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ABSTRACT: The Douro vineyards are a striking example of soil protection materialized in a strongly humanized
landscape, where terraces cover a large part of the region. The paper aims at presenting a perspective on soil and
water management improvements for Douro terraced vineyards, as a response to actual responsibilities determined
by the UNESCO World Heritage statute in preserving a cultural, living and evolutional landscape. After stressing the
importance of Douro terraced vineyards in the Portuguese Continental territory and the natural constraints for crop
production characterizing the Douro valley, terrace types present in Douro landscapes are described, together with
soil changes with terracing operations. Besides the rehabilitation of drystone structures as part of the preservation
interventions on the region’s cultural heritage, critical risk areas in recently terraced hillslopes are identified as a
priority for soil protection and water management interventions. These are the vineyard areas most expose to direct
impact of erosive rainfalls and comprise the inter-row lanes, especially in non-terraced vineyards, the earthen bare
risers in recent terraces, and the farm road and drainage networks, spatially coincident, in steep extensively planted
hillslopes. Innovative soil and water management practices have to be developed and locally tested in close dialog
with regional actors.

KEY WORDS: Soil protection; drainage network; critical risk areas; terraced soil; terrace types; drystone walls.

RESUMEN: Los viiiedos del Duero son un ejemplo sorprendente de proteccion del suelo, materializado, en un pai-
saje fuertemente humanizado, donde las terrazas cubren una gran parte de la region. Este trabajo tiene como objetivo
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presentar una perspectiva sobre las mejoras en la gestion del suelo y el agua en los vifiedos en terrazas
del Duero, como respuesta a las responsabilidades reales determinadas por el estatuto del Patrimonio
Mundial de la UNESCO, para preservar un paisaje cultural, vivo y evolutivo. Después de enfatizar sobre
la importancia de los vifiedos en terrazas del Duero en el territorio continental portugués y las limitacio-
nes naturales para la produccion de cultivos que caracterizan el valle del Duero, se describen los tipos de
terrazas presentes en el paisaje del Duero, junto con los cambios en el uso del suelo debido a las opera-
ciones de las terrazas agricolas. Ademas de la rehabilitacion de las estructuras de piedra seca como parte
de las intervenciones de preservacion del patrimonio cultural de la region, las areas de riesgo critico en
las laderas aterrazadas identificadas recientemente se identifican como una prioridad para las interven-
ciones de proteccion del suelo y gestion del agua. Se trata de las areas de viledos mas expuestas al im-
pacto directo de las lluvias erosivas y comprenden los pasillos entre lineas de la vid, especialmente en
vifiedos no aterrazados, los taludes desnudos de tierra en terrazas de origen reciente, y las redes de cami-
nos y drenaje agricolas, espacialmente coincidentes, en laderas empinadas plantadas extensivamente.
Practicas innovadoras de gestion del suelo y agua deben desarrollarse y probarse localmente en un didlo-
go cercano con los actores regionales.

PALABRAS CLAVE: Proteccion del suelo; red de drenaje; areas de riesgo critico; suelo en terrazas;

tipos de terrazas; muros de piedra seca.

1. Introduction

The Portuguese territory comprises the mainland,
west in the Iberian Peninsula facing the Atlantic Ocean,
named Continental Portugal, and the Atlantic islands,
grouped in the Azores and Madeira Archipelagos. The
Portuguese continental territory is a land of contrasts,
where the Tagus River splits apart the Northern hilly
country from the lowlands of the Southern half. In fact,
north of the Tagus, 75% of the territory is above 200 m
elevation, with an average altitude of 370 m, while in the
southern tract of the country the mean elevation is 160 m,
with 62% of the area below 200 m (Medeiros, 1987;
2005). The most impressive mountain ranges are aligned
from NW, near the coast, to SE, inland, the top of Serra
da Estrela, north of the Tagus, in the Central Massif,
reaching 1993 m. This general physiographic picture
readily indicates a geomorphologically active natural set-
ting, in which hill-slope processes as runoff erosion play
an important role.

Terraced landscapes may be understood as an out-
come of the human intelligent struggle for survival in
rough terrain. Through time, highlanders realized that
sustainable settlement in such difficult conditions could
only be achieved caring for soil conservation and water
management, to grow crops and ensure food and eventu-
ally revenue. Therefore, mountain and steep sloping
farmland has to be associated since its origins to a refined
knowledge of the natural setting and a wise use of so cru-
cial resources as soil and water. Terraces are the most
achieved result of such quest for better life in a harsh en-
vironment, no matter the large efforts required or the
short benefits obtained. And this is also the case of the
Portuguese terraced landscapes.

In present times, terraces are common elements of the
Portuguese mountain and steep-sloping areas. Figure 1
depicts the cartography of terraces available for Conti-
nental Portugal, which assembles data issued from soil

maps, hence not specifically driven to survey terraces
(soil maps of: Tras-os-Montes e Alto Douro, NE, by
Agroconsultores & Coba, 1991; Entre Douro e Minho,
NW, by Agroconsultores & Geometral, 1995; Beira Inte-
rior, Centre East, by Geometral & Agroconsultores,
2005). Figure 1 also depicts vineyards distribution in
Continental Portugal, based on the 2015 land use map
(DGOT, 2019b), and outlines the overlapped data layers
of terraced and vineyard areas, labelled as terraced vine-
yards. As expected, terraces are mostly present north of
the Tagus River, where also lay three most representative
Wine Regions of Portugal: Dao ¢ Lafoes, Douro and Vin-
hos Verdes. According to the sources of Figure 1, terraced
areas cover 2.9% of Continental Portugal, while areas
planted with vineyards correspond to about 2.1%, and ter-
raced vineyards to 0.3%, meaning near 23 thousand hec-
tares (Table 1). Vinhos Verdes Wine Region accounts for
the larger area of terraces (in absolute and in relative
terms) but, as also in the Centre-East of the country, they
are not dominantly occupied by vineyards. The Douro
Wine Region has the larger extent of terraced vineyards
(5.7% of the Region, near 1/4 of the regional vineyards
area), which represents almost 1/3 of terraced vineyards
in Continental Portugal.

Part of the Douro Wine Region, the 4lto Douro Vin-
hateiro (24,600 ha), was granted the UNESCO World
Heritage status (2001), in recognition of the values it en-
closes as a living and evolutional cultural landscape (Bi-
anchi-de-Aguiar, 2002). This distinction implies an in-
creased responsibility for territorial actors and managers.
Indeed, the Alto Douro Vinhateiro has to keep improving
and innovating on solutions to achieve a difficult balance
between opposing strains in different dimensions. They
combine management with valuing (the meager resources
and the excellence of the products), building with preser-
vation (of the evolutional and living landscape, diverse
and unique), prevention with mitigation (of risks and natu-
ral hazards that compromise resources and productions).

Pirineos, Vol. 175, Enero-Diciembre, 2020, e058. ISSN-1: 0373-2568, https://doi.org/10.3989/pirine0s.2020.175008


https://doi.org/10.3989/pirineos.2020.175008

TERRACED VINEYARDS OF DOURO: A SOIL & WATER MANAGEMENT PERSPECTIVE -3

10°0'0"W 9°0'0"W 8°0'0"WwW 7°0'0"W 6°0'0"W
1 1 1 1 1
N
= | pd
=) ) o
ol el 15
+ 1
Douro river
brd Z
=) =3
o 12
s <
Atlantic Ocean
Spain
z Z
o o
St 18
Q g
Tagus river

= Z
=) o
or 12
2 2]

Legend

Douro river

=z Tagus river Z
=) . =]
oI I Terraced vineyards | ©
0 0
™ Terraces ™,

B vineyards

Dao e Lafdes

[ 1 Douro

|:| Vinhos Verdes
z [_] continental Portugal | =z
o 1o
2T Projection: Transverse Mercator ‘E
B &2 B0 Datum: ETRS89/PT-TMO06 *

1 1 1 1 1

10°0'0"W 9°0'0"W 8°0'0"W 7°0'0"W 6°0'0"W

Figure 1. Terraces, vineyards and terraced vineyards in Continental Portugal, with main Wine Regions of the central and northern
mountain and steep sloping areas.
Sources of geo-data: Vineyards — COS 2015 (DGOT, 2019b), Terraces — Leitdo & Silva, 2013; Wine Regions of Vinhos Verdes and
Daio e Lafoes— CAOP 2018 (DGOT, 2019a), DL 10 (1992), P 155 (2014); Douro Wine Region — IVDP (2019a).
Figura 1. Terrazas, vifiedos y vifiedos en terrazas en Portugal continental, con las principales regiones vitivinicolas de las montaiias
del centro y norte del pais, y las zonas de pendiente pronunciada.
Fuentes de datos geogrdficos: Vifiedos - COS 2015 (DGOT, 2019b), terrazas - Leitdo y Silva, 2013, Regiones vitivinicolas de Vinhos
Verdes y Dao e Lafoes— CAOP 2018 (DGOT, 2019a), DL 10 (1992), P 155 (2014); Region vinicola del Duero - IVDP (2019a).
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Table 1. Area distribution of terraces, vineyards and terraced vineyards in Continental Portugal and in the main Wine Regions

of the central and northern mountain and steep sloping areas (obtained from georeferenced data, Figure 1).

Tabla 1. Distribucion del area de terrazas, viiiedos y viiedos en terrazas en Portugal continental y en las principales
regiones vitivinicolas centrales y septentrionales en zonas de montaria y de pendiente pronunciada (obtenida de datos

georreferenciados, Figura 1).

Feature Wine Regions Continental
Dao e Lafoes Douro | Vinhos Verdes Portugal
Area (km?)

Total 5149.59 2474.03 8383.82 89102.14

Terraces 218.07 293.72 1183.08 2583.61

Vineyards 74.56 604.04 152.6 1890.55

Terraced Vineyards 2.13 140.84 45 226.53

% of Feature in Total area for each Region

Terraces 4.2% 11.9% 14.1% 2.9%

Vineyards 1.4% 24.4% 1.8% 2.1%

Terraced Vineyards 0,0% 5.7% 0.5% 0.3%

% of Region in Continental Portugal for each Feature

Terraces 8.4% 11.4% 45.8% 100%

Vineyards 3.9% 32.0% 8.1% 100%

Terraced Vineyards 0.9% 62.2% 19.9% 100%

The paper aims at presenting a perspective on soil and
water management improvements required for Douro ter-
raced vineyards, answering actual responsibilities deter-
mined by the UNESCO World Heritage statute in pre-
serving a cultural, living and evolutional landscape. In so
doing, the paper also aims at contributing for a specifi-
cally oriented insight on terraces and viticulture of the
Douro, a Region surprisingly absent in international sci-
entific literature on those topics (Varotto ef al., 2019).

2. The Douro Wine Region
2.1 Historical background

The Douro Wine Region is the oldest demarcated and
regulated region in the world, dating back in the mid-
XVII"® century (1756) the first demarcations, determined
by Sebastido José de Carvalho e Melo, Marquis of Pom-
bal, minister of King José I (Figure 2). Nowadays, the
Douro Demarcated Region (RDD) has its limits estab-
lished by the Statute of Designations of Origin and Geo-
graphical Indication of Douro Demarcated Region (DL
173, 2019).

Vineyards in the area are reported since Roman
times (e. g., Almeida & Almeida, 2004) and in the Mid-
dle Age several Cistercian monasteries were set in the
Region contributing to promote viticulture and enlarge
vineyards area (e. g. Sebastian, 2018). The oldest vine-
yard stone walled terraces still present in Douro land-
scape are called mortorios, a name literary meaning
dead ground and a reference to the phylloxera times, at

the end of the XIX™ century, when, together with other
wine regions all over Europe, Douro vineyards were ex-
tensively affected and viticulture threatened to extinc-
tion (Magalhies, 2008).

2.2. Bio-physical setting

RDD extends eastwards along the Douro River Valley
to the Spanish border, in an irregularly distributed strip on
both banks that includes the Douro tributaries, especially
in the northern bank. Covering around 250 thousand hec-
tares, the area is planted with about 40 thousand hectares
of vines, in a mosaique combining permanent crops as ol-
ives and almonds, scrublands and other less represented
land use types (DGOT, 2019b).

In the morphology of the Douro Wine Region three
elements are distinguished: the deep incision of the
valleys, with narrow alluvial areas; the very steep and
long hill-slopes, straight or even convex in profile; the
small rounded or almost flattened catchment divides.
All these relief features are present in the region, yet
softening from downstream (the western sub-region
Baixo Corgo) to upstream the Douro River (the central
sub-region Cima Corgo and the eastern sub-region
Douro Superior). In addition, they reveal a dynamic
geomorphological structure determined by the regional
base level of the Douro River with strong vertical ero-
sion. The 400 m elevation identifies valley bottoms
while crests are found above 700 m. Minimum eleva-
tion is less than 50 m on the Douro River in the west
and maximum reaches about 1400 m in Serra do
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Figure 2. The Douro Wine Region: a mid-XIX™ century map (Baron of Forrester, 1809 — 1861) (top), and a hypsometric
map (bottom, elevation in meters)
Top source: http://portugalpatrimonios.com/tag/regiao-demarcada/;

Bottom source: geo-data from APA, SNIAmb (2015); Figueiredo (2015).

Figura 2. La region vitivinicola del Duero: un mapa de mediados del siglo XIX (Baron de Forrester, 1809-1861) (arriba)
y un mapa hipsométrico (abajo, elevacion en metros)
Fuente superior: http://portugalpatrimonios.com/tag/regiao-demarcada/;
Fuente inferior: datos geogrdficos de APA, SNIAmb (2015), Figueiredo (2015).

Mardo, a peak along the northern border of the Region
(Figueiredo, 2015) (Figure 2).

The climate is Mediterranean with continental and al-
titudinal influences that, respectively, sharpen and
smoothen the summer soil water deficit and the annual
thermal amplitude typical of that climate type (Agrocon-
sultores & Coba, 1991). Considering the Aridity Index as
a differentiation criterion (ratio between the annual aver-
ages of precipitation and potential evapotranspiration),
regional climates range from semiarid in the valley bot-

toms and in Douro Superior, at east (lower elevation,
higher continental effect), to wet sub-humid in Baixo
Corgo, at west (higher ocean effect) and in the higher el-
evations, while Cima Corgo sub-region is under dry sub-
humid climate (PANCD, 2014; Figueiredo, 2015).

The geological basement is dominantly schist (Pre-
Cambrian and Silurian), with more than half of the area.
Granites of Variscan orogeny also outcrop in more than
1/3 of the area (Agroconsultores & Coba, 1991). Incipient
soils dominate in RDD, imposing strong limitations to
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crop production. In fact, only Cambisols have a profile
with some degree of pedogenetic evolution (12% of RDD
area; major soil groups defined according to legend of
FAO/UNESCO, 1987). Leptosols, covering almost 60%
of the Region, are shallow, with incipient profile develop-
ment. Soils are generally very stony, acidic and poor in
organic matter. The Region is characterized by the exten-
sive representation of Anthrosols (almost 30%), associat-
ed with Douro viticulture, although not exclusive to this
crop as they are also common in olive and almond groves
(Figueiredo, 2013; Figueiredo, 2015; Agroconsultores &
Coba, 1991).

2.3. Vines and Wines

The Port is the benchmark of Douro Wine Region.
Taking as reference 2018, ca. 80 million liters Port Wine
were produced, together with 40 million liters of other
wine types also produced in RDD. Furthermore, the Port
Wine market is very active and very much oriented to ex-
port. In fact, for 2018, total wine sales in RDD summed
555 ME, 65% export. Port Wine sales alone corresponded
to 66% of that value, 80% of which was exported. Port
contributed to 85% of the RDD wine export and to 53%
of the RDD wine sales (IVDP, 2019b).

Douro and Port Wines sector involved, in 2018, more
than 1300 economic actors (IVDP, 2019b) dedicated to
winemaking, storage, bottling and their combinations.
Farms in Douro are about 20 thousand (20,370), with 2.1
ha average size, meaning a production based on very
small farms that are also very much spread in space, since
the average number of plots per farm is 5.4 and the aver-
age plot size is 0.4 ha. However, farms’ area distribution
is very much asymmetric, as 42% of the farms have less
than 0.5 ha and cover only 5% of the RDD area, while
those with less than 10 ha represent 96% in number and
58% in area. Farms with more than 20 ha are about 1% of
the total number and account for 27% of the RDD area
(IVDP, 2019b). In summary, while landownership and
wine market actors are very much concentrated, grape
production is very much fragmented and spatially spread
in many plots.

Since the work by Moreira da Fonseca in the mid-
XXt century, vine plots are classified according to
their potential for wine quality and the classification
assigns the share of grape yield allowed to be included
in Port Wine making, 100% for the best ranked (class
A). Percent share according to plot class are annually
defined. Plot classification is legally regulated (P 413,
2001) and depends on a series of local factors grouped
in 3 main criteria — Climate, Soil and Cropping condi-
tions —, differently weighted and scored within a de-
fined range, which may include negative (depreciation)
points. As an example, 35% weight in plot classifica-
tion is assigned to altitude (with a score range from
-900 to +240 points), 15% to soil parent material (-400
to +100) and 9% to grape variety (-150 to +150). The
system is source of debates and a revision process is

ongoing (e. g. Abade & Guerra, 2008), but it keeps its
reference status in the region. Besides, it is a frame-
work for vineyard classification that represents a very
much avant la lettre approach to the nowadays com-
mon ferroir concept. In fact, designed for a so large
and diverse Wine Region as the Douro, it keeps the fo-
cus, as it should, on the plot scale.

In the Douro Region a large list of grape varieties ex-
ists, and these are classified as recommended or author-
ized, in each case ranked according to their potential
quality for wine production. The ranking has implications
for the Port Wine production as the very good varieties
have a share of 60% or more and the good varieties a
share of 40% or less. The list includes white and red grape
varieties, with a shorter share for the whites. Touriga Na-
cional, Tinta Roriz, and Touriga Franca are among the
best qualified and the most planted red varieties (e. g.
Abade & Guerra, 2008).

3. Terraces and terracing in the Douro
3.1. Terracing and the formation of Anthrosols

Land preparation for vineyard installation on previ-
ously uncultivated area, usually covered by Mediterra-
nean scrubland, converts into Anthrosols the original
Leptosol by deepening the limiting bedrock layer from
about 30 cm to about 1 m or more. The operation breaks
the rock layer, fragmenting it to a particle size suffi-
ciently small to allow cultivation while producing some
fine earth (silt and fine sand size). Also, the operation
promotes mixing of the original shallow soil with the
new fragmented rock material. Thus, the main changes
in soils determined by these operations are (Figueiredo,
2015):

¢ Increased effective soil depth;

* Profile uniformity with a new C horizon practically
as thick as the soil itself;

» Formation of an A horizon (actually Ap because
cultivated) in parallel with the development of the
vineyard, initially almost indistinct;

* Very substantial increase in profile stoniness, also
very evident at the surface;

* Reduction in organic matter content (which may be
around 8% on average in NE Portugal scrubland,;
Figueiredo, 2013), by mixing the original A horizon
with the underlying mineral fraction (without or-
ganic matter);

* Disruption of original soil aggregation with restora-
tion of new soil structure in parallel with the devel-
opment of the vineyard.

The degree to which these changes occur depends on
several factors:

* Preceding land use, as shrubs do not correspond
necessarily to a native ecosystem but rather to a
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transitional plant succession departing from an an-
cient agricultural or even viticulture use;

* Intensity of the intervention, especially noticed
when followed by terracing operations, with very
important earthmoving volumes;

* Characteristics of the original underlying bedrock,
when relatively soft yielding small sized coarse
fragment, when relatively hard resulting in signifi-
cant amounts of larger coarse elements.

3.2. Terrace types

Terraces evolved through time in the Douro and actual
landscapes depict side by side structures built up with dif-
ferent models representing periods of the Douro viticul-
ture historical evolution. As a living and evolutional cul-
tural landscape, Douro is constrained to preserve such
heritage and, at the same time, develop viticulture and the
wine sector in support of its economy and social
structure.

Terraces in the Douro may be split in two main
types: the old ones, with drystone walls, handmade with
large labour inputs, built up until the 30’s of the XX®
century; the recent ones, with earthen risers, involving
heavy machinery in their construction that started in the
70°’s of last century. In each group, models changed
through time.

The oldest remaining model is the pre-phylloxera
type, with small bench hardly accommodating a vine row.
As the name indicates, these terraces were the common
model before the phylloxera pest invaded the Region in
the late XIX™ century, devastating viticulture and leading
to large abandoned terraced areas, still present in Douro
as mortorios. The recovery of Douro viticulture is repre-
sented by the post-phylloxera terraces. These had much
larger benches, leaned downhill, forming geometrically
regular vineyard plots with more than 10 vine rows. Drys-
tone walls could be very high in very steep slopes, where
also benches were shortened, and they were rectilinear in
shape, replacing the former curvilinear shape that closely
follows the topographical contour. Angular breaks divid-
ed walls in sections so as to fit to the natural hillslope
form.

Mechanized soil preparation for vineyard plantation
brought new terrace models where major changes were
the replacement of the former vertical drystone wall by
an earthen riser and the adoption of a levelled bench.
The large or wide terraces built up extensively in the
70’s of last century, accommodated two vine rows. As
no restriction existed in what concerns slope gradient of
the future vineyard plot, large tracts with very steep
slope were planted applying the model. In such topo-
graphical conditions and with a fixed bench width, ter-
races had very high risers and low effective productive
area (the bench with two vine rows placed in its inward
and outward edge). This lead to high exposure of bare
risers to erosion. Rills are commonly observed in such
risers and, in cases, terrace collapse occurs during heavy

rainfalls. In low frequency intense and long rainfall pe-
riods, collapses propagate downbhill, forming gully size
incisions on a sequence of terraces along the slope (Fer-
nandes et al., 2017). Following, in the 1990’s, a new
model was recommended for the steeper slopes, short-
ening the bench width and, consequently, reducing ris-
ers’ height: the single vine row narrow terraces. System-
atic observation indicates that erosion features are much
less present on these narrow terraces than on the earlier
wide terraces.

It should be added that an important part of Douro
vineyards is not terraced. In most cases, vine rows rough-
ly align with the contour and the inter-row area is kept
with the original hillslope gradient, a situation that is un-
comfortable for performing crop operations including
harvesting. Alternatively, vine rows may be planted per-
pendicular to the contour, thus with the natural hillslope
gradient, a model named vinha ao alto. Introduced in the
Region in the 1980’s, this plantation system is present in
about 20% of the vineyards area. Among other advantag-
es, it allows higher vine plant density than the remainder
models (Bianchi-de-Aguiar, 1987). This apparently non-
conservative model actually yields low soil and water
losses due to the effective surface protection against rain-
fall impact provided by the high soil stoniness (Figueire-
do, 2001; 2012; Figueiredo et al., 2013).

A set of images of Douro terraces is depicted in Fig-
ure 3 and the above description of Douro vineyard terrac-
es may also be found in a wide range of scientific, techni-
cal and cultural sources (e. g. Bianchi-de-Aguiar, 2002;
Pedrosa et al., 2004; Fauvrelle, 2007; Magalhaes, 2008;
Figueiredo, 2015).

3.3. Preservation and change in Douro terraced
viticulture: regulations and funding programmes

Following the World Heritage status granted by UNE-
SCO to the Region in 2001, a set of scattered regulations
were assembled in a single legal document, a Governmen-
tal Resolution (RCM 150, 2003) that consolidates informa-
tion regarding vineyard plantation systems in the Douro
Region. The typology of the several plantation systems ac-
cepted in Alto Douro Vinhateiro, together with their associ-
ated normative implementation guidelines, were stated in
that Resolution and are summarized as follows.

* Micro-terraces - a small horizontal bench, perpen-
dicular to the slope direction, up to 1 m wide, estab-
lished in vine inter-rows, vines rows being installed
on the riser at the original land level.

e Narrow terraces - horizontal bench, less than 2.5 m
wide, where vine rows are planted in the downslope
edge, with earthen riser.

* Wide terraces - horizontal terraces, more than 2.5 m
wide, where two or more rows of vines are planted.

* Vinha ao alto - vineyard planted in rows parallel to
the natural slope, with uniform slope gradient, inter-
sected by roads built-up during vineyard installation.

Pirineos, Vol. 175, Enero-Diciembre, 2020, e058. ISSN-1: 0373-2568, https://doi.org/10.3989/pirine0s.2020.175008


https://doi.org/10.3989/pirineos.2020.175008

8 « T. DE FIGUEIREDO, F. FONSECA, Z. HERNANDEZ

Figure 3. Terraced vineyards of the Douro Wine Region: (a) old and recent terraces side by side with the post-phylloxera model at
the centre; (b) mortdrios or abandoned pre-phylloxera terraces; (c) post-phylloxera drystone walls and stairs; (d) recent wide two
vine row terraces; (e) recent narrow single vine row terraces (Photos by Figueiredo).

Figura 3. Vifiedos en terrazas de la region vitivinicola del Duero: (a) mosaico de terrazas antiguas y recientes, con el modelo
post-filoxera en el centro; (b) mortérios o terrazas abandonadas de pre-filoxera; (c) muros y escaleras de piedra seca post-filoxera;
(d) terrazas recientes y amplias de dos hileras de vid; (e) terrazas recientes y estrechas de una sola hilera de vid (Fotos de
Figueiredo).
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The normative guidelines for the installation of new
vineyards consider three criteria: slope gradient, former
land use, existing drystone structures. Slope gradient
thresholds are 50%, 40% and 30%. Existing drystone
walls have to be kept intact when planting the new vine-
yard. Guidelines apply strictly to new vineyards planta-
tion on natural or agricultural areas.

* Vineyards plantation on slope gradient higher than
50% is prohibited, except when the new vineyard
replaces either (i) a former vineyard or olive grove
with drystone walls or mortorios, the new vineyard
having to be installed in micro-terraces, keeping
drystone walls intact; or (ii) a former olive or al-
mond grove or other crops, in which case either nar-
row or micro-terraces are accepted.
Vineyards plantation on slopes gradient ranging
from 40% to 50% may be accepted on narrow or
micro-terraces, except where the new vineyard re-
places former vineyards or olive groves with drys-
tone walls or mortorios, in which case narrow or
micro-terraces have to accommodate to the existing
structures and these have to be kept intact.

Vineyard plantation on slope gradients lower than

40% is unrestricted, except where the new vineyard

replaces former vineyards or olive groves with

drystone walls or mortorios, in which case it will
have to be planted in narrow or micro-terraces,
keeping the drystone structures intact.

* Vinha ao alto can only be planted on slope gradients
lower than 40%, except for the Extremadouro land-
scape unit (a specific landscape unit in the Region),
where the upper limit is 30%.

An important RDD vineyard area was re-structured in
the last three decades, summing up 23 thousand hectares be-
tween 1985 and 2014. The main effort to adapt vineyards to
better plantation systems and terrace models was done in the
period 2000-2007, when ten thousand hectares were re-
structured under the Vitis programme. Six thousand more
were re-structured between 2008 and 2014 under five con-
secutive RARRV programmes. Specific EU funds supported
the mentioned operations, which applied to more than half
of the actual vineyards area (IVDP, 2019b). Non-productive
interventions were also supported. The most evident exam-
ple is the rehabilitation of drystone structures, including ter-
race walls or farm buildings, financed through a programme
managed by a specific local body of the Northern Region
Agriculture Directorate (ELA - DV; P 261, 2015) .

4. Challenges to Douro terraced vineyards: soil and
water management, research and development
prospects

4.1. Critical areas and critical issues

Among the threats to the soil resource in the Region,
the major one is water erosion, potentially severe under

such natural setting, characterized by steep slopes, con-
centrated rainfalls typical of the semiarid and dry sub-hu-
mid Mediterranean and weakly aggregated silt-loam soils
(Figueiredo, 2001; 2013). In fact, 56% of the area is un-
der potential moderate or higher risk and 29% under se-
vere and very severe risk (Figueiredo, 2015). This threat
affects about 15% of European soils and is highly repre-
sented in mountain and sloping agri-environments, espe-
cially in permanent crops (Thematic Strategy for Soil
Protection in Europe, COM, 2006). Among these, vine-
yard rank high in soil loss records in the Mediterranean
Europe, yet with a wide range of erosion rates (Maertens
et al., 2012; Cerdan et al., 2006), for instance, in a Douro
vineyard planted in rows perpendicular to the contour (a
non-conservative system) average soil loss was low due
to high soil stoniness (Figueiredo et al., 1998; Figueiredo,
2013).

While traditional dry stone structures are a heritage to
be kept preserved, as conservation measures fully tested
trough time, changes ongoing in Douro rise concerns with
soil and water management and conservation in the more
recent terraces and plantation systems. These have a flat
bench and a bare earthen riser. In any case, terraces im-
pose changes in the natural surface and subsurface hydrol-
ogy, especially considering the steep and long hillslopes
where vineyards are planted. The drainage network in
vineyard planted hillslopes is artificial and commonly
matches farm’s road network. In this context, from the soil
and water management and conservation perspective, are-
as critically susceptible to soil and water losses by erosion
are the bare surfaces exposed to rainfall, meaning: (i) the
inter-row lanes (between vine plant rows) when conven-
tionally managed; (ii) the terrace risers; (iii) the road /
drainage network (Figueiredo, 2015). At vineyard scale,
improvements in system’s performance in soil and water
management and conservation should focus on these criti-
cal areas and, for actual Douro vineyard plantation sys-
tems, interventions can be tuned according to the scheme
proposed by Figueiredo (2015). As shown in Table 2, in-
ter-row lanes in terraced vineyards are not critical (as ter-
race benches are flat), while vinha ao alto (with rows per-
pendicular to the contour) represent areas most exposed to
rainfall erosion. Earthen risers in wide bench terraces also
represent a concern, as stated earlier, and the road and
drainage network is especially critical in these systems, an
issue addressed to in the next subsection.

As well, improvements in soil and water management
and conservation should couple erosion control (a critical
issue in a mountain and sloping environment with high
potential erosion risk) with other critical issues for Douro
viticulture. These are the severe summer water shortage,
typical of the Mediterranean climate, and the low organic
matter content largely prevailing in regional soils (Agro-
consultores & Coba, 1991; Figueiredo, 2013; 2015). As
widely known, soil water storage capacity is dependent
on organic matter content as well as soil aggregate stabil-
ity and erodibility, and it regulates runoff generation and
soil water availability for plant growth.
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Table 2. Critical areas management: erosion risk exposure and control interventions (adapted from Figueiredo, 2015).
Tabla 2. Manejo de dreas criticas: exposicion al riesgo de erosion e intervenciones de control (adaptado de Figueiredo, 2015).

Vineyard systems installed Critical aeas
Inter-row lanes | Risers | Drainage network
Risk control requirements
Original slope, Gentle slopes Low - Low
OB Steep slopes High - High
Stonewalled Narrow benches Low - High
LSieta Wide benches High - High
Earthen riser Narrow benches Low High High
L Wide benches Low Very high Very high
Rows perpendicular to contour Very high - High
Type of intervention

Vineyard management interventions Weed control, Cover control, Cleaning, maintaining,

soil management repairing repairing

4.2. Soil management in inter-row lanes

The most widely represented threat to soil resource
in Europe is the loss of organic matter, affecting about
40% of the surface area of the European Union (COM,
2006). In Mediterranean conventional cropping systems,
it is commonly accepted that low plant biomass produc-
tion combined with dry climatic conditions limit accu-
mulation of organic matter in soils, as a result of low
amounts of crop residues generated and of their high
mineralization rates (Carvalho, 2013). No-till systems
can reduce mineralization rates, due to low soil distur-
bance, and increase crop residues amounts left over
ground, therefore increasing opportunities for organic
matter accumulation in soils. However, Carvalho (2013)
states that one important additional element to explain
soil organic matter increase after no-till systems are im-
plemented is the reduction of erosion losses due to soil
protection by residue cover. Soil organic matter increase
is relevant for soil quality in view crop production and it
is, as well, relevant for the associated soil carbon stor-
age in view actual and global major environmental is-
sues (Lal, 2004).

The most represented soils in RDD (Leptosols and
Surribic Anthrosols, 75% of the regional area) have low
and very low organic matter content, meaning dominantly
less than 1% (Agroconsultores & Coba, 1991; Figueiredo,
2013; 2015). Increasing the organic content of vineyard
soils is key for improving vine plant nutrition, increasing
aggregate stability and reducing soil erodibility, elements
that Carvalho (2013) demonstrates to be achieved with
no-till Mediterranean cropping systems, yet not in the
short but rather in the medium and long-term. As sum-
mer water shortage is critical in the Mediterranean, in
permanent crops as vineyards, conventional tillage was
targeted in spring weed control based on reducing weeds
competition for water with vines on soil water decay pe-
riod. However, no-till soil management keeping herba-

ceous vegetation on the vines inter-row lane proved ef-
fective in tackling the problem in Douro vineyards as
well as in other permanent crops in NE Portugal (Martins
et al., 2010; 2011; 2014; Raimundo et al., 2011). In fact,
these studies showed that the soil water decay in spring
is more relevant in vine plant row than in the grass cov-
ered lane between vine rows, in surface layer, meaning
that competition weds-vines is harmless early summer
onwards, while competition prevailing in spring is bene-
ficial to reduce vine plants vigor and improve grape qual-
ity for wine, Moreover, summer vine development de-
pends much more on deep than surface soil layers water
content.

Erosion control performance of no-till with different
option for managing herbaceous vegetation in the vine
inter-row lane was assessed by Figueiredo et al. (2017).
Increasing herbaceous vegetation cover in from the typi-
cal 20% up to 80%, through sowing the inter-row lanes,
leads to a soil loss reduction of 24% when compared with
conventional tillage. Better results were obtained when
the strategy focused on spring rather than winter weed
control. Delaying 2 months weed control by clearance
(meaning at maximum vine canopy cover) helps reducing
soil loss by 52% of the rate found in conventional sys-
tems, where spring weed control is performed at start of
vine growing season (one month delay leads to a 31%
mean soil loss rate reduction). These results show that
sowing the inter-row in autumn is not a better option than
leaving adventitious vegetation grow free, besides being
economically and environmentally more costly. On the
other hand, competition for water between vibes and
weeds in spring does not seem to be any more under dis-
cussion, as indicated above. A third inter-row cover con-
trol strategy was appraised in the study by Figueiredo et
al. (2017), which consists in increasing residue cover left
over ground when performing spring inter-row clearance
at typical date. In conventional systems, residues are in-
corporated in the soil surface layer by a tillage operation.
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In no-till systems, keeping high level of weed control
residues over the inter-row during spring (80% cover) re-
sults in a very effective soil loss reduction (74% as com-
pared to conventional, where typical residue cover after
weed control is 20%). Besides its erosion control effec-
tiveness, this third strategy is less dependent than the sec-
ond one on the inter-annual variability of weather condi-
tions and the consequent duration of vines and weeds
development periods, commonly imposing stressful inter-
vention decisions to the farmer.

4.3. Road and drainage networks: role in
geomorphological and hydrological risks

Erosion research in cropland commonly address the
plot or field scale but some studies showed the impor-
tance of linear features as rural roads (Tarolli ez al., 2015).
Figueiredo ef al. (unpublished data) measured a 15 times
higher erosion rate in the road network than in the fields,
in a recently afforested area (Figueiredo ef al., 2005). The
artificialized drainage network is commonly coupled with
the road system both corresponding to hydrological con-
nectivity elements in the landscape.

Terraces inadequately projected and built are also risk
areas due to landslides (Pereira et al., 2014). Changes in
the surface and subsurface water dynamics in terraces de-
termine instability and collapse during heavy rainfalls
that saturate the soils, the terrace collapses promoting
concentrated overland flow. Research on coupled pro-
cesses is hardly found in literature, but may help explain-
ing exceptional erosion rates in terraced areas (Ramos &
Martinez-Casasnovas, 2009). The areal extent of these
recent design terraces in the Douro region leads to slope
instability extreme event (Zézere et al., 2014). Assess-
ment of susceptibility to slope instability, at regional and
local scale, has been performed using physically based
models (Teixeira et al., 2015; Pereira et al., 2012). Geo-
physical methods provide in depth study of water dynam-
ics in these very disturbed soil profiles (Samouélian ef al.,
2005; Tetegan et al., 2012; Dafonte et al., 2016).

The above mentioned major threats to soil resource
are inevitably associated with geomorphological and hy-
drological risks. The actual hillslope hydrology of large
terraced areas is deeply changed and depends on efficient
design and adequate maintenance of vineyards drainage
network. This regards either surface or subsurface flow
along the hillslopes and within the terraced catchments in
wet periods and shows the critical role of vineyards drain-
age networks on hydrological risk in steep sloping ter-
raced areas. Furthermore, extreme episodes, with higher
than actual frequency and intensity, are foreseen in the
regional climatic context of the present century second
half (Jones & Alves, 2012), increasing future agromete-
orological hazards that Douro viticulture will have to
cope with. Hydrological risks, as floods and droughts,
may increase accordingly, following a changing trend
also found in other areas of NE Portugal (Okada, 2019;
Royer, 2019).

As so, control of excess water in the wet season is
critical in terraced landscapes; yet poor attention has been
paid to the issue in Douro vineyards. Traditional stone
structures are still active waterways draining vineyard ar-
eas in the region, but, in most cases, the unpaved roads
giving access to farm plots have actually a waterway
function during rainfall events. As sediment sources, they
contribute to local catchments’ sediment load. Newly
planted areas, especially in large farms, are increasingly
adopting the urban-based design, consisting in buried
pipe systems (Figueiredo, 2015). These, however, face a
problem infrequent in urban areas, which is the siltation
of the pipe system with incoming sediment from the un-
paved farm roads, therefore increasing maintenance costs.
No actual solution exists or have been consistently tested
to cope with the problem.

4.4. Prospecting research responses to the sustainability
challenge

Besides natural hazards, Douro viticulture faces as well
an increasingly competitive and globalized economic
ground, expected to put at increasingly higher stress the so-
cioeconomic structure and activities supporting Douro liv-
ing cultural landscape (Hogg & Rebelo, 2017). To all such
future uncertainties and constraints, the Region has to re-
spond with its historically recognized wise adaptation to
changes. This is actually ongoing in the viticulture sector,
supported on public policies and funding programmes. Still,
research oriented to respond to the region viticulture sus-
tainability challenge is required, with specific emphasis on
key resources efficient and conservative use, enabling vine-
growers with scientifically grounded solutions for their
farm and plot scale problems. Following, research prospects
for filling in prevailing knowledge gaps are outlined.

The soil resource is a scarce asset in RDD. Due to
topography and water shortage, typical of Mediterrane-
an mountain and steep-sloping areas, the Douro vine-
growers have to manage a poor pedological heritage
subject to threats associated to the natural conditions
that land uses and practices may amplify (Figueiredo,
2015). It is a region that depends on the soil for its prod-
uct of recognized excellence, facing the double chal-
lenge of overcoming basic land quality limitations while
coping with natural and human induced risks that also
threaten the territory.

Soil conservation through the many models developed
and tested in the Region will be keeping a central role in
Douro viticulture, and refining soil quality appraisal is cer-
tainly also a way to better value the territory exploring the
wines ferroir concept. Therefore, technology transfer of
scientific advances in these topics should be a priority to
cope with the sustainability challenge. This is the case of a
framework of soil quality indicators for viticulture and
wine quality that should be developed and tested in close
dialog between researchers and the regional actors. Fol-
lowing, non-invasive sensing techniques should be devel-
oped and tested for specific application in the regional

Pirineos, Vol. 175, Enero-Diciembre, 2020, e058. ISSN-1: 0373-2568, https://doi.org/10.3989/pirine0s.2020.175008


https://doi.org/10.3989/pirineos.2020.175008

12 + T. DE FIGUEIREDO, F. FONSECA, Z. HERNANDEZ

complex terrain context, allowing fast and spatially scaled
appraisal of those indicators (e. g., Tarolli et al., 2015).

Water management stands on a similar level as and is
inevitably coupled with soil conservation in what regards
RDD challenges. As typical of the Mediterranean environ-
ments, the Region is a land of extremes, and vine-growers
have to tackle in the same year summer water shortage and
winter excess. Tuned weed control techniques in vines in-
ter-row are crucial to soil protection against erosion as well
as to water management, either in deficit or in excess peri-
ods. Adequate control interventions, based on innovative
soil water monitoring techniques, again to be refined in the
research ground and transferred to the vineyard plot level,
can open possibilities to improve water use efficiency in
vineyards (e. g. Pogas et al, 2020). Controlling runoff
source areas is required as well, to limit the increased hy-
drological and geomorphological risks that a terraced land-
scape faces in the wet season. This not only regards the
vines inter-row areas but also terrace risers, for which
scarce research effort have been poured into the Region
and that should be coupled with risers’ parallel and insuffi-
ciently explored role as functional biodiversity corridors
(Carlos et al., 2019).

Finally, with surface and subsurface hydrology entirely
changed in terraced hillslopes, drainage networks have to
be designed to fast and adequately conveyance of excess
water in wet periods, therefore limiting risks. In fact, these
associates hydrological risk with geomorphological risk, as
changes in topography imposed by land terracing deter-
mine also increased risk of mass movements whose impor-
tance in magnitude, frequency and damage has been recog-
nized (Pereira et al., 2014; Zézere et al., 2014; Rodrigues
& Pedrosa, 2016). These studies point out the combined
effects of surface and subsurface flow convergence during
long wet periods triggering the larger erosional episodes
recorded in region. As so, hydrological modeling, spatially
distributed and accommodating the complexity of runoff
paths in terraced vineyards, is required to support better de-
signed drainage networks (e. g. Moussa et al., 2010).

In addition, revisiting traditional building techniques and
materials for installing such water control structures opens
possibilities for, once again coupling innovation with preser-
vation and move towards better risk- controlled landscapes.

5. Concluding remarks

The Douro vineyards are a striking example of soil
protection materialized in a strongly humanized land-
scape, where terraces cover a large part of the region.
Side by side, old drystone wall terraces and recent earth-
en riser terraces depict a historical struggle for taking ad-
vantage of a harsh environment with meager natural re-
sources. Generations fought for keeping soil and water
where they are most needed: soil in place and water in
soil, in the layers that vine roots explore to outcome an
excellence product: the Port and Douro wines. In fact,
this was the key solution for sustainable resource use, is-
sued from hard work and also from wise reasoning.

The recognition of Alto Douro Vinhateiro as a UNE-
SCO World Heritage in 2001 increased responsibilities
of actors and authorities in preserving their highly valu-
able heritage while ensuring that the new plantation
models are able to couple conservative resource use (an
asset of Douro viticulture) with actual requirements for
economic sustainability and social wealth. In this line,
efforts should be directed to the critical risk areas of the
new terraced vineyards, applying protection measures in
the terrace benches, in the bare earthen risers and in the
drainage network. Innovative soil and water manage-
ment practices have to be developed on the scientific
ground, locally tested, keeping close dialog between re-
searchers and regional actors for effective technology
transfer.
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