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Abstract

A study was carried out in nineteen vineyards of five countries, well representative
of major viticultural districts, which showed areas with fertility problems, conse-
quence of strong soil erosion occurred during either pre-planting or ordinary culti-
vation. The comparison between degraded and non-degraded areas highlighted that
the soil features limiting water nutrition and enhancing potential water stress were
the most frequent discriminant soil conditions. Low nitrogen availability was the
second most important cause of soil malfunctioning, together with low organic
matter content. The degradation was also reflected in the very low values of the
C/N ratio, pointing to a difficulty of microbiota in synthetizing humus. Other limit-
ing factor were excessive lime content and poor drainage. Also nutrient unbalance
or toxicity and low cation exchange capacity sporadically occurred. Since physical
and hydrological limitations are hardly modifiable, especially in depth, the study
underlines the difficulties to restore the fertility of degraded soils, and suggests
caution in planning new vineyards.
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Introduction

Most vineyards are established after several land preparation activities, which in-
volve soil trenching, deep tillage, stone-breakage and clearing, and land-levelling,
in order to adapt fields to mechanization and to create a good workable planting
bed (Bignal and McCracken, 2000, Vaudour et al., 2015; Costantini et al., 2015).
Slope reshaping activities, in particular, can move huge volumes of soil, with con-
sequent strong variation of soil thickness and soil horizons mixing. In northern and
central Italy, Bazzoffi et al. (2006) estimate an average mass moved by land level-
ling between 8,640 and 23,040 Mg-ha™, whereas soil burial ranged between 7,520
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and 16,320 Mg-ha™. Earth movements affect the original natural profile of soil and
can disturb the existing chemical, physical, biological and hydrological equilibrium
(Bazzoffi et al., 2006; Costantini et al., 2006). In addition, most of the vineyards
are situated on slopes, therefore they are strongly susceptible of soil loss by water
erosion, in particular in the weeks and months just after vineyard planting (Bazzof-
fi et al., 2006). Also ordinary cultivation of vineyards located on slopes is usually
accompanied by high values of soil water erosion (Le Bissonnais et al., 2002; Cos-
tantini and Barbetti, 2008; Prosdocimi et al., 2016).

Strong soil erosion, either caused by earth movements before plantation or pro-
duced by cultivation, can reduce soil fertility and grape production and quality
(Costantini, 1992; Martinez-Casasnovas and Ramos, 2006, 2009). Southern Europe
is more sensitive to this problem for two reasons: i) Spain, France, Italy and Turkey
have about 40% of vineyard area of the world (3,115 million of hectares - OIV,
2012); ii) the erosion risk of Southern Europe countries is higher than those in cen-
tral and northern Europe (Gobin et al., 2004).

Soil erosion affects both conventional and organically farmed vineyards. Although
organic viticulture aims at sustainable management, organic farmers use the same
methods of land preparation as conventional viticulture. The EU Regulation on or-
ganic farming (834/2007 and 889/2008) includes generic considerations on the
maintenance of soil fertility and biodiversity, but so far the regulation does not in-
clude guidelines about land preparation for plantation and soil fertility maintenance
in perennial crops.

In the framework of the EU CORE Organic Plus research project “Restoring opti-
mal Soil functionality in degraded areas within organic Vineyards - ReSolVe”
(http://resolve-organic.eu/), a study was undertaken aimed at highlighting the fea-
tures of soil profiles in degraded and non-degraded area of vineyards, so to under-
stand which were the causes of soil malfunctioning.

Materials and methods

The study districts and farms were situated in: i) Italy, districts of Chianti (Fontodi)
and Maremma (San Disdagio); ii) Spain, La Rioja (Bodegas Puelles); iii) Turkey
(Table grape), Adana (Celebi) and Mersin (Evran); iv) France, Saint Emillion
(Chéateau Maison Blanche) and Languedoc (Chateau Pech Redon); v) Slovenia,
Primorska (Bonini and Prade). Nineteen organic vineyards have been selected,
ranging in size 0.5-2.5 ha and in full production (more than 10 years from plant-
ing), where farmers had identified areas of soil degradation. Causes of soil mal-
functioning were attributed to vineyard trenching and soil erosion, while other pos-
sible causes, such as waterlogging or localized parasitic infections, were excluded.
These areas were reported to suffer from a higher frequency of vine diseases, lower
grape yield and quality, missing vines, compared to the rest of the vineyard. Stand-
ard soil management was tillage in San Disdagio, Bodegas Puelles, and both Turk-
ish farms, alternate natural grass cover / tilled rows in both French farms, and natu-
ral grass cover at Fontodi and both Slovenian farms. All vineyards were rainfed,
apart from Turkish ones, which were occasionally irrigated.
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After a very detailed soil survey, made with proximal sensors (Priori et al., 2013),
we excavated soil profiles in both degraded and non-degraded area of vineyards,
comparing the soil features and characteristics, to highlight differences that could
have been the causes of different soil functionality and vine behavior. The experi-
mental design provided three replicated comparisons in each farm, but in Slovenia
and Turkey only one.

The soil profiles were dug up to about 1 m depth and described following the na-
tional and international references (Jahn et al., 2006; Costantini, 2007). Grapevine
root distribution was described to highlight soil horizons with limitations to root
deepening. Soil profile horizons were sampled and analyzed according to interna-
tional standards (Van Reeuwijk, 2002; Burt, 2004). The studied soils were classi-
fied following the WRB system (IUSS working group WRB, 2015); soil limitation
for grapevine were assessed according to Bucelli and Costantini (2009). The soil
limitations encountered in describing and analyzing soil profiles were compared
between degraded and non-degraded soils, to highlight the limitations that were
present and the different degree (class) between the two soil conditions (Figure 1).

Low grape yield and
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growth and good yield
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§j|matter, high structure
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Figure 1. Degraded (left) and non-degraded (right) soils in an experimental vineyard
(vineyard B) of San Disdagio (Italy). Soil types are Cambic Calcisols (Loamic, Stagnic)
and Stagnic Eutric Cambisol (Loamic), respectively. Note that the eroded soil on left
shows the effects of an enhanced pedological aridity, in the form of calcium carbonate ac-
cumulation in the subsurface horizon.
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Eleven soil limitations and limiting conditions were considered, as follows:

1. Shallow rooting depth: depth to which vine roots can penetrate the major soil
volume less than 100 cm (Costantini, 2007);

2. Low available water capacity (AWC): difference between water content at conven-
tional field capacity (0.33 bar) and wilting point (15 bar) less than 100 mm to rooting
depth;

3. Poor internal drainage: presence of a perched water table within rooting depth,
limiting oxygen availability;

4. High compaction: packing density of soil particles higher than 1.4 g cm™in top-
soil;

5. Excessive lime: total lime content higher than 30%, active lime higher than 10%
to rooting depth;

6. Low nitrogen: total nitrogen content TN lower than 1 g kg™ in topsoil;

7. Low soil organic carbon content: SOC lower than 10 g kg™ in topsoil;

8. Low carbon nitrogen ratio: C/N lower than 7 in topsoil;

9. Low cation exchange capacity: CEC lower than 10 cmol[+]/kg in topsoil/rooting
depth;

10. Sodic properties: (Na+Mg)/CEC more than 10 in topsoil/rooting depth;

11. Potassium unbalance: Mg/K more than 7 in topsoil/rooting depth.

Results and Discussion

The climate of the studied sites, according to the Kdppen classification (Peel et al.,
2007), was Temperate Oceanic in Bodegas Puelles, Maison Blanche and both Slo-
venian vineyards, while it was Warm Mediterranean in the remaining sites. The
studied vineyard soils were similar for morphological setting, since they laid on
gentle slopes, but varied notably for parent materials. Soils of Maison Blanche and
Bodegas Puelles formed from alluvial deposits of Pleistocene, while San Disdagio
soils formed from marine deposits of the Pliocene. Carbonate clastic rocks of ma-
rine deposits of Miocene were the parent material of Turkish soils, while sandy-
calcareous flysch of Eocene was found in both Slovenian vineyards. Older for-
mations characterized soil parent materials at Fontodi (clayey-calcareous flysch)
and Pech Redon (limestone, marl and gypsum) both Cretaceous in age.

Soil classification was rather uniform in Slovenia, at Pech Redon and Evran, where
only a soil typology was found. Two main types were reported in all the other
farms, apart from Maison Blanche, were soil variability was higher, and five soil
types were classified.

The most common soil types were Cambic and Haplic Calcisols, present in all
farms, apart the more humid Slovenian sites where only Calcaric Cambisols were
found. Calcaric and Eutric Cambisols were also present in some Fontodi, San Dis-
dagio, Bodegas Puelles, and Maison Blanche vineyards, although under the Tem-
perate oceanic climate of Maison Blanche Luvisols dominated. In general, soil
classification somehow reflected pedoclimatic conditions, pointing to an increase
lime accumulation in the profile along with climatic and soil aridity. Table 1 com-
pares the limitations in the soil profiles of degraded and non-degraded plots.
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Table 1. Presence of a stronger soil limitation in degraded vs non-degraded vineyard soils.

<
% 6 % é ] Q
Profile Code 2 s = ] E g s] % Notes
g < 5 &
g o
Italy farm 1:Fontodi, Panzano in Chianti (FI)
FON1 vs FON2 Yes Yes Yes Yes Yes No No Yes
FON3 vs FON4 Yes Yes No Yes No Yes Yes Yes
FONS5 vs FON6 Yes Yes No Yes No No No No
Italy farm 2:San Disdagio, Civitella Marittima (Gr)
SD1 vs SD2 No Yes Yes Yes No Yes Yes Yes Soﬂizgggf’:;;fs‘
SD3 vs SD4 Yes No Yes Yes Yes Yes Yes Yes Mg excess
SD5 vs SD6 No No No Yes Yes Yes Yes Yes
France farm 1:Maison Blanche, Montagne Saint Emilion (Gironde)
MB1 vs MB5 Yes Yes Yes Yes No No No No
MB6 vs MB10 Yes Yes Yes Yes No No Yes No
MB11 vs MB15 Yes Yes No Yes No No No No
France farm 2:Pech Redon, Narbonne (Aude)
PR1 vs PR5 No Yes No Yes No Yes Yes Yes
PR8 vs PR10 No Yes No Yes No Yes Yes No
PR11 vs PR15 No Yes Yes Yes Yes Yes Yes Yes
Spain: Bodegas Puelles, Abalos (Logrono)
LOG1vs LOG2 No No No No Yes Yes No No
LOG3 vs LOG4 No No No No Yes No No No
K unbalance
LOG5 vs LOG6 Yes Yes No Yes No Yes Yes Yes Mg excess,
Low CEC
Slovenia farm 1: Bonini (VS), Koper
SL1vsSL4 Yes Yes No No No Yes Yes No
Slovenia farm 2: Prade (VL), Koper
SL5vs SL7 Yes Yes No No No No No No
Turkey farm 1: Celebi (Dokuzetkne)
CRC3vs CRC1 Yes Yes No No No Yes Yes Yes
Turkey farm 2: Evran, Sariveli in Tarsus (Mersin)
EV4 vs EV13 Yes Yes No No No Yes Yes Yes
Frequency
n.19 12 15 6 13 6 12 12 10 3

* Available Water Capacity = difference between water content at conventional field capacity and wilting point

The qualitative evaluation (yes or no) points to the presence or not of a stronger
limitation in the degraded plot, when compared to the non-degraded one.

The evaluation clearly shows that the contrast between degraded and non-degraded
soils is much more evident in some farms, for instance in San Disdagio and Bonini,
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than in others, like in Bodegas Puelles. Within each farm, the comparison did not
provide homogeneous results, that is, the soil profiles of degraded and non-
degraded plots did not contrast for exactly the same set of limitations.

As a whole, limitations related to a larger potential water stress, namely lower
AWC, higher soil compaction, and shallower rooting depth, resulted the most im-
portant soil properties differentiating degraded from non-degraded plots. The sec-
ond most frequent kind of limitation was associated to the lower total nitrogen con-
tent, which went parallel to organic carbon in almost all cases. Actually degraded
areas showed very low values of organic carbon, which was the unique form of ni-
trogen input, because of the organic farming management. Besides nutrient defi-
ciency, in more than half of cases we observed a very low C/N ratio in more than
half of cases, stressing the difficulties encountered by microbiota in humifying or-
ganic matter in degraded soils, also under permanent grass cover.

Limiting conditions for lime content or poorer internal drainage were also present,
localized in one third of cases. In only few cases there were analytical values indi-
cating possible limiting conditions related to Mg or Na excess, K unbalance, or low
cation exchange capacity.

Conclusions

The study, carried out in nineteen vineyards of five countries, well representative
of premium viticultural districts, indicated that, in vineyards showing fertility prob-
lems, there was a marked variability in terms of limitation, also within the same
farm and vineyard.

The comparison between the degraded and non-degraded soils highlighted that the
limitations related to water nutrition and potential water stress for grapevine (root-
ing depth, AWC, and compaction) were the most frequent discriminant of soil fer-
tility. Insufficient element nutrition, in particular low nitrogen availability, was the
second most important cause of soil malfunctioning. Total nitrogen went along
with organic matter content, since this is the main source of nutrients in organic
farming. The degradation was also reflected in the very low values of the C/N ratio,
pointing to a difficulty of microbiota in synthetizing humus, because of the ex-
tremely low organic matter content. Other limiting factor were excessive lime con-
tent and poor drainage, while nutrient unbalance or toxicity, as well as low cation
exchange capacity, occurred sporadically.The fact that physical and hydrological
limitations, which are hardly modifiable, especially in depth, were the soil features
most responsible of the low productiveness of degraded areas, underlines the diffi-
culties to restore the fertility of these soils, and suggests caution in planning soil
management in new vineyards. In particular, pre-planting interventions should be
properly dimensioned, according to a detailed survey of the original soil character-
istics and in the light of the desired soil features of the resulting vineyard.

Future research issues shall develop and test additional organic strategies, such as
combining the cultivation of deeper soil horizons with green manure, improved soil
addition, biostimulants spreading, to restore soil fertility both on surface and in
depth.
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