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Abstract

To improve its sustainability, viticulture should increase the provision of ecosystem services to
decrease its use of inputs and the resulting environmental impact while maintaining high socio-
economic performance. Soil functions in relation with their physical, chemical and biological
properties can be regulated by proper soil surface management. Cover crops deliver ecosystem
services such as protection of soils, better water infiltration and nitrogen fixation. Yet to avoid trade-
off between provision of services and production of grapes, the management of cover crops should
adapt to climate variations and to the yield objective. Pest and diseases can be regulated by various
technical levers, including the control of the grape vegetative development. The assessment of
damages due to pests and disease and of their consequences on yield losses is a key component of the
design of alternative strategies of crop protection. This knowledge provides clues for designing
management strategies with low pesticide use and high agro-ecological performance. A French
national network of experiments has quantified the reduction of pesticide use with decision support
systems, biocontrol or resistant varieties. To go further the challenge is now to design agroecological
vineyards that combine innovations in management, and also in spatial organization at field, farm and
landscape scales.
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Resumen

Para mejorar su sostenibilidad, viticultura deberia aumentar la prestacion de servicios ecosistémicos
para reducir su uso de insumos y el impacto ambiental resultante, manteniendo un alto desempefio
socioecondmico. Las funciones del suelo en relacion con sus propiedades fisicas, quimicas y
biolégicas pueden ser reguladas por un manejo adecuado del suelo. Cubiertas vegetales brindan
servicios ecosistémicos tales como proteccion de suelos, mejor infiltracion del agua y fijacion de
nitrégeno. Sin embargo, para combinar prestacion de servicios y produccion de uva, el manejo de
cubiertas vegetales debe adaptarse a las variaciones climaticas y a los objetivos de produccion. Las
plagas y enfermedades pueden ser reguladas por varias técnicas, incluyendo el control del desarrollo
vegetativo de la uva. La evaluacion de los dafios debidos a plagas y enfermedades y sus consecuencias
sobre las pérdidas de rendimiento es un componente clave del disefio de estrategias alternativas de
proteccidn de cultivos. Este conocimiento proporciona pistas para disefiar estrategias de manejo con
bajo uso de pesticidas y alto desempefio agroecol6gico. Una red nacional francesa de experimentos ha
cuantificado la reduccion del uso de pesticidas con sistemas de apoyo a la decision, control bioldgico o
variedades resistentes. El desafio presente es disefiar vifiedos agroecoldgicos que combinan
innovaciones en manejo y organizacion espacial a los niveles del campo, de la granja y del paisaje.

Palabras clave: viticultura, servicios ecosistémicos, manejo del suelo, proteccion de cultivos,
diversidad

Introduction

Whereas viticulture claims strong links with its environment (its “terroir”), its sustainability is
questioned regarding its negative impacts on this environment, particularly in the soil management and
crop protection domains (Meziere et al., 2009; Gary et al., 2010). In the recent years, several projects
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have aimed at revisiting these issues within an agroecological framework in order to (i) determine how
soil functions and pests and diseases can be regulated in vineyard agroecosystems with minimal use of
inputs, and (ii) design agroecological management strategies that provide the set of products and
environmental services expected from viticulture. The present communication aims at reviewing
recent advances our research group contributed to achieve, and at identifying major challenges in this
field.

Enhancing ecosystem services to reduce inputs in vineyards

Viticulture relies on a high use of inputs, yet with variations among regions and among grape growers
within the same region (Meziere et al., 2009). Pesticides come first to control pests and diseases, then
fertilizers, depending on the expected yield level, and water in drylands. In contrast, an agroecological
approach of viticulture should mobilize natural controls (e.g. of pests and diseases) within the
agroecosystem to enhance the provision of ecosystem services and reduce input use (Fig. 1). Several
of these ecosystem services have been assessed for the recent year, which provides clues for
improving management strategies.

Requlating soil functions

The environmental sustainability of viticulture strongly relies on the maintenance of good soil quality,
particularly in terms of physical structure, resource availability and biological activity. Polge de
Combret — Champart et al. (2013) observed a high frequency of soil compaction in 69 plots located in
several French vineyards. The distribution and intensity of compaction within the soil profiles varied
with soil vulnerability to compaction (in relation with texture, waterlogging and stoniness) and traffic
geometry. It could be moderated with some agricultural practices such as cover cropping, use of low-
pressure tyres and limitation of traffic. Salomé et al. (2016) considered a larger range of indicators of
soil quality, including physical, chemical, biological and nematode ecological indicators. They
observed this set of indicators over 146 plots located in French Mediterranean vineyards. If soil quality
varied with its specific characteristics (Ca carbonate content, stoniness), it was also affected by soil
management practices such as fertilization, weeding and cover cropping. Organic rather than mineral
fertilization tended to stimulate the soil physical, chemical and biological quality, yet with contrasted
patterns among soil types and depending on the fertilizer policy. Similarly, the type of weeding
management (chemical vs. mechanical) generated contrasted effects among soil types. Only cover
cropping, permanent or temporary, improved most of soil quality indicators, whatever the soil type.

In these two surveys, cover cropping appeared to improve a large range of indicators of soil quality.
The soil processes and the resulting ecosystem services behind these indicators have been studied,
with a specific focus on the soil water and nitrogen balances. Cover cropping regulates various water
fluxes. It increases evapotranspiration but is also increases water infiltration during the rainy seasons
(Gaudin et al., 2010) providing more water for grapevine absorption in deep soil horizons (Celette et
al., 2008). Cover cropping also regulates the nitrogen fluxes, directly by uptaking nitrogen for its own
development, reducing nitrate leaching or fixing atmospheric nitrogen if it includes legumes, and
indirectly by drying the upper soil layer and then reducing biological activity and mineralization
(Celette et al., 2009). These processes may generate periods of competition for the soil resources
between grapevine and cover crop (Celette and Gary, 2013). Consequently, cover cropping alters,
positively or negatively, the time course of resource availability during the grapevine cycle, and the
resulting formation of grape yield and quality (Guilpart et al., 2014; Ripoche et al., 2011a).

Therefore cover cropping, and more generally soil surface management, regulates soil functions in
ways that may lead to the provision of either ecosystem services (better water infiltration, symbiotic N
fixation) or disservices (lower availability of soil resources for grapevine). Various technical levers are
available to tune the balance between services and disservices: cover crops species with very
contrasted functional traits are available (Kazakou et al., 2016), they may cover all or part of the field
surface area (between and/or under rows), they may be set only off-season and/or during the grapevine
crop cycle. By simulating the water balance resulting from a large number of soil surface management
strategies, Ripoche et al. (2011b) showed that an appropriate management should adapt permanently
for the cropping system to provide stable grape yield and quality and stable environmental services
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despite strong changes in the rain regime over the years. Indicators such as the availability of soil
water at budbreak can be used to this end (Gaudin and Gary, 2012).

Regulating pest and diseases

The grapevine is confronted with major pests and diseases that must be regulated to protect the quality
of grapes and the sustainability of this perennial crop. In an extensive analysis of agricultural practices
in a set of about 5000 vineyard fields in ten French wine-producing regions, Meziere et al. (2009)
identified four classes of strategies: systematic crop protection, non-systematic protection, integrated
protection (adoption of alternatives to pesticides), and organic farming. The average treatment
frequency index (TFI) varied a lot among these classes (from 21.3 with systematic crop protection to
8.4 with integrated protection) and also among regions (it was much lower in Mediterranean regions
than in northern vineyards). There is also a strong variability among grape growers, the most common
technical levers to reduce TFI being the late timing of the first fungicide spray and the adoption of
mechanical weeding or cover cropping instead of chemical weeding (Mailly et al., 2017). Some
technical levers aiming more explicitly at regulating pests and diseases are promising (grapevine
varieties resistant to major fungi, biocontrol agents, mating disruption) yet their level of adoption
among grape growers is still uneven (Pertot et al., 2016).

The processes of interaction among the various communities of plants, fungi and arthropods in
vineyards have extensively been studied by biologists and ecologists. An original agronomist view
point has been brought by Valdés-Goémez et al. (2008, 2011) who observed a good correlation between
soil resource availability, grapevine vegetative growth and the development of powdery mildew and
grey mould. They showed that, in some respect, the control of grapevine development through the
management of soil resources can be an effective way of regulating fungi attacks. Guilpart et al.
(2017) found that inter-annual variation in water stress at grapevine flowering is a key driver of the
balance between grape yield and grapevine susceptibility to powdery mildew and grey mould in
relation with vegetative development. Their results suggest opportunities to reduce fungicide use when
a win-win situation occurs, combining good grape yield and quality and reduced vegetative
development.

Another agronomic challenge is the assessment of yield losses in relation with attacks of pests and
diseases, which is increasingly relevant in a context of reduction of pesticide use. The clue is to
identify the links between epidemics, injuries, damages and economic losses. In viticulture, a first
attempt has been carried out by Leroy et al. (2013) who introduced in the Sticks grapevine crop model
a function of damage caused by downy mildew onto leaves and fruits; this damage function
determines a percent reduction of potential leaf area and yield. The next step are to consider the
pathosystem as a whole with a multiple pest damage function (Smits et al., 2015) and to develop
indicators to assess the intensity and impact of pests and diseases in farmer’s fields condition
(Fermaud et al., 2016).

Designing agroecological management strategies

Improving our knowledge about the links between cropping techniques and provision of ecosystem
services is not enough for grape growers to change their management. These pieces of knowledge,
these indicators and decision rules must be assembled within coherent management strategies that fit
with the objectives and constraints of grape growers in a specific soil-climate context. This is
particularly true in the field of the reduction of pesticide use, which remains very slow over the years
despite the availability of agroecological alternatives (Mailly et al., 2017). That is why specific
research programmes have been launched to design low input cropping systems in viticulture.

A systemic approach

The Ecoviti project has been a unique opportunity to gather a large range of experts in viticulture
(scientists, extensionists, farmers) to enter in a process of participative design of cropping systems
with low pesticide use (Lafond et al., 2013). The process included four steps: (1) the listing of a set of
objectives and constraints specific to the production situation under study, (2) the sharing of a
conceptual model of the agroecosystem to be improved, (3) the participative construction of novel
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prototypes of cropping systems, and (4) the experimental assessment of the prototypes that may lead
either to their implementation at larger scale or to a new round of prototyping (Figure 2).

The resulting prototypes have been designed on the basis of specific starting points (biocontrol,
decision support systems, resistant varieties), by aggregating to them consistent sets of technical
operations. They aimed at reducing significantly pesticide use, without reducing grape yield and
quality, nor increasing working time and production costs. The technical changes mainly concerned
soil management without herbicides, reduction of the number and dose of pesticide applications based
on crop monitoring (Valdés-Gomez et al., 2017) and use of biocontrol agents. They have been
implemented and assessed from 2012 to 2017 in six experimental platforms gathering a total of 45
fields and located in various French grape-growing regions.

The proof of concept

From 2013 and 2015, 85 % of the tested cropping systems reduced TFI by more than 25% over the
three years, in conventional as well as organic cropping systems, and over the six experimental
platforms. At least half reduced TFI by 50% and more. Yield was acceptable with no or very low
losses, even when high pressures of powdery and downy mildew were recorded. The prototypes that
combined various levers (innovative decision rules, biocontrol, resistant varieties) provided higher
yield. Some prototypes led to a high pesticide reduction (over 70%), yet they did not reach the
expected yield. In that case, the adjustment of the set of objectives had to be discussed in a new
prototyping workshop. The wine market could allow re-adjusting the economic model to increase the
profitability of these prototypes with high environmental performances.

A multiple criteria analysis was carried out for an overall assessment of the performances. This
assessment was based on the aggregation of environmental, social and economic criteria with the
DEXi software (Métral et al., 2015). One third of the situations (cropping system x plot x year) were
positively assessed for all criteria; 66% presented an overall performance score higher than 4 over 5.
40% of the cropping systems presented an overall performance score higher than 4 over 5 every year.

The transition to agroecology

When moving to agroecology, farming systems often get more complex. In a survey carried out in
vineyards in transition to organic farming, Merot and Wery (2017) observed the consequences of this
technical change on the farmers’ organization of activities. At farm scale, the structure and
management of vineyards got more complex, with more diversity of management plans among fields,
and more labour involved. The transition is a period of training for farmers. It may lead to temporary
lower performance, for example in terms of yield losses due to pests or diseases, yet studies show that
this risk is limited (Merot and Thiollet-Scholtus, 2017).

Conclusion

There is now a strong body of evidence that increasing biodiversity in cropping systems promotes
natural controls, and that it is an effective way of reducing the use of anthropogenic inputs without
jeopardising economic performances. The controls of pests and diseases and soil functions provide
services to grape growers; other services such as C sequestration of water quality may be provided to
the society. This scientific knowledge, combined to the expertise of farmers and extensionists, feeds
the design of agroecological cropping systems that prove to meet both ecological and economic
objectives.

These advances go with methodological changes. We should in particular better integrate the analysis
of ecosystem services and cropping system design (Rapidel et al, 2015), and better articulate on station
and on farm experimentation within participative approaches.
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Figure 1. From efficiency/substitution-based viticulture (left) to biodiversity-based viticulture (right),
adapted from Duru et al. (2015).

Knowledge
Base

Prototyping Workshop

| Theoretical Prototype
Criteria / Indicators

Assessed Experimental
Prototype @ Prototype

Conceptual model
of the Agrosystem

(CmA)

Set of Objectives
and Constraints
(soc)

« SOC/Prototype »

Diffusion

SOC/Prototype

Figure 2. The framework for prototyping agroecological management strategies (Metral et al., 2012,
2015; Wery et al., 2013).
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