reuse, etc.). In the 1960s and the
1970s, the Noble Prize Norman Bourlag created the
Green Revolution. This was a great step to solve the
hunger problem in the world. But the green
revolution intensified the use of water (pivot
irrigations) and fossil fuel products especially
chemical fertilizers and pesticides. Now what we
need is a “doubly green revolution”, a revolution to
produce more agricultural goods and food to a
growing population and a revolution to produce more
environmental goods to improve the natural resource
48

situation, to stop the global warming and to avoid the
negative consequences of climate change. It is a
tough challenge. The Nexus water-energy-food
production could give us tools to solve this problem.

It is clearly impossible to develop all the subjects
together, but in this framework we try to focus on the
problem of the paradigm in the food production, in
the natural resources consumption (water & energy)
and in the rural development, with special concern on
the consequences in rural life, work opportunities and
landscape transformations. Even more in the case of
the Argentinian vine-wine chain we try to understand
the interdependence of these variables to reduce the
impact of the vine-wine system in the environment
and to improve the systemic quality of the products;
not only better quality wines, even more produced in
a better landscape, with less natural resources (water
& energy consumption) and promoting rural life.

Argentina viticulture

As it is clearly depicted in figure 1, the Argentinean
grape surface constantly grew from the 1950s until
1977, reaching the historical maximum of 350,680
hectares. From this moment onwards it diminished of
2 % on average each year until accounting in 2000
for only 201,113 hectares. The global loss of the
period raised up to 149,567 hectares. This reduction
of the grape surface was greater in Mendoza and San
Juan, particularly in the first one : from 252,000
hectares in 1978 to 170,000 hectares in 1989. The
great loss was not only quantitative but also
qualitative: thousands of hectares of noble varieties
such as Malbec were eliminated in Lujan de Cuyo,
Maipú, San Rafael, Tupungato and San Carlos. The
decreasing trend smoothly reverted since 1991 but it
was clear after 2000. Especially from a qualitative
point of view, the 222,543 hectares of vineyards
registered in 2013 were quite different from previous
decades. All qualitative superior varieties grew, as in
F case of Malbec, while lower quality varieties
the
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production-more natural resources” (especially water
& fossil energy) began to be strongly discussed.

Source: our elaboration from INV data

Figure 1. Evolution of vineyard surface - hectares
Source: our elaboration from INV data
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Table 1. Evolution of grape and wine production
Source: our elaboration from Area del Vino data

2008
14.676.415
27.111.743

Thousand HL
Thousand KG

2010
16.250.768
25.389.249

were slowly eliminated. Among white varieties,
Pedro Jimenez registered an important reduction
while Chardonnay and Sauvignon varieties were
growing. Regarding rosé varieties for vinification, a
slow but systematic fall started and continues up to
the present : from almost 151,000 ha in 1978 to
55,100 ha in 2010. These varieties covered the great
demand for concentrated must, while almost no wine
was elaborated with these varieties.

The number of vineyards also decayed greatly turning
from 60,583 units in 1978 to 24,780 in 2010
(Figure 2). During the quantity based model that
lasted until 1990, small producers were highly
affected, especially those with low yields and those
cultivating red quality varieties with low production
(as it was the case of Malbec). Their natural answer
was to replace the vertical shoot position method by
the two meters high pergola (el parral) since it
showed a great vegetative development and greater
yields, and to replace high quality varieties by high
yield ones. The results were evident : the average
yield turned from 6,000 kg per hectare during the
1960s decade to 12,000 kg per hectare at the
beginning of the 1990s. When the quality period
began by 1990 a reversed process also took place.
Low quality varieties were replaced by high quality
ones and most vineyards returned to the vertical shoot
position method. Even if the current number of
vineyards is quite bellow the one registered in 1977 (60 %), the quantity has stabilized and is now of
24,780 vineyards. In terms of wine production, the
average
F for the 2000-2012 period has been of 14,287
thousand hectoliters for 25,045,601 thousand
kilograms of grapes for vinification. Late spring
'
'
frosts,F hails and hotter than normal summers have

defined reduced harvest in some years while good
weather conditions have boosted production in some
other years.

Regions and Varieties

t

t

Argentina’s wine production areas range from the
northern province of Salta to the southern region of
Patagonia. This strip is characterized by aridity and
dryness and is irrigated by melted water from the
Andes, defining oases. These oases can be classified
into regions and subregions, each of them with
particular characteristics in terms of
geomorphological conditions. Some stand out for
their altitude, such as the Calchaquíes Valleys, in the
Some stand
for their
altitude,
North; others
for theoutaridity
of the
land,such
suchasas the
valleys in the provinces of Mendoza, San Juan and
La Rioja ; and there are also low altitude oases in
Some
out for
their altitude,
as the
Patagonia,
withstand
intense
ripening
periods. such
During
past years, wine production has extended to nontraditional wine areas such as Buenos Aires,
Cordoba, Entre Rios, Tucuman and Jujuy.

Water and energy in Argentine viticulture

The history of Argentine viticulture goes back to the
arrival of the first Spanish settlers. In those early days
and until the expansion of viticulture during the late
19 th century, vines were grown in areas where
F
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Figure 2. Evolution of number of vineyards
Source: our elaboration from INV data

Figure 3. Argentine Winegrowing Valleys
Source: Wines of Argentina
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irrigation was absolutely necessary, such as the
Andean valleys of Salta, Catamarca, and La Rioja in
North Argentina, and the provinces of Mendoza and
San Juan in West Argentina. All these regions relied
on comprehensive and collective irrigation systems
with very low energy requirements. Collective
irrigation systems draw water from rivers at strategic
points, creating diversion dams and canals to irrigate
vineyards and other crops. This system based on dirt
canals and other partially waterproofed channels had
very low energy requirements; however, water loss
was substantial. The high efficiency achieved in the
use of all kinds of fuel was associated with low
efficiency in the use of water.

The increase in arable lands within the different vinegrowing oases called for tighter water distribution
regulations, especially in Mendoza and San Juan.
Mendoza’s Water Act (Ley de Aguas) was enacted in
the late 19th Century. This law laid the foundations of
most pieces of legislation on the use of water in West
Argentina, where viticulture was already a
widespread practice. The continuous growth of
agriculture and other water-intensive industries called
for major infrastructure works and high efficiency.
The use of fossil fuel or electricity was almost
unheard of in viticulture. Many companies, however,
took advantage of the existing network of irrigation
canals and their constant or almost constant flow to
install small hydroelectric power stations to satisfy
their own energy needs, since public-power supply
systems were only aimed at urban areas.

With the introduction of vineyard sanitation practices
and mechanical power (tractors and tillage
equipment) liquid fossil fuels became crucial to this
continuous evolution process. The push towards
more intensive farming was made possible by
phytosanitary products (today mostly chemicals and
oil by-products) but also by natural fertilizers (goat
and poultry manure) and synthetic nitrogen fertilizers
made through energy-intensive manufacturing
processes. Undoubtedly, the most important part of
this technological evolution has to do with the use of
groundwater. With groundwater it was possible to
increase the surface of arable land by supplementing
the limited supply of surface water. At this point,
water and energy forged a strong link (the waterenergy nexus) related to groundwater extraction
systems based on fossil fuel or electric power (more
common nowadays).

The main vine-growing region of North Argentina is
irrigated with river water. This is the area of the
Calchaquí Valley, which is made up by the districts of
San Carlos, Animaná, Cafayate, and Tolombón in
Salta; Colalao and Amaicha del Valle in Tucumán;
50

and Santa María in Catamarca. In this region water
distribution systems are old and inefficient due to
poor or inadequate investment (e.g. inadequate
waterproofing, low pressure, etc.). The use of
groundwater relies increasingly on electricity (e.g.
drip irrigation systems). The expansion of agriculture
(viticulture) and wine tourism in the region is clearly
limited by and depends largely on water. The efficient
use of water is a determining factor, especially in
traditional rural areas with old and poor irrigation
systems. Today, these areas are negatively affected by
the rapid growth of nearby urban areas (garbage,
frequent outages, unregulated urban development,
etc.). There are no in-depth studies on the dynamics
of aquifers. Said studies would be essential to
estimate aquifers’ capacity and to prevent the
negative consequences of overuse. In the competition
for water, the balance tips in favor of urban areas,
tourism, and viticulture, which is prioritized above
other crops.

In the province of La Rioja, viticulture is mostly
practiced in the Chilecito and Famatima valleys.
These valleys suffer the consequences of an
insufficient water supply. La Rioja has very limited
sources of surface water. The main irrigation system
(the one used in Chilecito) calls for an urgent
modernization, especially tubing, since arable lands
are significantly affected by urban areas. The use of
groundwater increases rapidly, but there is no precise
information about water balances and the natural
capacity of aquifers.
During the last fifteen years, San Juan has made a
considerable investment in water management and
irrigation infrastructure (dams, reservoirs,
waterproofing systems for primary and secondary
canals). Here, the use of groundwater has also
increased but is mostly linked to table grape farming
operations.

Mendoza’s situation is particularly complex. This
province has different productive oases that face
different problems. The growth of viticulture runs
parallel with the evolution of irrigation systems under
the Water Act and the extraordinary legacy
bequeathed by César Cipolletti, who designed
diversion dams, canals, and other major infrastructure
works for water management. The former stateowned enterprise Agua y Energía built many
multipurpose dams (Nihuil and Valle Grande in the
Atuel River ; Agua del Toro, Los Reyunos, and El
Tigre in the Diamante River). The dam known as
Dique Carrizal, which was built with the sole purpose
of permitting agricultural development, has been
crucial for viticulture in the eastern areas of the
province. The multipurpose dam Dique Potrerillos,
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which was built during this Century and is fed by the
Mendoza River, has had a profound impact on North
Mendoza’s viticulture and in the management of the
Mendoza River. The upper part of the Tunuyán River
(in the Uco Valley) is the only one without a
regulating reservoir. Downstream, this river takes
some water from Dique Carrizal. Undoubtedly, the
water reservoir and hydroelectric project known as
Dique Los Blancos is urgently needed.

During the 20th Century, there has been a constant
effort to improve irrigation through water
management, distribution, and pipping to increase
production. Ever since the 1960s, the use of
groundwater has increased rapidly and has been
associated with high fossil fuel consumption and,
more recently, with electric power consumption.
Viticulture crisis and the changes in tariff policies
(whether linked to international prices or not, and
whether derived from federal or provincial tax
regulations) add to the considerable complexity of
this scenario.

The right branch of river Mendoza is used to irrigate
part of Luján, Maipú, San Martín, and Lavalle. This
river branch has received sizeable investment to
waterproof and to improve the efficiency of the canals
fed by Dique Cipolletti and many tertiary channels
and downstream diversion dams. This scenario favors
innovation for the distribution of irrigation water (e.g.
“riego acordado”, an on-demand irrigation system
based on agreements entered into with users and
farmers), promotes improvements and works inside
each estate (e.g. dams, drip irrigation), and favors
production (e.g. best farming practices, more
production, varietal conversion, hail protection
systems). In addition to this, these actions and
mechanisms mitigate the impact of climate change.
The left branch of river Mendoza is very different. Its
main canal, Cacique Guaymallén, is used both for
flood control and irrigation purposes, and most of it
lacks proper waterproofing. Most secondary canals
lack waterproofing and piping resulting in huge water
losses. This system crosses the metropolitan areas of
the districts of Godoy Cruz, Mendoza, Guaymallén,
Las Heras, and part of Luján, making water handling
and management more complex. Most investments
focus on the canals that feed water purification plants,
while rural areas depend largely on dirt canals. In
addition to these two river branches, there is a third
system that supplies water to the areas in the southern
part of river Mendoza, in Luján, Argentina’s most
emblematic vine-growing region.

All works and actions aimed at improving
infrastructures along the right branch of the river,
have resulted in a more efficient use of surface water,

thus lowering the demand for groundwater for
irrigation purposes. Along the right branch, the use of
groundwater is closely linked with farming and it is
not possible to lower water requirements through a
more efficient use of surface water. Finally, the
southern areas have not attracted significant
investment to improve the canalization and
distribution of surface water. All this probably
accounts for the intensive use of groundwater for
irrigation purposes in areas that rely entirely on
groundwater irrigation or mixed irrigation systems
(surface water plus ground water). This area has high
electric power requirements and the water-energy
nexus becomes especially important. Aquifer
evolution and water balance studies conducted in the
1990s led to water use restrictions and constant
surveillance. The high value of wine production
creates a heavy demand for water. In less than 20
years, this relative shortage of surface water has led
to the construction of many dams that supply surface
water or groundwater through irrigation shifts and
drip irrigation systems. From the point of view of
technology, these actions have had a positive effect
(e.g. anti-hail netting, fertigation, high-quality grape
varieties, etc.). In addition to this, both the wine
industry and wineries have turned the area into a
popular wine tourism destination with hotels,
restaurants, and recreational activities. All this
increases the demand for water (e.g. to create
beautiful landscapes).

Since the mid 1990s, the area irrigated by the canals
fed by El Carrizal, in the eastern oasis, has received
large investments to waterproof primary and
secondary canals. These works have resulted in
adequate levels of surface water supply. Here, the use
of groundwater by farms without surface water
irrigation systems has increased dramatically,
especially under incentive schemes. This also
illustrates the water-energy nexus because many
estates and farms that relied exclusively on
groundwater irrigation have disappeared or
undergone a profound transformation in their
production practices. Historically, this area was
known for producing poor quality grapes (from a
winemaking perspective). During the last years,
however, there has been a strong conversion to better
wine grape varieties. However, this area is largely
focused on the production of grape juice and table
wines that are sold in the domestic market. To
prepare sulfated must wineries consume large
amounts of energy. Therefore, the water-energy
nexus is also present in the production of must
concentrate. In addition to this, shallow aquifers are
used to control the temperature of wine barrels and
high-quality wine bottles, consuming large quantities
51
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of energy. This has become a widespread practice
because it is cheaper than building deeper cellars.

The Uco Valley is irrigated by the upper part of the
Tunuyán river, upstream of El Carrizal dam. This
valley presents a singular situation. This area has
experienced the most dramatic growth in Argentina
viticulture, especially in the highlands, where new
vineyards have been planted increasing the region’s
water and energy requirements. The traditional
system for the distribution of surface water, based
primarily on the Tunuyán river and several creeks
(Yaucha, Aguanda, Grande, Las Tunas), is subject to
an intensive use through several diversion dams
(Dique Valle de Uco ; Dique Las Tunas ; Dique
Yaucha, Dique Aguanda) and many primary and
secondary canals (many of them waterproofed). Out
of the 59,000 hectares of arable land, 39,500 are
irrigated with surface water and 19,500 rely
exclusively on groundwater. These data provide
information on the history of water and the growing
demand for well drilling permits in the North and
Central areas (Alto Valle de Uco ; e.g. Gualtallary,
Agua Amarga, Vista Flores, Altamira), as well as the
serious problem derived from the intensive use of
water and energy. In this area, the dynamics of
aquifers is very complex. The lowlands have some
naturally-flowing wells. Still, water balance studies
are very recent and have only yielded preliminary
results. Since 2011, the region has been subject to
water well drilling restrictions aimed at preserving
the balance of groundwater bodies. Notwithstanding
this restriction, several drilling permits have been
granted during the last years. To date, 2284 wells
have been drilled in the valley, most of them in the
East (1,645), while the northern and central areas
have 290 and 197 wells, respectively. The southern
area of the Valley has 152 wells. The water-energy
nexus becomes especially relevant in the northern
and central regions, since drawing water from deep
wells requires a substantial amount of electric power.
In the area of Luján, near the southern part of the
Mendoza River, the traditional water-food-energy
nexus model becomes an ad-hoc water-energy-value
generation-employment nexus. In this area, wine
tourism has grown exponentially. The demand for
man-made landscapes in wine tourism also plays a
significant role in the region’s viticulture practices.
The wine market is segmented by price categories
and quality standards, depending on whether wines
will be sold in the domestic market or exported.

Comparatively, the South oasis, which is irrigated by
the rivers Diamante and Atuel, has fewer vineyards
and has undergone a profound transformation derived
from the loss of production facilities. This area relies
52

on mixed models. Many wineries have converted
their vineyards, moving from low-quality to highquality grapes and developing wine tourism. The lack
of waterproofed canals poses a serious problem.
However, since groundwater is very scarce, energy
requirements are not very high.

Finally, in Argentina’s Patagonia in the Negro river
valley and its main stem, the Neuquén river,
viticulture, high-quality wines, and wine tourism are
growing steadily. Here, water management strategies
are aimed at preventing damages derived from large
flows, i. e. water loss and crop damage from canals
that overflow their banks. In Neuquén, this problem
has been partially solved by waterproofing irrigation
canals and ditches.

The water-energy nexus is strongly favored by the
evolution of in-farm irrigation technology, which will
become a decisive factor for the future. Irrigation has
evolved from flood irrigation (irrigation 1.0) to
improved irrigation systems based on gravity and
basic agriculture concepts such as furrow irrigation
on flat or sloping lands (irrigation 2.0); and different
mechanized systems such as center-pivot or linear
irrigation systems, drip irrigation, sprinklers, drip
tapes, etc. In viticulture, drip irrigation is the
preferred and most widely used system (irrigation
3.0). Today, irrigation technology is increasingly
relying on fossil fuel or electric power. More recently,
the wine industry in Mendoza and other industries
from other Argentine provinces have started to
develop collective irrigation systems based on
gravity. Highland water dams feed pressurized water
pipes and supply farms with surface water without
water losses from canalization and distribution. These
initiatives cut down the consumption of electricity
and fossil fuels. These systems are used to feed
highly-efficient drip irrigation systems and provide a
comprehensive response to the difficulties arising
from climate change. These irrigation systems
(irrigation 4.0) make a very efficient use of water and
consume zero energy. Collective irrigation systems
call for substantial investment but promise major
benefits (e.g. water and energy conservation,
environmental and landscape-related benefits).

Conclusions

During the next decades, climate change is expected
to reduce snowfall in the Andes. Therefore, the water
level of the rivers which used to irrigate vine-planted
valleys across West Argentina will be lower. Energy
is another complex and decisive factor. The rise in
electricity rates and the prices of fuel in general, plus
the cumulative impact of tariff lags have a substantial
effect on production in general and particularly on
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viticulture. This means that the water-energy nexus is
affected by climate change and Argentina’s
macroeconomic context. Beyond the viticulture
practices that prevail in each region, we need to think
about the future and how to achieve a more efficient
use of water with the available resources,
implementing irrigation 4.0 solutions wherever
possible to maximize efficiency in water and energy
use. These actions must be part of strategies aimed at
mitigating and adapting to climate change by
alleviating agriculture’s dependence on groundwater
and the impact on landscapes. In those areas where
irrigation 4.0 cannot be implemented, 3.0 solutions
are still a valid alternative to reduce the dependence
on groundwater and obtain other significant benefits.
Of course, all these scenarios call for higher degrees
of social organization. The agreements that govern
the use of surface water by farmers and other users
and the regulatory powers of public authorities should
be improved and strengthened so as to pave the way
for a virtuous process based on a more efficient use of
water and energy. Such a process would result in
more efficacy, more efficiency, more physical

productivity, and more economic and social productivity, i. e. a more sustainable, socially responsible,
and environmentally-friendly development process.
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Abstract: Wine-making, in general, assumes highly agricultural characteristics. In the meantime, agriculture, while being an
economic sector, is expected to contribute socially through preserving and passing on agricultural resources such as farmlands
to the future generations. Nonetheless, in reality the growing sum of abandoned and non-cultivated farmlands in Japan
indicates that such an expectation on agriculture, including vine culture, as a steward of resources, is in no way being met. The
observation below has prompted this study empirically illuminating the mechanism through which vine-culture and winemaking areas reorganize their resources by tapping into wine tourism towards restoring their economic vitality. The analysis
especially speaks to the roles and potentials of wine tourism with said reorganization mechanism to preserve the area’s
agricultural resources for the future generations.
Keywords: wine-tourism, agricultural resources, innovation, custom crush, Japan

Introduction

Wine-making in general assumes highly agricultural
characteristics in that wine quality can be strongly
affected and significantly shaped by local ambiance.
Sustaining agriculture, meanwhile, necessitates
preservation of resources for agricultural production,
including land and water, in whole conditions to
following generations. This has become a grave
challenge in Japan where, as explained later, its aging
farming population finds it extremely difficult to
sustain farming. If Japanese wine makers are to
survive and thrive, therefore, it is a critical challenge
for them to find innovative alternatives to protect
agricultural resources in surrounding areas.

This study examines the potential of wine-tourism for
Japanese wine makers to work effectively with local
stakeholders and thereby preserve agricultural
resources towards the future. A case study on
54

Katashimo Food Wine Foods Co. Ltd. (Katashimo
Winery, hereafter) in Osaka, Japan, delineates how it
gradually mobilized a variety of stakeholders
attracted to its tourism activities, including
consumers, chefs, supermarkets, and media, who
eventually organized volunteer groups and grow
grape to produce wine by the winery’s custom crash
operation.

In what follows, first, a brief overview of the state of
farmland use in Japan illuminates the need to
preserve agricultural resources, laying out the
background against which this study was conducted.
Second, the case study of Katashimo Winery presents
the trajectory of its development tapping into winetourism while involving local stakeholders who
became avid devotees of the winery and reorganize
local agricultural resources for the wine production.
Third, the achievements by Katashimo Winary are
analyzed to identify factors for the success. Finally,
*Corresponding author : oda@kais.kyoto-u.ac.jp

10-kawasaki_05b-tomazic 28/03/18 18:36 Page55

OPPORTUNITIES AND CHALLENGES FOR VINE AND WINE PRODUCTION BY PRESERVING RESOURCES AND ENVIRONMENT

the Conclusion section discusses the significance of
wine-tourism as a pathway to mobilize people to
reorganize and preserve area’s agricultural resources
for the future generations.

Preserving agricultural resources in Japan

For Japanese agriculture as an economic sector to
sustain itself, there exists the socially recognized
need to pass on agricultural resources, including
farmlands, in whole conditions to the coming
generations. Yet, it is individual farmers or farming
entities that with vested interests undertake the role to
maintain land. Their varying interests may be
incompatible with the social need for preservation of
farmlands as a quasi-common asset. Balancing the
social need for preservation and the interest of
farmers as the steward over the land has always been
vital for Japan’s agricultural sectors to survive.

This problem becomes more pertinent when the
scarcity of arable lands in Japan is illuminated. Out of
Japan’s 37.8 million hectares, the largest portion
being 66.3 percent (25.1 million hectares) is devoted
to forest use, whereas arable lands account for only
12 percent (4.5 million hectares). Comparatively, this
figure is much smaller than that in France
(approximately 52 percent) and in Germany
(47 percent). Moreover, the fact that a substantial
portion (43.3 percent) of farmlands is found in
mountainous areas, forces extra burden to continue
farming there.

Despite the scarcity, however, for the last decades
Japan has witnessed constant decrease in the total
farmland acreage and a growing sum of abandoned
and non-cultivated farmlands. This is largely because
in rural Japan, farming no longer seems to be a viable
business ; accordingly, there are fewer young
generations who willingly take over lands of older
retiring farmers. In essence, Japanese agriculture is
faced with a critical question as to how to preserve,
restore and reorganize farmlands, the most essential
agricultural resource, for the future generations.

Most importantly, Japan’s wine sector is not immune
to this problem. As a substantial percentage of
wineries in Japan produce wine, whether partially or
largely, with grape supplied from outside, vineyards
maintained by growers in surrounding areas are a
vital source of the ingredient. Securing supply of
good grapes from a vicinity can be a decisive factor if
a wine maker aspires to elaborate a wine product
associated with “terroir” of the area. It is against this
background that this study was conducted to examine
how wine makers and relevant stakeholders

reorganize and sustain viticulture in the area, and by
doing so make wine products with a local pride.

Case study: Katashimo Winery

This presentation deals with an innovative winery
that tapped into wine tourism as a springboard to
mobilize local people and worked together with them
to restore and reorganize vineyards in the
surrounding locality, which had been renowned for
grape production. The case study on Katashimo
Winery in Osaka empirically unpacks the winery’s
development mechanism, determines conditions
enabling it, and thereby discusses roles and the
potential that wine-tourism can play to contribute to
the reorganization and the preservation of agricultural
resources, vineyard lands in particular, for the future
generations. The analysis puts focus on grape
growers’perception on and attitude to the winery and
its business, roles of organizations and networks
involving local stakeholders, supports by the public
sector, and merits for and feedback from consumers,
in order to identify motivations and trust behind the
effort to restore the local viticulture and economic
vitality.

The history of Katashimo Winery can be traced back
to the late 19th century when Risaburo Takai, father
of the founder, started cultivating lands and growing
grapes on foothills of Ikoma Mountains in Kashiwara
area, east of Osaka Prefecture. In 1912, his son and
founder, Sakujiro Takai, finally succeeded brewing
wine after countless failures. Since its foundation, the
winery has been striving for technical innovation to
improve its products and enhance its competitive
edge to elicit as much profits as possible from grapes.
Developing unique and new products has been the
key for the winery’s success. Accordingly, in 2015,
Katashimo Winery recorded 250 million yen, or
approximately 2.2 million USD ; and its marginal
profitability ratio reached about 55 percent. This is
remarkable in the Kashiwara area, which has long
suffered from sustained decline in sales of grapes, the
local main agricultural product.

One of many examples of the winery’s unique ideas
and product lines includes spirits such as grappa, and
non-alcohol wines, elaborated with byproducts and
wastes from the wine brewing. These products are an
effective tool for the winery to convey to consumers
its stance to pursue exquisite quality while
simultaneously preserving the environment.

Another distinctive product is a sparkling wine, Takocham (Figure 1, left), which is crafted using the
methode champenoise, a well-known in-bottle
secondary fermentation technique. The name Tako55
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cham comes from the winery’s aspiration for creating
a wine with the Delaware variety (a V. labrusca
cultivar) that goes well with Takoyaki (Figure 1,
right), a Japanese snack featuring octopus. In fact, the
Osaka area is renowned for production of Delaware
grape and being the “Capital of Takoyaki.”

The robust business foundation built on the technical
innovations allowed the winery to pour extensive
efforts to raise the publicity of their products and the
area producing grapes. One such attempt was to
explore the possibility of wine-tourism in the early
1990s when the concept as such was still barely
known. After Katashimo Winery first opened its
vineyard to visitors in 1990, a growing number of
customers toured the winery and vineyards (Figure 2)
and appreciated the unique characteristics, or the
terroir, of the locality. Backgrounds and professions
of the visitors were diverse, including journalists of a
major newspaper, members of a restaurant owners
association in Osaka, employees of a local
supermarket, hair stylists, and chefs.

Attracted to the terroir and fascinated with winemaking, they eventually organized groups and started
working on abandoned lands to grow grapes with
which to make wine. Katashimo Winery not only
assisted
these novice and amateur grape growers to
O
learn viticulture practices, but also accepted grapes
grown by the volunteer groups for its custom crush
operation so that the groups created original wines
with grapes of their own. Table 1 chronicles the major
events through which the customers groups and the
winery built the collaboration through the wineA
tourism
actions.

Obviously, the collaborative partnership by
Katashimo Winery and its devoted volunteers, which
was developed through wine-tourism, contributed to
preserving land resources. Moreover, the positive
outcome of the collaboration led to the establishment

Figure 2 – Visitors touring at a vineyard

of Osaka Wineries Association. Today, this
organization actively organizes wine festivals and
other events to attract wine-loving consumers.

Discussion and implications

Four factors successfully enabling the partnership
between the amateur growers groups and Katashimo
Winery are identified as follows. First, Delaware, the
historical variety that demonstrated better
adaptability to the area and was considered easier to
manage, was selected for the groups to plant on the
once abandoned vineyards for the restoration
purpose.

Second, the vertical-shoot-positioned trellis, rather
than the horizontal-positioned trellis, the most
common training system in Japan, was adopted for
easier access and better workability for the novice
volunteers.

Third, the short-cane pruning (severe spur-pruning)
was adopted for the simplicity for the volunteers to
learn pruning techniques. In fact, in this region the
short-cane pruning had not been recommended
because it could significantly reduce size of clusters
and intensify acidity in berries in the Delaware
cultivar. However, it turned out that the short-cane
pruning unexpectedly brought about higher
concentration of components in berries, resulting in
better wine quality.
Figure 1 - Taco-cham (left) and Tako-yaki (right)
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Finally, fourth, the volunteers were allowed to
participate in farm works at their discretion according
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Table 1 - Chronicle of collaborations between the volunteer groups and Katashimo Winery

Year
1990
2003
2010
2011
2013

Major events
Katashimo Winery opened its vineyards to visitors, marking the first attempt
of wine-tourism
Restaurant Kahara, and members of restaurant owner association and liquor
shop owners began working to restore abandoned vineyards
Other smaller groups, such as Bar Jaz Farm, began working to restore
abandoned vineyards
Wine Shop Fujimaru began working to restore abandoned vineyards (and
three years later, the group inaugurated its own winery in Osaka)
Members of Mainichi Broadcasting System (MBS) began working to restore
abandoned vineyards

to their schedule. The winery’s proximity and access
to the downtown Osaka area also allowed the
participants to schedule flexibly their visit to the area.
As a result of the collaboration, for the time period
from 2003 to 2016, more than 2.0 hectares of
vineyards were restored and reorganized.

The series of activities presented in the case study
were undertaken mostly by the volunteer groups with
the assistance by Katashimo Winery. It can be argued
that the wine-tourism experience, including visits to
the winery and vineyards, inspired customers who
eventually became volunteers to appreciate a value
residing in the locality. It follows that the recognized
value of the place motivated the volunteers to take
further actions to reinforce the value. Thus there
seems to be a certain feedback that consumers brings
the local area. Elements involved in this local
feedback mechanism are not only consumers, but
also (1) the physical and biological environment,
which can be called, as it were, “nature’s blessing”,
(2) wineries and grape growers, (3) relevant
organizations, including Osaka Wineries Association,
and (4) the public sector. Being interconnected to
eachother, these elements serve to restore and
reorganize local agricultural resources to pass on to
the future generations.

For instance, the volunteers participated in growing
grapes and wine-making and eventually came to
appreciate the value of the area, which was reenhanced through the purchase of the wine with the
grape they produced. In the meantime, Katashimo
Winery, while assisting the volunteers, accepted the
volunteers’ grapes to brew wine for custom crush,
sold it to the volunteers, and consequently managed
to reinforce its financial basis. Furthermore, seven

wineries in Osaka established Osaka Wineries
Association in 2012, and later 14 wineries
inaugulated Kansai Wineries Association for the
Kansai region consisting of Osaka, Kyoto, Hyogo,
Shiga, Nara and Wakayama prefectures. These
organizations worked together to build a vision to be
shared among the wineries in the Kansai region. The
public sector incorporated the story of Katashimo
Winery and the volunteers in the curriculum for the
elementary and secondary schools in Osaka city and
Kashiwara city. The story is expected to inspire
pupils to learn the local value so that they eventually
become proud devotees to the area.

These are some examples of ways in which relevant
local actors get connected with each other through
engaging in wine-tourism. There can be other
potential connections among and collaborations by
local stakeholders, who can develop new business
activities related to wine-tourism.

Conclusion

The case study and analysis above have elucidated
how Katashimo Winery’s wine-tourism with the
attractive landscape contents such as vineyards and
winery mobilized people from within and outside the
area to work together for restoration and preservation
of vineyards while ensuring economic viability. It is
still too early to gauge accurately effects of the winetourism business endeavors based on the partnership
between Katashimo Winery and the volunteer groups.
Nonetheless, it can be reasonably assumed that the
analysis on the role and potential of wine-tourism can
provide useful insights to find better alternatives for
preservation of local agricultural resources towards
the future generations.
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Argentina breaking new ground
Present and future of the Argentine wine
Magdalena Pesce

Marketing and Communications Manager, Wines of Argentina, Peatonal Sarmiento 212,
2° Floor, Mendoza, Argentina
Abstract: Argentina is redefining the future of the wine industry. Celebrated for its world-class Malbec, the country has
completely changed the way the grape is perceived today. Yet, Argentina has much more to offer: its massive territory harbors
a wealth of terroirs that simply cannot be found elsewhere. But there is more.
Argentina’s wine producers are breaking new ground and redefining winemaking today. By combining exceptional
terroirs of great diversity with classic and indigenous grape varieties, and by mixing tried-and-true traditions with cutting
edge technology and modern techniques, they are able to continually improve Argentina’s wine offering.
Wines of Argentina (WofA) is an organization that, since 1993, promotes Argentina wine brand and image worldwide,
spreading knowledge of the winemaking regions of Argentina and enhancing its positive image in the wine trade, among
opinion leaders and consumers. In addition, WofA contributes to direct the country’s export strategy by studying and
analyzing changing trends in the consuming markets.
It currently provides services to member wineries from every Argentine wine region and helps them to promote their
products around the world. It organizes numerous events such as fairs, trade shows, tastings and other activities in the
USA, Canada, Latin America, Asia, Europe and elsewhere.
In view of the impressive growth of the wine industry in the last decade, Wines of Argentina created a new identity,
reflecting the innovation and prestige of Argentine winemaking in the world.
Keywords : Argentina, future, diversity, wine, WofA
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A very promising molecule : resveratrol,
induced synthesis and health benefits
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Abstract : Resveratrol (trans-3,4′,5-trihydroxystilbene), is an abundant stilbene compound that can be found in a
large number of plant products, including the skins and seeds of grapes and wines. Many scientific evidences have
demonstrated that resveratrol exerts a plethora of biological function, especially cardiovascular protective,
antiplatelet, antioxidant, anti-inflammatory, blood glucose-lowering, anti-cancer, anti-aging, and anti-obesity
activities. Recently, published data have shown that resveratrol protects also against some neurodegenerative
diseases, such as Alzheimer´s disease. Its anti-inflammatory properties are thought to be responsible for anxiolytic
properties, as well as its demonstrated anti-depressant efficacy. Because of the important activities of resveratrol,
there is an increasing interest in producing grapes or wines with higher contents of this compound. Many biotic and
abiotic elicitors, like fungi, UV-C irradiation, jasmonic and salicylic acids, among others, can trigger resveratrol
synthesis in grape berries. Viticultural and enological factors can also substantially affect resveratrol concentration
in wine. One major concern is its poor solubility and absorption when orally administered, which may lower its
biological effectiveness. However, different strategies have been assessed to improve resveratrol bioavailability.
Many biological mechanisms of action have been proposed for the observed benefits of light to moderate wine
consumption on cognitive function in later life.
Keywords : resveratrol, elicitors, grapevine, health benefits, bioavailability

Introduction

Resveratrol (trans-3,4′,5-trihydroxystilbene), a
polyphenolic phytoalexin, is an abundant stilbene
very common in our diet and in dietary supplements
(Kursvietiene et al., 2016). It can be found in a large
number of plant products, including the skins and
seeds of grapes, wines, peanuts, soybeans,
pomegranates, mulberries and dried roots of the
medicinal plant Polygonum cuspidatum (Hu et al.,
2013). It can also be introduced into the diet through
Itadori tea, which has long been used in Japan and
China as a traditional herbal remedy for heart disease
and strokes.

In plants, this compound acts as a phytoalexin, a class
of defense molecules that protects against infection of
bacteria, fungi and damage from exposure to
ultraviolet irradiation (UV) (Juan et al., 2012 ;
*Corresponding author : lmartinez@fca.uncu.edu.ar

Bartolacci et al., 2017) and extent the life span in
differents organisms, including yeast and vertebrates
(Howitz et al., 2003, Baur et al., 2006).

Resveratrol biosynthesis and accumulation

Resveratrol biosynthesis in plants occurs via the
phenylalanine pathway. The accumulation of
resveratrol in grapes varies according to the cultivar,
genotype, locations, environmental conditions, and
growing season (Mohidul Hasan et al., 2017).
Varying amounts of resveratrol have been reported in
berry skin, seed, stem, shoot, bud, root, and leaf (Li et
al. 2006 ; Wang et al., 2010), ranging from 0.16 to
3.54 μg/g (Kursvietiene et al., 2016). However,
relatively higher amount of resveratrol can found in
grape skin, about 24 μg/g.

Resveratrol biosynthesis and accumulation in grape
tissues is often low under natural growing conditions
61
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and is related to veraison stage (Wang et al., 2015).
Before veraison, resveratrol content is very low ;
however, total resveratrol increases about 500 %
from veraison to maturity in the main forms of
piceids. Cis-resveratrol was not detected throughout
the developmental period. In regards to total
resveratrol, trans-resveratrol, trans-piceid, and cispiceid content in ‘Beihong’ (V. vinifera x
V. amurensis) remained almost unchanged until a
week after veraison. Moreover, there were no
significant differences among trans-resveratrol,
trans- piceid, and cis-piceid contents. However, total
resveratrol content rapidly increased from 2 weeks
after veraison to maturity (Wang et al., 2015).

Elicitation of resveratrol

Several methods have been studied to improve
resveratrol content in grapevine. Resveratrol can be
induced by biotic factors, i.e., fungi, and abiotic
factors, i.e., UV-C irradiation, jasmonic acid, salicylic
acid, H2O2, O3, and CaCl2 (Wang et al., 2015).

Resveratrol in wine

According to Bavaresco et al. (2016) resveratrol is
contained in considerably higher amounts in red
wines than in white wines because it is mainly
present in berry skin, and white wines are usually
produced with no or limited maceration with the
pomace. Trans- and cis-piceid are present in grapes
and their hydrolysis, occurring during fermentation,
releases cis- and trans-resveratrol. Yeast choice can
influence the final content of resveratrol in wine due
to the different actions of β-glucosidase enzymes,
which transform piceids into resveratrol. To some
extent, winemaking practices can also potentially
affect resveratrol in wine. Different processing
techniques including maceration have great impacts
on the improved extraction, ultimately leading to an
increased resveratrol concentration in grape juice and
wine maceration was found to increase resveratrol
extraction in wines by 10-fold compared with slightly
pressing for a very short time on grape skins
(Atanockovic et al., 2012). Prefermentation coldsoaking significantly increased trans and cisresveratrol in free-run press in Cabernet-Sauvignon
grape must during alcoholic fermentation (Clare et al.
2004). In addition, maceration time, yeast type, used
enzyme, and SO2 concentration were also found to be
important factors influencing the final resveratrol
concentration in wine (Trela et al., 1996, Wightman
et al., 1997).

In general, the low levels of fining agents usually
added to stabilize red wines do not significantly
reduce the level of trans-resveratrol (Threlfall et al.,
1999), and it is a relatively stable compound that can
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remain for years in properly stored wines (i.e.,
avoiding exposure to excess heat, and presence of
normal levels of exogenous antioxidants such as
sulfur dioxide) (Mattivi et al., 2000). On the other
hand, unusual winemaking processes and ageing can
induce relevant losses of resveratrol.

Biological activities and effects of resveratrol

In the past few year, the interest in resveratrol
extensively increased due to its nutritional and
medicinal value, and lots of scientific evidence have
demonstrated that resveratrol exerts a plethora of
biological function, especially cardiovascular
protective (Hung et al., 2000), antiplatelet (Kirk et
al., 2000), antioxidant (Valdecantos et al., 2010),
anti-inflammatory (de la Lastra et al., 2007), blood
glucose-lowering (Sadi et al., 2014), anti-cancer
(Vanamala et al., 2010), anti-aging (Tsai et al., 2017),
and anti-obesity activities (Alberdi et al., 2011).

Absorption, bioavailability of resveratrol and
its metabolism

Low solubility of resveratrol in water, caused by its
chemical structure, affects its absorption (Gambini et
al., 2015). In animals and humans resveratrol is
quickly metabolized in the liver, in plasma; it binds
to lipoprotein and albumin, and this facilitates its
entry to cells (Jannin et al., 2004).

Orally or intravenously administered resveratrol has
high absorption (at least 70 %) but rapid and
extensive metabolism, leading to formation of
conjugated sulfates and glucuronides (Kursvietiene et
al., 2016). It was reported by Walle et al. (2004) that
the sulfatation of resveratrol might limit the
bioavailability of this compound. In humans and rats,
trans-resveratrol rapidly undergoes conjugation
resulting in one percent of the oral dose being
observed as free trans-resveratrol in blood plasma
(Nguyen et al., 2017). Trans-resveratrol efficiency
depends on a sufficient level of active molecule in
bloodstream and target tissue.

The maximum peak in plasma concentration of
native resveratrol was reached after 30-90 min after
oral intake. Appearance of the second peak 6 h after
resveratrol intake indicated that the enteric
recirculation of conjugated metabolites by
reabsorption takes place. In addition, it was found by
Ortuño et al. (2010) that bioavailability of resveratrol
from wines and grape juice is much higher (sixfold)
compared to that from tablets.
Also, protects against, some neurodegenerative
diseases, such as Alzheimer´s disease (Sun et al.,
2010), and is effective in the management of
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osteoporosis in postmenopausal woman without an
increased risk of breast cancer (Sun et al., 2007).

Also, it was demonstrated by Ge et al. (2017) that
resveratrol ameliorates the anxiety and depressionlike behavior of subclinical hypothyroidism in rats.

Data from animal studies suggests that grape and
wine-derived phenolic compounds are absorbed and
accumulated in the brain in measureable amounts
after multiple or repeated oral doses (Ferruzzi et al.,
2009 ; Passamonti et al., 2005). Wine-derived
phenolic compounds, and particularly resveratrol,
have been shown to be cerebro or neuro-protective in
various models, in vitro and in vivo,

The biological effects of resveratrol is mainly caused
by the abundance and diversity of molecular targets
that this compound has, like cyclooxygenases/
lipooxygenases, a wide range of various kinases,
sirtuins (Mukherjee et al., 2010), transcription factors,
cytokines, DNA polymerase, adenylyl cyclase,
ribonucleotide reductase, aromatase and others
(Pirola et al., 2008). It is hypothesized that resveratrol
provides a complex physiological activity because of
its capability to modulate different pathways in a
micromolar range (Pirola et al., 2008).

Conclusion and future prospects

Many people around the world now live longer.
According to the WHO, the number of people
worldwide aged ≥60 years has doubled since 1980
and is forecasted to reach 2 billion by 2050. The goal
is to not only live longer but also to remain healthy as
long as possible. However, metabolic disorders,
cancers, and cardiovascular and neurodegenerative
diseases develop more frequently in older people and
decrease quality of life.

Calorie restriction seems to extend the life expectancy
of several species (from yeasts to human beings) and
generally decreases age related pathologies.
Nevertheless, calorie restriction is difficult to achieve
in humans. Pharmacological solutions that mimic the
physiological phenomena that occur during calorie
restriction are being investigated and, in particular,
those factors that act on the sirtuin pathway (Nguyen
et al., 2017). Among the candidate molecules
researched is resveratrol, which increases the life
expectancy of numerous species and is considered to
mimic calorie restriction (Tsai et al., 2017), though
this point is still controversial. Furthermore, transresveratrol has shown some anticancer properties, it
has antioxidant and anti-inflammatory properties, and
can help protect against ischemia-reperfusion,
neurodegenerative processes, metabolic diseases such
as glucolipidic metabolism imbalance and

cardiovascular pathologies in both in vitro and
animal models (Kursvietiene et al., 2016).

Because of the important properties of transresveratrol, there is an increasing interest in
producing grapes or wines with higher contents of
this compound and a higher nutritional value. Many
biotic and abiotic elicitors can trigger the resveratrol
synthesis in the berries. Under the same elicitation
pressure, viticultural and enological factors can
substantially affect resveratrol concentration in the
wine. The production of high resveratrol-containing
grapes and wines relies on quality-oriented
viticulture (suitable terroirs and sustainable cultural
practices) and winemaking technologies that avoid
degradation of the compound (Bavaresco et al.,
2016).

In elders in particular, but also in younger adults,
light to moderate wine consumption is associated
with neuro-protective effects although binge and
heavy alcohol consumption is neuro-toxic (Stockley,
2015).However, one major concern is the poor
solubility and absorption of resveratrol when is given
orally, which may lower its biological effectiveness.
Poor bioavailability of resveratrol is attributed to its
extensive hepatic gluconuridation and sulfation
(Nguyen et al., 2017). Recent studies showed that the
methoxylation on the free hydroxyl groups of
resveratrol could reduce its metabolization and
increase its plasma exposure (Nguyen et al., 2017).
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Abstract : Viña Concha y Toro (VCT) integrates sustainability as a central pillar of its mission. This way, the
Company is advancing towards the production of high-quality wines with a philosophy that incorporates a balance
between sustainable growth, the creation of value for each stakeholder, and its commitment to become a leader in
environmental practices. Since 2012, VCT has a sustainability strategy with six main pillars : products, suppliers,
customers, employees, society and environment. Each pillar has specific foci, initiatives and performance goals,
with business leaders in charge of managing and monitoring compliance. These efforts in sustainability research
and innovation are carried out at The Center for Research and Innovation (CRI) and are part of the CRI strategic
plan 2020 and its R&D Programs : (i) strengthening of plant materials, (ii) water resources and climate change, (iii)
quality assessment of grapes and wines, (iv) smart wine industry, and (v) new product design. Some examples of
current CRI projects on sustainable viticulture are presented in this extended abstract : production of high-quality
plant materials by the use of new diagnosis, control, cleaning and reinforcement procedures ; evaluation of Cabernet
Sauvignon clones to adapt viticultural practices to warmer conditions, and a project devoted to improve the
vineyard irrigation water use efficiency.
Keywords : climate change, clones, plant material, viticultural practices, water use efficiency

Introduction

Founded in 1883 Viña Concha y Toro (VCT) is the
largest wine company in Chile and Latin America,
the fifth-largest company in the world in terms of
volume sold, and the second largest in planted
vineyards. Its successful business model
accompanied by persistent efforts in innovation and
sustainable development, have enabled it to grow and
expand its presence to more than 140 countries,
leading VCT to become a global recognized
company. This business model is based on five
strategic pillars : (i) excellence in production, (ii)
brand building, (iii) global reach, (iv) sustainability,
and (v) innovation (Viña Concha y Toro, 2017).

VCT integrates sustainability as a central pillar of its
mission. The Company is advancing towards the
production of high-quality wines with a philosophy
that incorporates initiatives all throughout the
production chain. These initiatives contribute to
establishing a balance between sustained growth, the
creation of value for each stakeholder, and VCT’s
commitment to become a leader in environmental
*Corresponding author : gerard.casaubon@conchaytoro.cl

practices. Sustainability involves everything that is
done in the vineyard, including economics,
environmental impacts of everything done on the
farm, and all aspects of human resources, including
employees and the surrounding community (Ohmart
2009). In recent years, international best practices and
diverse metrics that allow managing environmental
impact have been incorporated in VCT. These
include the measurement and reduction of carbon
footprint, water footprint, biodiversity conservation
programs, and initiatives with suppliers among other
projects (Viña Concha y Toro, 2017).

The Company took a major step in 2014 with the
inauguration of the Center for Research and
Innovation (CRI) in Maule Region (Chile). The CRI
was designed to conduct applied research and
experimental development (R&D) in the areas of
viticulture and oenology. The CRI is seeking to
contribute to the development and competitiveness of
the wine industry in Chile and worldwide, providing
knowledge and new developments that address future
challenges in this sector. R&D comprises creative and
systematic work undertaken in order to increase the
69

13-Casaubon_05b-tomazic 28/03/18 18:41 Page70

OPPORTUNITIES AND CHALLENGES FOR VINE AND WINE PRODUCTION BY PRESERVING RESOURCES AND ENVIRONMENT

stock of knowledge ; including knowledge of
humankind, culture, and society, and, to devise new
applications of available knowledge (OECD, 2015a).
On the other hand, innovation is the implementation
of a new or significantly improved product (good or
service), or process, a new marketing method, or a
new organizational method in-business practices,
workplace organization or external relations (OECD,
2005b). In accordance to VCT’s Corporate Social
Responsibility policy, the CRI allows the Company
to make a positive contribution to its environment.
CRI’s Extension Center and the diverse training
alternatives that have been developed allow the
dissemination of new knowledge and technologies.
These are being incorporated into grapegrowing and
winemaking practices, benefiting the global wine
industry and making a significant leap in
competitiveness for VCT (Viña Concha y Toro,
2017).

Concha y Toro Sustainability Strategy

Since 2012 VCT has implemented a sustainability
strategy addressed through a top-down approach ;
starting with the vision and mission at its highest
point, followed by six strategic pillars (Figure 1).
Each pillar has specific foci, initiatives, and
performance goals, with business leaders in charge of
managing and monitoring compliance.

The definition of the contents and strategic foci is
based on the analysis and relevant topics for the
winery’s main stakeholders; identifying the areas that
require internal and/or external management to
achieve the strategic goals (Viña Concha y Toro,
2016a).

The components of VCT’s strategic model
incorporate sustainability into the winery’s central
business, the production of high-quality wines. The
sustainability strategy considers the central element
to be the product, and the strategic pillars originate
and are developed from there.
Furthermore, the pillars are arranged to show the way
in which the strategy has been developed to
incorporate the central elements of sustainable
development:

- Economic Scope : Graphically represented by the
business value chain : supply chain, product and
customers.
- Social Scope : Represented by VCT´s employees
and the society.

- Environmental Scope : Represented by the
environmental pillar.
70

Figure 1. Viña Concha y Toro sustainability strategic
pillars.

VCT’s sustainability strategy is lined up with the
Sustainable Development Goals (SDGs) of the
United Nations Development Program (UNDP).
These are comprised of a set of 17 goals to end
poverty, protect the planet, and ensure prosperity for
all as part of a new sustainable development agenda
(UNDP, 2015). VCT’s contribution to achieve the
specific targets over the next 15 years is focused on
10 of the principal SDGs (Table 1):
- Goal 3 : Ensure healthy lives and promote wellbeing for all at all ages.

- Goal 4: Ensure inclusive and quality education for
all, and promote lifelong learning.
- Goal 6: Ensure access to water and sanitation for
all.

- Goal 7 : Ensure access to affordable, reliable,
sustainable, and modern energy for all.

- Goal 8 : Promote inclusive and sustainable
economic growth, employment, and decent work
for all.

- Goal 9 : Build resilient infrastructure, promote
sustainable industrialization, and foster innovation.

- Goal 10 : Reduce inequality within and among
countries.

- Goal 12 : Ensure sustainable consumption and
production patterns.

- Goal 13 : Take urgent action to combat climate
change and its impacts.

- Goal 15 : Sustainably manage forests, combat
desertification, halt and reverse land degradation,
halt biodiversity loss.

To implement and monitor the VCT sustainability
strategy, an organizational structure responsible for
monitoring and management has been established at
an executive and operational level. Each pillar has a

13-Casaubon_05b-tomazic 28/03/18 18:41 Page71
c

U

OPPORTUNITIES AND CHALLENGES FOR VINE AND WINE PRODUCTION BY PRESERVING RESOURCES AND ENVIRONMENT

Table 1. Contribution of Viña Concha y Toro
sustainable strategic pillars to the United Nations
Development Programme (UNDP) Sustainable
Development Goals (SDGs).
e
i
VCT strategic pillars

UNDP - SDGs
3 4 6 7 8 9 10 12 13 15

Products
Suppliers
Customers
Employees
Society
Environment

g

i

e

leader whose scope of management corresponds to
the issues addressed by the pillars. These leaders
represent their respective pillar by participating in the
Sustainability Executive Committee. Their main
responsibility is to monitor progress in meeting goals,
with the support of the Department of Sustainable
Development (Viña Concha y Toro, 2016).

During 2017, VCT has entered into the Top 10
ranking of the Dow Jones Sustainability Index
(DJSI), in the beverages category. The DJSI, which is
the most prestigious international sustainability
index, evaluates companies’ environmental, social,
economic, and governance performance. VCT has
been invited to participate in the index since 2015,
achieving prominent positions each year. The
evaluation includes aspects such as corporate
governance, supply chain management, innovation
management, climate change, water management,
human rights, corporate citizenship, and philanthropy
among others. In the majority of assessment criteria
VCT achieved scores above 80 %, and even obtained
100 % in two criteria. In the 2017 edition, VCT made
significant progress in each of the dimensions
assessed, improving their scores compared to the
previous year in all areas of evaluation, and standing
out in the top third of the beverages category.

Sustainability research and innovation at
Center for Research and Innovation (CRI)
1. Strategic plan and programs 2016-20

The CRI has a strategic R&D plan for 2016-20 that
constitutes a unique opportunity to structure and
manages activities, in order to produce, and
communicate, high impact applied results for VCT
and the wine industry (Viña Concha y Toro, 2016b).

The implementation of this strategic R&D plan
enables the CRI to manage and prioritize its ongoing
projects, adjust needs or opportunities to the supply
of financing instruments, determine socio-economic

Figure 2. Center for Research and Innovation (CRI)
Strategic Programs.

valuation metrics for the R&D activities, promote
collaboration with academia, and finally maximize
the benefits generated by R&D for the Company and
the industry. Five major programs constitute the plan
(Figure 2):
n

r

(i) Strengthening of plant materials,
(ii) Water resources and climate change,
(iii) Quality assessment of grapes and wines,
(iv) Smart wine industry,
(v) New product design,

2. Current projects on sustainability viticulture

The phenomenon of climate change constitutes a
major challenge for the future of the wine industry,
which needs to adapt current viticultural/enological
practices to warmer and drier conditions in order to
produce quality wines, and maintain an economically
viable grape productivity. Some of the more
advantageous strategies are the use of high-quality
adapted plant material. This can be seen as an
environmentally friendly and cost effective strategy
(van Leeuwen and Darriet, 2016).
3. Production of high-quality plant material at
nursery level

Economically sustainable vineyard plantations
depend on the plant material quality. Viral and trunk
diseases have become a high impact problem.
However, conventional detection tools for these
pathogens demand a lot of time and labor. In recent
years, the ability to identify pathogens has improved
greatly through methods of comparative analysis of
RNA and/or DNA. Quantitative assays can be
performed through QRT-PCR, and have been used to
detect plant pathogens such as bacteria, fungi,
oomycetes and viruses, as well as a simultaneous
detection (Multiplex) approach to detect
combinations of these pathogens. Using these
technologies, the CRI is working to establish the
bases of a mitigation and quality control system for
71
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the VCT nursery. The CRI have implemented an
analytical panel of 15 viruses. The first prospection
of over 413 grapevine samples for Grapevine Fanleaf
Virus (GFLV), and Grapevine Leafroll associated
virus 1, 2 and 3 (GLRaV1, 2 and 3), shows a higher
incidence of GLRaV3.
3. Evaluation of Cabernet-Sauvignon clones in the
area of Cauquenes, Chile

l
a

The search for adapted grapevine clones to specific
terroirs can be seen as an environmentally friendly
and cost effective strategy to obtain a long-term
sustainable vineyard. The use of clonal selections in
viticulture allows for vineyards with more defined
and uniform characteristics. Different clonal
selections of a same cultivar can have different
productive and quality based characteristics, which
are dependent on environmental factors. The CRI has
set up an experimental project with the objective to
characterize three grapevine clonal selections
ENTAV-INRA (169, 191, and 337), and a massal
selection of Cabernet-Sauvignon; submitted to three
yield range management by a cluster thinning
treatment (Penot et al., 2017). Viticulture
performance, cluster characterization, must and wine
chemical analyses, and wine sensorye quality
f
(Figure 3) have been evaluated during five
consecutive seasons (2013-2017) in a commercial
g
VSP vineyard located in the Cauquenesa area,
Chile.
The results show significant differences in the
qualitative and productive performance of the plant
materials under the five season’s climatic condition.
The clones 191 and 337 showed the best
performance, corresponding to a good level of
productivity with satisfactory quality characteristics,
especially for the clone 191. Considering these
results, it is possible to state that these clones, when
grown in conditions similar to the experimental site,

l

are the most adapted to the production of premium
wines, especially when the yields are adequately
controlled for clone 337. The results presented by the
massal selection in this study show complementary
features that could allow production at a smaller scale
for Super-Premium wine, corresponding to low yield
but high quality.
4. Adaptation of viticultural practices to warmer
and drier conditions

The adaptation of current viticultural practices to
warmer and drier conditions needs to be further
studied. The effect of fruit zone leaf removal and
harvest maturity level was studied in commercial
Cabernet-Sauvignon vineyards in Maipo and Maule
valleys (Chile) during three growing seasons : from
2013/2014, to 2015/2016 (Vargas et al. 2017a ;
Vargas et al. 2017b). In Maipo, three factors were
combined using a multifactorial yearly blocked
design : (1) defoliation intensity, composed by two
levels of leaf removal on the VSP cluster zone: (a)
60 % on the east side during pea size, and (b) 60 %
on the east side during pea size plus 40 % on the west
side during veraison ; (2) type of defoliation : (a)
hand-made or (b) mechanical ; and (3) harvest
maturity level determined by a commercial maturity
tracking system : (a) fresh fruit profile and (b) ripe
fruit profile. Winemaking replicates were 700-800 kg
grapes (24 experimental units). Measurements
included climatic, physiological, and canopy
structural parameters, as well as standard wine
composition and phenolic characterization by HPLCDAD. In this experiment harvest maturity level had
the highest effect on fruit and wine composition, by
effect of increased must Brix and wine pH, alcohol,
total tannins, color index, DO280, monomeric and
total anthocyanins ; and by decreased must yeast
assimilable nitrogen and total acidity. Mechanical leaf
removal was more severe than manual leaf removal,
exposing the clusters more directly to the sun. The
main effect of leaf removal was on must flavonols
and monomeric flavan-3-ols, which increased with
defoliation intensity.
5. Vineyard irrigation water use efficiency

The corporate goal of the VCT sustainability strategy
is to reduce by 10 % the total water footprint by
2020. CRI’s goal is the evaluation of the impact of
Regulated Deficit Irrigation on the quality and
productivity of cv. Cabernet Sauvignon vineyards and
wine. To address this goal, the CRI is using new
technologies like Surface Renewal, for the
determination of the vineyard actual water demands;
and evapotranspiration models using satellite data, for
the extensive and low cost estimation of the vineyard

s

Figure 3. Principal component analysis of 2015 wine
sensory attributes (8 judges).
M = massal; YC = Control Yield (without cluster
thinning); Y1 = Target Yield 14 ton/ha;
Y2 Target Yield 9 ton/ha.
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crop coefficients (Kc). With these new methodologies, the objective is to determine a new strategy
for the irrigation of productive and quality vineyards,
and optimize water use efficiency.
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Science to preserve nature and culture
Fernando Buscema1* and Laura Catena1

Catena Institute of Wine, Bodega Catena Zapata, Cobos s/n, Agrelo (5509), Mendoza, Argentina

1

Abstract: The philosophy of the Catena Institute is to use Science to Preserve Nature and Culture.
The vision of the Catena Institute of Wine is to continue elevating Argentina’s historic variety, Malbec, and the country’s
winemaking regions for another 100 years. Nicolás Catena Zapata’s high-altitude wine revolution led to the discovery of a
new terroir for wine, the Adrianna Vineyard at almost 5,000 feet elevation. Today, the team of the Catena Institute of Wine is
dedicated to studying every meter, every rock, every insect and microorganism in the Adrianna Vineyard, making it perhaps
the most studied vineyard in the world. The Catena Institute collaborates with institutions all over the world, from CONICET
to UC Davis, as well as with local research institutions. The institute’s work is widely published in reputable scientific journals
that include the American Journal of Viticulture and Enology, Food Science, and Plant Physiology and Biochemistry.
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Sustainability program in wine production
Luis Romito

Bodegas de Argentina, Rivadavia 592, Mendoza, Argentina
Abstract: Is exposed the Sustainability Program in Wine Production developed by Bodegas de Argentina.
Are described the activities in relation to the efficient management of the water resources and the proposal submitted to the
General Department of Irrigation for the adaptation of the regulations for the reuse of treated industrial effluents. Are presented
the agreements signed with the General Department of Irrigation for the management of winery effluents with the participation
of 53 associated wineries. A proposal is made to study the final disposition of saline-sodium solution of industrial effluents.
Is described the Protocol of Self-evaluation of the Sustainability and its evolution and Sectorial Sustainability Guide required
by Environment Ministry.
Are provided details of the participation of Bodegas de Argentina in the Multinational Committee on Wine Sustainability of
the World Wine Trade Group.
Are described actions related to the Cleaner Production program, waste management, energy efficiency, climate change,
sustainable wine tourism, Value Chain Program, and environmental indicators provided by wineries (on-farm water
consumption and wine cellar, electricity consumption and waste generation), and specific examples of the implementation of
environmental management systems).
Keywords: Sustainability, Bodegas de Argentina, Protocol.

Introduction

Bodegas de Argentina is a national winegrowing
chamber, with 240 wineries throughout the country,
including small, medium and large companies,
representing more than 70 % of the domestic market
and 90 % of the exports of fractionated wines from
Argentina.
In 2010 Bodegas de Argentina created the
Sustainability Program, coordinated by the author.

Materials and method

This document describes Sustainability Program of
Bodegas de Argentina and is based on personal
experience of the author, on the information gathered
at meetings of the World Wine Trade Group in Chile
and New Zealand and on research on equivalent
institutions in other wine-growing countries.

Results and discussion

The main aspects addressed by the Program are
described below.
1. Water resources

One of the main environmental threats facing
viticulture in Argentina, is the restriction of water
resources for irrigation, derived from the reduction of
river flows, caused by the retraction of glaciers
resulting from climate change.
*Corresponding author : sustentabilidad@bodegasdeargentina.org

The first work of the Commission was a procedure
before the authorities responsible for water
management in the provinces of Mendoza, San Juan
and La Rioja, raising the concern of the entity for the
threat, and making a collaboration offer.
Various activities were carried out on the efficient
management of the resource : workshops on
efficiency in surface irrigation and irrigation with
groundwater, good practices in the management of
effluents and technical workshops on water
emergency.
2. Effluents

A proposal was presented to the General Irrigation
Department for the adequacy of the regulations for
the reuse of treated industrial effluents and a dictum
of the Faculty of Agrarian Sciences supported the
proposal.

Agreements signed between the General Irrigation
Department and 53 member wineries for the
sustainable management of effluents were managed.
3. Management of alkaline effluents

A proposal is made to study the management and
final disposal of sodium solution of industrial
effluents.
75
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Yearly, the canning, olive and winemaking industries
dump thousands of tons of alkalis that accumulate
irreversibly in the oasis, and is imperative to try at
least to slow down the process.

The treatment of the alkaline effluents is carried out
by the wineries, and must be resolved by them, while
the final disposal of treated effluents generates an
environmental problem of public concern (as is the
treatment of sewage effluents) that must be addressed
by the province and the municipalities.

Currently, Bodegas de Argentina works in
collaboration with the Instituto Nacional de
Tecnología Inustrial, the collaboration of Norton, La
Rural, Rutini Wines and Cooperativa Mendoza
wineries researching the reuse of alkalis.
4. Self-assessment protocol for wine sustainability

A Self-assessment protocol for wine sustainability
was developed, with the participation of partner
wineries, independent professionals, the Instituto
Nacional de Vitivinicultura, the Facultad de Ciencias
Agrarias and the Instituto Nacional de Tecnología
Agropecuaria.
The Protocol has been certified by the wineries
Esmeralda (two farms), Pernod Ricard (two farms
and one winery), Salentein (two farms and two
wineries) and Callia (one farm and one winery).
5. Guide for a cleaner production

Currently, is being prepared a Sectorial Guide for a
Cleaner Production aimed at small farms and small
wineries, ordered by the Ministerio de Ambiente,
with the collaboration of the Instituto Nacional de
Vitivinicultura, the Facultad de Ciencias Agrarias, the
Instituto Nacional de Tecnología Agropecuaria and
the Instituto Nacional de Tecnología Industrial.
6. Participation in the World Wine Trade Group

Bodegas de Argentina is part of the Multinational
Wine Sustainability Committee of the World Wine
Trade Group, in which a Sustainability matrix was
agreed upon by the member countries, in which
objectives, methods and monitoring mechanisms are
shared.

Bodegas de Argentina also participated in meetings
on wine sustainability held in Santiago de Chile
(2011) and Auckland, New Zealand (2012)

7. Environmental management indicators

Were surveyed concrete examples of environmental
indicators on water consumption in farm and winery,
electricity consumption and generation, and waste
management, with information provided by partner
wineries.
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8. Energy efficiency

There were numerous workshops on energy
efficiency, renewable energy, and meetings with
energy management service providers.
The offer of wind and solar energy were exposed,
and a program of implementation of an energy
management system in a winery was launched.

The mandatory use of renewable energies was made
public, as well as the possibility of loading surplus
renewable energy into the grid.

The implementation of an energy management
system at Bodega Norton is under development, with
assistance from the Instituto Nacional de Tecnología
Industrial.
9. Waste management

Bodegas de Argentina contributed to the
implementation of a solidarity campaign for bottle
recycling, and meetings were held with
environmental management authorities and waste
management service providers.

A pilot project was analyzed to install an anaerobic
biodigester for the processing of winery waste, the
composting of farm and winery waste ; efforts are
made to improve the final disposal of dangerous
waste.
10. Climate change

Information was diffused regarding the Paris climate
agreement (COP 21), publications of the IPCC
(Intergovernmental Panel on Climate Change), and of
the United Nations Environment Program (UNEP),
and the Encyclical of Pope Francis.

Bodegas de Argentina participated as an exhibitor at
the Climate Change Forum in Mendoza organized by
the United Nations in 2015.

Diffusion workshops were held on the results of the
research carried out at the Facultad de Ciencias
Agrarias, on the impact of climate change on the
vine, and climate forecasts.
11. Environmental and social management
systems

A survey of the work of wine sustainability
management from institutions from different
countries of the world was carried out.

Workshops were held on environmental management
systems, Carbon Footprint, Water Footprint,
Biodynamic Agriculture, Fair Trade, Sustainable
Management Models, Corporate Social
Responsibility and Environmental market
requirements
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Were addressed the life cycle approach, the legal
environmental management legislation, the draft of
the packaging law, and the program of Good
Manufacturing Practices from Instituto Nacional de
Vitivinicultura.

Participation in the corporate social responsibility
audit carried out by the Nordic monopolies was
carried out and the Product Environmental Footprint
Program (PEF) of the European Union was informed.
12. Sustainable wine tourism

Workshops were held in San Juan and San Rafael.

A cooperation agreement was signed with
Earthcheck, an international organization that sets
standards for sustainable tourism, this cooperation
agreement participated in the Tourism Sustainability
Forum organized by Earthcheck in 1917 in Mendoza.
13. Carbon footprint

Bodegas de Argentina participated in the document
« Methodological guide for the estimation of the
carbon footprint in wine », published by the
Ministerio de Agricultura, the Instituto Nacional de
Vitivinicultura, the Instituto Nacional de Tecnología
Agropecuaria, the Instituto Interamericano de
Cooperación para la Agricultura, and the Gobierno de
Mendoza.

The Renacer winery certified carbon footprint for the
commercial stage and Bodega Salentein did it for the
entire cycle, from the vineyard to the market.
14. Value chain

Work is being done to strengthen the wine value
chain. Efforts are being made to promote the
implementation of food safety management systems,
environmental management and corporate social
responsibility in suppliers.
A supplier management protocol, an implementation
guide and a check list of audits were written.
15. Financing

A total of 30 partner wineries were presented to the
Cleaner Production Program financed with funds
from the Inter-American Development Bank,
administered by the Ministerio de Ambiente de
Mendoza, which granted subsidies of up to USD
28,000 to companies that compromise improvements
in environmental parameters (water, energy, waste,
inputs, effluents, recyclables, etc.). In this framework,
numerous training workshops were held.

Diffusion of energy diagnostic financing tools,
renewable energy projects, and effluent treatment
plants were carried out.

16. Risk

A risk identification matrix for vitiviniculture is
made, characterizing the probability of occurrence
and consequence. They are considered risks derived
from climate change, commercial, politicalinstitutional, operative, etc.
17. Diffusion

Bodegas de Argentina exhibited its work in events:

- Climate Change Congress in Mendoza (2011),
- International Tourism Congress (2011),
- COPAL, Coordinadora de Productos Alimenticios
(2012),
- Instituto Nacional del Agua (2012),
- Asociación Argentina de la Vid y el Vino (2014),
- Organization of Sitevinitech Technical Seminars
(2014),
- Meeting on Climate Change organized by
Ministerio de Tierras, Ambiente y Ordenamiento
Territorial (2014),
- 37th Congress of the International Organization of
Vine and Wine. Wine in Moderation Program and
work of the Sustainability Commission (2014),
- Valos Forum (2014),
- Juice Latinoamérica in Park Hyath (2014),
- MBA in Universidad Nacional de Cuyo (2014),
- Climate Change Forum organized by the United
Nations (2015),
- Delegation of Scandinavia (2015),
- Facultad de Enología Don Bosco (2015),
- Instituto Nacional de Tecnología Industrial, water
Management (2015),
- Event Valos in San Rafael (2015),
- Radial interview La Red 94.1 (2015),
- Red Integral de Gestión del Agua (2015),
- Maestría en Gerenciamiento de Negocios
Agroindustriales, Universidad Nacional de Cuyo
(2015),
- Presentation in San Rafael (2016),
- MBA Universidad Austral (2016),
- Interview by Norma Pimienta Program in Radio
Nihuil (2016),
- Universidad Maza (2010, 201, 2012),
- Maestría en Gestión Ambiental Universidad de
Congreso (2014 y 2016),
- Maestría en Responsabilidad Social y Desarrollo
Sustentable, Universidad Nacional de Cuyo (2017),
- Program EscuelAgro (2017).
Distinctions

Universidad de Congreso granted Mention to the
Environmental Commitment to:
- Bodega Furlotti (2011),
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- Comisión de Sustentabilidad de Bodegas de
Argentina (2013),
- Comisión de Resonsabilidad Social Empresaria
Bodegas de Argentina (2014),
- Verallia (2014),
- Program Wine in Moderation y Bodega Esmeralda
(2016),
- Bodega Tapiz and Bodega Triavento (2017).

Bodega Tapiz obtained in 2017 Gold Medal in the
International Award of Excellence in Sustainable
Winegrowing given by Botanical Research Institute
of Texas.
Institutional interaction

An active relationship is maintained with:

- Asociación Argentina de la Vid y el Vino,
- Bureau Veritas,
- COPAL, Coordinadora de Productos Alimenticios,
- COVIAR,
- Dirección de Energía de Mendoza,
- Dirección de Protección Ambiental de Mendoza,
- Instituto de Ciencias Ambientales de la Universidad
Nacional de Cuyo,
- Instituto Nacional del Agua,
- Instituto Nacional de Tecnología Agropecuaria,
- Instituto Nacional de Tecnología Industrial,
- Instituto Nacional de Vitivinicultura,
- IRAM, Instituto Argentino de Normalización y
Certificación,
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- Facultad de Ciencias Agrarias, Universidad
Nacional de Cuyo,
- Ministerio de Ambiente y Desarrollo Sustentable de
la Nación,
- Secretaría de Ambiente y Ordenamiento Territorial
de Mendoza,
- Red Integral de gestión del Agua,
- Universidad de Congreso,
- Universidad Maza.
Conclusions

Having learned the level of implementation of
environmental management systems in different wine
countries, through the World Wine Trade Group, we
conclude that Argentine winegrowing has achieved a
level of development of its environmental practices
comparable to those of other member countries of the
Group, despite having started this work with some
years of delay. This clearly emerges in the analysis of
the sustainability matrix shared by the member
countries of the WWTG, in which objectives,
methods and monitoring mechanisms are shared.
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Development of a smartphone app
for berry quality assessment
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Abstract: This paper investigates the feasibility of developing a smartphone based imaging tool for berry quality assessment
that can be conveniently used within vineyards to provide real time and in-field evaluation of grape berry size and color. After
taking a photograph of the grape bunch on the vine, the smartphone application analyses the image, detects and samples the
visible berries, and determines the volume and hue distributions of the sampled berries. Preliminary results are reported for the
analysis of Chardonnay grape bunch images from an Australian vineyard. Challenges and recommendations for smartphone
imaging in the field are also discussed.
Keywords: Smartphone, imaging tool, berry quality assessment, hue.

Introduction

Since the advent of the smartphone just over a decade
ago, a fundamental shift has occurred in the way
individuals interact with, obtain, analyze and interpret
data, and apply technology. Improvements in
computing power, incorporation of a multitude of
sensors with higher fidelity, improved connectivity
and access to faster upload and download speeds has
resulted in smartphones and smart devices becoming
ubiquitous within most populations.

Smartphone ownership within Australia is estimated
at around 88 % of the entire population with
ownership amongst those aged 18-35 years well over
91 %, representing an ownership level approaching
market saturation (Drumm, White, Sweigers and
Davey, 2017). Commensurate with improved
computing power of smartphone and tablet devices,
along with higher ownership rates, a plethora of apps
have been developed, and most professions would
now have some smartphone app for which the
developers purport its use to improve work related
functions.
*Corresponding authors :lschmidtke@csu.edu.au
lang@csu.edu.au

The agricultural sector has been a particularly active
area for app development. Interestingly, many apps
that target various agricultural enterprises make use
of camera and global positioning sensors
(Pongnumkul, Chaovalit and Surasvadi, 2015)
suggesting that spatial and temporal data domains,
along with data management and interpretation, will
be important features of successful apps that facilitate
decision support systems.

Numerous smartphone apps targeting the viticultural
industries have been described with significant focus
on disease detection and management for
economically important pathogens including Botrytis
(Hill, Evans, Beresford and Dambergs, 2014),
Erysiphe necator (Powdery mildew) (Birchmore,
Scott, Zanker, Emmett and Wade, 2015) ; flower
(Aquino, Millan, Gaston, Diago and Tardaguila,
2015; Millan, Aquino, Diago and Tardaguila, 2017)
and yield estimation (Font et al., 2015; Kicherer et
al., 2015; Liu, Marden and Whitty, 2013); vine vigor
and canopy architecture (De Bei et al., 2016) to name
a few.
The timing of grape harvest is often decided by
viticulturists and winemakers using various criteria.
79
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Even when the harvest decision is determined by a
range of objective measures of grape maturity (e.g.
Brix, titratable acidity, phenols and
anthocyanins/color), these indices give no
information about the grape aromatic potential or the
resulting wine flavor profiles (Calderon-Orellana,
Matthews, Drayton and Shackel, 2014 ; Deloire,
2014).

The link between sugar accumulation and flavor
development in the berry is poorly defined,
compound and environment dependent, and highly
influenced by harvest time (Antalick et al., 2015 ;
Bindon, Varela, Kennedy, Holt and Herderich, 2013;
Kalua and Boss, 2009 ; Suklje et al., 2017). Berry
size can be manipulated most efficiently with
irrigation strategies (Etchebarne, Ojeda and Hunter,
2010 ; Ojeda, Andary, Kraeva, Carbonneau and
Deloire, 2002) and is one of the key determinants of
berry shrinkage (Rogiers and Holzapfel, 2015).
Heterogeneity in berry volume significantly alters
grape composition (Šuklje et al., 2012) which can
only be rectified by expensive sorting techniques in
the winery, whilst berry shrivel, a major issue for
Shiraz (Šuklje et al., 2016) can lead to significant
yield losses.

(a)) NWGIC
App
(a
NWGIC A
pp sscreen.
creen.
T

(b) Image
Image capture
capture with
with reference
reference probe.
probe.

White grape color transition (from green to yellow,
and yellow to orange) during the ripening is linked to
chlorophylls and carotenoids degradation and
formation of C13 norisoprenoids (Crupi, Coletta and
Antonacci, 2010; Kwasniewski, Vanden Heuvel, Pan
and Sacks, 2010). C13 norisoprenoids contribute
positively to wine sensory properties with floral
aromas (Benkwitz et al., 2012). It is also well known
that carotenoids and chlorophyll concentrations
decline after veraison, which is evident by grape
color changes and overexposure to sunlight will
cause sunburn (Greer, Rogiers and Steel, 2006). The
Dyostem™ tool that measures berry color and size
was successfully used in several wineries in Europe,
South America and South Africa (Deloire, 2013) to
assist in determining appropriate harvest dates by
providing a potential means to link berry color with
wine aromatic profiles. The technique is expensive,
slow and destructive. It is not portable and cannot be
deployed in the vineyard.

(c) Data
Data record.
r e c o rd .

detection and
and sampling.
s a m p lin g .
(d) Berry
Berry detection

(e)) Sampled
Sampled berries
berries for
for analysis.
a n a ly s is.

The purpose of the work described in this
investigation was to determine the feasibility of
developing a smartphone app that can be
conveniently used within vineyards to provide real
time evaluation of grape berry size and color.

App development

This section gives details for the user interface and
data workflow for the App. The smartphone
80
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Figure 1. App interface showing functionalities.
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application was developed on the Android platform.
The development platform used was Android Studio
T with OpenCV for Android add-on library modules.
The OpenCV (Open Source Computer Vision) is a
well-established set of routines used by image
processing and computer vision researchers. The
graphical user interface (GUI) has been designed to
be simple and robust to use for growers. Figure 1(a)(f) shows the App user interface and functionalities.
The initial screen that the grower would see on the
smartphone application is shown in Figure 1(a).
Figure 1(b) shows the image capture with the

reference probe. During operation, the reference
probe is inserted into the grape bunch to

function as a size reference for volume estimation.
The reference probe used had a diameter of 0.8 mm.
Figure 1(c) shows the data record screen to allow the
grower to record the details of the captured grape
bunch image such as the date, vineyard, block, and
grape variety. Figure 1(d) and (e) show the berry
detection and sampling process and the resulting
sampled berries for analysis respectively. There
would be a target box that growers can drag to clip
out the particular grape cluster to be analyzed.
Figure 1(f) shows the distribution of volume which
were calculated from the sampled berries. The
overall objective is to make the smartphone
application easy to use for growers and the imaging
settings would be automatically tuned or defaulted to
work for the majority of image capture conditions
without the need for growers to do the tuning
themselves.

The detection and sampling of the berries from the
grape bunch images is an important component for
the App. Figure 2 shows the image processing and
machine learning pipeline which was used for the
berry detection. The pipeline consists of the
following five stages: (1) Capture of color vineyard
image with reference probe object; (2) Conversion of
color image to grayscale; (3) Histogram equalization
on grayscale image ; (4) Circle detection with
Circular Hough Transform (CHT) ; and (5) Berry
detection filtering with support vector machine
learning color classifier.

The App flow begins by the grower taking a photo of
the grape bunch in the field with a reference probe
object. The circular part of the reference probe has a
diameter of 0.8 cm for berry size calibration. The
App gives visual feedback to the grower on the probe
detection. On successful detection of the probe, the
App gives visual feedback to the user by highlighting
the probe circumference on the screen display. This
stage confirms that the probe has been successfully
detected during the capture stage. If the probe cannot
be detected, the grower is prompted to take another
photo. Only photos with successful detection of the
probe is saved for future analysis.

Figure 2. App berry detection image processing
and machine learning pipeline.

The second stage performs a conversion of the color
image to grayscale. The color image contains three
components (red, green, and blue) or RGB. This
stage converts the captured RGB image to grayscale.
The conversion to grayscale is performed for two
reasons : (1) To reduce the computational
requirements of the App for implementation on the
smartphone platform; and (2) To prepare the image
81
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for the subsequent stages of histogram equalization
and circle detection. The three color components
(RGB) are converted to a single luminance
component (Y).

The third stage performs histogram equalization on
the luminance grayscale image. The objective of
histogram equalization is to adjust the contrast of an
image by modifying the intensity distribution of the
histogram. Since the App captures images from the
field, the illumination varies depending on the time
of day, weather, and other environmental conditions.
This stage performs preprocessing on the grayscale
image for the subsequent stage of circle detection.
The equalization performs a mapping from the
original distribution (the given histogram) to another
distribution (a wider and more uniform distribution
of intensity values) so the intensity values are spread
over the whole range.

The App models grape berries as circular objects to
be detected in the grayscale image. The detection of
circles is a popular task in image processing. There
are various circle detection algorithms which have
been proposed such as the circular Hough transform
(CHT) (Smereka and Dulba, 2008), EDCircles
(Akinlar and Topal, 2013), and Ridge Ring Detector
(Afik, 2015). The CHT was selected to be
implemented in the App due to the following : (1)
The algorithm is well-established in the image
processing and computer vision community; and (2)
The OpenCV library for Android contained a module
implementation of the CHT and the development did
not require a custom circle detection technique to be
re-implemented.

The CHT uses voting methods to detect circular
shapes by finding the accumulated local maximum
which are related to circular objects. The two
parameters which are used for the circle detection are
the berry centre and radius. The CHT module in
OpenCV implements the Hough gradient method
which consists of two stages : (1) The first stage
performs edge detection and finding the possible
circle centers; and (2) The second stage locates the
best radius for each candidate center. Since the CHT
performs the circle detection task on grayscale
images, the processing flow for white and red berries
would be the same.

To achieve more accurate detection using the CHT,
the App uses a two-stage detection scheme : (1)
Dividing the circle detection range into five ranges
corresponding to very small (VS), small (S), medium
(M), large (L), and very large (VL) berries. The CHT
was then applied for each berry range to pro-duce a
list of berry candidates for that range ; and (2) The
82

five lists of berry candidates for the different ranges
were then merged to give a final list of circular
candidates. During the merging stage, berry
candidates which overlapped with other ranges were
removed from the final list. Experiments with this
approach of using the CHT with overlapping ranges
gave more accurate detection compared to using the
CHT with a single large range for detection of the
different berry sizes.

The outcome from the fourth stage of circle detection
is a list of potential circular candidates which may or
may not be grape berries. This is due to the CHT
which identifies potential circular objects in the
grayscale image. To improve the berry detection task,
the fifth stage uses the color features from the
captured RGB image to filter off circular objects
which are not berries from the list. This is performed
using two filtering stages: (1) A coarse filtering based
on the hue values of the grape berries; and (2) A fine
filtering using a support vector machine classifier.

The first stage performs a coarse filtering to broadly
classify pixels that are too far out of the possible hues
to be a grape berry. For example, with white grape
berries, the App will consider hue pixel values that
are below 30 or above 180 to be unlikely white grape
pixels and will classify these as back-ground. The
second stage performs a fine filtering using a SVM
classifier. The SVM is a well-established technique in
machine learning for classification tasks. The SVM is
first trained using a set of berry samples and taught to
distinguish between berry pixels and background
pixels from the color features.

The SVM constructs what is termed a maximum
margin hyperplane to classify the samples into berry
pixels and non-berry (background) pixels. Two sets
of training samples were used for the App. The first
set trained a SVM classifier to distinguish pixels of
white berries from the background, and the second
set trained another SVM classifier to distinguish
pixels of red berries from the background. In
operation, depending on the task of detecting white or
red berries, the respective SVM classifiers were used.
The coarse and fine filters were used to classify
pixels in potential circular objects. The object was
classified as a grape berry if a 50 % threshold of the
pixels were detected as berry pixels. Otherwise, the
object is removed from the detected berry list. The
App uses the final detected berries, performs the
sampling and calculates the estimated volume and
hue distributions.

Results and discussions

Photograph images were collected for Chardonnay
bunches from a vineyard in NSW in Feb. 2018. Two
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Figure 3. Sample images for Chardonnay grape
bunches taken in daylight and artificial shade.
sets of images were collected : (1) The first set of
images were taken in natural daylight ; and (2) The
second set of images were taken using an artificial
shade to block off the sunlight on the bunches.
Figure 3 shows sample photograph images for the
Chardonnay grape bunches in daylight and with the
artificial shade. After photographing the bunches, the
bunches were removed for laboratory analysis with
DyostemTM. The phone App was used to analyse the
bunches for hue and volume distributions and were
compared with the DyostemTM laboratory results.

Figure 4 shows the scatter chart comparison be-tween
the App and Dyostem for the bunch hue
measurements taken in daylight. An observation of
the scatter chart shows that the App measurement is
consistently below the corresponding Dyostem
measurement. The overall statistics for the App and
Dyostem are shown at the top of Figure 4. These
gives statistical measures for the mean, standard
deviation (SD), minimum, median and maximum
values. The statistical fit of the model are given by the
coefficient of determination (R 2 ), correlation
coefficient (R), root mean square error (RMSE), F
value and p-value.
App
App
D
yostem
Dyostem
R2
0.731

Mean
58.33
67.7
R
0.85

SD
2.90
3.3

M
Minimum
inimum
52.0
64.0
RM
SE
RMSE
1.562

M
Median
edian
58.0
66.0
F
35.32

M
Maximum
aximum
65.0
73.0
pp-value
value
<0.0001

The model of App hue in daylight has a coefficient of
determination (R2) of 0.731 indicating that 73.1 % of
the variation is determined by the regression line. The
model has a correlation coefficient of 0.85 which
indicates a strong positive correlation between the
App and Dyostem for hue measurements in daylight.
The p-value (<0.0001) for the F-test gives sufficient
evidence at the 5 % significance level to conclude
that the model fits the data better than the model with
no independent variables. Overall, the results in
Figure 4 indicate a strong relationship between the
hue measurements from the App with Dyostem for
images taken in natural daylight. The App has the
potential to be used in place of Dyostem to give
comparable measurements at a convenient and
cheaper cost.

Figure 4. Comparison of phone App and Dyostem
for Chardonnay bunch hue in sunlight.
Figure 5 shows the comparison between the App and
Dyostem for the bunch hue measurements taken in
artificial shade. The model of App hue in shade has a
coefficient of determination (R2) of 0.021 indicating
that 2.1 % of the variation is determined by the
regression line. The model has a correlation
coefficient of 0.14 which indicates a weak correlation
between the App and Dyostem for hue measurements
in the artificial shade. The p-value (0.6089) for the Ftest provides insufficient evidence at the 5 %
significance level to conclude that the model fits the
data better than the model with no independent
variables. The scatter chart in Figure 5 show that the
App gave six measurements where the hue values
were higher than Dyostem and nine measurements
where the hue values were lower than Dyostem.
Overall, the results in Figure 5 show a weak
relationship between the hue measurements from the
App with the Dyostem reference for images taken in
artificial shade.
A
pp
App
D
yostem
Dyostem
R2
0.021

Mean
71.23
67.7
R
0.14

SD
14.13
3.3

Minimum
Minimu
um
57.0
64.0
RMSE
RMSE
14.514

Median
Median
65.0
66.0
F
0.27

Maximum
M
aximum
96.0
73.0
pvalue
p-value
p
0.6089

For further investigation, Figure 6 shows a
comparison of the same berry bunch taken in
sunlight and artificial shade with the corresponding
App berry detections. For the bunch taken in
sunlight, the App gave a measured hue value of 60
whereas for the bunch taken in the artificial shade,
the App gave a measured hue value of 82. The
following recommendations can be used to control
and improve the colour hue measurements for
smartphone imaging in the field : (1) For correct
operation of the App, images should be captured in
sufficient natural sunlight conditions ; (2) A second
recommendation is to investigate the incorporation of
83
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Figure 5. Comparison of phone App and Dyostem
for Chardonnay bunch hue in artificial shade.

a colour reference on the probe for colour correction.
This may allow images taken with insufficient
sunlight to be corrected prior to analysis with the App.

The results for volume estimation are not reported in
this paper. One major challenge for volume estimation
is to position the probe within the bunch. The grape
bunch occupies a three-dimensional space and the
probe has to be placed within the bunch. The current
practice is to position the probe to coincide with the
closest surface berries to be detected. However, this is
subject to human error in positioning the probe.
Another issue is that berries deeper within the bunch
would be measured with a smaller diameter compared
with berries at the surface of the bunch. These are
challenges which remain to be resolved for practical
deployment of the App in vineyard management.

Conclusions

This paper has investigated the feasibility of a
smartphone imaging tool which can be used for infield evaluation of berry quality assessment.
Preliminary results have shown the potential and
usage of the tool although several challenges remain
to be resolved for practical usage in vineyard
management. Image quality and illumination
conditions are important aspects of berry detection
algorithms. The ability of the grower to position in
the vineyard to capture good quality images for
analysis is also a factor. Potential solutions to deal
with varying illumination would be to perform
correction with a color reference prior to analysis.
For volume estimation, 3-D imaging to capture depth
information within the bunch may be promising
future areas of investigation.
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consortium of institutions known for their excellence in the field. The joint OENODOC doctoral
programme was created within this framework with the aim of developing an international
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This seventh network symposium is dedicated to « Opportunities and challenges for vine and
wine production by preserving resources and environment » : This topic is of great importance for
the wine sector to adapt and preserve an integrated grapes and wines production. Several
questions are approached during this symposium :
- Viticultural aspects for wine and table grapes,
- Winemaking and ageing aspects,
- Economical marketing,
- Consumers’ preferences aspects,
- Health and Safety aspects and
- Innovation in sustainable production for vines and wines.
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need to be encouraged.
This international symposium enjoys support from the OIV, Château Pichon-Longueville (AXA
Millésimes), the Foundation Bordeaux University (original interface between the university and
socioeconomic worlds), the University of Bordeaux, ISVV, and all of the OENOVITI INTERNATIONAL
network’s academic and industrial partners. We would like to thank all our partners and backers
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