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Abstract

The Resolve research project set up a multidisciplinary research work to evaluate
the effects of possible errors in soil management during pre-planting and vineyard
cultivation, leading to severe soil erosion. Different soil functionalities were
considered, namely provision of grape yield and quality, water and nutrient supply,
carbon sequestration, organic matter recycling, and soil biodiversity. The project
involved 19 experimental organically farmed vineyards situated in Italy, France,
Spain and Slovenia (wine grape), and in Turkey (table grape). The aim of the
project was to understand the causes of soil malfunctioning and work out a proper
strategy to restore soil fertility.
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Soil functions in vineyards

The concept of soil functions emerged during the early 1970°s (Glenk et al., 2012)
and was adopted for the development of the EU Soil Framework Directive (Euro-
pean Commission, 2006). The concept was also discussed for the Millenium Eco-
system Assessment (MEA, 2005) and by Dominati et al. (2010). Soil functions are
sometimes overlapping with the general concept of ecosystem services, that is, the
benefits that people obtain from ecosystems, namely, supporting, regulating, provi-
sioning and cultural services (MEA, 2005). Soil ecosystem services have been in-
vestigated and mapped at different scales, aiming at land and territorial planning
(Egoh et al., 2008, Eigenbrod et al., 2010; Calzolari et al., 2016; Cerretelli et al.,
2018). More recently, Keesstra et al. (2016) linked soil functions to ecosystem ser-
vice and to the UN “Sustainable Development Goals” (http://sustaina-
bledevelopment.un.org/focussdgs.html).
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Although there is not an identical definition of soil functions and related ecosystem
services, a common list includes:

1) biomass provision, in form of food and fiber;

2) provisioning of raw materials, such as peat and building materials;

3) regulation of hydrological, sediments, and biogeochemical cycles, including re-
charge of groundwater, filtering and transformation of nutrients and contaminants;
4) regulation of air quality and climate, including carbon sequestration and green-
house gases emissions;

5) biodiversity pool, such as habitats, species and genes;

6) regulation of pests and disease populations;

7) support of structures and infrastructures;

8) cultural and aesthetics, such as archive of archaeological heritage and fundamen-
tal part of landscapes.

All soil functions of this list apply to the vineyard ecosystem. However, in this ag-
ricultural ecosystem, like in the others that are suited to high quality foods, another
soil function should be always considered: the quality of food or, better, the ex-
pression of terroir. This is the ‘“peculiar taste’’ provided by soil features, in combi-
nation with other natural conditions, agricultural husbandry and grape processing,
which forms wine quality and specificity (Vaudour et al., 2015).

Soil degradation in vineyards

In both conventional and organic European vineyards, it is not rare to have delim-
ited areas characterized by problems in vine health, grape production and quality.
These problems are very often related to sub-optimal soil functionality. The "de-
graded areas" can have lost their soil functionality because of errors in soil man-
agement occurred in pre-planting and during vineyard cultivation. Most common
mistakes are related to an improper land preparation or to a too intense cultivation,
leading to an excessive soil water erosion, loss of soil organic matter and nutrients,
soil compaction and element accumulation (Vaudour et al., 2015). Land transfor-
mation to adapt fields to mechanization, in particular, is a common practice in per-
ennial field crops, which includes land levelling, deep ploughing, stone-breakage
and clearing, application of fertilizers and amendments (Costantini, 1992; Bazzoffi
et al., 2006). Improper soil manipulation has a specific impact in vineyards, be-
cause they are frequently located on marginal and shallow soils, on sloping lands,
which are very sensitive to water erosion (Ramos, 2006).

Manipulation of the soil depth and natural profile of soil can disturb the naturally
existing soil self-organization and its chemical, physical, biological and hydrologi-
cal equilibrium (Costantini and Barbetti, 2008; Costantini et al., 2006). The most
common effects of the land transformation are mixing of soil horizons, organic
matter depletion, enrichment of calcium carbonate content of topsoil, reduction in
soil depth and in water retention capacity (Costantini et al., in press). Soil manipu-
lations frequently increase soil spatial variability, therefore, reduced soil function-
ality and decline of soil ecosystem services may occur in defined areas of the vine-
yard (Priori et al., 2013). Also the use of heavy machines in inter-rows can increase
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soil compaction, reduce soil aeration and biological activity, and then can also lead
to an increased susceptibility to soil- and root-borne pathogens, altering root sys-
tems and stunting above ground plant development (Hallen et al., 2004, 2006).

Sometimes the impairment of soil functionality in the degraded areas is very high
and compromises not only vine performance and crop yield, but also disease re-
sistance of plants and their survival. Moreover, the reduced microbial soil diversity
can increase the severity of soil-borne and foliar diseases (Tamm et al., 2010).

Indicators of soil malfunctioning in deqraded vineyards

Soil functionality is the degree of soil function extend, which can be quantitatively
or qualitatively evaluated by means of different indicators (Costantini et al., 2016).
Soil malfunctioning can be indicated by the lack of nutrients, imbalance of some
element ratio, pH, water deficiency, soil compaction and/or scarce oxygenation,
and Cu-toxicity (Martinez-Casasnovas et al., 2009). The CORE-organic project
“Restoring optimal Soil functionality in degraded areas within organic Vineyards -
ReSolVe” (http://resolve-organic.eu/) focused on four main soil functions that are
deemed to support the delivery of grape yield and its quality, namely, i) water and
nutrient supply, ii) carbon sequestration and organic matter recycling, and iii) soil
biodiversity. The choice of these functions was made on the research hypothesis
that there is a relationship between the different agronomic results, obtained in de-
graded and non-degraded areas, and the soil features responsible for the different
functions. In this short paper, we introduce the issue and show the first results of
the project, summarizing the effects of soil erosion on agro-ecosystem services and
soil functions.

Experimental setting

The project involved 8 research groups in 6 different countries, and 19 experi-
mental vineyards situated in Italy (Tuscany), France (Sant Emillion and Langue-
doc), Spain (La Rioja) and Slovenia (Primorska) and in Turkey (Adana and Mer-
sin). Vineyards were cultivated to produce wine grape (cultivar: Sangiovese in Ita-
ly, Cabernet franc and Syrah in France, Tempranillo in Spain and Refosk in Slove-
nia) and table grape in Turkey (cultivar Early Cardinal and Yalova Incisi). All the
vineyards were organically farmed and in full production stage (more than 10 years
from planting). Organic management limited the use of pesticides and that of ferti-
lizers to organic, possibly integrated with other fresh or matured organic substanc-
es, like compost made in farm from crop residues, green manure, dry mulch, per-
manent grass cover.

Soil erosion was mainly due to truncation provoked by back hoeing and surface
levelling, apart from France sites, where it was attributed to rill erosion. Annual
soil cultivation was variable, either natural grass cover in Italy and Slovenia, alter-
nate natural grass cover / tilled rows in France, or tillage in Spain and Turkey.

The materials and methods used to assess the considered aspects of soil functionali-
ty regarded different indicators of water supply, such as rooting depth, available
water capacity, soil aridity index (Costantini et al., 2009); nutrient availability, in
particular, total nitrogen, pH, cation exchange capacity, exchangeable bases, elec-
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trical conductivity, lime content; carbon sequestration capacity (carbon density and
stock); organic matter recycling, namely, carbon nitrogen ratio, enzymatic activi-
ties, decomposition rate measured with teabags (Keuskamp et al., 2013). Biodiver-
sity and functionality was appreciated studying the mesofauna composition, in par-
ticular, Acari and Collembola, and through genetic fingerprinting of microbial
communities from bulk and rhizosphere soil, and grapevine roots. For a detailed
explanation of the materials and methods used, we refer to the specific publica-
tions.

First results from the Resolve project

Aim of this short paper is to introduce and report the first outcomes of the Resolve
project, therefore it is not possible to show the results obtained by the different
analyses. A more comprehensive treatment is reported in several thematic articles,
also presented in this special issue. The effects of soil erosion on agro-ecosystem
services and soil functionalities in the studied vineyards are briefly summarized in
figure 1.

Y f . o] i
Country Farm ofsrasni?: Irrigation Grape yield Grape quality S\I:atelr Nutnelnt Carbon. n:g?tr:elrc Biodiversity
management PPl Supply sequestration recycling
Fontodi 15 years no ’ ﬁ ‘ ‘ . ‘ ‘ =
ITALY
San Disdagio 2 years no ‘ ﬁ ‘ ‘ ’ ‘ ’ =
Chﬁ:aele;:cMhzison 11 years no ’ ﬁ ‘ ‘ ’ = ‘ ‘
FRANCE
Ché::;ol:ech > 15 years no ‘ N.D. ‘ ’ ‘ ‘ N.D.
SPAIN  Bodegas Puelles > 10 years no ‘ ﬁ . ‘ ’ = ‘ N.D.
Bonini 10 years no ‘ ﬁ . ‘ . ‘ ‘ ‘
SLOVENIA
Prade 10 years no ‘ ﬁ . ‘ ‘ ‘ ﬁ ‘
Gelebi 1year yes = N.D. ‘ N.D. = ﬁ N.D.
TURKEY - -
Evran 1 year yes = N.D. ‘ N.D. ‘ ‘ N.D.

Figure 1. Effects of soil erosion on agro-ecosystem services and soil functions in 19 Euro-
pean and Turkish vineyards (upward and downward arrows indicate positive and negative
effects, respectively; the equal sign stands for not significant differences, N.D. for not deter-
mined).

Degraded areas with severely eroded soils showed a marked decrease in wine grape
yield, except for Turkey, where table grape was harvested very soon in summer-
time and irrigation was also possible. Wine grape quality was often characterized
by an excess of sugar and polyphenols accumulation, related to the very low yield,
which was considered negatively for the production of an equilibrated wine.

Among the considered indicators of soil functionality, those related to the regula-
tion of water and nitrogen supply highlighted the most striking differences between
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degraded and non-degraded area. Carbon sequestration was also reduced in most
vineyards, apart where it was already very low, as well as the soil ability to recycle
organic matter, especially the most hardly decomposable fractions.

The different aspects of biodiversity measurements indicated that, as a whole, bio-
diversity and the specific composition of microbiota was affected by degradation.
However, where organic farming was long since carried on, it resulted in increas-
ing biodiversity and recovering it to values not significantly different from the non-
degraded soil.

Conclusions and further perspectives

The first results of the trial indicate that the lower soil functionality in degraded ar-
eas actually lowered grape production, both in terms of yield and grape quality.
The most affected soil functions were those related to the regulation of water and
nutrient supply related to the entire soil profile, not only the topsoil. No significant
effect of different forms of annual soil cultivation was found. Irrigation could
counterbalance natural low water supply, but not the other soil functions. Long
lasting organic management instead was somehow able to restore biodiversity of
topsoil.

We may conclude that more intense and specific organic treatments are needed to
restore soil ecosystem services in severely eroded areas in vineyards. These treat-
ments might consider an extra-input of organic matter through green manure, grass
cover, compost, manure spreading. However, it must be taken into account that de-
graded soils have a reduced ability to recycle organic matter, then the quality of the
input is very important, and the distribution should privilege the more decomposa-
ble forms.

Further research perspectives may consider the restoration of soil fertility also in
depth, by forms of cultivation able to increase water availability and the penetra-
tion of nutrients and biological activity throughout the rooting depth, mainly facili-
tating soil self-organization, macroporosity and aggregate formation.
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