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Cultural adaptation of grapevine and traditional crops in a unique drystone
landscape: the Island of Pantelleria

G. Barbera, A. Motisi

Dipartimento di Scienze Agrarie e Forestali, Universita degldi di Palermo. Viale delle Scienze, Edif. 4, 90128
Palermo, Italy. email: giuseppe.barbera@unipa.it

The Island of Pantelleria is hosting a noticeable number of traditional cultural adaptations to its harsh
environment and lack of resources. Humanvéas and, primarily, agriculture were possible only through

the extensive use of particular practices that turned the Island, throughout imithertthial history, into a

unique drystone landscape made of terraces and enclosures that stronglyreantkaracter of the Island. At

the centre of the Mediterranean trade routes since tHagiozic ages, Pantelleria has a long history of human
settlements that had to face the volcanic nature of the Island and the associated scarcity of fundamental
resouces such as water availability and arable soil. These limitations imposed inhabitants to develop a set of
techniques backing agricultural activities, giving rise to a peculiar-eggeystem that embodies a fully
developed traditional knowledge systenill &day Pantelleria, and its agriculture, is living on the tracks of

such a multicultural tradition, but there is the urge to cope with the recent changes that occurred in the global
economic scenario, finding new ways of keeping the traditional aggniallandscape of the Island still active

and profitable despite the high costs for human labour and investments required. The added value of the
heritage represented by the traditional agricultural landscape and its ecosystem and cultural services may
greatly contribute in this respect.

3

The traditional agricultural landscape of Pantelleria

The major constraints shaping the Pantelleria landscape are water scarcity and lack of soil. The Island is located
mid-way Sicily and Tunisia and is considered an a&ctiwlcano even if no eruptions occurred in historical age.
Despite its volcanic nature, human settlements are recorded from thestorecal ages and have deeply
shaped the landscape through a highly developed terracing astbdeywalls system. Currigyy 80% of

Il sl andds surface i-stonewalsanddedturds/huildingsramdalevelap gnfo é complex
network throughout the landscape. Usageofddtyones has become one the most
cultural heritage, both f@imple terracing and for the delimitation of land patches and the diffuse presence of
artefacts and buildings in the services of agricultural activities

The teracing and drystone walls system

Soil preservation and land reclamatidde-stoning agriculiiral land has been the most important driver in the
structuring of the agricultural system of Pantelleria: almost all the agricultural land in the Island has been

Figure 1. Vineyards in the Pantelleria terraced drystone landscape.
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reclaimed through dstoning. The need of ésoning the agricultural fields has consalied social
conventions such as the mutual work sharing and retribution, on the basis of 50%t@ieteland surface,

as coded in theunzari e spartiri(arrange and divid ) | ocal custom (DO6AIietti
consequence of such social agreeménthe high degree of landafitioningand the associated implications

on the agricultural system: each farmer has patches of land irfoluredifferent locations. The latter is an

aspect that, ultimately has several benefits from the point of vié@odfincome security against occurrence

of adverse events (climatic, pests), the possibility of an efficient labour organization and mutual sharing of
work, the timeshifting of agricultural work, and the possibility to have different harvest dates itoeation,

the diversity of crops and selection of local landraces/genotypes. Altogether these aspects have lead to the
formation of a biocultural diversity uncommonly high for the size of the Island and that contribute to the
identity of the Island itself

Traditional agricultural products Aside from the agricultural goods produced for-sei$tainment of local
growers, several agricultural products such asZibébo raisins and théassitosweet wine or the salted
capers today are icons of the Islamat come from a long cultural tradition that arise from the very same
constraints affecting the Island: the geographic isolation that hindered the trading of fresh products in favour
of the production of dry or transformed agricultural products, easexdaoange in overseas commerce. The
nameZibibboi t s el f (a synonym of the Mediterranean gr a|
origin, meaningdried grapes(z a b @ndindicates what was the main purpose of grapevine cultivation in
Pantelleria. Despite this, wine making from dried grapes to produce a sweet wine has a long tradition, probably
coming from the Punic ages and, given the Island closeness todeattimdetailed description of the process

of drying and winemaking documented by Columella in an account attributed to Mago of Carthage, can be
reasonably ascribed also to the Pantell@essito

Water Security, Climate and resilience

Climate and watedeficit- Water deficit has always been the most limiting factor in the Island and agriculture
has been based uniquely on rainfall water. The limited rainfall (400 mm/year) is unevenly distributed following
the typical seasonal pattern of the sami Meaditerranean climate, with a long dry season during the warmer
months. Another environmental constraint of the Island that further increase water deficit is the high frequency
of winds, occurring in more than 300 days every year and enhancing evapottamslusses (Barbera et al.

2010). Many aspects of the agricultural landscape are shaped in relation to this particular environmental trait,
including the use of drgtone walls for protection from winds.

Water harvesting Due to the lack of frestvatersources or wells, water provision for human and agricultural
usage can be acquired, in the Island only through water harvesting by several different systems. The most
dominant is a widespread system of water harvesting facilities that has been the siterfguall human
settlements in the history of the Island and that reached full development as early as the Punic ages (Mantellini,
2015). The need of rainwater harvesting can be seen as one of the primary factors shaping every aspect of
human activity m the Island, from architectural features of buildings to every aspect of agricultural activities.
Cisterns for storing rainfall and the related architectural elements for special home roofs and gutters shaping
specially suited for conveying the rainfalivg birth to the typicalammusdiouses that represent an easily
recognizable icon of Pantelleria.

Woody perennials in the drystone landscape of Pantelleria

Dry-stone artefacts present in the Island of Pantelleria accomplish a number of functions lmlyond s
confinement/formation and erosion prevention. An important aspect is thestéttgring effect of drgtone

walls, protecting crops both from the mechanical effect of the wind and lowering the evaporative demand of
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the atmosphere by strongly rexig wind speed at canopy level. Bstone walls are ubiquitous elements in

the Island, both as a part of a terrace or simply as a fencing element of enclosures delimiting the fields. The
importance attributed by growers to the aerodynamic role of thetdng walls easily emerges from observing

that, even in terraces, where their most prominent role is to physical support the soil, they stand above ground
level offering their winesheltering effect to the crops enclosed. Actually, this latter charaicterist the
presence of a drgtone wall rising above ground level, is one of the most distinctive traits of Pantelleria
terraces.

Dry-stone walls effect on microclimateTerrace walls, standing 8ID0 cm from ground level, create a
confined space of iitair hosting crop canopies, with a fair degree of decoupling from the surrounding
atmosphere and strongly limiting evapotranspiration and water consumption. Within this confined air space,
crops are grown by a number of specialized cultural adaptatianshare the common objective of preventing

their canopies to grow outside this space to limit evapotranspiration. It is important to remark that canopy
confinement is not the result dig shaping effect of the windmit something imposed by an accuratel
well-defined pruning and canopy management pattern under full control by the grower. As an example, this is
easily recognizable from the observation of abandoned olive terraces, where olive trees grow into a full high
bush clearly standing out of tlieystone walls of the terrace. The techniques adopted largely depend on the
specific physiological characters of the species, particularly their growth habit. The caper, a prostrate low bush
woody species, fits naturally within the limits defined by thesthne walls. In other species, suitable cultural
practices must be adopted to impose strong reductions in growth to limit plant canopy height to less thag one
meter, approximately the level of the enclosing walls. This is the case, for example, ofrgspeeivn in a
typical prostrate low bush training system (#tieerello pantescp with threeto-four branches, spur pruned,
growing close to the soil and the dwarf olive trees, a training system for olive unique to the Island of Pantelleria.

Thegiardino pantesco Other drystone agricultural artefacts found in Pantelleria can be interpreted under the
same general principle of creating a confined space of still air to limit transpiration and allow fruiting under
limited water availability also for tree spies not suitable to the spatial constraints imposed by the drystone
walls of terraces and field enclosures. Tardino pantescpthe singletree citrus garden (figure 1), is a
circular opertop dry-stone tower where one single citrus tree is grown mdgtlrrigation water applied and it

can be deemed as an extremely significant example edtdne walls usage for adaptation to water deficit
conditions. In citrus species, in fact, tree vigour control by strong pruning cannot be achieved without
significant loss in yield and, consequently, citrus trees cannot be confined within the limited height of the air
space contained by the regular terraces or field enclosures walls. To benefit from its wind protection effect and
to limit air movements around trearmpy, the drnstone wall must be raised to the level of the minimum tree
height that can be attained in citrus trees without compromising tree productivity, i.e. up-teeteurtall.
Thejardinu (Sicilian vernacular fogiardino pantescpis a facilityat the service of families, always close to

or part of a house, to provide a supply of fresh fruits; considering that, in the Mediterranean, citrus species can
be grown exclusively under irrigated conditions, ¢fi@dino pantescand its fruitful orangerée growing

inside can be considered altogether as an evidence of the effectiveness of the useokdmalls as a way

of reducing evapotranspiration losses and improving water availability to tree crops.
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Dry-stone walls dewfall harvestingBeyond wind sheltering, other less evident and less studied aspects may
play a roleon the general water balance of the peculiar agricultural systems of Pantelleria and, particularly, the
ability enhance dewfall rates to a level useful to be accountedigsificant quota of crop water balance. In

fact, while it is generally considered that dewfall rates do not contribute to the overall water availability of
agricultural ecosystems in the Mediterranean, the condition of being a staild and the closesg of
agricultural fields and terraces to the sea may increase the incidence of this component in the general water
balance. As an example, dewfall rates under similar conditions were estimated in the orderdofrdrZnight

in Lanzarote (Graf et al., P@) and up to 19% of total annual precipitation in the coastal drylands of
Madagascar (Hanisch et al., 2015). Dewfall rates have not yet been object of specific quantitative
measurements in Pantelleria but observation of trees growing in the close vtihiyystone walls and the

use, in these specific locations, of tree species not normally adopted withimabhe/enclosure of the Island,

Figure 1. Thgardinu (giardino pantescpdrystone tower with a single citrus tree growing inside (left). An olive tree growit
horizontally within the airspaagelimited by drystone walls (right). Fouaneter long branches are supported by stones to pre'
rooting.

may suggest that the walls could create local conditions of higher soil water availability in the proximity of
the wall itself. Moreover, observations on the microclimate ofgiaedino pantesc¢Barbera et al., 2012),

show that the drystone wall induces strong modifications to the microclimate and enters into the diurnal
dynamics of the general energy balancehef $ystem in a leghanintuitive way due to the high thermal

inertia of the stones, an effect that may greatly enhance dewfall occurrence both on stones and on foliage
surfaces.

Speciesspecific cultural adaptations to the drystone walls confined envimament

A general landscape feature readily apparent in Pantelleria, both in terraces and in the drystone enclosures
present in the two agricultural plains of the Island, is the low height of the canopies of woody crops attaining,
at most, the height of ttdrystone walls hosting them. As already noted, this is clearly a characteristic element
purposely implemented to benefit from the microclimatic effects of the drystone walls. To conform to the need
of keeping canopy height within the s@irspace deliméd by enclosure walls, very specific pruning criteria

and training systems are adopted in the Pantelleria agricultural landscape. Tree vigour containment techniques
such as strong pruning are combined with unconventional tree training practices thatcekedfecanopies
confined to an extent not normally attained under regular cultural conditions in the Mediterranean for the same
woody species such as olive and grapevine.
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The alberello pantesco and other grapevine training systems in Pantelleria

LG
"/,
AN

AW POT L ICOT RS

Y
A\

\.
l',r‘

e dellecomoemia - 2zran

Thealberello pantesc¢Scarponi, 1939) is a heawchined prostrate losush with a negligible trunk and three

to-four branches growing close to the ground. The vines are grown within a haltmwg that is yearly
renewed by hoeing and that is intended tevpnt rainwater runoff, improving local water storage in the
vicinity of the root system. Shoots are not tied to any support system and left free to crawl on the ground.
Canes are spur pruned yearly similarly to what is done in the traditional Saliberello training system,
however, the branches of tatberello pantescare left free to extend horizontally off the trunk, close to the

soil. Since almost no cutback pruning is adopted, the scaffold quickly assumes the aspect of an aging vine,
presentingthe scars of previous pruning along the branch. It is important to note that wood aging is a
characteristic intentionally aimed at by growers, following a pruning principle that contrasts with the generally
recognized purpose of pruning woody speciesreé@acing the aging branches by cutting back the old wood

and training new shoots from latent buds sprouting below the cut. On the contraryalimetiedlo pantesco,
branches are left to extend crawling on the ground, eventually touching the sodnglextending branches
growing haorizontally on the soil are arranged on stones or old tiles to prevent them from rooting and allowing
them to further extend. The use of this latter practice by growers can be assumed as a direct confirmation that,
in such taining system, aging not only is not contrasted but, on the contrary, is something that is pursued
within the framework of a wetlefined pruning rationale. The physiological implications of such pruning
pattern involve vascular system functiobaind wholevine hydraulic architecture such that the development

of a moderate water deficit contributes in a sophisticated way in the establishment

Figure 2. Grapevmes trained to the lbwsh prostratalberello pantesc()left) and to the Wlndedp spiral coil known as the
tuppain Pantelleia vernacular (right).

of the equilibrium between vegetative and reproductive growth. The UNESCO has recently
recognizedthipar ti cul ar training system as Alntangib
the traditional agricultural knowledge associated with such system. Currently, a number of other
alberellotype training systems are present in Pantelleria vineyhatsmay be the result of the
frequent exchanges of agricultural workers coming from Sicily and that may not exactly match the
criteria expressed above, standing out clearly in the agricultural landscape of Pantelleria as extraneous
elements.
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The useof aging as a pruning principle can be easily recognized also in another grapevine training
system, present in Pantelleria and known adutppain local vernacular idiom, indicating the eld
fashioned hairdressinghignonarrangement of women hairs. Ircburaining system, resembling (by
distance) amlberellovine, canes are almost not pruned at all and are winded in a spiral coil that, year
after year, adds an additional extent of vascular system to be passgt by vines sap flow. At its

mature stge, the scaffold appears intertwined into a complex spiral structure resembling a basket, with a long
pat hway for sap movement within t eductioneffectdThauppa s c ul
in Pantelleria currently can be found onlyaselic in few vineyards, but a very similar grapevine training
system is spread in the Island of Santorini (Greece) vineyards. This particular training system is known with
the English expressidmsketvineand wi t h the Greek term acegaeij U (r
important wine industry of the Island. Other similar training systems were documented in the past in Sicily
and in Tuscany and are part of the traditional viticultural heritage dflttiterranean.

The 6dwarf o6 olive trees of Pantelleria

Similarly to caper, olive in Pantelleria is grown only in terraces, leaving the more fertile enclosures located in
the two plains of the Island to the more profitable vineyards. In this sense, edigdrirPantelleria are grown

almost exclusively in a highly constrained environment where water limitations are likely to persist throughout
the year. All olive trees in the Island are cultivated following a training system unigue to the Island with strong
reduction in tree size imposed by specific pruning and branch bending interventions. Trees trained to such
system are improperly callehvarf due to the low stature of the trees, although the tevarfalone does not 8
accomplish to fully describe the mdidations in tree growth and shape imposed onto Pantelleria olive trees.—

In fact in the olive, until recently, no effective growth reduction techniques could be developed: fruiting in the
olive depends on the amount of shoots that, from year to yedreéhis able to produce and strong pruning
would reduce tree yield to unacceptable levels. Also, a strong pruning would confer an excessive vigour to the
shoots remaining on the tree, lowering their fertility and their ability to initiate inflorescerstesaid leave,

on the tree, a low number of unfruitful, individually vigorous shoots. Within these constraints, the low tree
height in the Pantelleria terraces is attained, largely, by training the branches horizontally and giving space to
the tree to ensa a fair amount of vegetative growth, with moderately growing shoots, rather than relying
exclusively on heavy pruning. This mechanism is quite different from grapevine, since containing olive trees
to a canopy size similar to the ones obtained in thpegiae would imply strong reductions in tree yield.
Typically, tree spacing for olives is at least 4x4 m, still a density higher than the standards adopted in the
neighbour Sicilian and Tunisian olive orchards.

Similarly to thealberello pantescgrapevindraining system previously described, branches of the olive trees

are allowed to grow horizontally, extending up to four meter from the main trunk while keeping canopy height
at the level of the drystone wall top. This way, an olive tree, even if of fature, can still actually be
considered a tree (let it be only a horizontal one), with a significant amount of wood in the scaffold branches
and a fair amount of leaf area and biomass, confined within the airspace delimited by the terrace wall. A tree
kept horizontal avoiding cutbacks and simply bending branches by the use of weights such as stones bound to
them or anchoring to the ground by tying them to a picket through a grapevine cane used as a tie. Again,
similarly to what observed for the grapevittee unique pruning criterion of enhancing wood aging, seems to

be clearly applied in olive canopy management in the terraces. Long extending branches are supported, also in
the case of olive, by stones or tiles to prevent contact with the soil and awtidyrof branches that would

cancel out the aging effect, opening new paths for water supply to foliage and reinvigorating the tree.
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Conclusions

Agricultural systems in Pantelleria developed from the need to endure a difficult environment, scarce in
resources, through the intelligent development of knowledgeable agricultural techniques. Particularly, the
establishment of such agexosystem is the result of the agd activity of shaping the landscape through
terracing and soil forming/protecting. Thisocess has been accompanied by suitable adaptations of cultural
systems to the specific features of the terracing system, in a highly specialized and intimate way. The ingenuity
put into the development of these techniques shows a deep understandipgisifcaited atmospheric and
physiological processes, even if through simple empirical observation. Some of these unconventional
techniques follow a common criterion across species and are suitably adapted to the physiological constraints
of each speciedJnder this respect, it may be assumed that these techniques do not come out of simple
empirical experience (even though as a result of amlbeeritage) but they seem the result of deep reasoning

and understanding, being the living the remnants of dragticultural knowledge featuring some common

traits across all the Mediterranean.

In a resourcdimited environment such as the Mediterranean, with a long dry summer season, drystone features
and their knowledgeable use have a long history that isygfithrent in the agricultural landscape and that has
been remarkably described for their intimate role within the water cycle in arid environments by Laureano
(2010). Within such landscape, growing rainfed tree crops under a longdeéitst period is a lsallenge to
self-provisioning and survival of human activities and settlements that has to rely on the local resources in an
(only apparently) unconventional way, where drystone features play a crucial role. Even the extreme adaptation
example representdry thegiardino pantesce@an be found elsewhere in the Mediterranean, specifically in a
relic form of semiabandoned remains in the Island of Folegandros (Greece) and known locallyeasdahe g

tree housebut also bythe Lanzarote grapevines growing indsthrough the lapilli to reach the soil layer or
theDalmatian Islands drystone circles in Kornati National Park (Croatia). These examples, alsggibet

a deep historical linkage in traditional agricultural knowledge that has proved to be abiméaie through
Cultures across the history of the Mediterranean. This flow of knowledge not only has allowed the persistence
of physical structures such as the drystone walls composing the physical landscape but also the knowledge
materially associated itheir building and maintenance and the agricultural techniques and crops growing
inside these structures in a remarkably highduikural diversity, still alive.

On this basis, agricultural crops and the terraces hosting them constitute an ensentaedialbeed as whole

corpus of traditional knowledge (TK) that has been in part recognized by the UNESCO statement (2014),
identifying the communi t ythedrlie cistodansiokthe &radiionad Knowkedge t e |
regarding thetechnijp of cul tivating the AheadédraKmed!l edgle
has flown through the time and the populations that established in the Island following the long history of
conquest and ruling of the Island, from Punic to Romans, AaadsSpanish dominations and that today
represents a heritage of extreme cultural importance.

Terracing and drystone walls in Pantelleria have many environmental roles: prevention of soil erosion, wind
sheltering, limitation of rainfall runoff and enhaneent of dewfall harvesting. These functions are recognised

by growers and have become part of traditional agricultural techniques and knowledge. Suitable adaptations
of training/pruning techniques seem to be specifically adopted to match the constraiogedniy the
terracing/enclosure systems and complete the special landscape features of the Island into a fully functional
agricultural system. A landscape that is a concentrate of traditional knowledge, still alive, hosting a-high bio
cultural diversity ad that preserves this knowledge and the associated unconventional ways to succeed in a
difficult environment. Traditional knowledge that gives shape to the landscape and humans a place to live.
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Can woodlands, scrublands and terraces vegetation in Douro Demairteal
Region vineyards enhance functional biodiversity of arthropods?

C. Carlos'? F. Goncalves, A. Cresp?, L. Torre$

! Associagdo para o Desenvolvimento da Viticultura Duriense, Regia Douro Park;0%®00ila Real, PT;
cristina.carlos@advid.pt

2Centre for Research and Technology of Agmvironmental and Biological Sciences, CITAB, University of Toés
Montes and Alto Douro, Quinta de Prados, 5801, Vila Real, PT

Introduction

A study was heldn vineyards oDouro Demarcated RegidDDR) with the aim to evaluate the diversif
arthropods,as well asthe impact, on their communities, of neighboring 4coop habitats (NHC) and
vegetation of terraced vineyards.

Methods
Arthropods were sampldtiree times during 2010 in three wine farms using-¥dd machine and yellow
sticky traps, either in NCH, as inside vineyards, at three distances from the edge (5, 25 and 50 m).

11

Results

A total of 6.923 arthropods was caught witih/ac, mainly from Heriptera (39.7%), Hymenoptera (21.7%),
Araneae (12.9%) and Coleoptera (9.0%)ncerning to yellow sticky traps, 29.255 individuals were caught,
mainly from Hemiptera (68.3%), Hymenoptera (24.2%) and Coleoptera (5.8%). The abundance of Araneae,
Coccinellidaeand parasitic Hymenoptera were, in general, significantly higher in both NCH (woodland or
scrubland) than in vineyards canopy at 50 m from the NCH, which highlights the importance of such ecological
infrastructure to enhance functional biodiversity in eyiards. On the other hand, the abundance of
Cicadellidae and Mymaridae were higher inside vineyards.

Conclusions

Despite vineyards slopes are cropped habitat, the lower management performed on such areas can result in a
high diversity of vegetation, andonsequently, in a high diversity of arthropods, which emphasize the
importance of such cropped area in supporting functional biodiversity of DDR vineyards, also having a
complementary role in conservation biological control strategies.
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Possibilities of mechanization in steep mountain vineyards

R. Hauser

State School and Research Institute for Viticulture, Oenology and@roiting Weinsberg, Traubenplatz 5, 74189
Weinsberg, BadehVirttemberg; rolf.hauser@Ilvwo.bwl.de

Introduction

The amount of work, the strain of work and the cost of work are the essential problems in steep vineyards.
To lower the amount, the strain and the cost by mechanization are the most important aims we have to go
for.

Methods

For a short time several new developments have already been used by winegrowers.

Several research institutes and private companies are looking for new possibilities:

Plant protection with cable pulled caterpillars, plant protection muiitticopters , harvester on a cable pulled
caterpillar, MonoracKrain and cross terracing of the vineyards.

Results and conclusion 12

Since the European Union has banned the helicopter for plant protection and it is only allowed in exceptional
cases, th®amocles sword is hanging over steep vineyards. We have to look for alternatives which are less
problematic. Cable pulled caterpillars and in future probably multicopters are a possibility to make work
easier.

The harvest in plain areas is already fuligchanized. Five years ago, nobody believed that it would also be
possible in steep vineyards. But it is owed to a good solution which already works in practice and the ideas
and tenacity of the people of a private company.

Where there is no way and paththe vineyard the Monora€krain can go. It is a very useful system for
transportation, spraying with the tube and transporting the harvested grapes.

Cross terracing depends on the soil and ground. It is possible to make little terraces out cflapstesp
which you can go by tractor and do most of the machinery work you do in the plain vineyards.

Besides the possibilities of the mechanization we always need money from the state and the support of the
society of the country to make a costlesdteheconservation of nature and culture. But what is even more
important- we need a higher price for the products of steep mountains to give the vintners the feeling their
work is worth doing.
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Incidence of fungal diseases according to vineyarddation in a mountainous grape
growing area

Boso, S.,Cuevas, J.; Santiago. J.L.; Gago, P.; Martinez, M.C.*

Misién Biol6gica de Galicia (CSIC), Carballeira 8, 36080 Pontevedra, Spain.
Phone: +34 986 854800; Fax +34 986 841362n&l: carmenmartinez@mbg.csic.es

Abstract

In mountainous grapgrowing areas, locations very close to one another may show markedliagitic
differences, which may influence the development of the fungal diseases downy riRildawdpara viticola

and botrytis Botrytis cinereq. The control of these diseases may require many applications of fungicide over
the plant growth cycle.

The present work examines the incidence and severity of downy mildew and botrytis in two grapaegse cl

- one of the Albarin Blanco variety and one of the Verdejo Negro varietglifferent vineyards and their
subdivisions in a mountainous gragwing area of Asturias (northern Spain).

Associations between disease incidence and severity and amohtienatic variables (recorded daily by
weather stations) were sought for each clone in each location.

The Verdejo Negro clone showed significant differences in terms of botrytis incidence and severity both
between and within vineyards; no such diffeeswere seen, however, with respect to downy mildew. The
Albarin Blanco clone showed significant differences in terms of the incidence and severity of both disease
between vineyards. 13

Keywords: Vitis vinifera grapevinePlasmopara viticola, Botrytis cimea, clones, vineyard

Introduction

The southwest of Asturiasa region of northern Spaitis a 'heroic viticulture' area that includes the municipal
areas of Cangas del Narcea, Grandas de Salime, Pesoz, Pola de Allande, lllano and Ibias. Unlikis ather pa

the region, its deep valleys provide optimum conditions for-gioaving; its vineyards lie on very steep, sunny
slopes at altitudes of over 400 m (Martinez and Pérez, 2000). Production is influenced by the general climate
of the area but also bie microclimate of each vineyard, as is the growth of pathogenic fungi.

Downy mildew (caused b¥lasmopara viticola and botrytis (also known as grey mould and caused by
Botrytis cinereqare two of the most important diseases affecting vineyards wokdvidoth attack the leaves

and clusters, but it is on the latter where the damage caused is greatest. The species of \ites Ghious

different degrees of susceptibility to these diseases (Boubals 1961; Galet, 1995), as do the different varieties
of Vitis vinifera(Li 1985; Dai et al., 1995; Staudt and Kassemeyer 1995), and even different clones of the
same variety (Boso et al., 2005, 2006; AloMsltaverde, 2011). Currently, the only way to control these
disease is to apply fungicides at differéntes of the vine growth cyclean environmentally unfriendly and

costly business made even more expensive in mountain vineyards where difficult access requires spraying be
performed manually.

The present work examines the incidence and severity afidovildew and botrytis in two grapevine clones

- one of the Albarin Blanco variety and one of the Verdejo Negro varietglifferent vineyards and their
subdivisions in the Asturias virgrowing region.
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Materials and Methods

The plant material useid this work included 80 specimens each of an Albarin Blanco (AB) and a Verdejo
Negro (VN) clone. These were growing in three vineyatd® of which were subdividedas follows: Upper

Acebo (n=20 AB & 20 VN), Lower Acebo (N=20 VN), Fondos de Villa (N#2B), Upper Carballo (n=20

AB & 20 VN) and Lower Carballo (n=20 AB & 20 VN). These vineyards, situated in the valleys of the Rivers
Cibea and Luifa, lie at different altitudes and have different orientations and microclimates (Fig. 1). The soil
in all the® locations is loamy (Table 1).

Rainfall, temperature, dew point and relative humidity were measured by weather stations in the different
locations (Table 2).

Disease was assessedeataisonusing the methods of Boso et al. (2005) and the Internatiogahisation of

Vine and Wine (OIV, 2009). For each clone, disease incidence was determithedrasnber of clusters
showing signs of downy mildew or botrytis/the total number of clystessase severity was determined as

the percentage area of the aféstclusters showing signs of disease.

For each clone, ANOVA followed by Fisher's least significant difference (LSD) test was used to detect
differences in disease incidence and severity between and within the different vineyards. All calculations were
performed using SAS System v.8.1 software (SAS, 2000).

Results and Discussion

Significant differences (p<0.001) were seen in disease incidence and severity between the two cloggs in
general, and within clones with respect to vineyard. Within the same wihéyavever, differences within a
clone were seen only for the incidence and severity of botrytis (p<0.05).

Table 3 shows the mean disease incidence and severity values recorded for the two diseases. The Verdejo
Negro clone was more susceptible than thigaAn Blanco clone to both diseases and in all vineyards and
subdivisions. The same has been reported for these varieties in other vineyards in northwestern Spain (Boso et
al., 2011; 2013).

With respect to the Albarin Blanco clone, the incidence andigewé downy mildew were greater in the

Upper Acebo vineyard than in the Fondos de Villa vineyard. The latter vineyard, however, returned higher
disease severity and incidence values for botrytis. The Upper (535 m) and Lower (525 m) Carballo vineyard
suldivisions returned the same results for both disease with respect to this clone.

Although the vineyards were just a few kilometres apart, and the clones planted in each were the same, the
incidence and severity of botrytis differed greatly, especialli aititude. Higher vineyards are colder and
damper and have a higher dew point, all of which favour the appearance of the disease.

The Fondos de Villa vineyard returned the highest disease incidence and severity values for botrytis, probably
because itsoil was deeper and had more organic matter (6.8%), and because the location was damper and
shadier.
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Table 1. Properties of the soil in the vineyards and their subdivisions.
(*) CS: course sand; FS: fine sand; CSi: course silt; FSi: fine silt; CL: clay

alimentari e forestali

Soil variable/vineyard or vineyard Upper Lower Upper Lower Fondos de
subdivision Acebo Acebo Carballo Carballo Villa
Soil chemistry

pH HO (1:2.5) 4.6 4.4 5.4 6.8 7.4
pH KCI (1:2.5) 3.5 3.7 4.2 5.8 6.7
Organic matter (%) 2.8 2.7 3.2 3.5 6.8
Exchange acidity (cmol(+)Rg n.d. n.d. n.d n.d. n.d.
Available phosphorus (ppm) 28 96 44 68 72
Assimilable potassium (ppm) 94 122 186 376 632
Exchangeable magnesium (ppm) 20 10 46 280 140
Ca/Mg 2 2 6 3 17
K/Mg 1.5 3.8 1.3 0.4 1.4
Ca:Mg:K 43:23:34 34:14:52 | 73:12:15 70:21:09 87:05:07
Soil particle size

CS (%0).2-2 mm 21.28 22.75 34.94 32.75 35.58
FS (96).050.2 mm 16.79 14.93 15.35 1498 11.76
CSi (96.020.05 mm 8.29 7.64 6.32 7.69 5.59
FSi (%€.0020.02 mm 34.43 30.86 22.31 21.08 29.28
CL (%¥0.002 mm 19.21 23.82 21.08 20.99 17.79
Sand (%0.052 mm 38.07 37.68 50.28 47.72 47.34
Silt (%)0.0020.05mm 42.72 38.50 28.63 31.29 34.87
Texture loam loam loam loam loam
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Table 2. Temperature (°C), relative humidity (%), rainfall (mm) and dew point recorded at the different weather stations.

REGIONE pet VENETO

< A..

(*)Tm: mean temperature (°C); Tmin: minimum temperature (°C); Tmax: maximum temperature (°C); RH: relative humidity (%).

VARIABLE
DEW
UPPER . RAINFALL
<] (<] o 0,
ACEBO Tm (°C) Tmin (°C) Tmax (°C) (mm) RH (%) P((?CI:I;IT
MAY 13.23 8.11 20.23 75.80 74.76 7.99
JUNE 16.75 11.81 23.76 33.40 77.39 12.03
JULY 19.14 13.93 26.77 4.40 75.00 13.71
AUGUST 19.99 13.59 29.10 18.60 70.30 13.29
SEPTEMBEF 17.66 12.24 26.16 61.60 75.56 12.11
OCTOBER 13.71 9.26 21.28 35 80.78 9.75
DEW
LOWER . o . RAINFALL .
ACEBO Tm (°C) Tmin (°C) Tmax (°C) (mm) RH (%) P(?ICI;IT
MAY 13.44 8.15 20.70 77 72.49 7.65
JUNE 17.06 11.89 24.20 38.8 74.59 11.71
JULY 19.45 14.06 27.33 5 72.11 13.35
AUGUST 20.30 13.64 29.77 18.20 67.79 12.91
SEPTEMBEF 17.89 12.19 26.77 63 73.29 11.78
OCTOBER 13.91 9.18 21.84 34.60 78.44 9.43 17
CARBALLO
(one station DEW
betweenthe | Tm(°C) | Tmin(C) | Tmaxc) | "ANFALLL piioe) | POINT
(mm) o
two (°C)
subdivisions)
MAY 12.09 7.08 18.20 47.80 78.39 8.57
JUNE 16.83 11.62 23.55 36.80 77.90 12.22
JULY 19.22 13.52 27.33 5.60 76.12 14.02
AUGUST 19.93 12.94 29.64 27 71.42 13.46
SEPTEMBEF 17.50 11.40 26.28 91 77.15 12.23
OCTOBER 13.49 8.89 21.72 35.40 82.80 9.92
DEW
FONDOS DE o A o RAINFALL o
VILLA Tm (°C) Tmin (°C) Tmax (°C) (mm) RH (%) P((BCI:I;IT
MAY 12.80 7.54 20.56 79 75.35 7.68
JUNE 16.78 11.20 25.26 40.40 77.46 12.05
JULY 19.41 13.24 28.56 3.20 74.66 13.88
AUGUST 20.04 12.73 31.26 18.80 70.55 13.25
SEPTEMBEF 17.48 11.25 28.10 71.40 76.02 11.82
OCTOBER 13.31 8.63 22.68 36.40 81.38 9.43
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Table 3. Mean disease incidence and severity aastIsignificant differences.

DOWNY MILDEW BOTRYTIS
VINEYARD Disease Disease Disease Disease
incidence (%)| severity (%) | incidence (%)| severity (%)
Upper Acebo 70.670 A 31.500 A 23.674 B 9.000 B
Albarin Blanco Fondos de Villa 27.340 C 9.750 B 46.039A 27.250 A
Upper Carballo 38.150 BC 6.750 B 1.697 C 0.500 B
Lower Carballo 53.040 BA 11.000 B 8.229 C 5.000 B
LSD (0.05) 20.346 10.457 14.592 9.7914
Upper Acebo 77.659 A 22.692 A 41.667 A 8.077 BA
Verdejo Negro Lower Acebo 69.053 A 17.500 A 2.000 C 1.250 B
Upper Carballo 61.553 A 15.000 A 28.638 BA 10.000 BA
Lower Carballo 63.243 A 31.250 A 18.323 B 17.000 A
LSD (0.05) 17.197 17.615 16.157 9.8523

OF 0

/ 2YL} NR&2Y

same letter are not significantly different.

Figure 1. Location of the vineyards. Upper and Lower Acebo (A: 500 m; B:475 m); Fondos de Villa (C:550 m); Upper and Lower
Carballo (D:535 m; E:525 m).
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Itata valley: how traditional farming and geomorphological characteristics can
became from a limiting factor to a key factor in competitiveness

I. Serra W, P. Castillo®, M. Hidalgo®, O. Fuentealb®, R. CerddV, F. Salazaf”

D Departamento déroduccion Vegetal, Facultad de Agronomia, casilla 537, Chillan, Region del Biobio, Chile.

iserra@udec.cl

@ Departamento de Geologia, Facultad de Ciencias Fisicas y Matematicas, Universidad de Chile, Santiago, Chile
) Departamento de Suelos y Recursos Naturales, Facultad de Agronomia, Chillan, Regién del Biobio, Chile.

) Prodesal Coelemu, Indap, Ministerio de Agricultura, Chile.

1. Introduction

Chilean viticulture began in 1548 when the Spaniards broughégregs from Per to Concepcion, a city
located in the central south of Chile. During XVIy XVII, Perd was the main wine producer in South America,
later on Pera was replaced by Chile which remains as the most important wine region for XVIII and part of
XX centuries. Mendoza, Argentina, became the most important wine region in terms of hectares in Latin
America in the XX century (Gil and Pszczélkowski, 2007; Villanueva, 2011).

Wine production in Chile changed many times over time. After the Spaniardsadion, French cultivars

were brought to central Chile, during the first half of XIX century, and gradually the production of wine became
quite important in the Central Valley (between Aconcagua and CuricO) (Del Pozo, 1998). For many viears
Chilean wine poduction was focused on internal market nevertheless during the nineties a boom in terms of
wine exports occurred (Del Pozo, 1998), where big wineries from the Central valley played a key role in that
development. Currently, Chile exports 70.6% of its wineduction (ODEPA, 2015) and from 2013 became

the fourth in terms of world wine trade (OIV, 2016). In contrast with most of the Chilean valleys, Itata valley
did not play a key role in wine exports and traditionally their grapes were used to make itadazgionally

or sale grapes without denomination of origin and blended with grapes from other wine regions.

The unique viticulture involving patrimonial cultivars, geomorphological characteristics, among others, have
been neglected for years and nowedthose features might become a key factor in competitiveness for this
region. Therefore, the main objective of this work is to analyse the main limiting factors that contribute to a
decline of grape and wine sales in Itata valley and how these feanuklshecame a competitive advantage

at improving the grapes and wines value of Itata valley.

2. Materials and Methods

The study was focused on Itata valley which is located in the eerdten t h  of Chi | e, bet w
72A26600060 and B8G6AdAaO0OO0OAddScompAg8d by ten Il ocali
Portezuelo, Quillon, Quirihue, Ranquil, San Nicolas, Chillan y Trehubo)der to put in context the distinct
features of Itata valley in comparison with the rest of Chilean valleysuhitral and enological data was
analysed from the Servicio Agricola y Ganadero (SAG), Ministry of Agriculture. Secondary data source
consisted of information from the district and regional councils, and public information databases, were used
to charactdre demographic and socioeconomic features and the grape and wine production of Itata valley.
Preliminary climatic dat@ome from data loggers located in Itata valley and secondary data sources for the
rest of valleysAvailable geological framework in ita Valley corresponds to a preliminary Geological Map

of ConcepciérChillan, scale 1:250,000 (Gajardo, 1981) and Geological Map of Chile, scale 1:1,000,000
(SERNAGEOMIN, 2004). ALOS/PALSAR imagens with 20 m resolution from the PALSAR sensor were
utilized o perform slope maps using ArcGis10 software.
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3. Results and Discussion
3.1 Characterisation of main Chilean wine valleys and wine production

According to wine legislation, Chile has six wine regions: Atacama, Coquimbo, Aconcagua, Central Valley,
Southand Austral, from north to south, respectivéDecreto N°464)with a total of 141,918 ha for wine
production (SAG, 2015). Five political regions (Valparaiso, Metropolitana, Libertador Bernardo O Higgins,
Maule and Biobio), corresponding to three wingioas, account for the 97.6% of all the hectares for wine
production. Itata valley have a total of 13,030 hectares representing 9.2% of total national hectares (SAG,
2015).

Currently, wine production in Chile is dominated by Cabernet sauvignon, Sauvigman Bais, Merlot and
Chardonnay (30.5%, 10.7%, 8.8%, 8.6% and 8.2% respectively in terms of planted hectares) (SAG, 2015) and
more than 80% of the wine production is under denomination of origin (ODEPA, 2015).

3.2 Comparison between Itata valley and thenain Chilean wine valleys

Itata valley is one of the three valleys that belong to south wine region, the other two-Bfe Bl Malleco

valley. Itata valley includes 12 administrative districts: Chillan, Coelemu, Ranquil, Quillon, Portezuelo,
Ninhue, Treguaco, Quirihue, San Nicolas, Bulnes, San Carlos and Florida (Decreto Ntd@dyalley is
characterized by having patrimonial cultivars (Pais, Muscat of Alexandria and Cinsault) as the most relevant
cultivars in terms of hectares in comparison with test of valleys, with some exception in Maule valley,
where the traditional French cultivars prevail (Cabernet sauvignon, Sauvignon blanc, Merlot and Chardonnay)
(Table 1). Patrimonial cultivars have been traditional considered as low quality cukiflecsed in low prices

in comparison with traditional French cultivars (ODEPA, 2016). Nevertheless, some premium wines havediken
produced from these cultivars in recent years (Robinson, 2015). Muscat of Alexandria, Cinsault and Pais”
planted in Itata and iB-Bio valley represent 91%, 89% and 59.3%, respectively of all hectares of these
cultivars planted in Chile (SAG, 2015).

South region (mainly Itata valley) is the region that have the highest number of properties (Tadstertiing

to INDAP (2007), theotal number of grapevine producers for wine in Biobio region is up to 6,415, of which
6,130 are small producers (96%); and from this 63% (3,833) produce with less than a hectare. Regarding water
supply conditions, South region (mainly Itata valley) israbterized by having most of the vineyards under
dryland (80.7%) in comparison with Central valley where only 6.5% is without irrigation (Table 1). In addition,
vineyards from South region are mostly trained as bush vines (77%) in contrast with Cdetralivate only

4.5% of the total hectares are trained as bush vines and VSP is the most used trellis system (SAG, 2015).

Table 1: Main viticultural features from most relevant chilean wine regions (CA: Carmenere, CH: Chardonnay,
ClI: Cinsault, CS: Cabernet sauvignon, ME: Merlot, MO: Muscat of Alexandria, PA: Pais, PN: Pinot noir, SB:
Sauvignon blanc, SY: Syrah)

Regions: Cultivars (ha) Number Top Water supply conditions (ha)
Political division
(Wine Region) of five
White Red properties cultivars Irrigatio n Vega  Dryland
Valparaiso 6,411 3,650 269 1. SB 10.,043 7 11
(Aconcagua) 2. CH
3. PN
4. CS
5. ME
PATRONAGE: . - =
L mipani 3 e J@ e
3 7 A B T
. ’_ Ministero delle e / SCAPE
@D politiche agricole " arev SRR

. alimentari e forestali
cxa



//||(‘\-.
CERVIM T REGIONE per VENETO
Metropolitana 1,700 11,358 456 1. Cs 13,057 0 0.4
(Central valley) 2. SY
3. ME
4. CA
5. CH
Libertador 6,752 39,663 1,872 1. CS 45,616 64 735
Bernardo 2. CA
O'Higgins 3. ME
(Central valley) 4. SY
5. CH
Maule 14,775 39,063 3,721 1. Cs 46,515 705 6,619
2. SB
(Central valley) 3. ME
4. PA
5. CH
Biobio (South) 5,009 10,098 4,445 1. PA 2,461 452 12,195
2. MO
3. CI
4. PN
5. CS

Compilation based on the national vineyard regi€8ekG, 2015).

3.3 Productive sectors of Itatavalley

21
As is possible to observe in Figure 1, Itata valley present other productive sectors (mainly Forestry, represented

in green) beside wine production (represented in purple). Considering the whole geographic area of Itata valley,
approximately 32% isover by forest (mainly forest farming), 41% is consider and use for agriculture and
24% are grasslands and scrub.

] 1. LRBANAS E INDUSTRIAL
B 2. TraEncs acricouLss
3. PRADERAS MATORRALES
4. B05QUES
5. MUMEDALES
6. AREAS 514 VEGETACION
7 NIEVES Y GLACIARES
8.- CUERPOS DE AGUA
9, AREAS NO RECONOCIDAS

Figure 1: Production characteristics of Itata valley. In purple wine producers and green represent fore¢Source: Own
elaboration from Indap data and georeferenced images)
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3.4 Demographic characteristics of Itata valley
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In average, wine producers from Itata valley have 58.9 + 11.7 years old, nevertheless there are young people

(between 20 and 50 years old) as leaders in cooperatigegia@ producers associations (Fig. 2).

Figure 2: Characteristics of wine producers from Itata valley that are attended by INDAP (Ministry of Agriculture) (Source:
Own elaboration from Indap data)
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3.5 Preliminary data about factors involving in vticultural potential of Itata valley

3.5.1 Soil

22

The soil found in the valley are mainly derivate from the coastal mountain range generated from three different

parental materials, like i) weathered metamorphic rock, ii) granitic origin and from iiialfingéal sediment,

where the soil found in the area of the first group i) show presence of slate, sandstone, phyllite and shales;
clayish soil texture and slow water infiltration. These kind of soil normally are found in high positions in areas

withatopg r ap hy

presenting

st

eep

hi

S or

var i

abl

e

andc

the topography and drainage characteristics. The soils of the second group ii), granitic origin have been
derivative from granitic and diorite rock, presegticlayish textures and low water infiltration in a topography
of hills with variable and complex slopes that makes the soil susceptible to hydric erosion. The soils from these
group is normally classify as Forestry land use, due mainly to the steepnaoedheless those soils present
exceptional qualities for viticulture. Finally the third group iii) derivate from fine alluvial sediments are the
result of the deposition of large amounts of fluvioglacial sediments from the Andes mountain glaciation
pheromenon during the Quaternary era. The thickness of the deposit vary considerable due to the influences
of the rivers present in the zone which transport big amounts of sediments specially of the fine material which
have formed the soils of this group wéltlay loam and clay textural classes and poor drainage (Stolpe, 2006).

3.5.2 Geomorphological and geological setting

The range of Central Chile is composed by three main morphological units, from west to east: Coastal
Mountains, Central Depression and AsdVountains. This configuration was mostly developed since the Late
Miocene, between 10 to 4 Ma (Farias et al. 2008).
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Itata river rises next to the locality of Cholguan, from the rivers Cholguan and Huepil which come from the
Andes mountains, from # point flows for approximately 85 km NNW direction for the Intermediate
Depression territory, which correspond to a flat land with a slope lower than 10° (Fig. 3a). From the joining
with Nuble river, Itata river flows through the territory of Coastaludiains, cutting in direction NNW till

flow into the ocean at the sector Boca de Itata.

During the Quaternary till present the erosive processes have shaped the landscape, generating a mature relie
at area adjacent to Itata valley with hillsides from B3G50 m of height with slopes that vary from 10° to

more than 30° (Fig. 3b), especially the winegrowing locality of Guarilihue where on some of the cultivated
hills the slopes are from 30° 85° (Fig. 3c; Fig. 4).

In terms of geology, the western segmefritata Valley is represented by the metamorphic basement of Early
Carboniferous age (SERNAGEOMIN, 2004), outcropping in the river mouth area (Pz4b in Fig. 5). The rocks
are composed by schists, phyllites and slates, among others (Gajardo, 1981). Tleveadsern segment of

the Coastal Mountains, the metamorphic rocks are intruded by agraised granitoids (CPg in Fig. 5), such

as granites, granodiorites and tonalities (Gajardo, 1981), which has been grouped in the Coastal Batholith,
dated in 320 t@70 Ma (Hervé et al. 1988).

The Central Depression consists of a wide basin filled by volcanic and sedimentary material mostly provided
by the Andes Mountains. According to SERNAGEOMIN (2004), from older to younger age, these units
corresponds to: volcarsedimentary rocks of Curamallin Formation (OM2c in Fig. 5); volcanic rocks of Cola
de Zorro Formation (PPI3 in Fig. 5); Pleistocene pyroclastic deposits (PI3t in Fig. 5); alluvial andlglaaio
deposits intercalated with volcanoclastic depositsropfiing in the nearby of Chillan city (Q1 in Fig. 5).
Finally, the headwaters of Itata River, are dominated by moraine deposits of Pleisioterene age (Qlg 23

in Fig. 5) and volcanic avalanche deposits (Q3av in Fig. 2) from Antuco Volcano (Gajardo,T1#8ydunger
sedimentary unit corresponds to the Holocene to recent fluvial deposits (Qf in Fig. 5).
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Figure 3: a) Slope map of the study area; b) View of the Coastal Mountains; c) locality of Guarilihue
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Figure 4. Vineyards on hillsides with high slope in Guarilihue

C1Cd

Conmgio per b ncema in g

0

s

¢ I'malia dellcconomia - agrana

0TS -

mromw orw
I I

Fr——
= <
SRe=
> I it e
: Chivian. \

NZEX e

e

=3 0TS

( 6.1 Fluvial deposits (Holocene-Recent)
[ @3 volcanic avalanche deposits (Holocene)
@E‘ Glacial moraine deposits (Pleistocene-Holocene)

[ 81 Mixed deposits: aluvial, glacio-fluvial and volcanosedimentary (Pleistocene-Holocene)

[ P30  pyroclastic deposits (Pleistocene)
[E Volcanic rocks of Cola de Zorro Formation (Pliocene-Pleistocene)

[ OM2c  Volcanosedimentary rocks of Curamallin Formation (Oligocene-Miocene)

|'7 . CEE Intrusive rocks of Coastal Batholith (Late Carboniferous-Early Permian)
[E Metamorphic rocks os Metamorphic Basement (Early Carboniferous)
* Itata River source

Figure 5:
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Geological setting of Itata Valley, scale 1:1,000,000 (Modified from SERNAGEOMIN, 2004).
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3.5.3 Climate

Preliminary data exhibit that mesoclimatic conditions at least shows four differenticlamadlitions for Itata

valley in terms of locations from west to east (from Pacific Ocean to Andes Mountains). For example, Pinihue
locality, located in Coelemu, with some coastal influence which might be the coolest place together with the
places closeotthe Andes Mountains, correspond to temperate climate with a very cool nights and an average
MTA of 15.4 according to Tonietto y Carbonneau (2004) classifications, quite similar to Casablanca valley a
well-known Chilean valley close to the central coast] localities located inland present higher accumulation

of degree days and higher thermal amplitude.

4. Current limitations for the development and success of the grape and wine production in Itata valley

From the data collected, it is possible to sunineasome of the conditions that might be the limiting factors
for the development and success of wine production in Itata valley:

1 Adryland viticulture that is based in bush vines located in slopes that prevent mechanization with low
yields that increasda¢ cost of wine production.

1 The high degree of atomization of the grapevine producers that make difficult the development of
economies of scale.

1 Presence of cultivars (Muscat of Alexandria, Pais and Cinsault, mainly) unique to that region that
traditionally have been considered as low quality which makes the business less profitable.

1 Presence of other productive sectors (mainly cultivated forestry) that compete with wine production.

1 Ageing of the population and migration to the big cities.

5. Conclusion 26

Itata valley have an interesting viticultural potential to produce great wines with a powerful historic legacy
which makes a huge difference from the rest of Chilean valleys, nevertheless there are many factors that should
be consider in order to improve adevelop the wine production of this region.
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Abstract

Aims: Agroscope investigated the efficiency of nitrogen fertilisation via foliar urea application at veraison
with the aim of raising the yeast assimilable nitrogen (YAN) concentration in the musts. The tiddiserva
were conducted over three vintages on two grapevine cultivars in several pedoclimatic conditions of the
Leman wine region, Switzerland. Knowing that the YAN in the must plays a key role in wine quality, the
aim of this study was finding the main pam@ters affecting the final YAN level in order to better control
them.

Methods and results Five plots of Doral (white grape, Chasselas x Chardonnay) and five plots of Gamaret
(red grape, Gamay x Reichensteiner) were chosen over 80 km of vineyards. Rqutoliigs were realised.
Vegetal materials, date of plantation and cultivation practices were kept constant for comparisois.purpose
Each plot was divided in two treatments of 60 vines each: a control treatment and a nitrogen fertilized
treatment (20 kg Kha as foliar urea applied at veraison). Phenological development, nitrogen status and
grape maturation of vines were monitored. 50 kg of grapes from each treatment were harvested and then
vinified separately using a standard protocol. YAN levels in mwsts significantly enhanced by foliar

nitrogen fertilisation, but strong vintage, site and cultivar effects were pointed out: average YAN gain ovgg 3
years was 69 £ 32 mg N/L in Doral must and 52 + 27 mg N/L in Gamaret must. Some sites consistently ——
presengd higher gains (e.g. Doral at Villeneuve, +106 mg N/L). Bigger water holding capacity and deeper
effective root zone seemed to mainly enhance vine nitrogen status. No correlation could be established
between initial leaf N content and the variation of Y4&In. YAN in must was the parameter that best
explained the positive variations in wine sensory characteristics and, in the case of Doral only, was highly
correlated to the overall appreciation of the wines<(R.70).

Significance and impact of the stdy: This work confirms that YAN level in must, in relation to climate

and soil characteristics, contributes to the terroir effect on the wine quality. YAN concentration is clearly
influenced by pedoclimatic conditions and cultivar. The impact of fianpply is not always sufficient for

a significant improvement of wine overall appreciation particularly for the cv. Gamaret. This observations
may assist the development of sustainable practices to increase the YAN concentration in musts.

Keywords: terroir,yeast assimilable nitrogen YAN, leaf urea fertilisation, wine quality
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