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ABSTRACT

Since 2007, research institutes and grapevine collections from 17 countries of Europe,
Caucasus and North Africa are working together for the conservation, characterization and
management of grapevine genetic resources. The initial work consisted in inventorying and
describing the varieties in the partners’ collections, using standardized morphological,
agronomic, and molecular descriptors, and to link the information into a unique European
web-database. The growing database contains today passport data from 25.000 living
accessions, of which 2.500 are linked to photos and 1.600 are characterized for 48 OIV
descriptors and 9 microsatellite markers.

The project is also working on 448 old autochthonous varieties that have presented a regional
interest in the past but are not clearly identified. Comparing their microsatellite fingerprint
with the total database will enable us to find if they are original resources and to uniquely
define their traits.

The database website is open for consultation, with different levels of access that allows in-
dept searches but also confidentiality, according to the user needs. At the end of 2010, the
fingerprint data will also be online, so that other collections or professionals can check their
own varieties against the referenced varieties to verify names and true-to-typeness.

The final objective of the European project is to promote an optimized conservation scheme
of the Vitis germplasm, involving ex-situ, cryo- and on-farm conservation, so that the
resources are permanently maintained, easily accessible and field-tested in a pertinent
agricultural context. This network of resources will also provide plant material as a basis for
biotechnology, genomic and breeding research.



ABSTRACT (Italian)

Conservazione, caratterizzazione e gestione delle risorse genetiche della
vite: il progetto europeo GrapeGen06

Dal 2007, gli istituti di ricerca e le collezioni di vite di 17 paesi d’Europa, del Caucaso e del
Nord-Africa collaborano per la conservazione, la caratterizzazione e la gestione delle risorse
genetiche della vite. Inizialmente, il lavoro ha consistito nell’inventario e la descrizione delle
varieta delle collezioni partner, utilizzando descrittori morfologici, agronomici e molecolari
standardizzati, le cui informazioni sono poi inserite in un unico database Europeo. Il database
sta crescendo e contiene oggi i dati passaporto di 25.000 varieta viventi, di cui 2.500 sono
descritte da foto e 1.600 da 48 descrittori OIV e 9 marcatori microsatelliti.

Il progetto sta inoltre lavorando su 448 antiche varieta autoctone che hanno presentato un
interesse regionale nel passato, ma che sono mal identificate. Comparare il loro profilo
genetico con il database permettera di determinare la loro originalita e di definire
inequivocabilmente le loro caratteristiche.

Il database e’ accessibile al pubblico, e prevede diversi livelli di accesso permettendo una
ricerca approfondita e allo stesso tempo la confidentialita, secondo i bisogni degli utilizzatori.
Alla fine del 2010, la base dei marcatori molecolari sara ugualmente aperta, permettendo cosi’
ai professionisti di verificare la conformita delle loro varieta.

L’obiettivo finale del progetto europeo e’ di organizzare uno schema ottimale di
conservazione delle risorse di Vitis, facendo ricorso a metodi ex-situ, di crio-preservazione e
conservazione in fattoria, permettendo la perenizzazione delle risorse, rendendole facilmente
accessibili e analizzandole nel contesto agricolo. Questa rete di collaborazione potra anche
provvedere materiale di base per la ricerca in biotecnologia, genomica e selezione.

ABSTRACT (French)

Conservation, caractérisation et gestion des ressources géenetiques de vigne :
le projet européen GrapeGen06

Depuis 2007, les institutes de recherche et les collections de vigne de 17 pays d’Europe, du
Caucase et d’Afrique du Nord collaborent pour la conservation, la caractérisation et la gestion
des ressources génétiques de vigne. Le travail initial a consisté a inventorier et décrire les
variétés des partenaires, en utilisant des descripteurs morphologiques, agronomiques et
moléculaires standard, et liant I’information dans une base de données européenne unique. La
base de données grandissante contient aujourd’hui les données passeport de 25.000 accessions
vivantes, dont 2.500 sont décrites par des photos et 1.600 sont caractérisées pour 48
descripteurs OIV et 9 marqueurs microsatellite.

Le projet travaille également sur 448 variétés autochtones ayant présenté un intérét régional
dans le passé mais mal identifiées. Comparer leur profile microsatellite avec I’ensemble des
données nous permettra de déterminer leur originalité et de définir de maniére non-équivoque
leurs caractéristiques.

La base de données est ouverte au public, et prévoit des niveaux d’acces différents, pour
permettre les recherches approfondies ainsi que la confidentialité, selon les besoins de
I’utilisateur. Fin 2010, les données moléculaires seront également publiques, permettant aux
professionnels de vérifier la conformité de leurs variétés.



L’objectif final du projet européen est de promouvoir un schéma optimal de conservation des
ressources de vigne, impliquant conservation ex-situ, la cryo-preservation et la conservation a
la ferme, pour pérenniser les ressources de vigne, les rendre facilement accessibles et les
tester dans leur contexte agricole. Ce réseau de ressources fournira également le matériel de
base pour la recherché en biotechnologie, génomique et sélection



INTRODUCTION

Genetic resources for cultivated plants and their wild relatives have recently received
considerable attention. Genetic resources are indeed indispensable to meet future demands for
the crops, such as for example, being a reservoir of biotic and abiotic resistance genes or of
new qualitative traits. After considerable genetic losses due to selection of performing
cultivars, mankind is increasingly worried about its germplasm heritage. Worldwide measures
and actions are undertaken for safeguarding the still existing diversity (Bioversity, Global
Plan of Action, ECPGR, European Union initiatives) and to promote its description and
documentation. The recent discovery of resistance genes against powdery mildew in
autochthonous Vitis vinifera accessions (Coleman et al, 2009) opens up new interests in
germplasm screening and utilization.

Diversity of grape (Vitis vinifera L.) is quite large since the number of cultivars worldwide is
estimated from 6000 to 11000 (Maul et al. 2008). Due to the long history of grape cultivation
(McGovern 2003), the possibility of vegetative propagation and the intense movement of
material between countries around the world, the exact number of cultivars is quite difficult to
ascertain; this is also due to the large number of homonymies and synonymies. The
knowledge of the situation for grape wild relatives (Vitis species as well as the subspecies
sylvestris, the wild compartment of Vitis vinifera) is not better due to the lack of information
on the relative importance of the wild individuals in Europe.

Considering the commercial, historical and human importance of grape for Europe, the
European Union supported a research project launched in 2008 for 4 years (Grapegen06,
http://www1.montpellier.inra.fr/grapegen06/accueil.php)  aimed at the  inventory,
characterization, conservation and management of grapevine genetic resources at an European
scale. Research institutes and germplasm collections from 17 countries from EU as well as
Eastern Europe are working together in order to monitor and describe Vitis European
germplasm, implement true-to-type identification, promote an overall conservation scheme
for safe preservation of grapevine germplasm and ensure accessibility of the data and the
living resources in particular through a centralized database (http://www.eu-vitis.de).

GrapeGen06 project is organized into 7 work packages:
» Molecular analysis of accessions throughout the collections (WP1)
»  Acquisition of primary and secondary descriptors of autochthonous varieties (WP2)
» On-farm evaluation of agronomic features of autochthonous varieties (WP3)
» Inventory and characterization of Vitis sylvestris populations in Europe (WP4)
» Search and elucidation of synonymies, homonymies and unknown accessions throughout
the collections (WP5)
» Upgrading and enrichment of the database (WP6)
» Development of alternative conservation methods such as cryopreservation and
elaboration of long-term conservation plan (WP7).

Up to date results of this network are presented in this manuscript.



MATERIALS AND METHODS:

WP1: Molecular characterization was performed using the 6 SSR markers and the common
standardized protocol of allele scoring defined during previous Generes081 project (This et al,
2004). In order to increase the identification power of the system, 3 extra SSR loci
(VVMD?25, VVMD28, VVMD32) were included in the analysis.

WP2: The ampelographic description of old, autochthonous and neglected varieties was done
according to 32 primary and 16 secondary descriptors recently harmonized by UPOV, IPGRI and
OIV (OIV, 2007). Pictures of shoots, leaves, bunch and berries from the varieties described were
also taken in order to get a better identification. Control of the sanitary status of the analysed
cultivars was carried out by ELISA technique (Clark and Adams, 1977). Viruses analysed were
those considered in European legislation like Leafroll (GLRaV-1 and GLRaV-3), Fanleaf
(GFLV) and Arabis mosaic (ArMV). Data and pictures have been uploaded into the European
database.

WP3: A uniform protocol and comparable final analysis were also defined for the on-farm
analysis including wine making and wine quality evaluation.

WP4: A ‘Protocol for the inventory of V. vinifera subsp. sylvestris’ was defined and applied
for the inventory of V. sylvestris wild sites in Europe and the inventory of V. sylvestris wild
plants. Some important population characters were taken into account: the number of plants in
the population, the sex of these plants, the presence in the proximity of other Vitis which
could intercross with the wild population, the status of preservation, the risk of loss of the
populations., and the owner of the land.

WP5: Sorting of homonyms and synonyms and identification of unknown or mislabelled
accessions was carried out through the comparison of microsatellite profiles from
questionable accessions using the 9 loci. Reference molecular profiles were provided by
partners, so that when one identity was found, it was often corroborated by more than one
laboratory. An allele size coding system developed within the project assisted in the
comparison of profiles obtained by different laboratories. Moreover, ampelographic
descriptions and images of “questionables” vines under test (shoot, adult leaf and bunch)
provided a further tool for confirming variety correct identification.

WP6: The website database adopted common data standards, which is a prerequisite for
searching for data. With respect to passport data, the FAO / IPGRI Multi-crop Passport
Descriptor (MCPD) format used by EURISCO (Alercia et al 2001) has been adopted.
Standardization of expressions used for various criteria (e.g. Vitis species, berry colour,
utilization) has been carried out. Descriptors of the OIV descriptor list for grapevine varieties
and species (OIV 2009) have been used to establish a standardized format. Genetic fingerprint
is based on the 6 markers of Genres081, plus 3 new most common and polymorphic markers.
The 6 markers of GenresO81 had been recommended as a standard set for grapevine
genotyping and are hence widely applied and published (This et al. 2004).

In terms of technical infrastructure, the working tools for the development of the applications
are (1) MySql as a relational database management system, (2) PHP as the internet
programming language, (3) Cascading Style Sheets (CSS), (4) the operating system LINUX
and (5) the HTTP web server APACHE.

GrapeGen06 partners checked the database for functionality and made suggestions for
improvements.

WP7: Protocols for cryopreservation of pollen, seeds and dormant buds are under
development.  They will allow the long-term conservation of genes by mean of
cryoconservation of pollen and seeds, or of global genotypes by conservation of buds. In
parallel, field safety duplication and introduction of wild accessions were performed.



RESULTS

Molecular data on varieties

Until now, 2624 coded profiles were obtained. A preliminary population analysis was
performed based on the coded data produced during the project by all the partners at 9
microsatellite loci, including identical genotypes (Tab. 1) . The number of different alleles
(Na) found within the 47 reference cultivars (cv-refer in Table 1, similar to those analyzed by
This et al, 2004) was compared with the number of different alleles found in the population of
new and old genotyped accessions. Observed heterozygosity (Ho) was compared with
expected heterozygosity (He) at the same loci.

Table 1. Summary of SSR data available in the project

Locus Ho (cv- He (cv-

N (cv-refer) N (wpl) Na (cv-refer) Na(wpl) refer) Ho(wpl) refer) He (wpl)
VVMD5 47 2568 17,000 23,000 0,894 0,835 0,907 0,853
VVMD7 47 2595 17,000 24,000 0,809 0,818 0,361 0,816
VVMD25 47 2488 14,000 24,000 0,851 0,796 0,847 0,791
VVMD27 47 2624 23,000 28,000 0,979 0,841 0,398 0,840
VVMD28 47 2492 18,000 34,000 0,979 0,872 0,923 0,895
VVMD32 47 2441 14,000 40,000 0,511 0,803 0,883 0,832
VVS2 47 2586 19,000 27,000 0,894 0,792 0,389 0,818
VIrZAG62 47 2580 19,000 25,000 0,872 0,833 0,885 0,827
VIrZAG79 47 2545 13,000 19,000 0,787 0,814 0,382 0,361

Na = Number of alleles; Ho = observed heterozygosity, He = expected heterozygosity =
diversity measure

Morphological data on varieties

The growing database contains 1600 accessions characterized for 48 OIV descriptors (699
accessions described in GrapeGen06). Some key characters have been chosen to show the
variability among varieties and regions (Tab. 2).

Berry colour has a high incidence on wine organoleptic characteristics. The most frequent berry
colour is green-yellow (50 %) followed by black or violet colour (41 %) and other minor colours
like rose or green. But the situation is different among regions being dark colours predominant in
accessions studied by partners from Italy and Germany meanwhile green-yellow colours are
predominant in accessions from Austria, Portugal and all the Eastern Countries.

Bunch length is an indicator of bunch size and weight. The most common length is medium (55
%), but the low length is more frequent in accessions studied by France and Eastern Countries
(except Hungary) meanwhile bunches of higher length are clearly more frequent in accessions
from Germany.

The time of bud burst is an indicator of resistance to spring frost. Although many varieties have
the bud burst in a medium time, there are also many of them, which do it in early time (mainly in
France, Austria, most Eastern Countries, and some partners from Italy).



Table 2. Accessions described by each partner and frequencies of some key characters.

Number of Berry | Bunch | Time of Numbe_r Density
Institute |[City, Country| Accessions color length  bud burstoflleoatileessln %gigrgae
(GrapeGen06) leaves
INRA | Montpellier, o 47%g*| 2%1 | 41%e | 58%1 | 64%]1
France 48 % b 5%h 10%t 42 %h 5%h
Siebeldingen, 37%g | 11%1 | 9%e | 51%1 | 63%]I
BAZ-IRZ |\~ Gormany 33 46%b | 43%h | 3%t | 49%h | 6%h
Vienna, 1%¢g 4%1 42 % e 29 %1 50 %1
HBLAuBA |\ ctria 24 29%b | 25%h | 29%¢t | 71%h | 21%h
. . 48%¢g | 22%1 | 9%e | 11%1 | 35%]1
IMIDRA. | Madrid, Spain 46 52%b | 11%h | 28%¢t | 89%h | 17%h
EVN - Dois Portos, 57 58%¢g | 23%1 - 35%1 16 %1
INIAP Portugal 42%b | 5%h - 65%h | 11%h
Conegliano, 52%g | 12%1 | 28%e 8% 1 52%1
CRA=ISVE ™ aly 25 48%b | 16%h | 8%t | 92%h | 0%h
. 20%g | 7%1 | 10%e | 51%1 | 49%]1
CNR-IVV' | Torino, Italy 22 70%b | 12%h | 9%t | 49%h | 17%h
S.Michele, 36%g | 27%1 | 41%e | 23%1 | 55%]1
TASMA Ttaly 22 55%b | 36%h | 14%¢t | 77%h | 23%h
DISAA- | (g (o 3 48%¢g | 10%1 | 10%e | 58%1 | 55%]1
UNIUD tne, Haly 39%b | 32%h | 10%t | 42%h | 10%h
DISTEMEV-| |, tal A 0%g | 25%1 | 0%e | 0%]I 75 %1
UNIVR | verona. taly 100%b | 25%h | 25%¢t | 100%h | 25%h
66%g | 6%l | 32%e | 36%1 | 25%]1
PTE SZBKI |Pecs, Hungary 106 16 % b 36 % h 0% t 64 % h 359 h
RICP Ruzyne, Czech 30 70%¢g | 63%!1 | 87 %e 0%1 63 %1
Rep. 17%b | 10%h | 3%t | 100%h | 13%h
Nicosia, 40% g 0%1 10%e 0%1 50%1
ARI Cyprus 10 40%b | 0%h | 0%t | 100%h | 10%h
. Modra, 58%g | 33%1 | 0%e | 8%I 42%1
VSSVVM | §jovakia 12 17%b | 8%h | 0%t | 92%h | 8%h
FAZ Zagreb, 100 55%g | 47%1 12% e 17%1 35%]1
Croatia 40%Db 11%h 7%t &83%h 8%h
Institute of |  Thilisi, 3 46%¢g | 54%]1 | 100%e | 46%]1 0%
Botany Georgia 46 % b 0%h 0%t 54%h | 100%h
Thilisi, 70 % g - - 33%1 -
HVO Georgia 27 22%b - - 67 % h -
50%g | 26%1 | 34%e | 33%1 | 49%]
Total 699 41%0b | 19%h | 11%t | 67%h | 19%h
9%o0 | 55% m | 55% m 32% m

*g: green-yellow; b: black-violet; h: high; 1: low; e: early; t: late; o: others; m: medium




A high percentage of the accessions studied have five ore more lobes in leaves (67 %). These
types of leaves are frequent in accessions from Austria, Spain, Portugal, Eastern Countries and
some partners from Italy. On the other hand, leaves with 3 lobes or without them are more
frequent in accessions from France and Udine (Italy).

Leaves with low density of prostrate hairs have the highest frequency. This is common in most of
the countries. Only a higher number of accessions from Hungary and Georgia have a higher
density of prostrate hairs.

It appears that a different morphological tendency exists between varieties from the East and
varieties from the West in Europe. This tendency supports the belief that the spread of viticulture
from Eastern to Western Europe involved the dissemination of domesticated varieties in different
times (Bouquet, 1982).

Although a lot of synonyms have been found together with other work packages (WP1, WP5),
this work shows the great diversity in old, neglected European cultivars.

On farm analysis of cultivars

With 16 partners we were able to acquire data for 68 neglected autochtonous cultivars grown
on farm. Up to now, complete information i.e. historical data, vineyards description,
ampelography, agronomy, enology and virus data, were obtained for 14 cultivars and the work
is in progress. Wines will be ready in 2010 for evaluations.

Inventory of populations of V. vinifera sylvestris

Currently, inventories were performed by 10 partners in 8 countries. We consider as
population a site with more than one sylvestris plant. A total of 189 sites were identified (Tab.
3) and their positioning obtained by GPS mapping. Each population has a mean of 8,2 plants
per population.

In these sites, about 1 553 plants have been identified; among them 615 were identified as
dioecious plants (303 female plants and 312 male plants). For the others 938 plants the
analysis of flower sexual type was not possible (plant not flowering, flowers inaccessible).

Table 3. location of the 189 populations identified so far

Austria: 05
France: 34
Georgia: 59
Germany: 01
Italy: 05
Portugal: 12
Slovakia 12
Spain: 61

True to type analysis

Around 450 accessions from 13 European collections are currently under examination:
results achieved up to now concern around 200 accessions, while the analysis of the
remaining 250 “questionables” is under way. More than a quarter of the first set of unknown
accessions were most likely truly identified, as their genetic profiles definitely match with
those of the reference cultivars at an appropriate number of markers (at least 7/7, more



frequently 9/9) (Fig. 1). For another 15 % of the analyzed “questionables”, a possible identity
hypothesis was found with 4-5 common microsatellite loci, but the assumption requires now
to be validated, besides vine morphology, by an higher number of markers.

Table 4 gives an example of the results achieved from the identification analysis carried on
several samples. Minor discrepancies shown by molecular values mainly depended on data
rounding and must be thus ignored. Data coding system definitely provided a reliable tool for
microsatellite profile comparison among laboratories, allowing the development of a
reference international molecular database on Vitis. Thanks to such analyses, cultivars
requiring identification often since long time, such as Bonarda di Chieri faux (=false),
Malvasia Candia faux, or having a local name (Garnacha francesa, Maria lunga) were clearly
identified. For others, such as the Portuguese Sarigo, the synonym Jaén (blanco) from Spain
was established.

Some misnomer examples are also shown in Tab. 1. The so called Trentham black in ESP080
collection and Trentham black faux (=false) in FR139 is clearly Bibiola, a cultivar rather
widespread once in Piedmont (Italy) and currently neglected; the true Trentham black is a
distinct variety, once grown as table grape in the British green houses (Barron, 1892).
Mathiasz Janos is an evident misnomer for the well know Miiller-Thurgau, the wrong name
referring to the famous Hungarian breeder, who, however, did not create this grape obtained
instead by professor Hermann Miiller.

Around half of the investigated grape varieties remain un-identified (Fig. 1) or, in several
cases, just require more common markers to be identified. Nearly a third of them, however,
were locally known and locally documented through traditional cultivation and historical
references: the question to be asked, for these cultivars, was if they were only regional/local
varieties or were also grown elsewhere. If no other possible synonyms are found, we could
assume it is likely these cultivars are distinctive genotypes and have a limited, local
importance, thus representing unique genetic resources, valuable for conservation,
description, and documentation.

most likely
identified:
26%

@ most likely identified

B possibly identified

O misnormers

un-identified: 54% possibly identified:

15%

O un-identified

misnomers: 5%

Fig. 1 — Results of the identification process carried on 200 accessions requiring correct
identification (“questionable” accessions).



Tab. 4 —Some results of the identification process trough the comparison of coded molecular profiles (discrepancies in marker size are in italic).

""Questionable™

Istitution/ accession (italic)/ Remarks on the VVS2 VVMD5 VVMD7 VVMD25 VVMD27 VVMD28 VVMD32 ZAG62 ZAGT9
Laboratory  “true to type” (below) “true to type”

FRA139 Bonarda di Chieri faux N+10 N+20 N+4 N+18 N+22 N+32 N+6 N+20 N+10 N+14 N+18 N+44 N+5 N+17 N+6 N+14
Durasa is a local

ITA360 Durasa cultivar from Piedmont N+10 N+20 N+4 N+I18 N+22 N+32 N+6 N+20 N+10 N+14 N+18 N+44 N+5 N+17 N+18 N+20 N+6 N+14

(Italy)

FRA139 Malvasia di Candia faux . N+26 N+28 N+10 N+10 N+18 N+22 N+14 N+28 N+4 N+19 N+28 N+32 N+29 N+37 N+12 N+26 N+14 N+18
Moscatello selvatico is

ITA360 Moscatello selvatico aregional cultivar  N+426 N+28 N+10 N+10 N+18 N+22 N+14 N+28 N+4 N+20 N+28 N+32 N+12 N+26 N+14 N+18
from Apulia (Italy)

ITA371 Moscatello selvatico N+26 N+28 N+10 N+10 N+18 N+22 N+14 N+28 N+4 N+19 N+28 N+32 N+29 N+37 N+12 N+26 N+14 N+I8

AUT024 unknown Interspécific hybrid ~ N+10 N+36 N+10 N+42 N+8  N+22 N+14 N+42 N+4 N+22 N+14 N+20 N+8 N+20

FRA139 Oberlin noir = Oberlin 595 Gamay X Riparia ~ N+10 N+36 N+12 N+44 N+8 N+22 N+4 N+32 N+14 N+42 N+2 N+20 N+5 N+5 N+14 N+20 N+8 N+20

ESP080 Garnacha francesa Prime name: Plant ~ N+28 N+28 N+4 N+14 N+2 N+18 N+14 N+28 N+10 N+10 N+32 N+42 N+5 N+17 N+26 N+30 N+10 N+16

FRA139 Plant droit droit N+28 N+28 N+4 N+14 N+2 N+18 N+14 N+28 N+10 N+19 N+32 N+42 N+5 N+17 N+26 N+30 N+10 N+16

PRTO051 Sarigo N+14 N+22 N+12 N+14 N+12 N+18 N+6 N+6 N+14 N+30 N+10 N+10

FRA139 Jaen blanc Prime name: Jaén ~ N+14 N+22 N+12 N+14 N+12 N+I18 N+6 N+20 N+6 N+6 N+I8 N+32 N+17 N+21

ESP080 Jaén blanco N+14 N+22 N+12 N+14 N+12 N+I18 N+6 N+20 N+6 N+6 N+32 N+32 N+21 N+21 N+14 N+30 N+10 N+10

ITA360 Bibiola local ancient cultivar 110 N+28 N+4 N+10 N+16 N+18 N+4 N+14 N+4 N+14 N+12 N+28 N+17 N+27 N+12 N+26 N+8 N+22
from Piedmont (Italy)

FRA139 Trentham black faux N+10 N+28 N+4 N+10 N+16 N+18 N+4 N+14 N+4 N+14 N+12 N+28 N+17 N+27

ESP080 Trentham black Treni’l?gl:éf;k S8 N+10 N+28 N+4 N+10 N+16 N+I8 N+4 N+14 N+4 N+14 N+12 N+28 N+17 N+27

ITA360 Maria lunga N+10 N+22 N+10 N+10 N+I12 N+18 N+6 N+6 N+10 N+20 N+18 N+20 N+15 N+27 N+14 N+24 N+14 N+14

FRA139 Dorona di Venezia N+10 N+22 N+10 N+10 N+12 N+18 N+6 N+6 N+10 N+19 N+18 N+20 N+15 N+27

ESP080 Dorona di Venezia N+10 N+22 N+10 N+10 N+12 N+18 N+6 N+6 N+10 N+19 N+18 N+20 N+15 N+27

ITA371 Dorona di Venezia N+10 N+22 N+10 N+10 N+12 N+19 N+10 N+19 N+18 N+20 N+15 N+27 N+15 N+26 N+14 N+14

CZE041 Mathiasz Janog Mathiasz JanoS isa  N120 N+28 N+4 N+6 N+16 N+26 N+14 N+20 N+6 N+6 N+18 N+28 N+17 N+17 N+20 N+20 N+6 N+8

misnomer

FRA139 Miiller-Thurgau N+20 N+28 N+4 N+6 N+I16 N+26 N+14 N+20 N+6 N+6 N+I18 N+28 N+17 N+17 N+20 N+20 N+6 N+8

ESP080 Miiller-Thurgau N+20 N+28 N+4 N+6 N+16 N+26 N+14 N+20 N+6 N+6 N+18 N+28 N+17 N+17

ITA371 Miiller-Thurgau N+20 N+28 N+4 N+6 N+16 N+26 N+6 N+6 N+18 N+28 N+17 N+17 N+20 N+20 N+6 N+8

FRA274 Jaen Jaen is a misnomer ~ N+22 N+28 N+4 N+14 N+18 N+26 N+6 N+14 N+6 N+14 N+20 N+20 N+17 N+21 N+14 N+20 N+10 N+14

FRA139 Mencia Prime name: Mencia N+22 N+28 N+4 N+14 N+18 N+26 N+6 N+14 N+6 N+14 N+20 N+20 N+17 N+21

ESP080 Mencia N+22 N+28 N+4 N+14 N+18 N+26 N+6 N+14 N+6 N+14 N+20 N+20 N+21 N+21 N+14 N+20 N+10 N+14

Note : in yellow the discrepancies found
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European database improvement and enrichment

The European Vitis Database was designed in a way that the initiated activities can continue
even after termination of the project. Collection curators, internal or external to the project,
have now the possibility to manage their own data, since the basis was laid to enable partners
of GrapeGen06 to upload and modify their data. Import programs for all kind of data and
photos have been developed, as well as an interactive modification system for MCPD-data.
This was the most innovating aspect and has not been implemented in any other crop database
before.

Database design

The European Vitis Database offers three access levels:

- Public access: search options encompass MCPD data, characterization data and
photos.

- All partner access: in addition to the public access search options, SSR-marker data,
which are protected by a confidentiality agreement among the GrapeGen06 partners,
are available. Export of MCPD data, characterization data, SSR-marker data, virus
data, on-farm evaluation data and Vitis sylvestris germplasm data is possible.

- Partner specific access: this area is designated for upload, deletion and interactive
modification of data and photo. Export of data is possible.

Further options are:

- Download of MCPD, OIV descriptors.

- Export of file formats for MCPD data, characterisation and SSR-marker data, virus
data, on-farm evaluation and Vitis sylvestris germplasm.

- Retrieval of institute codes of the worldwide existing grapevine collections. They are
used by the partners e.g. as holding institution, donor, breeder. Contact data of institute
codes are provided.

- Download of descriptions of autochthonous varieties (text and photographs).

- Download of a handbook, illustrating search options and results in detail, see the top
of the homepage.

Database contents

The European Vitis Database encompasses data of the two European Projects GrapeGen06
(2007-2010), the former project GenresO81 and MCPD-data of the Black Sea-project
(Maghradze 2009). In total 31 collections located in 21 countries are registered. Altogether
they maintain 31.864 grapevine accessions. The following accession specific data have been
imported: (1) characterisation data from 1.956 accessions, (2) SSR-marker data from 2.485
accessions, (3) virus data from 200 accessions and (4) 2.777 photographs of shoot tips, leaves
and clusters.

Database benefits
The following user groups are addressed:
- Curators of grapevine germplasm repositories:

Trueness to type assessment via genetic fingerprint and ampelography assists in
sorting out the collections through identification of misnomers, synonymy and
homonymy. The utilization of the variety code number of the Vitis International
Variety Catalogue (www.vivc.de) was agreed by all partners to tag identical
accessions. This is a first step towards a true European inventory of the existing
germplasm. The objective is the identification of endangered genotypes existing only
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once in grapevine collections, the determination of gaps to be filled and the
organisation of double conservation of the most important genetic resources.
For plant material exchange virus status information is crucial. The addition of this
information has started.

- Wine growers:
For growers interested in planting rare historical cultivars, adapted to the local or
regional growing conditions, agronomic features and wine characteristics of
autochthonous cultivars are to be found via on-farm evaluation or advanced search.
Short one-page descriptions can be downloaded.

- Breeders, researchers and industry:
Availability of germplasm, its description by ampelography and genetic fingerprint are
useful to check trueness to type, to select appropriate material for crossings or
investigations and supports the assessment of genetic diversity on a morphologic and
genetic level.

Conclusion

The objective of Grapegen06 project was to consolidate a network of scientists and
germplasm collections in Europe, in the objective to optimize the conservation of genetic
resources. In this regards, the project was very successful, since much work was performed
within the project.

Its main achievements until now certainly comes from the integration of several
methodologies leading to the monitoring of true-to-type genetic resources. Besides the
establishment of the tools monitoring the long term preservation of grapevine germplasm and
providing professionals with cultivar specific data, the main aim was to put into practice a
“sustainable” database which is constantly maintained by the curators of grapevine collections
and that should become available to the general public.
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ABSTRACT

DNA sequence diversity was investigated at two plastid regions (the trnH-psbA
intergenic spacer and the rpl16 intron) in a geographically diverse group of 113 cultivated
grape samples. This group included 40 samples from the Republic of Georgia, home to over
500 grape cultivars and the earliest archaeological evidence of grape domestication. The
greater Caucasus region in which Georgia lies is widely believed to be the area in which
grape domestication began, and the study of genetic diversity in this region is viewed as key
to understanding grape domestication in general. Four plastid haplotypes are evident in the
113 samples, and are designated by their character-states at each of the 3 polymorphic
positions: (AAA)-23 samples, (ATT)-29 samples, (GTA)-26 samples, and (ATA)-35
samples. The AAA haplotype was only observed in Georgian samples. The observation that
the Georgian cultivars exhibited both unique plastid DNA variation (the AAA haplotype) and
all other observed plastid haplotypes is consistent with previous studies that have observed
both unique and high levels of genetic variation in wild grape (V. vinifera subsp. sylvestris) in
the greater Caucasus region.

La diversité des séquences d'’ADN a été étudiée au niveau de deux régions
chloroplastiques (la région intergénique trnH-psbA et I’intron rpll6) dans un groupe
géographiquement diversifié de 113 echantillons de vignes cultivées. Ce groupe comprend
entre autres 40 echantillons provenant de la République de Géorgie, qui abrite plus de 500
cultivars de vigne et les plus anciennes traces archéologiques de sa domestication. La région
du Caucase ou s’étend la Géorgie est en effet considérée étre le lieu ou la domestication de la
vigne a débuté, et I'étude de la diversité génétique dans cette région est considérée comme
étant essentielle a la compréhension de la domestication de la vigne en général. Quatre
haplotypes plastidiaux sont ressortis de ces 113 échantillons: (AAA) présents dans 23
cultivars, (ATT) presents dans 29 cultivars, (GTA) présents dans 26 cultivars, et (ATA)
présents dans 35 cultivars. L haplotype (AAA) a été observé uniquement dans les cultivars
Geéorgiens. L’observation selon laquelle les cultivars Géorgiens montrent a la fois les quatre
haplotypes plastidiaux, dont certains spécifiques a des régions géographiques (comme
I’haploype AAA) confirme les études précédentes qui ont observé un haut niveau de variation
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génetique chez la vigne sauvage (V. vinifera subsp. sylvestris) dans la région du grand
Caucase.

INTRODUCTION

Plant and animal domestication has been called “...the most important development
in the past 13,000 years of human history,” (Diamond, 2002). Among domesticated plants,
the domestication of grapevine (Vitis vinifera L.) for food and drink is an event of
tremendous cultural and economic importance. Ensuring the long-term value of cultivated
plants like grape, particularly in regards to trait improvements such as disease resistance,
requires the retention of genetic variability in the form of seed and rootstock collections
(Tanksley, McCouch, 1997). Like many other domesticated plants, cultivated grape (Vitis
vinifera L. subsp. vinifera) has experienced recent large-scale demographic events that affect
the level of genetic variability available (reviewed in Miller, Schaal, 2006). Both the
Phylloxera and mildew epidemics of the 19" century and the growing dominance of a small
number of commercial wine varieties in the 20" century are believed to have caused a major
reduction in overall genetic variability in cultivated grape (This et al. 2006; Santiago et al.
2008).

Fortunately, recent molecular studies have shown that considerable genetic variation
exists within the estimated 6000 grape cultivars both at global (Aradhya et al. 2003; Arroyo-
Garcia et al. 2006; De Mattia et al. 2008) and local scales (Bulgaria—Dzhabmazova et al.
2009; Crete—Lefort, Roubelakis-Angelakis 2002; Croatia—Maletic et al. 1999; France—Bowers
et al. 1999; Hungary—Jahnke et al. 2008; Israel-Klein et al. 2008; Portugal-Lopes et al. 1999;
Almadanim et al. 2007; Spain/Greece—Arroyo Garcia et al. 2002; Tunisia—Snoussi et al.
2004; Turkey—Karatas et al. 2007; Ukraine-Huertz et al. 2008). These studies also indicated
that a portion of the genetic variation in cultivated grape is geographically restricted, leading
to the suggestion that wild grape (Vitis vinifera L. subsp. sylvestris (C.C. Gmel.) Hegi) could
have been taken into cultivation in independently in multiple areas, therefore capturing
different subsets of the total variation of the wild ancestor (Arroyo-Garcia et al. 2006).

In this study we examine plastid DNA sequence variation in a geographically diverse
group of V. vinifera cultivars. To date no study has broadly assessed DNA sequence
variation in this way. In addition, this study includes a large number of traditional cultivars
from the Republic of Georgia, home to over 500 grape cultivars and the earliest
archaeological evidence of grape domestication (Ketskhoveli et al., 1960; McGovern 2003).
The greater Caucasus region in which Georgia lies is widely believed to be the area in which
grape domestication began (Negrul, 1946; Unwin 1991; McGovern et al. 1996; Phillips
2000), and the study of genetic diversity in this region is viewed as key to understanding
grape domestication in general (This et al. 2006).

MATERIALS AND METHODS

Tissues for DNA samples came from three sources. We received 9 DNA solutions
and 59 cuttings of grape cultivars from the Institut National de la Recherche Agronomique
(INRA) Montpellier, France. Dried leaves of 30 grape cultivars were received from National
Clonal Germplasm Repository at the University of California, Davis. Finally, 40 Georgian
cultivars were received as cuttings from the Georgian Institute of Horticulture, Viniculture,
and Oenology, Thilisi. Variable success with DNA isolation resulted in a final set of 113
samples (62 INRA, 11 UC-Davis, 40 Georgian Institute of Horticulture Viniculture and
Oenology) (Table 1). Samples received as cuttings were either grown in water at room
temperature until leaves appeared, or the cuttings themselves were homogenized using a
pencil sharpener. DNA isolation was carried out according to the CTAB protocol presented
in Lodhi et al. (1994) or with a Plant Genomic DNA Extraction Miniprep System (Viogene



U.S.A., Sunnyvale, CA). When necessary, extracted DNAs were purified with GenElute
columns (Sigma-Aldrich, St. Louis, MO).

A preliminary sample set comprising seven Georgian and two French cultivars were
investigated by sequencing three non-coding plastid DNA regions (the trnH-psbA intergenic
spacer, the rpl16 intron, and the accD-psal intergenic spacer). The trnH-psbA intergenic
spacer was amplified with the primers “trn H” and “psb A” (Hamilton, 1999). The accD-psal
intergenic spacer was amplified with the primers “ACCD-769F” and “PSAI-75R” (Barkman,
Simpson, 2002). The rpll6 intron was amplified with the primers “rpl16 5" (5'
TGTTGTTTACGAAATCTGGTTC 3) and “rpl16 3" (5' ATGCTTAGTGTGTGACTGGT
3") (this study).

After evaluating the SNPs present in these three plastid regions for the 9-sample
preliminary data set (see results), the entire trnH-psbA intergenic spacer and a 367 bp portion
of the rpll6 intron was sequenced for the remaining 104 samples. The new target rpl1l6
intron  region was sequenced with the primers “rpll6 internalF” (5’
GAATAATACACTGAATCG 3') and “rpl16 internalR” (5° ATTGAGTGGGATGGCGGA
3) (this study). PCR conditions included denaturing at 94" C (1 minute), 30 cycles of 94" C
denaturing (1 minute), 55 C annealing (1 minute), and 72° C extension (2 minutes), followed
by a final extension step at 72" C (5 minutes). PCR products were purified with GenElute
PCR Clean-Up Kits (Sigma-Aldrich, St. Louis, MO), dye-labeled using a Big Dye
Terminator Kit (Applied Biosystems, Foster City, CA) and analyzed on either Applied
Biosystems 3100 or 3700 genetic analyzers at either the Biology Department of Washington
University (St Louis, MO) or the Laboratory Services Division of the University of Guelph,
(ON, Canada). Sequences were manually aligned in Se-Al (Rambaut, 2002), and haplotype
networks were generated using TCS 1.18 (Clement et al., 2000).

RESULTS AND DISCUSSION

Five polymorphisms (not including polynucleotide length variation) were detected
among the nine samples in the preliminary data set, one in the trnH-psbA intergenic spacer,
and two in both the accD-psal intergenic spacer and rpl16 intron. Since the substitutions
present at both trnH-psbA and accD-psal divided the cultivars into the same groups, only
trnH-psbA and the internal portion of rpl16 were sequenced for the total 113-sample set. The
trnH-psbA intergenic spacer was 335 bp in 109 samples. Four samples were 334 bp, owing
to either one less nucleotide in a poly-A region (Gouais blanc and Saperavi Meskh) or a poly-
T region (Alphons Lavalee and Yugoslavia 360). The targeted portion of the rpl16 intron
was 367 bp in all samples. The haplotype network derived from the 113-sample trnH-psbA/
rpl16 dataset is shown in Fig. 1. Four plastid haplotypes are evident in Fig. 1, and are
designated by their character-states at each of the 3 polymorphic positions: (AAA)-23
samples, (ATT)-29 samples, (GTA)-26 samples, and (ATA)-35 samples (Table 1).

Plastid DNA sequence variation was observed in our geographically diverse set of V.
vinifera susp. vinifera samples, consistent with previous studies of microsatellite and isozyme
variation (see introduction). Interestingly, the (AAA) plastid haplotype was found only in the
cultivars from the republic of Georgia. Twenty-five (63%) of the 40 included Georgian
cultivars exhibited this haplotype, and these “Rkatsiteli” group cultivars all originate from
eastern Georgia. Contrast this group with the nine cultivars (23%) of the “Chkhaveri-Pinot
noir” group (GTA), most of which are cultivated in western Georgia near the Black Sea
coast. Another six of the Georgian cultivars exhibited the “Saperavi-Cabernet Sauvignon”
(ATT) haplotype. Among these is the well known cultivar Saperavi, which is now mainly
distribured in eastern Georgia, but is believed to have originated in south-west Georgia. Only
two Georgian cultivars exhibited the “Chardonnay-Mtsvane Meskhuri” group haplotype
(ATA), as this group comprises mainly French cultivars.
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Table 1. Sample information for the 113 sequenced samples. GIHVO = Georgian Institute of
Horticulture, Viniculture, and Oenology; INRA = Institut National de la Recherche
Agronomique ; UC Davis = National Clonal Germplasm Repository at the University of
California, Davis.

Sequence group AAA Sequence group ATA
Cultivar Country of Tissue Cultivar Country Tissue
origin source of origin source
Akhardani Georgia GIHVO Mtsv. Mesk. | Georgia GIHVO
Aleksandrouli Georgia GIHVO Saper. mesk. | Georgia GIHVO
Almura shavi Georgia GIHVO Aligote INRA
Budeshuri tetri | Georgia GIHVO Ahmeur bou INRA
Ahmeur
Chinuri Georgia GIHVO Alphonse INRA
Lavallee
Chitiskv. Mesk. | Georgia GIHVO Chardonnay INRA
Chkapa Georgia GIHVO Cinsaut INRA
Gldanula Georgia GIHVO Clairette INRA
Gorula Georgia GIHVO Colombard INRA
Mekrenchkhi Georgia GIHVO Cot INRA
Meskhuri shavi | Georgia GIHVO Fahri UC Davis
Mtsvane Goruli | Georgia GIHVO Ferral lzalva UC Davis
Ojaleshi Georgia GIHVO Folle blanch. INRA
Rkatsiteli Georgia GIHVO Gamay INRA
Georgia GIHVO Gamay de INRA
Sazuravi Bouze
Georgia GIHVO Gamay de INRA
Shaba Chaudenay
Georgia GIHVO Gamay INRA
Shavi asuretuli Freaux
Shavkapito Georgia GIHVO Gouais blanc INRA
Sqelkana adr. Georgia GIHVO Kali Sahehi UC Davis
Tavkveri Georgia GIHVO Kurtelaska UC Davis
Thethri Gomis | Georgia GIHVO Marsonne INRA
Tkhelkana adr. | Georgia GIHVO Mauzac INRA
Tkvlapha shavi | Georgia GIHVO Melon INRA
Merlot INRA
Monbadon INRA
Muscat INRA
d’Alexandrie
Piquepoul INRA
blanc
Reine des INRA
Vignes
Romorantin INRA
Roussanne INRA
Sahebi UC Davis
Sultanine INRA
Terret gris INRA
Valdiguie INRA
Yugosl. 360 UC Davis




Sequence group ATT Sequence group GTA

Cultivar Country Tissue Cultivar Country Tissue

of origin source of origin source
Chitisthvala meskh. | Georgia GIHVO Aladasturi Georgia GIHVO
Sabatono Georgia GIHVO Chkhaveri Georgia GIHVO
Saperavi Georgia GIHVO Kachichi Georgia GIHVO
Tsigizi Georgia GIHVO Kamuri shavi | Georgia GIHVO
Kharisthvala gartlis | Georgia GIHVO Krakhuna Georgia GIHVO
Kharistvala meskh. | Georgia GIHVO Pirgebuli Georgia GIHVO
Aramon INRA Shonuri Georgia GIHVO
Cabernet franc INRA Tsitska Georgia GIHVO
Cabernet Sauvign. INRA Tsolikauri Georgia GIHVO
Carmenere INRA Alvarelhao INRA
Chasselas INRA Carignan INRA
Chenin INRA Dattier Beyr. INRA
Emperor INRA Grenache INRA
Gewurtztraminer INRA Himrisnky UCDavis
Itonychi Mavro UC Davis | Macabeu INRA
Muscadelle INRA Meunier INRA
Muscat Hambourg INRA Mourvedre INRA
Muscat petits blanc INRA Mieller-Thur. INRA
Nicolas Horthy #39 UC Davis | Perlette INRA
Sauvignon INRA Pinot noir INRA
Savagnin blanc INRA Pinot gris INRA
Semillon INRA Pinot blanc INRA
Stambulari UC Davis | Riesling INRA
Tallian UC Davis | Sauvignonasse INRA
Traminer rot RG INRA Servant INRA
Tannat INRA Syrah INRA
Ugni blanc INRA
Veltliner rot INRA
Viognier INRA

The observation that the Georgian cultivars exhibited unique plastid DNA variation
(AAA haplotype) and all other observed plastid haplotypes is consistent with previous studies
that have observed both unique and high levels of genetic variation in wild grape (V. vinifera
subsp. sylvestris) in the greater Caucasus region (Arroyo-Garcia et al., 2006; Grassi et al.,
2006, 2008; De Mattia et al., 2008).
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ABSTRACT

Thirty-six grapevine accessions have been colle@2drom Armenia and 14 from Georgia,
totalling 36 samples. They have been analysed WitlSSR markers and 27 microsatellite
profiles have been obtained. After comparison with CRA-VIT database and also with data
available in literature, only 33% of these genosypsas identified. Homonymy and
synonymy cases found inside the accessions samplée present work are discussed, and
also in respect to what already published. Ourlt®stiow that there is some confusion in the
correct identification of local cultivars, even gaobetter known and most spread. The genetic
variability inside the varieties found has beenleated with Identity software. Being aware
that Transcaucasia is the first domestication akegrapevine, Armenian and Georgian
genotypes have been compared with 271 varietiegyrfauropean, 174 of which are from
Italy, searching for possible genetic similaritieB this aim “Structure” and “Genetix”
softwares have been used. The obtained resultismessed.

RIASSUNTO

Sono state raccolte 22 accessiorViis ssp provenienti dall’Armenia e 14 dalla Georger, p
un totale di 36 campioni. Questi materiali sonoti staalizzati con 11 marcatori SSR,
ottenendo 27 profili molecolari. Dopo il confronton il database del CRA-VIT e con i dati
di letteratura, solo il 33% dei genotipi & statentificato. Vengono discussi i casi di
omonimia e di sinonimia individuati entro le aceess campionate nel presente lavoro e
rispetto a quanto gia pubblicato. | nostri risul@tidenziano che vi € una certa confusione
nella corretta identificazione delle varieta localnche delle piu note e diffuse. E’ stata
valutata la variabilita genetica dei genotipi indivati con il software Identity. Sapendo che la
regione transcaucasica, rappresenta la princippeala di origine della vite coltivata, i genotipi
di Armenia e Georgia sono stati messi a confronto 271 varieta, prevalentemente europee,
di cui 174 italiane, per individuare eventuali wm&nze genetiche, usando i software
“Structure” e “Genetix”. Vengono discussi i risultattenuti.

INTRODUCTION
The aim of our work was to investigate if variet@sming from Armenia or Georgia are

nowadays growing in Europe and particulary in ltalforeover we were interested in
evaluate the genetic relationships among Near BtEairopean cvs, because Armenia and



Georgia are thought to be the most important cesftierigin of Vitis vinifera together with
Azerbaijan.

MATERIALSAND METHODS

Vegetal material Twenty-two accessions ofitis sppcoming from Armenia and 14 from
Georgia have been sampled, totalling 36 (Tab. 1).

Tab. 1 - List of accessions analysed and related

provenance.

DNA No | Accession name Provenance

1,09 ARARATI Armenia

4,09 ARENI Armenia

36,09 ARMENIA 4 Armenia, Ararat Valley
38,09 HACIABASH 8 Armenia

30,09 ITSANPTUK 8 Armenia

7,09 ITZAPTUK Armenia

8,09 KAKHET Armenia

37,09 KHALIZ 1 Armenia, Ararat Valley
10,09 MSKHALI Armenia

2,09 MSKHALI Armenia

39,09 MUSKAT 3 Armenia, Ararat Valley
34,09 NAZELI Armenia

9,09 QISHMISH Armenia

111,09 QISHMISH RED 6 Armenia, Ararat Valley
35,09 QISHMISH WHITE 5 Armenia, Ararat Valley
31,09 SHAHUMYAN 7 Armenia

29,09 TABLE WHITE 9 Armenia, Ararat Valley
3,09 TAIFU Armenia, Ararat Valley
6,09 TOZOD Armenia

32,09 VARDAGUYN YERVANI | Armenia, from Institute
5,09 VOSKEHAT Armenia, Areni village
33,09 VOSKEHAT Armenia, from Institute
28,09 BUDASCIURI 13 Georgia

113,09 IZABELLA BIANCO 11 Georgia

112,09 IZABELLA NERO 10 Georgia

27,09 PINOT NERO 9 Georgia

11,09 RKAZITELI n. 1 Georgia

13,09 RKAZITELI n. 7 Georgia

18,09 SAPERAVINn. 3 Georgia

20,09 SAPERAVIN. 5 Georgia

12,09 SAPERAVI n. 8 Georgia

17,09 SCONOSCIUTO n. 12 Georgia

15,09 SCONOSCIUTO n. 14 Georgia

16,09 SCONOSCIUTO n. 6 Georgia

14,09 TITAn. 4 Georgia

19,09 TITA SHAVI n. 2 Georgia

These materials have been analyzed with the 11 $8Risely used at CRA-VIT for grape
variety identification. Six of them belong to thgarnational set recommended in the frame of
the European project GenRes081 and are therefefel dsr comparison purposes with other
databases.



Genomic DNA extraction and PCR amplificaticddenomic DNA was isolated from young
leaves ground using Tissue Lyser (Qiagen) accortinpe protocol for DNeasy Plant Mini
Kit (Qiagen). Eleven nuclear microsatellites weredged in one multiplex: VVS2 (Thomas
and Scott 1993), VVMD5, VVMD7, VVMD27, VVMD28 (Bows et al 1996, 1999),
SSIVIZAG62, ssrVrZAG79 (Sefet al. 1999), ISV2, ISV3, ISV4 and VMCNG4b9 (Crespan
2003). Primer concentrations have been modulateakder to balance signal intensity for
each locus. The cycling program was: 2 min at 94f6wed by 30 cycles of 45 s at 94 °C,
1 min 30 sec at 55 °C, 1 min at 65 °C, and a fexknsion step of 45 min at 65 °C.
Electrophoresis was carried out in an ABI 3130xh&& Analyzer (Applied Biosystems) and
the fragments were sized with GeneMapper 4.0 uSliegeScan 500 LIZ size standard
(Applied Biosystems) as an internal marker (ApplBdsystems).

Allele calling was performed using a specific B#est built for variety identification; our Bins
Set is made by 53 reference data representing tbiidse alleles present in our database.
Mutants for berry color have been analyzed with gh&tocol described in Giannettd al.
2008, using the primer pair VvmybALl (3).

Statistics on molecular data and genotype corogiatevaluation

The genetic variability inside the varieties foulnas been evaluated with Identity 1.0 free
software, i.e. number of alleles/locus, allele drencies, expected and observed
heterozygosity, probability of null alleles, anabability of identity (PI).

Using the SSR database of CRA-VIT, the molecularfilgs of Armenian and Georgian
samples were compared with those of 271 genotypmasly European varieties, 174 of
which were from Italy, searching for possible gamsimilarities. Three different softwares
were used: NTSYS, GENETIX and STRUCTURE 2.3.1.hHe first case, genetic similarity
(GS) estimates between individuals were calculatsidg the band similarity coefficient of
Lynch (1990) for SSR data in diploid genomes. Thster analysis was performed according
to the unweighted pair-group arithmetic averageho@{UPGMA) and the dendrogram of all
individuals was constructed from the symmetrical @ftrix using NTSYS-pc 2.10
software.The Analysis of Functional Correspondei#deC) was performed with GENETIX
software  (Belkhir et al 2003), available free at http://www.univ-
montp2.fr/%7Egenetix/genetix/genetix.htrAs regards STRUCTURE elaborations, we set
the following parameters: length of burn-in perit@ 000 generations and3Markov chain
Monte Carlo replications; we used the admixture ehd®ritchardet al. 2000) and run the
analyses with correlated allele frequencies (Faéisdl 2003). No information was given on
the presumed origin of the individuals (USEPOPINBD=Structure was run foK values
ranging from 1 to 20.

RESULTSAND DISCUSSION

Twenty-seven molecular profiles have been obtai(iEab. 2) and they were 15 for
Armenian and 12 for Georgian samples. The SSRlesofiere compared with the CRA-VIT
database and with data available from literaturely33% of genotypes were identified,
whilst most of the varieties showed to be differieotn all those analyzed until now.

Among the Armenian accessions we found Areni (lession), Askeri (1 accession),
Khusaine belyialias Husaine blanc (3 accessions), Mskhali (3 accesgiand Sultanina (3
accessions).



Tab. 2 - SSR analysis results.

provenance DNA Na Accession Name ?g&%?”son with Vouillamoz et al. Identity

4,09 ARENI Areni Chernyi_3 Areni
34,09 NAZELI Askeri
7,09 ITZAPTUK
30,09 ITSANPTUK 8 Khusaine belyi (Husaine blanc)
31,09 SHAHUMYAN 7
1,09 ARARATI
10,09 MSKHALI Mskhali M skhali
29,09 TABLE WHITE 9
35,09 QISHMISH WHITE 5

© 111,09 QISHMISH RED 6 Sultanina

G 9,09 QISHMISH

<§z 36,09 | ARMENIA4 Unknown G7
8,09 KAKHET Unknown G11
37,09 KHALIZ 1 Unknown G12
2,09 MSKHALI
38,09 | HACIABASH 8 Unknown G8
39,09 MUSKAT 3 Unknown G5
3,09 TAIFU Unknown G9
6,09 TOZOD Unknown G2
32,09 VARDAGUYN YERVANI Unknown G3
5,09 VOSKEHAT Khardjzhi Unknown G10
33,09 VOSKEHAT Unknown G4
18,09 SAPERAVIn. 3
112,09 IZABELLA NERO 10 |sabella
14,09 TITAn. 4 Taifj rosovi

Dondglabi, Kapistoni Im., Gorula

20,09 SAPERAVIN. 5 and T%vkara b Unknown G13

< Egg e Rkatsitell Rkatsiteli

S 28,09 BUDASCIURI 13 Unknown G21

o 113,09 IZABELLA BIANCO 11 Unknown G19
27,09 PINOT NERO 9 Unknown G17
12,09 SAPERAVIn. 8 Unknown G14
17,09 SCONOSCIUTO n. 12 Unknown G20
15,09 SCONOSCIUTO n. 14 Unknown G15
16,09 SCONOSCIUTO n. 6 Unknown G18
19,09 TITA SHAVIn. 2 Unknown G16

In this last case, the variant with red berries fONo 111.09) has been distinguished using
the diagnostic method pointed out by Giannettal. (2008) (Fig. 1).

Among the Georgian samples four genotypes are thylwr presumable hybrids due to
particularities in the profile, such as allelesgem only in the rootstocks and absen¥in
vinifera or multiple signals at VMCNG4b9 locus (Crespatral 2009): they are Isabella (2
accessions) and other three unidentified sampl&3.¢®, 27.09 and 15.09). We found Taifj
rosovi (1 accession) and Rkatsiteli (2 accessioti®); remaining six samples were not

identified.

The two Armenian accessions named Voskheat welerelit each other and also in respect
to the sample analysed by Vouillametizal (2006). It comes out that the correct identity of
this variety is not well defined and it is importda highlight the question because it plays a

major role among the wine grape cultivars autoamlos of Armenia.
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Fig. 1 Discrimination between white and red Qishn@scessions analyzinggmybAlgene.
Lanes: 1. reference white Sultanina; 2. refereno& Bultanina; 3. Qishmish white; 4.
Qishmish red; M is the molecular ladder 100 bp D&ép ladder from Promega.

An analogous case came out for Saperavi whicloggther with Rkatsiteli, one of the most
known indigenous wine cultivars of Georgia. TheethrSaperavi samples we analyzed
showed three different SSR profiles and one of thasbeen identified as Isabella, which is
a known hybrid ofVitis labruscax V. vinifera Moreover none of the other two (DNA No
12.09 and 20.09) matches the profile of Sapenaalyaed by Vouillamozt al (2006).

We found also additional alleles at the very higdyymorphic VVMD28 locus, one of 236
and the other of 238 bp. They are in the rang¥.ofiniferaand integrate the stair of alleles
available until now.

The genetic variability inside the genotypes foumas been evaluated with Identity
software, computing the number of alleles, the roetgosity observed and expected, the
probability of identity, and disregarding the fdwbrids. We found 98 alleles with an average
of 8.9 alleles by locus. The average He was 0.7¥ the observed one 0.80; the total
probability of identityl.41e-11, which is significdly low.

Knowing that the Near Est and particularly the Beaaucasian region is the principal centre
of origin of cultivated grapevine, Georgian and &man genotypes were compared with 271
Vitis viniferavarieties, mostly European, and among them 174 fem Italy, in the effort to
find genetic relationships, using three differempraaches.

The cluster analysis produced a very complex treghich 8 genotypes were spread up-
down in different and very distant groups (data staiwn). Nevertheless, referring to Tab. 2
for sample identification, the other 19 varietiesrgrgrouped in a well defined part of the tree,
at the bottom (Fig. 2): a part encompasses Suliaiglated genotypes, another Husaine blanc
and the last cv Rkaziteli. G19 genotype remainarglepart, supporting the hypothesis that it
could be a hybrid.
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Fig. 2 Bottom part of the dendrogram produced udtand
coefficient and UPGMA clustering.

Genetix results. A first elaboration comprising298 individuals produced an AFC graphic
crushing 296 samples in an unique group and pu@ihg and G19 largely aside. Since we
supposed that these two genotypes could be hybmesiiscarded them from the Genetix
analysis and produced another elaboration usingi2®@iduals. This time 295 genotypes
were tightly grouped and Isabella remained alom@wing that it is an interspecific hybrid, it
was excluded from the analysis, reducing the comsparto 295 samples (Fig. 3). Many
interesting information came out from AFC graphiirst at all, even if the number of
Armenian and Georgian samples is poor, they ocadgmydedly the right part of the graph
and are highly spread all over the three dimens$mpace, much more than all other cultivars.
This is not surprising, giving that Armenia and @Gga are the first centre of origin ¥fitis
vinifera and therefore the greatest genetic variabiligxsected here. The Italian varieties are
spread along the horizontal axis and some of themam alone on the left side of the graph:
they are ancient minor cultivars of North Est Iltaduch as Corbina, Raboso Piave,
Schioppettino, Ciavalgian, Berzamino and also tlestrRinown Refosco’s and Lambrusco’s.
It is very interesting to underline that the Landwo’'s are considered very closestdvestris
grapes, and it will be an intriguing topic to deegide this preliminary indication, since this
part of Italy could be another centre of originsativagrape. Another surprising observation
was to find Garnacha tinta at the right side of gnaph, together with many Sardinian
varieties, such as Giro, Nuragus and Monica.
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Fig. 3 AFC graph. The names of the samples reféato 2 identification results.

The Spanish origin of Garnacha tinta is disputedairour of a Sardinian origin (Lovicu
2006). In our work Garnacha tinta groups with m&wgrdinian varieties; besides, they
showed to be more close to Armenian and Georgi#iivats than other Italian varieties and
this fact is very intriguing because Sardinia wggdthesized as a second centre of origin for
cultivated grape (Gras&t al, 2003). As expected, Greek cultivars are alsseclo the
Armenian and Georgian ones. On the contrary, Musleattc a petits grains is in the middle.
We know that it is a very ancient variety, parehiadot of cultivars with muscat flavour
(Crespan and Milani, 2001), and its position redesih bridge from Est to West. Rkatsiteli is
the most distant one, localized at the right sidéhé bottom.

The analysis performed with STRUCTURE to infer I¢, the number of genetic clusters or
gene pools in all genotypes, failed to reveal aaximum value ofn P(D) over the range of
K values from 1 to 20, which would allow the assignimef the true K value. Therefore the
298 cultivars could not be divided into sub-popolag (data not shown).

CONCLUSIONS

Our results show that there is some confusionenctrrect identification of local cultivars,
even those better known and most spread as Vos&hddbaperavi.

The results of the analysis of the genetic relaiges among Armenian, Georgian and
European cultivars show that many Sardinian (Itafgieties are very close to Armenian
samples, whilst Lambrusco’s and other minor cutivaf North Est Italy group apart. Many
interesting indication emerged from AFC analysibjoll need to be deepened in order to get
additional insights into the spreading and the @n@h of grapevine genetic resources.
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ABSTRACT

Georgian grapevine germplasm (V. vinifera L.) originated in diverse regions of the country
over a long historical period. During the XX century bred varieties enriched it. Georgia is also
a place where V. vinifera sylvestris spread in large numbers, provided an important initial
impulse to the domestication of grapevine. The main cultivated varieties in Georgia are
autochthonous varieties, having high-market value — best of those are also cultivated in East
Europe and Middle Asia. Conservation initiatives for Georgian Vitis germplasm started since
XIX century and entered into XXI century with some difficulties. However, Georgia was
able to establish new field collections and collaborative works, in the framework of
international projects and local initiatives. This germplasm is the object of intensive
investigations; it attracts international collaborations because of its genetic diversity.
Investigations based on SSR fingerprinting and ampelographic methods are used for
classification of varieties and understanding their phylogenic relationships.

RIASSUNTO

Il germoplasma di vite georgiano (V. vinifera L.) si ¢ originato in differenti aree del paese
nel corso di un lungo periodo storico. Durante il XX sec. nuovi vitigni ottenuti per incrocio lo
hanno arricchito. La Georgia ¢ un luogo ove ¢ diffusa la V. vinifera sylvestris; si ritiene quindi
che le antiche civilta locali abbiano dato un importante contributo alla domesticazione della
vite. Le principali cultivar sono autoctone; quelle pill apprezzate sono coltivate anche in
Europa orientale e Asia Centrale. In Georgia la consapevolezza dell’importanza della
conservazione del germoplasma risale al XIX sec. Entro in difficolta per i problemi economici
nel XXI sec. Comunque la Georgia ¢ stata in grado di costituire nuove collezioni e attivita di
collaborazione, internazionali e locali. Il germoplasma georgiano ¢ oggetto di intense attivita
di ricerca anche perché, a causa della sua diversita genetica suscita interesse internazionale. |
marcatori SSR e le moderne tecniche ampelografiche sono utilizzate per la caratterizzazione
varietale, la comprensione della relativa struttura genetica e delle relazioni filogenetiche.

INTRODUCTION

The germplasm of Georgian grapevine varieties (V. vinifera ssp sativa DC.) originated in
diverse geographic regions of the country over a long historical period, and includes 525
autochthonous varieties. A.M. Negrul (1946) in his famous ampelographic classification
groups our varieties mainly in the Proles pontica, subproles Georgica Negr., and
comparatively few number - in the Proles orientalis, subproles Caspica Negr. During the XX



century new bred varieties enriched this germplasm. Georgia, a country of the South
Caucasus, is also a place where Vitis vinifera ssp sylvestris Gmel. strives and is found in large
numbers (Ramishvili, 1988); this is believed to have provided an important initial impulse to
the domestication of grapevine, by the old civilisations here.

The main cultivated varieties in Georgia are autochthonous varieties, having high-market
value (Census, 2004). The best varieties like ‘Rkatsiteli’, ‘Saperavi’, ‘Tavkveri’ and others
are cultivated in East Europe, Middle Asia and other countries of the Caucasus.

Awareness of importance and conservation initiatives for Georgian Vitis germplasm started
since XIX century (Staroselskii, 1893), passed the best period in XX century and entered into
XXI century with some difficulties linked to the economic situation of the Country. However,
Georgia was available to establish new field collections and collaborative works, in the
framework of international projects and local initiatives. Besides, some of the autochthonous
varieties are preserved in foreign collections, bringing a reciprocal interest between local and
foreign researchers.

Beside the conservation, the grapevine germplasm is the object of intensive investigations in
various scientific fields; it attracts international collaborations because of its genetic diversity
(Vouillamoz et. al. 2006; Maghradze et al. 2009b). Investigations based on SSR fingerprinting
and modern ampelographic methods are used for classification of varieties, for understanding
their genetic structure and the phylogenic relationships with the World’s germplasm.

The aim of this work was a multidisciplinary characterisation and evaluation of Georgian
grapevine germplasm including autochthonous varieties and wild vines, demonstration of its
importance for domestic and foreign viticulture and winemaking.

Particular target of this work is to give a description of the Georgian germplasm platform
through a molecular approach based on SSR profiling of most interesting wine/table
cultivated grapes and representatives of wild populations. Two different types of approaches
were carried out: 1) analysis and description of the genetic structure of Georgian grapevines
basing on the characterization of wild and cultivated collected samples; ii) Comparison of
data obtained in the previous investigation (Maghradze et al. 2009a) with data obtained by
genotyping at 20 SSR loci the 2305 grapevines conserved in the Institut National de la
Recherche Agronomique (INRA, France) grape germplasm repository of Domaine de Vassal
(INRA Domain de Vassal, 2004). The combined used of these two approaches were
considered valuable in describing in a complete way both the structure of Georgian viticulture
and its spread in other Countries.

MATERIALS AND METHODS

Plant materials: Georgian autochthonous grapevine varieties (V. vinifrera ssp sativa DC.)
from 5 field collections (Vashlijvari, Skra, Telavi (Georgia), Gorizia (Italy) and Vassal
(France) were included in our research. One hundred and thirty nine cultivars were selected
for DNA investigation as representatives of supposed Georgian native grape germplasm. At
the same time, in this research, 22 wild grapevine (V. vinifera ssp sylvestris Gmel.) were also
added.

Ampelography and Ampelometry: Harmonized ampelographic descriptors of OIV (1983,
2007), IPGRI (1997), GENRES 081 and UPOV (1999) were used for ampelographic,
agronomic and cytologal characterization of vine organs. Eighty one parameters of leaves, 3
parameters of bunch, 2 parameters of berries and 3 parameters of seeds were obtained by the
software “SuperAmpelo” (Soldavini et al. 2007).

Phenology: One hundred thirty four varieties were tested in a field collection, located in
Gorizia. Phenological timing, according to Baggiolini’s scale (in Coombe, 1995), and



technological ripening profiling, in the three year period 2004-2006 has been recorded.
Seasonal weather courses were representative of local climate (Maghradze et al. 2010).
Anthocyanin Analysis: Eighty nine colored accessions from Gorizia collection and 10
European cultivars was analyzed by HPLC technique according to Mattivi et al. (1990).
Cytological analysis: The Karnua’s solution 3:1 (ethanol: acetic acid) was used for fixation
of cells. Common methods for cytological analyses (Pausheva, 1970; Chkhartishvili et al.
2006) were used for investigation of pollen and stigma morphology, structure and parameters.
Thirty cultivars and clones of grapevine were discovered in this work. The analysis was
conducted at the Institute of Horticulture, Viticulture and Oenology by L. Vashakidze (2006).
SSR genotyping: Samples of young leaves were collected for each accession during the
active growing seasons or from woody cuttings green house grown. The DNA was extracted
using a commercial kit (Qiagen DNeasy Plant Kit). Twenty nuclear SSR loci were chosen
basing on the work of Doligez and coworkers (2006). These loci, selected for their quality and
distribution across the 19 grapevine chromosomes, were detected on an automated ABI
Prism® 310 Genetic Analyzer (Applied Biosystems — Life Technologies, Foster City, CA,
USA). Alleles were scored by eye using GeneMapper 3.10 (Applied Biosystems — Life
Technologies) and allele sizes were recorded in bp with two decimal precision allele sizes
were standardized to the sizes of reference varieties.

For structure and paternity analysis, the data of the Georgian varieties and wild genotypes
were compared against the SSR dataset of the Vassal collection of INRA (France). These
data, obtained by Lacou et al. (in prep.) on the same set of 20 SSR, and presented by Le Cunff
et al. (2008), comprised 2262 cultivars. A number of common reference varieties presenting
alleles spanning all the diversity was used, following the method of This er al. (2004), to
adjust allele length between the dataset obtained in the two laboratories (University of Milan
and INRA), so to make the two dataset harmonized and comparable.

Data analysis:

Analysis of the genetic structure of Georgian grapevine germplasm: The apparent isolation of
Georgian germplasm makes this viticulture particularly interesting to be investigated, for this
reason we used the software Identity (Wagner and Sefc, 1999) to calculate the number of
alleles (n), the expected (H.) and observed (H,) heterozygosity, the estimated frequency of
null alleles (r) and the probability of identity (P.I.). To describe the structure of these samples
and to perform a study on allele frequencies and characterization, Genetic distances were
calculated by the Nei's (1978) genetic distance using the Microsat software (Minch et al.
1997).

Comparison between Georgian samples and Vassal germplasm collection and Parentage
analysis: To verify the contribution of Georgian germplasm platform to viticulture a
parentage analysis was carried out with the software FaMoZ adapted to grape (Gerber et al.
2003; Di Vecchi Staraz et al. 2007). Possible parents determined by logarithm of odds (LOD)
scores and significance thresholds were probed among the 2305 cultivars previously
characterized with the set of 20 SSR markers. Likelyhood ratios were calculated according to
Bowers and Meredith (1997) from alleles frequencies based on this set of data. To verify the
kind of the most probable relationships among the Georgian material and between this and the
Vassal germplasm collection ML-Relate software was used (Kalinowski er al. 2006) . This is
a computer program calculating maximum likelihood estimates of relatedness and relationship
for codominant genetic data. ML-Relate is designed for microsatellite loci, and can
accommodate null alleles. ML-Relate is useful for discriminating among four common
pedigree relationships: unrelated (U), half-siblings (HS), full-siblings (FS), and parent-



offspring (PO). For each of these kind of relationships the likelihood is given helping in
categorize the analyzed accessions.

Statistical Analysis: The obtained data were processed by uni- and multivariate statistical
analysis as described in the Results section. Data were analyzed using SPSS (V. 14.0)
statistical program.

The period of investigation: ranged from 2003 to 2009.

RESULTS AND DISCUSSION

Usage: Main direction of Georgian viticulture is winemaking. The list of standard wine
cultivars in Georgia contains 34 ones (from total number of 48 cultivars), including 27 old
autochthonous varieties (Law, 1998). They cover most of vineyards within country and can
produce high quality wines, highly rated by wine-tasting panels in different countries of the
world. Important Georgian varieties are ‘Rkatsiteli’, ‘Saperavi’, ‘Tavkveri’, ‘Mtsvane
Kakhuri® ‘Tsolikouri’, ‘Ojaleshi’, ‘Krakhuna’, ‘Alexandrouli’, ‘Chinuri’ and others.

During XX century Georgian autochthonous varieties of grapevine were involved in
breeding programs in Georgia and other countries abroad. As a result, the successful
realization of 193 new bread varieties from 13 Georgian native varieties in 16 different
countries was achieved (Vakhtangadze et al. 2010).

Conservation: at the beginning of XXI century the conservation of Georgian native
germplasm had some progress after the regress of the 90" of the XX century: Vashlijvari
collection (Tbilisi, Georgia) with 300 accessions was established in the framework of the
international project “Conservation and Sustainable use of grapevine genetic resources in the
Caucasus and Northern Black Sea region” in 2003-2005. Based on the materials of this
collection the Institute of Horticulture, Viticulture and Oenology was able to establish other
three field collections in Telavi (573 accessions), Skra (440) and Vachebi (312) in 2008.
Other three new collections were set up by Saguramo “Centre for Grapevine and Fruit Tree
Planting Material Propagation” (about 400 accessions), “Kindzmarauli” winery and “Shumi”
winery (149). Two new collections were established in Italy by the University of Milan.

Except this positive tendency, viticulture in Georgia is threatened by genetic erosion: only a
few numbers of local varieties are still cultivated in spite of the available; wide number of
indigenous breeding varieties not yet included in germplasm collections or on the brink of
extinction due to preservation only in a single collection. Few wild vines are preserved in
collections. This is the reason why proper conservation management and activities for
Georgian grapevine germplasm is still actual.

Investigation:

Ampelography: Ampelographic cards based on IPGRI and OIV descriptors for grapevine
were prepared for varieties ‘Gorula’ (138 descriptors), ‘Gorula clone No23’ (138), ‘Tavkveri’
(114) and ‘Satsuravi’ (96). 150 ampelographic cards with 56 characters were completed in the
Gorizia collection. Local varieties were described in Vashlijvari (216 varieties, 14
descriptors), Telavi (27 var., 17 descript.) and Skra (28 var., 20 descript.) collections.

Based on the inventory of Georgian grape collections a database of native varieties was
established in 2004. Eight hundred seventy-five accessions available in the collections were
described by the IPGRI-FAO Multicrop Passport Descriptors and data were published in the
Vitis International Variety Catalogue (http://www.vivc.bafz.de/index.php). In this year the
publication of ampelographic descriptors with photos was also started in this database.



A new ampelography of Georgian native varieties was published in Italian language (Del
Zan, Failla, Scienza, 2004, 2009). The book was printed in two editions, including complete
description of 45 varieties and pictures of 105 varieties.

Phenology: Average multi-year phenological data demonstrates that the timing of bud break
and flowering was slightly later in respect to Western European varieties. Veraison timing
was clearly later showing a very wide range. Also the ripening time was on average late.
Ripening profiling was ample. Georgian varieties according to time of maturation can be
grouped in four main clusters: the earlier group, harvested in 269-278 Julian days
(September), includes only 9 varieties while other ones mainly were harvested in 280-300
Julian days (October). Maximum sugar accumulation was 25.93 Brix (19.4 in average),
minimum total acidity 3.5 g/l (8.9 in average) and PH was between 2.8-3.5 (3.1 in average).

Antocianins: Statistical data processing allowed classifying the sampled varieties into four
main groups, out of which two were sub-divided into sub-groups, for a total of ten groups
(Rossoni et al. 2007; Maghradze et al, 2009a). We found very high level of total anthocyanins
(>3000 mg/kg of berry) in four accessions (‘Otskhanuri Sapere’, ‘Ojaleshi’, ‘Saperavi
Grdzelmtevana’ and ‘Argvetula’). Through a cluster analysis it was possible to classify all the
samples in classes of phenotypic proximity. In particular, ‘Rkatsiteli Vardisperi’ showed the
only presence of delphinidin 3-monoglucoside free and represent an isolate class of particular
interest for pharmacological application of this compound.

Cytology: The chromosome number of somatic cells basically are diploid (2n=38), but
among those five tetraploid, triploid and diploid-tetraploid clones of “Tsolikouri’, ‘Rkatsiteli’,
‘Saperavi’ and ‘Gorula’ varieties were discovered. The process of mitosis proceeds normally
with sufficient high activity of cell division (4.8-8.6%). The frequency of abortive cells varies
according to varieties (0.3-2.3%) and presents as in the pre-synthetic (G;), as in the post-
synthetic (G;) phases of Mitosis.

The pollen parameters of hermaphrodite varieties are: length of air-dry pollen is 21.1-38.8
pm, width is 14.7-23.0 um, and diameter of colored in carmine grains is 8.1-27.9 um. The
pollen basically has three pores. Pollen of female varieties is pore-less, but infrequently,
three-pores pollen grains have been also discovered (0.4-2.5%). Hermaphrodite varieties are
high fertile (69.2-98.9%). Single number of fertile pollen (0.6£0.4%) was reported among
pollen of female varieties. Pollen germination varies 40-90% and their vitality is 7-10 days.
The number of stoma is 135-227 per Imm® of leaf. Their parameters are: length 191-295 pm,
width 16.3-21.5 um, and the number of chloroplasts per stoma is 27.8-21.5.

Microsatellite analysis (genetic structure of Georgian germplasm): The 135 accessions
produced 130 distinct profiles when analysed at the 20 considered SSR loci. As already
recorded for grapevine species the probability of having different individuals with the same
profile at all loci is quite low (P.1.=2.95x107), so identical genotypes over all loci can be
considered identical by descent and not by chance. Same considerations can be extended to
other genetic parameters such as the allele number (n), allele size range, expected (He) and
observed (Ho) heterozygosity and probability of identity (P.I.).

The IDENTITY software was also used to define synonyms; 4 pairs of redundant genotypes
were found in this work at the 20 investigated loci.

Basing on SSR markers Genetic distances among analysed samples were computed and
results show, confirming the considerations made basing on observed heteozigosity and allele
frequencies, the good level of genetic richness observed in the frame of the selected samples.



This result is quite interesting because this part of Caucasus is considered a cradle of
grapevine domestication and it has been for a long time isolated from commercial and plant
exchanges with elsewhere especially with the most important European Countries in grape
growing and wine making. Despite isolation, and maybe thanks to this, Georgian grapevine
germplasm seems to avoid the loss of genetic assortment, thus it seems to be particularly
interesting in the frame of genetic and agronomic studies. On the other side, a strict
connection of Georgian grapes and the Terroir, is clearly evidenced by genetic distances
results; basing on these, in fact, we can observe a marked separation of all analysed material
in two different groups. More interesting is the observation that the samples are grouped
basing on their geographical belongings (eastern or western Georgia). The correlation
between genetic and geographic distances is well known and already explored and discussed
in grapevine European assortments and is one of the evidence for the existence of different
areas of domestication. Twenty three wild accessions were also inserted in the analysis and, as
already seen in the viticulture of other European Regions, also in this case the wild accessions
are well distinguished from the cultivated compartment. Even if in this case the separation
seems not to be as great as the one identified in other Countries.

On the wild samples side, the molecular fingerprint has revealed very few mistakes or inter-
specific crossings in the pool of collected samples and no cases of parent offspring
relationship among the two (wild and cultivated) compartments.

Comparison between Georgian samples and Vassal germplasm collection and Parentage
analysis: The second part of our work was devoted to the comparison of Georgian and other
Countries viticultures. In this context we have decided to consider the INRA Grapevine
germplasm repository established in Vassal, because of the high number of samples from
several Vitis species worldwide distributed.

For this reason Famoz and ML-relate softwares were used to evaluate the probability of
existing relationships (parent/offspring, full siblings, half siblings, unrelated) among Georgian
material and other grapevine accessions collected in Vassal.

The results of this huge research confirmed that the most interesting putative relationships
were the ones involving Georgian samples and the Countries belonging to the former Soviet
Union or neighbour Countries. Almost none of the most important cultivated grapes seem to
have a direct relationship with Georgian material. This is also confirmed by the PCA. As
shown in the PCA representation Georgian material is quite distant, under the genetic point of
view, from other samples present in Vassal collection. They definitely present a number of
allelic novelties (allelic forms) not found elsewhere in the grapevine genepool.

This result seems quite surprising considering the importance of Georgian viticultural
heritage which is very well documented under the historic point of view; in fact we have to
consider that since grapevine domestication lots of breeding events have occurred in all the
grapevine assortments, modifying the genetic structure of plants. This, combined with the
isolation of Georgia especially during the Soviet Union, is probably the reason why we have a
consistent distance among Georgia and other viticultures. We must underline that these
difference make the Georgian genetic platform even more interesting, because we could
probably find in this context new genetic traits interesting for genetic improvement in other
grapevine varieties.

CONCLUSIONS

Recent investigation one times more confirmed genetic richness and particularity of
Georgian grapevine germplasm. Cultivated varieties of Georgia are grouped in two distinct
clusters corresponding to west and east parts of the country. Wild accessions are well



distinguished from the cultivated compartments and no cases of parent-offspring relationship
among wild and cultivated accessions has revealed. Almost none of the most important
cultivated grapes seem to have a direct relationship with Georgian material. Management of
this germplasm is always important. Due to significance of this germplasm for local
viticulture and winemaking activities for cultivation should be stimulated.
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ABSTRACT

The present paper reviews aboriginal Georgian vine veagietmg their selection and
economic potential and recommends the testing of neveaieties in some vine growing
regions of the world.

Dans un article il a exprime le variété des espéceasgames de la vigne géorgienne et le
potentiel d’ utiliser selection et économique. Le resodation donne un examen de ces
races dans le different région mondiale de la vinge.

INTRODUCTION

The Caucasus and the Black Sea basin are known agetteic centre of Eurasian
cultured vine varieties. The scientists found two hegiteatres of origin) of vine species in
Georgia. These centres are in Kolkheti and Alazanig{illeA. “The Soviet Union
Ampelography”, 1964, Vol.1).

Kolkheti hearth covered not only the western part eb@ia, but also the southern coast
of the Black Sea and Socha-Tuapse region (which is now opséhe Russian Federation),
inhabited with people of Iberian-Caucasian race.

The traces of kvevri (giant clay vessels for wine)hwhe remains of aboriginal vine
varieties have been found in Ajara, Guria, Imerethkazia, Samegrelo and Racha-
Lechkhumi regions of West Georgia and Kartli, Kakh&gmtskhe-Javakheti and Tao-
Klarjeti regions of East Georgia.

At present the numbers of cultured vine varieties by ro@mters of their origin are as
follows: Ajara- 48, Guria — 58, Samegrelo — 48, Racha-Leaikht 66, Imereti — 84,
Abkhazia — 51, Kartli — 68, Kakheti — 89. Meskhet-Jvakheti — 1Bg8a — 5.

Historic and literary sources mention a total of 525 wiageties in Georgia. The USSR
Ampeleography gives short and long ampelographic  descriptioMdld varieties
(Ampeleography of the USSR, 1946-1965, Moscow, 10 Volumes).

The regions of Meskhet-Javakheti, Tao-Klarjeti, §dnand Abkhazia are comparatively
less studied. With the support of international organimat&cientific conditions can be sent
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to these regions to collect and study the cultured alttiwvie varieties. This research should
be conducted in the nearest five years to avoid theofagsnetic resources.

The ampelographic study of Georgian vine varieties shaivthey have all the properties
of Vitis Vinifera (Common Grape Vine), namely leavae deeply, medium or lightly
veined, heavily or medium pubescent or glabrous; grapéeduare medium or large;
grape berries are small, medium or large; grape caogsblack, red or white. In West
Georgia late or very late ripening varieties are dominamdl in East Georgia —medium and
late ripening varieties.

In Georgia most of the industrial vines, i.e. 66-98% are\grape varieties and 33-7%
are table grape varieties. As it is shown in Table Neldivergence range of the Georgian
vine varieties by microcenters of their origin is $amito that of Vitis Vinifera, which is
spread throughout the world. As a result of the deseasistance study the vine varieties
with high, medium and low resistance to mildew and ractiose were determined. The
disease resistant vine varieties grow in microcentbese the total quantity of precipitation
during the vegetation period is relatively high. Theseaasenters listed in descending order
are as follows: Ajara, Guria, Samegrelo, Abkhaziegreti, Racha-Lechkhumi, Kakheti and
Kartli. It should also be noted that there are sooteasistant vine varieties in humid regions
of Georgia, namely Chkhaveri, Ojaleshi, Kachichi, AladasChuvitiluri, etc.

The technological potential of Georgian vine varietreghe agroecological conditions of
Georgia allows production of all types of wine and grapeschviare currently produced
worldwide.

The Georgian vine varieties Rkatsiteli, Mtsvane, KhikhsijkiTsolikauri, Tsitska,
Tsulukidzis Tetra, Krakhuna are used for white wine prodacind Saperavi, Kabistoni
Shavi (black), Shavkapreti, Asuruli Shavi, Ojaleshi, Chkhavechichi, Atvizhi,
Aleksandrouli, Mujuretuli and Tavkveri are used for redevproduction. Saperavi and
Rkatsiteli are the main vine varieties in the Caucadtastern Europe (Moldova, Ukraine,
Romania, Bulgaria) and Russia.

The Georgian vine varieties are used worldwide as iniigkties for new hybrids. Tens
of new varieties have been derived from the Georgiareties of Saperavi, Rkatsiteli,
Tavkveri and Mtsvane. However, the genetic resourc&eofgian vine are not fully utilized.
This is especially true for the following varieties gmogvin subtropical zone:

1) Chkhaveri has red grapes, a vegetation period of more22@rdays and the total
active temperature is 40UD. This variety has high sugar accumulation capacity (20)25%
together with high acid level. Several kinds of wine made from Chkhaveri grapes, namely
white, red, dry, natural semisweet and sparkling wines;

2) Oijaleshi variety needs the same ecological conditasn€hkhaveri. Ojaleshi is used
for production of dark, dry and naturally semisweet tableesv Ojaleshi wine produced by
Prince Achille Murat in Martvili District (Samegrelo &en) won the gold medal at Paris
Wine Exhibition.

We believe that introduction and large-scale tests ef dforementioned Georgian
varieties should be conducted in the vine growing regiotiseoAmerican Continents, China,
Australia and New Zealand.

High quality white wines are produced from the Georgian vingetes of Mtsvane,
Khikhvi, Kisi Tsitska and Tsolikauri. The vegetation perafdhese varieties is 180-200 days
and the total active temperature is 3000-860 esting of the aforementioned varieties in
various ecological environments will enrich the indubtviae assortment of vine growing
countries.
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Table No 1. Botanical and Economic Characteristics of the Georgian Vine Varietiesby Microcentersof Their Origin

Microcenters | Leaf Veins L eaf Grape Cluster | Grape Berry | Grape Berry | Grape Berry | Ripening Purpose
of Kolkheti Pubescence Size Size Shape Colour Period
Center 0! a i Q
23|53 /23/8|5424= 15| |=15|alele|_ |« g |2 L
5585|852 |898£E |8 |2 8 8|2 |3 |339% |8 |8 |2 |2 2|5 |5 |553
J>| =230 | =2gxTgqwm = — 0w | = — @ x g o m x = = — > = =H ~
Abkhazia - 98 - - 444 422 6.7| 756 17/8 - 844 16.4 644 200 25 [66.7 [156 [17.8] - 11.2] 88 | 82 | 17| 2
Ajara-Guria 96 - - - - 74 | - 66.0 34| - 89| - 20| 80| - 435 19 30 - 3 g 6 20 4
Imereti 47.7 | 415 | - 92| 169 73p 215 615 169 115 §9.2 9.2 [18.5 [12.5 [50.8| 9.2 | 36.5 24.1 738 - 877 7.7
Racha- 53.7 | 40 7.4 74| 37.0 556 37| 593 37 74 9J07 20 | 66 [3.7 [30.0 [35.2 [ 352 75.9] 2440 - 98| 20 -
Lechkhumi
Kartli 246 | 556 | 20 354 37| 30| 34 662 31 77 71 20 523 RO [26 [28 [13 [60 [63 [ 35 | - 60 | 34| 6
Kakheti 30 47 22 145 49| 36| 14p 57j0 29 - 84 1p 44 2 32 b7 13 |59 |92 [79 |- 67 | 19 | 13




In view of the above we can make the following conolasi

1.

Georgian vine varieties are characterized with botamiodleconomic-technological
polymorphism;

Some Georgian varieties like Saperavi, Rkatsiteli,vishte are the main varieties in
vine growing regions of Eastern Europe, Caucasus and Russiarakon;

Georgian vine varieties are widely used for creationybfids;

Despite the aforementioned the genetic and economiengi@t of Georgian vine
varieties is not fully utilized. Therefore we recommdeesting of the Georgian vine
varieties which have high plasticity and great techno&gpotential in America,
Southern Europe, China, Australia and New Zealand. Thaseties are Saperavi,
Chkhaveri, Ojaleshi, Kachichi, Usakhelouri, Mujuretuli (retrieties) and Rkatsiteli,
Mtsvane, Khikhvi, Kisi, Tsolikauri, Tsitska, Krakhuna (white

The objective of genetic research of Georgian vineetias is to identify the possible
relations between the genetic center of the Kolkbetilogical-geographical group
varieties and the vine varieties of other groups. Italierench, American and
Georgian scientists are exploring this issue.

Bibliography:

1.
2.

Ketskhoveli N. Tabidze D, Ramishvili M. 1956, “AmpelographyGHrogia”.
Negrul A. 1946, “Origin of the Cultivated Vine and Its Gldisation”,
“Ampelography of the USSR”, pg.150.

4
PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Marker assisted selection (MAS) as a new tool for developing high quality
cultivars with sustainable resistance

Eibach, R., Hausmann, L. and Topfer, R.

Federal Research Centre for Cultivated Plants — Julius Kuehn-Institute
Institute for Grapevine Breeding Geilweilerhof
D-76833 Siebeldingen
E-Mail: rudolf.eibach@jki.bund.de

Abstract English

Since the introduction of phylloxera and the mildew diseases from North America to Europe
in the second part of the 19" century, grape breeders around the world are engaged to intro-
duce resistance characteristics existing in wild American and Asian species into the gene pool
of the European susceptible quality cultivars. Meanwhile these activities led to remarkable
success resulting in cultivars with a high wine quality and a high degree of resistance against
Downy Mildew as well as Powdery Mildew, allowing a considerable reduction of plant pro-
tection measurements.
In recent years substantial progress has been achieved in understanding the genetics of impor-
tant traits including mildew resistance. Various research groups generated genetic maps with
different genetic backgrounds which allowed the identification of different loci carrying resis-
tance genes. The use of marker assisted selection (MAS) allows not only to monitor the seg-
regation pattern of these resistance loci in the progeny but also identifying the genotypes with
multiple resistance loci. This pyramiding by MAS should lead to an increased sustainability
of the resistances. Moreover, MAS allows an accelerated introgression of desired traits from
wild species into the gene pool of Vitis vinifera. As an example this procedure is demon-
strated for the resistance against phylloxera on roots which is found within genotypes of Vitis
cinerea.
The newly available breeding strategies will mark the paradigm shift from empirical to
knowledge based breeding.

Abstract German

Seit Einschleppung der Reblaus und der Mehltaukrankheiten von Nordamerika nach Europa
in der zweiten Hélfte des 19. Jahrhunderts bemihen sich Rebenzichter in vielen Landern,
Resistenzeigenschaften aus amerikanischen und asiatischen Wildarten in den Genpool der
européischen qualitatsbetonten Rebsorten einzukreuzen. Zwischenzeitlich wurden auf diesem
Weg beachtliche Erfolge erzielt und es konnten neue Qualitatsrebsorten entwickelt werden,
die eine erhebliche Reduktion des Pflanzenschutzaufwandes ermdglichen.
In jungerer Zeit gab es betréchtliche Fortschritte auf dem Gebiet der genetischen Identifizie-
rung und Vererbung wichtiger Eigenschaften der Weinrebe einschliel3lich der Mehltauresis-
tenzen. Verschiedene Forschergruppen entwickelten genetische Karten in verschiedenen ge-
netischen Hintergriinden und es wurden mehrere Genorte mit Resistenzmerkmalen identifi-
ziert. Der Einsatz der markergestitzten Selektion (MAS) ermdglicht nicht nur die Verfolgung
der Vererbung von Genorten mit Resistenzeigenschaften, sondern auch die Identifizierung
von Genotypen, die mehrere Resistenz-Genorte kombiniert aufweisen. Es ist zu erwarten,
dass diese Genotypen mit pyramidisierten Resistenzeigenschaften eine stabilere Resistenz
aufweisen. Dariber hinaus erlaubt die MAS eine beschleunigte Einkreuzung interessanter
Merkmale von Wildarten in den Genpool von Vitis vinifera. Beispielhaft ist dies flr die Resis-
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tenz gegenlber der Reblaus demonstriert, die in dem genetischen Hintergrund von Vitis
cinerea zu finden ist.

Es wird aufgezeigt, dass sich durch die neu verfligbaren Zuchtmethoden ein Paradigmen-
Wechsel von der empirischen zur wissensbasierten Zichtung vollzieht.

Introduction

Since the introduction of phylloxera and the mildew diseases from North America to Europe
in the second part of the 19" century, grape breeders around the world are engaged to intro-
duce resistance characteristics existing in wild American and Asian species into the gene pool
of the European susceptible quality cultivars. Meanwhile these activities led to remarkable
success resulting in cultivars with a high wine quality and a high degree of resistance against
Downy Mildew as well as Powdery Mildew. In several countries like Hungary, Austria or
Germany new cultivars derived from these breeding programs are registered and their cultiva-
tion allows a considerable reduction of fungicide plant protection measurements. Nevertheless
there is still a strong interest to improve the degree of resistance as well as to assure the sus-
tainability of the resistance on a long term view.
Tremendous progress in understanding the genetics of important traits including mildew resis-
tance in recent years offers new promising perspectives in achieving this goal. Various re-
search groups generated genetic maps with different genetic background which allowed the
identification of different loci carrying resistance genes (Fischer et al. 2004, Doligez et al.
2006, Di Gaspero et al. 2007, Welter et al. 2007, Riaz et al. 2008, Vezzulli et al. 2008, Bellin
et al. 2009). A range of molecular markers which are tightly linked to these loci could be
identified and by the application of marker assisted selection (MAS) the segregation pattern
of these resistance loci in the offspring of a targeted crossing combination can be monitored
(Dalbo et al. 2001, Riaz et al. 2006, Akkurt et al. 2007, Eibach et al. 2007, Kim et al. 2008).
Moreover within offspring of crossing combinations with different resistance loci in the fe-
male and the male parent those individuals carrying the resistance loci of both parents can be
identified by the application of MAS. It can be expected that this kind of pyramiding resis-
tance loci should lead to an increased sustainability of the resistances.
The introgression of new additional resistance sources from wild species into the gene pool of
Vitis vinifera is of vital interest for resistance breeding but it is extremely time consuming and
by utilizing traditional breeding techniques it lasts several decades. The application of MAS
offers new strategies to shorten this procedure distinctly. The procedure is described by the
example of the introgression of the resistance against phylloxera on roots from a selection of
Vitis cinerea into the gene pool of Vitis vinifera.

Material and Methods

Based on a seedling population out of the cross Gf.V3125 x ‘Boerner’ Zhang et al. (2009)
identified a quantitative trait locus (QTL) on linkage group 13 for phylloxera resistance on
roots (Rpvl). Gf.V3125 exhibits no resistance against phylloxera on roots and is a cross be-
tween ‘Schiava Grossa’ x ‘Riesling’. ‘Boerner’ is a cross between selections of Vitis cinerea
x Vitis riparia. It shows resistance against phylloxera on roots which was inherited by Vitis
cinerea. Three selections (Gf.1998-42-9, Gf.1998-42-55, Gf.1998-42-109) out of the progeny
Gf.V3125 x ‘Boerner’ which showed phylloxera resistance were used for a pseudo backcross
(pBC) programme. They were used as male parents in a cross with ‘Pinot blanc’ to create a
pBC1-generation. In total 644 seedlings derived from these three crosses. DNA of these seed-



lings was isolated from young healthy leaves using DNeasy Plant Mini Kit (Quiagen, Hilden,
Germany). PCR for SSR loci were performed in standard reactions of 10 pl. Primer pairs
were labelled with ABI fluorescent dyes and analyzed by capillary electrophoresis on an ABI
3100 Genetic Analyzer. Marker assisted selection for the target locus was carried out with
SSR-markers tightly flanking the resistance locus on both sides. In a second step all seedlings
exhibiting the resistance related alleles were screened with a set of SSR-markers equally dis-
tributed across the whole genome in order to identify those genotypes with a surpassing per-
centage alleles inherited from the Vitis vinifera parent ‘Pinot blanc .

Results and Discussion

For checking the Rpvl-locus two SSR-markers above and two SSR-markers below this lo-
cus were used for screening. Results in Table 1 indicate that 116 seedlings showing the
marker profile given in column 1 carry the resistance correlated alleles. Thus, these seedlings
conduct the entire Rpv1-locus. The group of 17 seedlings designated in the next column carry
also the markers directly flanking the Rpv1-locus for phylloxera resistance. The absence of
the resistance correlated allele on the marker downstream (Gf.13-11 at 69,5 cM) suggest that
a crossover between Gf.13-09 and Gf.13-11 has occurred and therefore this region of the
chromosome can be traced back to Vitis vinifera. Within a pseudo backcross breeding pro-
gramme with the goal to keep the target locus and to accumulate as much as possible Vitis
vinifera genome in the offspring this is a favourable situation. The situation for the 25 seed-
lings cited in the third column is similar. Again the Rpv1-locus flanking markers indicate the
presence of the phylloxera resistance but the crossover and hence the switch to a Vitis vinifera
sequences occurred between the markers Gf.13-01 and VMC9h4.2.

Tab.1 : Status of SSR-markers linked to phylloxera resistance in a progeny of ‘Pinot blanc’
crossed with three different phylloxera resistant genotypes out of the cross Gf.V.3125 x
‘Boerner’

absence/presence (+/-) of resistance related alleles

location
on genetic column No.

Marker map (cM) 1 2 3 4 5 6 7 8
VMC9h4.2 47 4 + + - + - + - -
Gf.13-01 59,0 + + + + - - - -
Rpvl 61,8
Gf.13-09 64,7 + + + - + - - -
Gf.13-11 69,5 + - + - + - + -
Total No. of seedlings 116 | 17 25 9 14 67 16 | 402

The seedlings indicated in column No 4 and 5 exhibit only one half of the Rpv1-locus. The
resistance correlated alleles for both markers are found on one side of the Rpvl1-locus while
the resistance correlated alleles on the other side of the Rpv1-locus are missing. In these cases
crossovers happened between the two directly flanking markers of the Rpv1-locus. Hence for
these groups of seedlings a statement about the presence or absence of the phylloxera resis-
tance cannot be made. Nevertheless these seedlings might be interesting for further research.
Phenotyping these genotypes for phylloxera resistance could be helpful in identifying further
markers even more narrow to the locus. All seedlings with the marker profile summarized in



columns 6 to 8 obviously do not carry the alleles for phylloxera resistance and will be dis-
carded from the breeding programme.

In a second step all seedlings of the pBC1-generation containing the Rpv1- locus were sub-
jected for further marker analysis (background selection). For estimating the portion of Vitis
vinifera in the genome of these seedlings preferably SSR-markers evenly distributed over the
whole genome were analyzed (Frisch and Melchinger 2005). Analyses included Gf.\VV3125
and ‘Boerner’, the parents of the resistant F1 donor plants. These analyses permitted the veri-
fication of whether or not the individual alleles tested are derived from ‘Boerner’ or from the
Vitis vinifera genotype Gf.V3125. Fig. 1 summarizes the results based on 58 tested SSR-
markers.
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Fig. 1: Distribution of the portion of Vitis vinifera alleles in the pBC1-generation [(Vitis cin-
era x Vitis riparia) x Vitis vinifera] x Vitis vinifera based on 58 analysed SSR-markers.

Results show that there is a considerable variation of the Vitis vinifera proportion within the
pBC1-generation ranging from 60% up to 90%. 75% of all loci which were analysed could be
traced back to Vitis vinifera confirming the expectation that in a pBC1-generation on average
three quarters of alleles should originate from the recurrent parent. Making use of the consid-
erable deviation of the Vitis vinifera proportion genotypes with the highest percentage of Vitis
vinifera genome were selected as parents for the next pseudo backcross generation (pBC2).
Selecting for a target locus and performing background selection accelerate process consid-
erably. Using this strategy in each crossing step one can be expect to select breeding lines
with the target locus and a Vitis vinifera proportion ahead of 98% already in the pBC3-
generation. Compared to a pseudo backcross programme with traditional selection techniques
the use of MAS saves about two generations. MAS combined with an optimized training sys-
tem for the seedlings selected for further crossing will lead to a seed to seed cycle of three or
even two years. Thus the application of MAS allows the introduction of desired traits from
wild species into the Vitis vinifera gene pool within a period of around 15 years making



marker assisted backcross breeding (MABCB) to a valuable tool for opening up genetic re-
sources.
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Abstract(English)

In Telavi GeorgianXAmerican Phylloxera Resistant Rootstocks were bread, which
are in close relation with Georgian races genetically and better adapted with ecologic
conditions of Georgia: RkatsiteliXRiparia Gluar No 14, RkatsiteliX(BerlandieriXRiparia
420%) No 19 and Shavi KharistvalaX(BerlandieriXRiparia 420%) No 32. At the same time
clone BerlandieriXRiparia Teleki 8" Vazisubani, and from the introduced rootstocks:
BerlandieriXRiparia Teleki 8° biotype 9 and BerlandieriXRiparia Krechuneli 2. All
standard rootstocks of Georgia were studied in different ecologic conditions with these
rootstocks, namely: BerlandieriXRiparia Koberi 5%, 420% ShaslaXBerlandieri 41°,
RipariaXRupestris 101-14, 3306, 3309 and Rupestris Dulot.

New GeorgianXAmerican Phylloxera Resistant Rootstocks with main agrobiologic
and economic indicators are surpassed all above mentioned standard rootstocks except of
Koberi 5™, and they are even more than Koberi 5™ on the carbonated soils. Thus, they
develop better than standard rootstocks in all ecologic conditions.

Abstrakt(German)

In Versuchsstation Telavi wurden die zu den Georgischen Sorten genetisch
nahestehenden und den Okologieverhaltnissen besser angepassten
GeorgischxAmerikanischen Phylloxeraresistant Unterlagen der Rebe: RkatsitelixRiparia
Gluar Nr. 14, RkKatsiteli x (BerlandierixRiparia 420a) Nr.19 und Shavi
Kharistvalax(BerlandierixRiparia 420a) Nr. 32. Gleichlaufend wurden auch den Klon von
BerlandierixRiparia Teleki 8b Wasisubani, BerlandierixRiparia Teleki 8b Biotyp 9 und
BerlandierixRiparia Krechuneli 2 geziichtet.

Neben den obengenannten Unterlagen in den verschiedenen Okologieverhéltnissen
wurden alle Standardunterlagen Georgiens: BerlandierixRiparia ~ Koberi 5bb, 420a,
ShaslaxBerlandieri 41b, RipariaxRupestris 101-14, 3306, 3309 und Rupestris Dulo
untersucht.

Die neuen GeorgischxAmerikanischen und Phylloxeraresistant Unterlagen der
Rebe mit den Hauptagrobiologischen und wirtschaftlichen Hauptkenndaten treffen an allen
Standardunterlagen auRer Koberi 5bb Gber und in Karbonatboden treffen sie auch
BerlandierixRiparia Koberi 5bb (iber.  Deshalb  entwickeln sie sich in allen
Okologieverhaltnissen besser als Standardunterlagen.



Introduction

Phylloxera was found in Georgia in 1881 in the first time and for 1927 it was spread
all over Georgia. Trans-Caucasian Phylloxera Committee created nursery garden of
American rootstock in West Georgia (town Zestaponi) as far as in 1891, where 63 types of
races and rootstock hybrids were brought for future studying. On the base of French
experience they have spread: RipariaXRupestri 101-14, 3306, 3309, BerlandieriXRiparia
420°, ShaslaXBerlandieri 41°, SoloniXRiparia 1616, MurvedriXRupestris 1202 and
Rupestris Dulot.

In 1936 from assortment of above mentioned rootstocks SoloniXRiparia 1616 and
MurvedriXRupestris 1202 were withdrawn, instead there were brought BerlandieriXRiparia
Koberi 5, because of its positive characters. It dominated in a short time and nowadays
Georgian viticulture is almost on one rootstock, which in no way corresponds to diverse
ecological conditions of Georgia and scale of varieties of engrafted vine.

Nowadays vine rootstocks are required more demands, namely: skills of good
adaptation and affinity. Vital capacity, grapes productivity, product quality, chlorosis
resistance, drought-resistance, freeze-resistance, salt-resistance, nematode resistance and
other are depend on them. That’s why, in our opinion, “Phylloxera Resistant Rootstock” is
already the narrow sense of the notion and it should be recognized generally as rootstock of
vine.

Material and methods

After Georgian viticulturists studied the standard rootstocks in the production
conditions, they came to the conclusion that it was necessary to work out new kind of
rootstocks being in close relation with Georgian lines genetically and adapted with
ecological conditions of Georgia.

With this purpose in the Department of Ampelography and Selection of Scientific-
Research Institute of Viticulture and Oenology of Georgia from 1932 special inter races
hybridization was conducted, and in result of this since 1950 began studying of received
seed rootstock.

Experimental plots were cultivated in different ecologic zones 0.4-0.4 hectare area.
Rootstocks were disposed by the method of pair, repeated three times, 25 vines in a variant,
area of nutrition 2X2 meters. Form is head. Support — 4 small wire high wall-papers.

Scientific-research work was passing by the general famous ampelographic methods
(Lazarevski, 1946, Barskaia, 1967, Ermakov, Apasimovich 1952, Bajanova, Maslova,
Popova, 1964).

Observations on leaf phylloxera and chlorosis resistance were carried out by the
scheme of 5 scales. Skills of making seeds of shoots of rootstocks are studied, seed
distribution according to the horizons in soil. Also indicators of productivity of some
Georgian races of vine inoculated on rootstocks.



Results and discussions

Perspective GeorgianXAmerican and detected rootstocks: RkatsiteliXRiparia Gluar
No14,RkatsiteliX(BerlandieriXRiparia420®)No19, Shavi KharistvalaX(BerlandieriXRiparia
420% No 32, BerlandieriXRiparia Teleki 8° Vazisubani, BerlandieriXRiparia Teleki 8°
biotype 9, BerlandieriXRiparia Krechuneli 2 are studied in different ecologic conditions.
Results are brought in Tab. 1. From Tab. 1 is clear, that new and detected rootstocks taken
from Koberi 5° for control are importantly surpassed with many agricultural indicators as
on strong carbonated soils, as on soils without carbonate. Also distribution of roots in soil
according to the horizons, their architectonic and skills of making roots of shoot rootstocks
are given in the Tab. 2, 3 and 4.

Georgian race of vine “cv” RkatsiteliXRiparia Gluar No 14. Rootstock is strong
growing, sprout is right standing, by what it is distinguished from other rootstocks.
Develops a small amount of additional sprouts what makes easy to carry out green
operation. Shoots ripen entirely in the first decade of October. It is characterized with
practical phylloxera resistance. It damages little by leaf phylloxera in the conditions of
overlime (1.83 scales). It has high skills of lignifications of shoots (5 scales). It makes seeds
well (84.4%). During inoculation of Georgian races of vine fitting of first-class engrafted
rootstocks are in the bounds of 40-50%. In grapes productivity during inoculation of
Rkatsiteli 284 grams were exceeded on a bottom comparison with Koberi 5°°, Saperavi
with 1100 grams, and Khikhvi — with 460 grams.

It grows as on soils without carbonate, as on carbonated soils (20-30% general
carbonates). It adapts hard on clay soils and in droughty conditions difficulty. With
standard shoot productivity on the soils with overlime was exceeded with 6.925 meters to
Koberi 5° on a hectare.

Georgian race of vine “cv” RkatsiteliX(BerlandieriXRiparia 420%) No 19. Rootstock
is strong growing, sprout is right standing, develops a small amount of additional sprouts
weakly. Shoots ripen entirely in the first decade of October. Lignifications of shoots are
estimated with 4 scales. It is characterized with practical phylloxera resistance. It damages
little by leaf phylloxera (1.15 scales). Skills of making seeds are 85%. During inoculation
of Georgian races of vine fitting of first-class engrafted rootstocks are in the bounds of 47-
65% (Goruli green, Chinese, Gorula). By inoculation of Rkatsiteli on this rootstock
productivity was exceeded with 94 grams on a bottom comparison with Koberi 5,
Saperavi with 1170 grams, and Khikhvi — with 390 grams.

It grows almost on all type of soils, especially on soils with overlime (50-60%
general carbonates). It adapts difficulty in droughty conditions. With standard shoot
productivity on the soils with overlime was exceeded with 12.600 meters to Koberi 5% ona
hectare.

Georgian race of vine “cv” Shavi KharistvalaX(BerlandieriXRiparia 420%) No 32.
Rootstock is strong growing, develops a small amount of additional sprouts weakly. Shoots
ripen entirely in the first decade of October. Lignifications of shoots are 5 scales. It is
practical phylloxera resistance. It damages little by leaf phylloxera (1.69 scales). Skills of
making seeds are well (88.3%). During inoculation of Georgian races of vine fitting of first-
class engrafted rootstocks are in the bounds of 57-66%. By inoculation of Rkatsiteli on this
rootstock productivity was exceeded with 108 grams on a bottom comparison with Koberi
5° Saperavi with 884 grams, and Khikhvi — with 1430 grams.

It grows well almost on all type of soils. With standard shoot productivity on the
soils with overlime was exceeded with 11.150 meters to Koberi 5 on a hectare.



BerlandieriXRiparia Teleki 8° Vazisubani. It is detected in 1964. It is different from
Teleki 8° with the type of flower (female functionally), with some signs of leaf, color of
reed and harvest. Vine is strong growing, develops a small amount of additional sprouts
weakly. Shoots ripen entirely at the end of October. Lignifications of shoots are 4 scales. It
is practical phylloxera resistance. It damages little by leaf phylloxera with 2.35 scales.
Skills of making seeds are 84.1%. During inoculation of Georgian races of vine fitting of
first-class engrafted rootstocks are in the bounds of 40-50%. It grows well almost on all
type of soils. With standard shoot productivity on the soils with overlime was exceeded
with 8.425 meters to Koberi 5 on a hectare.

BerlandieriXRiparia Teleki 8° biotype 9. It is detected from the population of Teleki
8" after the World War 1l in Rumania. It is brought with other races of 8° biotypes in
Georgia in 1964. Rootstock is strong growing, has a weak skill of formation of additional
sprouts, what makes easy to carry out green operations. Shoots ripen entirely in the second
decade of October. Lignifications of shoots are estimated with 5 scales. Skills of making
seeds are 90.6%. It is practical phylloxera resistance. It damages little by leaf phylloxera
with 2.78 scales. During inoculation of Georgian races of vine fitting of first-class
engrafted rootstocks are 40-50%.

It grows almost on all type of soils, especially on soils which are rich with carbonate
(to 50-60% general carbonates). With standard shoot productivity on the soils with
overlime was exceeded with 15.700 meters to Koberi 5™ on a hectare.

BerlandieriXRiparia Krechuneli 2. It is detected from Koberi 5™ in Rumania. It is
brought in Georgia in 1964. Rootstock is strong growing, has a weak skill of formation of
additional sprouts, what makes easy to carry out green operations. Shoots ripen entirely at
the end of October. Lignifications of shoots are estimated with 5 scales. It is practical
phylloxera resistance. It damages little by leaf phylloxera with 2.47 scales. Skills of making
seeds are high 91.7%.

It grows almost on all type of soils. With standard shoot productivity on the soils
with overlime was exceeded with 15.175 meters to Koberi 5 on a hectare.



Results of experiment of rootstocks in different ecologic conditions

Table #1
On strong carbonated soils On soils without carbonate
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1 | BerlandieriXRiparia 5™ (control) 1.40 2.96 6.28 | 15.700 | 55.91 4 18 21 | 130 1.30 | 13.90 | 34.750 | 15.2 | 60.20
2 | BerlandieriXRiparia 420° 0.52 1.98 5.75 | 14.375 | 59.89 4 38 | 80 | 1730 | 1.20 | 10.30 | 25.750 | 15.0 | 59.10
3 | ShaslaxXBerlandieri 41° 0.90 2.10 7.30 | 18.250 | 53.60 4 21 | 25 | 172 1.00 | 6.90 | 17.250 | 16.6 | 54.90
4 | RipariaXRupestris 101-14 1.20 2.30 3.70 | 9.250 | 56.00 4 19 | 23 | 146 | 220 | 8.00 | 20.000 | 21.5 | 57.70
5 | RipariaXRupestris 3306 1.30 2.45 2.00 | 5.000 | 55.00 4 20 | 26 | 153 180 | 650 | 16.250 | 24.1 | 545
6 | RipariaXRupestris 3309 1.30 2.40 150 | 3.750 | 56.10 4 22 | 28 | 161 1.70 | 6.60 | 16.500 | 13.6 | 59.70
7 | Rupestris Dulot 0.70 2.15 8.10 | 20.250 | 57.9 4 17 | 20 | 16.0 | 020 | 810 | 20.250 | 17.5 | 58.10
8 | BerlandieriXRiparia Krechuneli 2 1.10 2.47 12.35 | 30.875 | 55.97 5 18 | 34 | 130 1.10 | 18.30 | 45.750 | 25.6 | 57.60
9 | RkatsiteliXRiparia Gluar #14 1.83 1.83 9.05 | 22.625 | 55.88 5 24 2.2 124 1.40 | 10.80 | 27.000 | 22.8 | 56.30
10 | RkatsiteliX(BerlandieriXRiparia 420°%) #19 0.92 1.15 11.32 | 28.300 | 53.20 4 2.2 4 18.8 1.60 | 12.40 | 31.000 | 22.4 | 56.20
11 | Shavi kharistvalaX(BerXRip 420%) #32 2.20 1.69 10.74 | 26.850 | 61.98 5 28 | 42 | 173 1.70 | 13.80 | 34.500 | 21.8 | 55.50
12 | BerlandieriXRiparia Teleki 8° Vazisubani 0.79 2.35 9.65 | 24.125 | 46.30 4 2.2 6 15.3 1.40 | 12.20 | 30.500 | 23.2 | 57.00
13 | BerlandieriXRiparia Teleki g biotype 9 2.10 2.78 12.80 | 32.000 | 57.10 5 21 35 15.6 1.60 | 14.10 | 35.250 | 22.1 | 59.10




Distribution of phylloxera resistance rootstocks of vine according to the horizons in soil

Table 2
020 | 2040 | 4060 | 60-80 | 80-100 | 100-120 | 120-140 | 40 | Number of
Name of rootstocks Location ' 160
cm. cm. cm. cm. cm cm cm cm roots
overlime 2.98 31.4 23.70 16.72 11.09 10.21 3.90 0.00 739
BerlandieriXRiparia Koberi 5*°(control)
without carbonate 8.67 20.79 17.86 14.18 16.74 9.69 8.25 3.82 600
overlime 0.00 24.59 22.85 16.66 14.70 11.72 9.48 0.00 581
BerlandieriXRiparia 420°
without carbonate 9.13 27.07 19.50 18.60 13.94 9.88 1.88 0.00 443
overlime 0.50 33.35 25.49 9.15 12.69 11.28 7.54 0.00 580
BerlandieriXRiparia Krechuneli 2
without carbonate 11.36 23.09 19.63 14.52 16.49 10.71 4.20 0.00 421
overlime 1.50 30.02 24.90 13.07 12.25 10.06 6.24 1.96 777
RkatsiteliXRiparia Gluar #14
without carbonate 11.0 19.23 20.47 13.61 17.30 11.03 5.84 1.46 771
overlime 0.96 31.45 27.34 15.90 12.70 8.67 2.98 0.00 870
RkatsiteliX(Ber.XRip.420%) #19
without carbonate 1.98 28.02 32.15 16.50 9.31 10.45 1.59 0.00 352
overlime 1.28 27.03 23.54 17.18 13.72 12.52 4.73 0.60 293
Shavi KharistvalaX(Ber.XRip. 420%) #32
without carbonate 3.28 25.56 26.32 20.18 17.27 6.39 0.08 0.00 585
overlime 2.14 22.24 18.92 17.41 16.21 13.06 10.02 0.00 654
BerlandieriXRiparia Teleki 8° Vazisubani
without carbonate 13.83 20.89 19.90 20.18 11.31 11.93 1.96 0.00 373
overlime 0.81 22.77 25.84 15.33 12.28 12.20 3.48 0.00 669
BerlandieriXRiparia Teleki 8° biotype 9
without carbonate 12.43 25.69 18.47 18.23 17.80 9.81 4.24 0.00 427




Architectonic of root system of rootstocks

Table 3
# Name of rootstocks Location Number 1mm 1-3mm | 3-5mm 5-10 10
of roots mm mm
1 T A, overlime 739 65.53 25.03 5.33 2.76 1.35
BerlandieriXRiparia 5 (control) without carbonate | 600 7120 | 18.70 | 7.22 139 | 1.49
2 s a overlime 581 66.42 26.20 4,99 0.95 1.44
BerlandieriXRiparia 420 without carbonate | 443 4530 | 3145 | 16.76 | 419 | 2.30
3 BerlandieriXRiparia Krechuneli 2 overlime 580 59.46 30.59 8.42 1.22 0.31
P without carbonate | 421 59.09 28.87 8.18 1.93 1.93
4 i s overlime 77 67.83 24.38 5.17 1.96 0.66
RkatsiteliXRiparia Gluar #14 without carbonate | 771 7288 | 2063 | 417 | 149 | 083
5 RkatsiteliX(BerlandieriXRiparia overlime 870 74.21 20.00 3.85 1.62 0.32
420%) #19 without carbonate | 352 51.22 56.49 8.20 3.89 0.20
6 Shavi kharistvalaX(BerXRip 420%) overlime 293 63.03 26.79 8.00 1.33 0.85
#32 without carbonate | 585 56.88 34.68 5.90 1.68 0.86
7 BerlandieriXRiparia Teleki 8° overlime 654 71.81 20.25 4.98 1.54 1.42
Vazisubani without carbonate | 373 69.83 18.46 8.68 2.05 0.98
8 BerlandieriXRiparia Teleki 8° overlime 700.3 68.41 28.33 11.25 2.00 0.87
biotype 9 without carbonate | 696.2 70.38 24.63 9.81 1.85 0.91
Skills of making seed of shoots of perspective rootstocks
Table 4
Seed making with p_roductivity of weight of sprout number of main
# Name of rootstocks first-class .
% - with grams roots on bottom
rootstocks with %
1 | BerlandieriXRiparia 5™ (control) 91.2 64.6 42.1 9.1
2 BerlandieriXRiparia 420° 315 64.5 41.2 9
3 RkatsiteliXRiparia Gluar #14 84.4 70.7 46.6 9.4
itali Tar f f a
4 Elkéatsuel|X(Berland|er|XR|par|a 420%) 85 715 447 95
5 Shavi kharistvalaX(BerXRip 420%) #32 88.3 75 46.3 9.5
N Pinar “ob
6 Berlgndler!XRlpana Teleki 8 841 723 427 9.8
Vazisubani
— —
7 gerlandlenXRlparla Teleki 8” biotype 90.6 73.8 451 93
8 BerlandieriXRiparia Krechuneli 2 91.7 74.1 48.3 9.5




Conclusion

It is clear from above represented materials that new detected GeorgianXAmerican and
detected rootstock hybrids studied by wus: RkatsiteliXRiparia Gluar No 14,
RkatsiteliX(BerlandieriXRiparia 42052 No 19 and Shavi KharistvalaX(BerlandieriXRiparia 420%)
No 32, BerlandieriXRiparia Teleki 8° Vazisubani, BerlandieriXRiparia Teleki 8" biotype 9 and
BerlandieriXRiparia Krechuneli 2 are exceeded with many characters to the best standard
rootstocks, namely: BerlandieriXRiparia Koberi 5° and BerlandieriXRiparia 420®. Above listed
rootstocks are carried in standard assortment of vine of Georgia. They gave us opportunity to
increase reed productivity in phylloxera resistance rootstock, in vine rootstock — productivity of
first class engraft rootstock, in vineyards — productivity and quality of grapes, should be
assimilated soils with overlime, what will transform them as a big reserve of rich productivity of
their grapes and making wines of high quality.
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ABSTRACT

Turkey possesses a rich variety of grape types; around 1250 varieties are grown.
Although Turkey has traditionally specialized in the production table grapes and raisins, it
also has 34 kinds of wine grapes, 22 of which are valuable native varieties.

Lakes Region has an important vineyard areas and grape production between Middle
Anatolia and Mediterranean Region. Vineyards are located in Isparta and Burdur mostly. This
study was carried out in Egirdir Horticultural Research Institute farmlands. Egirdir is a district
of Isparta. Its altitude is 920 m high and it represents passing zone climate and ecological
conditions.

Popular Turkish red wine variety Kalecik Karasi and white wine variety Narince had
been determined for phenology stages, adaptation, yield and quality properties. Main aim of
the study was to evaluate these varieties adaptation facilities and increasing development in
rural area.

The vineyard was established in 2005 with in row with spacing 2 m X 3 m with
irrigation. Three replications by random blocks design was applied in the study.

Observations analyses were done in 2008 and 2009 years. Phenology stages, yield and
quality properties data had been obtained in vineyard. Soluble solid, titratable acidity, pH,
number of cluster yield and adaptation ability were determined. Buds begin to open in the
third week of April and grapes are harvested in the second week of September. Maximum
yield for one wine grape is 22 kg for Kalecik Karas1 and 12 kg for Narince variety. Average
weight of one cluster is 172 g for Kalecik Karasi and 409 g for Narince. Both of the two wine
varieties had been evaluated adaptable to Lakes Region ecological conditions by 2 years data.

These varieties had been evaluated in a good performance for Lakes Region in Turkey.
Further studies will be planned about wine production and quality for these varieties.

Key Words: Lakes Region, wine grape varieties, performance, yield, quality



L’ESPOIR INDIGENE DES VARIETES DES VINS LOCAUX
(KALECIK KARASI ET NARINCE), LA PERFORMANCE DE
RENDEMENT ET DE QUALITE DANS LES CONDITIONS
ECOLOGIQUES AU REGION DU LAC.

La Turquie possede des types d'un raisin d’une variété plus riches; Environ 1250
variétés sont développées. Bien que la Turquie se soit spécialisée traditionnellement dans les
raisins et les raisins secs de table de production, elle a également 34 genres de raisins de cuve,
22 dont sont les variétés indigenes valables. La plupart des vins turcs sont faits a partir des
variétés indigénes de raisin de cuve. Les producteurs turcs de vin emploient également les
raisins indigenes en combinaison avec les variétés européennes des vins a la qualité de
changement du nouveau gott pour le marché vitivinicole du monde.

La région de lacs appartient des secteurs de raisins important, elle se situe entre
I’Anatolie centrale et la région méditerranéenne. Les vignes sont situées a la providence
d’Isparta et de Burdur. Cette étude a été effectuée dans les terres cultivables horticoles
d'Institue de recherches d'Egirdir. Egirdir est une ville d'Isparta. L’altitude est de 920metres.
L’altitude se représente comme le climat de zone et les conditions écologiques de la région.
Le vin rouge de Kalecik Karasi est un vin traditionnel et national. Le vin blanc, Narince avait
¢té déterminé aux étapes de phénologie, elle se montre la diversité du rendement d'adaptation
et de qualité. Le but principal de 1'étude était d'évaluer ces équipements d'adaptation de
variétés et développement croissant dans le secteur rural.

Kalecik Karasi est une variété anatolienne centrale de raisin de la meilleure qualité
pour faire le vin rouge. Il peut étre développé dans les conditions microclimatiques a la grace
de région de Kizilirmak (fleuve rouge). Les proces indigenes de variété de Kalecik Karas1 est
tres douce pour gouter, il se présente aux ardmes fruités.

La variété de Narince vient de la province de Tokat développée dans le sud de plateau
d'Anatolie, les montagnes pres des rivages de la Mer Noire. Narince se produit des vins
riches €équilibrés qui ont souvent une teinte de jaune verdatre sensible, ardmes fruités. Le vin
de Narince convient au vieillissement, acquierent un bouquet complexe riche avec le temps.

La place d’essaie de la vignoble a été établie en 2005 avec une rangée d'espacement
2m X 3m. Trois répliques par conception de blocs aléatoire ont été appliquées dans 1'étude.

Les observations et les analyses sont faites aux années 2008 et 2009. Le rendement et
les étapes de phénologie, la particularité de qualité avaient été obtenus. Le solide soluble,
l'acidité titrée, le pH, le nombre de rendement de faisceau et la capacité d'adaptation étaient
déterminés. Toutes les deux variétés de vin avaient été adaptables et évalués aux états
¢cologiques dans la région de lacs dans une période de deux ans. Les bourgeons commencent
a s'ouvrir a la troisieme semaine du mois avril et les raisins sont moissonnés a la deuxi¢me
semaine du mois septembre. Le rendement maximum pour un raisin de cuve est de 22
kilogrammes pour Kalecik Karas1 et de 12 kilogrammes pour la variété de Narince. Le poids
moyen d’une grappe est 172 g pour Kalecik Karas1 et 409 g pour Narince.

Ces variétés avaient été évaluées dans une bonne exécution pour la région de lacs en
Turquie. D'autres €tudes seront prévues au sujet de la production vinicole et de la qualité pour
ces variétés.

Mots clés : Région de lacs, variétés des raisins, exécution, rendement, qualité.



INTRODUCTION

Turkey’s climate conditions are most suitable for grape production in the world.
According to FAO statistics data in 2008 3.918.440 ton grapes have been produced in
482.789 ha vineyard area in Turkey (Anonymous, 2010). Turkey is in the rank 6™ and 4™ for
the grape production and grape area respectively. 37% of grape production is used for drying,
30% for table grape, 30% for making grape products and 3% for making wine.

Turkey possesses a rich variety of grape types; around 1250 varieties can be found in
genetic sources. Although Turkey has traditionally specialized in the production table grapes
and raisins, Turkey also has 34 kinds of native and foreign wine grapes which are cultivated
widespread, 22 of which are valuable native varieties. Okiizgdzii, Bogazkere, Kalecik Karasi,
Cal Karasi, Emir and Narince are local wine varieties and Cabarnet Sauvignon, Syrah, Merlot,
Cinsaut, Alicante Bouschet, Carignane and Chardonnay are known foreign wine varieties
cultivated in Turkey.

Turkish wine sector has accelerated since 1990. New foreign and native grape
varieties and quality entered to production. Kalecik Karasi and Narince varieties have been
world famous varieties. Foreign and native wine varieties which are grown in Turkey are
listed in table 1 (Oraman, 1996),(Giimiis, 2008).

Table 1. Some of the important grape varieties in Turkey for producing wine

Native wine grape varieties

Foreign wine grape varieties

Narince Chardonnay
Emir Sauvignon Blanc
White wine varieties MISket. Musgat
Sultaniye Riesling
Yapincak Muscadella
Semillon Blanc
Kalecik Karast Cabernet Sauvignon
Okiizgdzii Merlot
Red wine varieties gd%karam Garpay
ogazkere Carignane
Papazkarasi Syrah

Turkey has a very long of vineyard cultivation and wine production. It is well known
that Anatolia, the Asian part Turkey, is one of the motherland of vineyards and wine.
Evidence indicates that grapes were processed into wine and named “VINO” by the Pre-
Hitities who lived in Anatolia between 3000- 4000 B.C.

Turkey has diverse soils and climates allowing wine producers to cultivate several
types of grapes for manufacturing different types and tastes of wine. The producers in the
sector continue to increase their present wine production capacity and invest utilize modern
technologies. As well as the large wine producer companies, there are almost 300 small
producers located in Central Anatolia, Marmara- Thrace and the Aegean region. Total wine
capacity of the sector is about 120 million liters (Karabayir, 2009).

Turkish Ministry of Agriculture Farmer Registration System reports that enterprise
wine area is 1.3 ha and average wine area parcel is 0.5 ha. Insufficient Registration system,
deficiency of technical knowledge and small scale vineyards are wine sectors important
problems in Turkey (Karabat, 2008). Wine varieties are widely diversified and have improved
in quality. The market for wine is expanding in Turkey since more varieties and better quality
wines become available. Wine varieties must be evaluated in different locations of Turkey,
because Turkey has different suitable climate conditions to produce wines in different tastes.



Grape growing has to adapt somehow to climate change, in order to avoid negative
effects. Rising temperatures anticipate phenological phases, extend the vegetative cycle and
affect the grape composition resulting in high levels of sugars, rough tannins and oxidizing
enzymes and low levels of organic acids, color and some aromatic compounds, affecting the
wine quality. The adaptation choices are to shift the growing areas to higher latitudes and
elevations, to select suitable varieties and rootstocks, to perform a proper canopy and soil
management and to handle irrigation and mineral element supply (Fregoni, 2009).

Lakes Region has an important vineyard areas and grape production between Central
Anatolia and Mediterranean region. Vineyards are located in Isparta and Burdur mostly. Table
grape drying grape and wine production are one together by small farmer groups (Baydar,
1998). Home made wines are in a good quality for home production. Some local grape
varieties are used for wine production in Lakes Region. Foreign and native popular varieties
must be evaluated to increase wine quality and quantity. Our study’s main aim was to
evaluate adaptation abilities native wine varieties in a different location in Turkey than their
own locations and to increase development in rural area. New wine cultivars will be
cultivated in the region this means more income for farmers by evaluating native wine
varieties in a different location.

Agaoglu et.all (1997) said that viticulture cultivation needs vegetation period of days
which must be at least 160 days upper than 10°C and it needs at least 1300 hours sunshine
time. Ecevit and Baydar (1998) determined 176.2- 222.3 day vegetation period for Isparta in
their study, this means Lakes Region has suitable ecology for grape production.

Kalecik Karas1 variety is a good quality central Anatolian grape for making red wine.
It can be grown under the microclimatic conditions of the region (Ankara, Kirikkale and
Cappadocia) thanks to the Kizilirmak (Red River). Its berries are in black-blue in color and in
round shape. The indigenous Kalecik Karas1 variety produces easy to drink, smooth and fruity
wines that invoke the aromas and tastes of fig, rose and strawberries. Kalecik Karas1 grapes
are famous for their unique taste, aroma and flavor. This unique quality has been honored
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Picture 1. Kalecik Karasi cv. Picture 2. Narince cv.

Narince variety originally comes from Tokat province and grown on the Anatolia
plateau south of the mountains near the Black Sea shores. Narince produces rich and balanced
wines which often have a greenish yellow tint and delicate, fruity aromas. Because of their



balanced acidity, these wines are suitable for aging and acquire a rich and complex bouquet
over time.

Studies about these wine varieties were evaluated in different locations of Turkey.
Kalecik karasi variety was evaluated in Thrace region by Ozen et all, in Adana Cukurova by
Tangolar et all, in Konya conditions by Kara. It was aimed to evaluate these varieties in Lakes
Region different than the locations were evaluated before in this research.

Ozen et. all. (1996) experimented the adaptation of 23 domestic foreign wine grapes in
the ecological conditions of Tekirdag Vineculture Research Institute. In his study; yield
growth, must and wine characteristics were investigated. In the result Kalecik Karasi, Gamay,
Cabarnet Sauvignon was determined to produce quality red vines under ecological conditions
of Institute.

Tangolar et all. (2002) evaluated Kalecik Karas1 variety in Pozanti/Adana conditions.
They noticed cluster, berry and must characteristics.

Kalecik Karas1 variety had been evaluated adaptable and it showed good performance
in Konya conditions (Kara, 2005).

Grape varieties local adaptation facilities must be evaluated and according to result
new vineyards must be planned with right varieties. Native grape varieties which are in high
value for producing wine must be preserved and they must be spreaded to other locations in
the result of the adaptation studies.

MATERIAL AND METHOD
This study was carried out in Egirdir Horticultural Research Institute farmlands.
Egirdir is a district of Isparta in Mediterranean Region. Its altitude is 920 m high and it

represents passing zone climate and ecological conditions. Geographical coordinates of
Egirdir district; are 37° 50" 41", 38° 16’ 55" N latitude, 30° 57’ 43", 30° 44’ 39" E latitude.

Figure. 1 World Map
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The vineyard was established in 2005 year with in row with spacing 2 m X 3 m with
drip irrigation and on grafted 41B rootstock which was determined according to soil analyses.
Soil is in clayish loam texture with 7,8 pH and contains high lime. Vines were trained to a
bilateral double cordon and spur pruning system. The spur pruned vines had ten two node
spurs per vine and wines were supported by three-wire trellis. There were 3 replications
according to experimental figure of randomized blocks and there are 5 grapevines for each
plot. The red wine variety Kalecik Karas1 and the white wine variety Narince were evaluated
in the study.

Observations analyses were done in 2008 and 2009 years. Phenology stages, yield and
quality properties data had been obtained in vineyard. Soluble solid (%), titratable acidity
(g/l), pH, pruning weight (kg/vine), yield (kg/vine) and adaptation ability were determined.
Also climate data for 2 years in the study had been recorded.

RESULTS AND DISCUSSION

It was tried to determine native wine grape varieties that were able to adaptable in the
Lakes Region and their adaptation values were evaluated. Evaluations, findings and
observations were obtained as a result of these analyses and measurements related to two
varieties in 2008 and 2009 year with climate conditions are given in table 2. It is seen that

climate conditions are suitable for grape growing in the region.
Table 2. Some Climatic data of the experiment area

Mean Minimum Mean

temperature temperature precipitation

(WY (WY (mm)
Long years average 12.2 -14.9 764
2008 year 11.6 -104 449
2009 year 9.9 -10.1 1106
Table 3. Monthly Climatic data of the experiment area
Month/year Mean Mean

temperature precipitation
(°C) (mm)

January 2008 -0.2 11.3
February 2008 0.1 354
March 2008 8.8 47.2
April 2008 12.2 80.7
May 2008 14.9 23.6
June 2008 21.4 7.1
August 2008 23.9 3.8
July 2008 24.6 12.9
September 2008 19.0 93.0
October 2008 12.3 35.8
November 2008 8.7 74.4
December 2008 3.7 24.7
January 2009 3.4 158.3
February 2009 4.4 1733
March 2009 5.4 169.4
April 2009 10.7 62.6
May 2009 14.8 63.5
June 2009 20.8 25.1
July 2009 23.2 8.8
August 2009 223 10.7
September 2009 17.8 46.8
October 2009 14.8 423
November 2009 7.8 77.2
December 2009 6.3 258.6




Grape varieties which were evaluated in the study, all phenological stages were
determined. Buds burst time, Full blossom time, verasion period and harvest time were given

in 2008 and 2009 years in table 3.

Table 4. Phnelogical stages of the varieties in 2008 and 2009 year

Cultivar /Year Buds burst time Full blossom time Verasion time Harvest time

Kalecik Karasi 2008 16.04.2008 13.06.2008 22.08.2008 14.09.2008
Narince 2008 15.04.2008 14.06.2008 24.08.2008 18.09.2008
Kalecik Karas1 2009 21.04.2009 12.06.2009 10.08.2009 04.09.2009
Narince 2009 24.04.2009 16.06.2009 24.08.2009 11.09.2009

We can see by the two years phenologic data, there is enough climate conditions and
for these varieties to be grown under Lakes Region ecological conditions.
Among the two variety evaluated in the project yield and quality properties data had
been obtained in vineyard. Soluble solid (%), total titratable acidity (g/1), pH, Average bunch
weight(g), pruning weight(g), 100 berry weight, yield and adaptation ability were determined.
Two years data were given in table 4 and 5.

Table 5. Measurements and analyses performed on 2008 year

Fresh grape | Total . Pruning Average
. . Titratable . 100 berry
Cultivar yleld. sol}lbleo acidity (g/l) pH welgl'lt weight (2) bm.lch
(kg/vine) solids (%) (kg/vine) weight (g)
Kalecik 14.5:2.1 19.742.6 55406 | 2.79+0.3 125504 | 164.06£15.1 |  20723.1
Karasi
Narince 12.241.9 18.442.7 6.140.7 3.010.2 1.10£0.3 | 201.28+24.3 409422.5
Table 6. Measurements and analyses performed on 2009 year
Fresh grape | Total . Pruning Average
. . Titratable . 100 berry
Cultivar yleld. sol}lbleu acidity (¢/1) pH welgl'lt weight () bm.lch
(kg/vine) solids (%) (kg/vine) weight (g)
Kalecik 22.0+1.8 18.842.3 53407 | 2.89+0.2 145503 | 269.8+19.3 | 1724308
Karasi
Narince 11.6+2.5 17.9+2.8 6.8£0.5 2.96+0.2 1.00£0.4 | 279.4+23.4 286421.5




CONCLUSIONS

From the experiments conducted in this study these varieties had been evaluated in a
good performance for Lakes Region in Turkey. After two years of experiments on these
varieties performance results indicate that produce satisfactory yields of good quality grapes.
They are suitable for Lakes Region agro-ecological conditions, as well as for the most widespread
native grapevine varieties in Turkey. Total soluble solids numbers can be seen low but it was
thought from the cropload and extreme climate conditions. In 2009 year total precipitation was
higher than long years average and average temperature was lower than the long years average.
This caused decrease in total soluble solid and also was affected by the cropload. This can be
improved by cropload management and irrigation practices in the next years. Colour verasion had
been evaluated significantly important in Lakes region because of day and night temperature
differences. It is thought this will let to increase the wine quality. Results presented in this study
confirmed the thesis that Kalecik Karasi and Narince are dominant cultivars in Turkish viticulture
and wine sector and they can be successfully cultivated in the region. Further studies will be
planned about wine production and wine quality for these varieties in the region and some
new approaches, growing practices (cropload management and irrigation) will be planned to
reach better wine quality for these varieties.
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Abstract

In a previous paper prepared by the authors® we have outlined the importance of climate
as a vital component in determining the quality of the grape and ultimately the quality of
the wine. Increases in temperature and changed rainfall patterns in both premium cool
climate and warm climate regions mean that viticulturists and wine makers are being
forced to alter traditional methods to maintain quality in wine. Today's viticultural regions
for quality wine production are located in narrow climatic zones that put them at
particular risk from both short-term climate variability and long-term climate change.

Because of the strong association between terroir and quality of wine, any change in
grape growing attributes due to climate change will have serious economic and social
impacts unless producers can adjust. The authors have argued that a very real
challenge is how to ensure that the regulatory system is such that will permit the
vitivinicultural industry to appropriately adjust to changed conditions and to continue to
produce high quality wine.

In this paper we look at the current international developments and what strategies the
wine sector can put in place to adapt for climate change. We also argue that consumer
expectations will also result in changed environmental behavior from the wine sector and
such expectations mean that sustainable practices will not only let the sector adapt, but
also become a pre-requisite to selling wine to our consumers.
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Introduction

In a previous paper prepared by the authors* we have outlined the importance of climate
as a vital component in determining the quality of the grape and ultimately the quality of
the wine. Increases in temperature and changed rainfall patterns in both premium cool
climate and warm climate regions mean that viticulturists and wine makers are being
forced to alter traditional methods to maintain quality in wine. Today's viticultural regions
for quality wine production are located in narrow climatic zones that put them at
particular risk from both short-term climate variability and long-term climate change.

Because of the strong association between terroir and quality of wine, any change in
grape growing attributes due to climate change will have serious economic and social
impacts unless producers can adjust. The authors have argued that a very real
challenge is how to ensure that the regulatory system is such that will permit the
vitivinicultural industry to appropriately adjust to changed conditions and to continue to
produce high quality wine.

In this paper we look at the current international developments and what strategies the
wine sector can put in place to adapt for climate change. We also argue that consumer
expectations will also result in changed environmental behavior from the wine sector and
such expectations mean that sustainable practices will not only let the sector adapt, but
also become a pre-requisite to selling wine to our consumers.

Background

Over the last century, the mean temperature in Australia has risen by 0.7°C, leading to
an increase in the number of very warm days and a decrease in frost and cold days. The
prognosis is for an acceleration of climate change during the rest of this century (Pittock
et al., 2003).

Within Australia, the work of Webb and others has demonstrated that increase in
temperatures in line with climate modelling will result in a projected increase in annual
average temperature in viticultural areas by 0.8- 5.2°C in 2070°. Climate change is a
major threat to existing vineyard areas. The expected increase in temperature,
atmospheric CO2, heavy and unseasonal rains, increased humidity, drought and
cyclones, are likely to affect crops, quality, pests and diseases and host pathogen
interactions, thus impacting on grape production and grape quality within a region. Such
increases will potentially make existing production regions problematic and require
adaption in either vitivinicultural practices or the planting of new varieties and opening of
new regions to maintain production levels of high quality fruit.

To respond to future climates, changes to wine sector practices and government policies
may be required. In this paper we look at the current national and international
developments and what strategies the Australian wine sector can put in place to adapt
for climate change and its impacts on Australian wine regions and biosecurity impacts.

4 Hayes, P. and Battaglene, T.; (2006); Regulatory Response to climate change; Le Bulletin de L'OIV; Organisation Internationale de La Vigne et du Vigne,
November-December 2006; Vol 79-No 909-910, pp 697-708

> Webb, L.B, Whetton P.H. and Barlow E.W.R. (2007) Impact on Australian Viticulture from
Greenhouse Induced Temperature Change



Climate change impacts on quality

Grape production, wine quality and importantly flavour or “style” are very dependent
upon climate. There is a major impact of climate on wine style and flavour and this
distinguishes wine from other agriculture products.

Key climate challenges affecting grape growing, wine production and quality are:

e Grape quality is more sensitive to temperature change than most other crops

¢ Anincrease in average temperature by 2-30C in a region will significantly change
grape quality and wine style

¢ Increased severity and frequency of heat stress during the growing season

e Forecast increase in unusual weather events such as frost, hail and summer rainfall

¢ Reduced winter rainfall, increased dependence on scarce irrigation water,
decreasing water quality

¢ Increases in salinity and resultant soil degradation

e Increased water use per hectare

e Increasing levels of atmospheric CO2 will directly impact grape production and water
use

e Shorter growing season and earlier ripening causing compression of

¢ harvest dates and an overload on picking, crushing, transport and winemaking
resources

From a marketing perspective this will lead to key challenges as climate change impacts
on wine flavours and styles and regional attributes due to the terroir change.

Climate change impacts on biosecurity

The extent to which climate change will affect emergency pests and pathogens and their
hosts is not clearly understood. To respond to future climates, changes to industry
practices and government policies may be required. Adaptation plans will be developed
around these risks to inform industry practice and policy.

A poleward shift in the geographical range of some pests and pathogens has been
observed during the last century. Unpublished analyses indicated that if grapevine leaf
rust becomes re-established in Darwin, the geographical range was predicted to extend
further south to major Australian vine growing regions with a 1-5°C temperature
increase.

Climate change will alter the risks associated with the biosecurity of Australia’s cultivated
and natural flora and the access of its agricultural products to international markets.
Biosecurity policy will also be strongly influenced by climate change in a number of ways
e.g. the re-defining of quarantine zones under future climate change scenarios or the
need to modify post-entry quarantine based on new and emerging threats.
Understanding these new threats (and opportunities) will enable Australia’s plant
industries and quarantine agencies to be better prepared to adapt and respond to any
risks.

It is not known how climate change will affect the biology and distribution of known plant
hosts in Australia. Nor do we understand the effects of climate change on our currently
identified Emergency Plant Pests (EPP). Modelling tools can predict the geographical



range of plants and their pests and pathogens but often they do not take into
consideration the specific biology of the host, pest or pathogen and their interaction.

Traceability and integrity

A key issue for the wine sector is varietal integrity. Under climate change, the wine
sector will be forced to increasingly pursue new varieties. Within Australia, a recent
discovery by CSIRO that the Albarino vines in its collection were in fact Savagnin Blanc
has brought into focus a range of strategic issues. Not least of these is the use of
objective methods such as DNA profiling to confirm identity of grapevine varieties. Under
the Australian Wine and Brandy Corporation Label Integrity Program there is a
requirement to ensure that if a wine is labeled with a particular varietal description, then
it is true to label. The chain of custody required by legislation and subject to criminal
penalties in the case of a breach goes back to the grower under the latest amendments
to the Act currently before the Australian Parliament. This requires a traceability system
for new plantings and an identification system for existing plantings or in the case of a
dispute.

There are many more grapevine variety names than there are varieties. For example,
there are somewhere between 5000 and 11,000 cultivars of Vitis vinifera but over 24,000
names to describe them. The application of DNA profiling for varietal integrity is
essential. This will require access to agreed reference DNA profiles for each particular
variety. Whilst this may be an issue for the lesser known varieties and clones, the
mainstream varieties are more likely to have accessible reference DNA profiles. In order
to guarantee varietal integrity there is a need for access to agreed reference DNA
profiles to enable confirmation of varietal identity.

This is a global problem with concerns relating to the issue of veracity and authority
attached to the foundational plant (s) of named varieties in a number of the global
germplasm repositories.

The involvement of the OIV to promote collaborative international engagement directed
to the creation and use of an international database and definition of reference varieties
is vital. This is needed to underpin future exchange of grapevine material and to provide
traceability for claims of variety status in research and development, production, trading
and labelling; these may be applicable to the grapevine itself and products thereof;
cuttings, plants, fruit, wine, juice etc where varietal attribution is important. The initiative
will also add strength to biosecurity initiatives of importance globally and foster
complementary actions by other countries.

From the perspective of effective adaptation to climate change, authenticity of variety in
terms of characterising particular varieties’ adapatability and utilising breeding material
of known variety and characteristics will be of fundamental importance.

Australian government and international developments

The Copenhagen Accord was not adopted by delegates to the United Nations climate
conference in Copenhagen. Instead, delegates merely ‘noted’ the agreement's
existence, giving it no force whatsoever. The Copenhagen Accord is a sign-on document
(i.e. countries that support it will be listed). As it is not a formal agreement within the
UNFCCC framework and thus it is not clear how it will be implemented.



Many countries called for the Copenhagen Accord to be acknowledged, as the only
agreement that can be reached here at Copenhagen, and that countries/parties should
re-convene to ensure that a full agreement on climate change is reached in 2010.

There is reference to two degree temperature limit, committing the parties to reducing
global emissions so as to hold the increase in global temperature below two degrees
Celsius.

There is also reference to 1.5 degree limits, in ambiguous phrasing. There will be an
assessment of the Accord implemented by 2015, including “consideration of
strengthening the long-term goal referencing various matters presented by the science,
including in relation to temperature rises of 1.5 degrees Celsius.”

The agreement includes a goal of Annex 1 parties mobilising jointly US$100 billion a
year by 2020 for developing countries and short-term financing “approaching” US$30
billion for 2010-2012.

e Itis agreed that a significant proportion of this money would flow through the
“Copenhagen Green Climate Fund.”

o There is also agreement to establish a Technology Mechanism, without detail of
how this would work.

Annex 1 parties (including Australia) will commit to quantified economy-wide emissions
targets for 2020 to be submitted to the UN by 31st January. Australia’s commitments are
a 5% reduction up to -15% or -25%.

‘Australia will reduce its greenhouse gas emissions by 25% on 2000 levels by 2020 if the
world agrees to an ambitious global deal capable of stabilising levels of greenhouse
gases in the atmosphere at 450 ppm CO2-eq or lower. Australia will unconditionally
reduce our emissions by 5% below 2000 levels by 2020, and by up to 15% by 2020 if
there is a global agreement which falls short of securing atmospheric stabilisation at 450
ppm CO2-eq and under which major developing economies commit to substantially
restrain emissions and advanced economies take on commitments comparable to
Australia’s. *

Mitigation actions by developing countries will be “subject to their domestic
measurement, reporting and verification” to be submitted with national communications
every two years.

There are also provisions on REDD, adaptation and market mechanisms.

The texts that were generated through the LCA and KP will be included in the reports of
the COP and CMP and used as starting inputs for the negotiations in 2010.

A comprehensive climate treaty will happen at some stage, but probably not in Mexico in
December 2010. For the Australian wine sector it means that we need to continue to
very publically reduce our emissions and lower our carbon footprint.

Domestically, the Australian government has pushed very strongly to introduce a Carbon
Emission Trading Scheme (CPRS). The CPRS legislation was introduced into the House
of Representatives on 2 February, with debate expected to last around 4 weeks.

Currently the government does not have the support within the Senate to introduce such



a scheme. While a compromise scheme does not seem possible, it is a possibility and
the Green Party has proposed an interim carbon tax proposal. The Australian
government has invested too much political capital in the ETS system not to progress
unilaterally.

Any such carbon pollution reduction scheme will have cost impacts on the wine sector in
Australia. Consequently, the sector needs to focus on reducing the costs on inputs
including energy.

Climate change impacts on food production

Climate change will inevitably cause governments to make policy trade-offs as
competition between food crops and vines for scarce land and water resources intensify.
This means that some mitigation responses may not be conducive to adaptation and
may conflict with food security — and vice versa. For instance, viticulture production for
wine may lead to competition for land and water resources that are crucial for enhancing
system resilience and safeguarding food production. Clear criteria and indicators are
necessary to steer decision-making.

Food security is not only an explicit concern under climate change; successful
adaptation and mitigation responses in the agricultural sector can only be achieved
within the environmental and economic sustainability goals set forth in both the
UNFCCC and the Millennium Development Goals.

Consumer demands on the wine sector arising from climate change

Adaptation requires adjusting institutional structures and arrangements. This includes
defining adequate national policy and legislative frameworks, and assigning
responsibilities within the governance structures of countries and regions. Iterative
planning frameworks, participatory approaches and strong stakeholder engagement
should be key governance principles for adaptation. In addition, decision-making must
remain flexible for dealing with the uncertainties of potential climate change impacts®.

Livelihood resilience to climate change

Reliable impact scenarios are often not available at the national and sub-national level.
When this is the case, adaptation planning should focus on management aimed at
increasing livelihood resilience. In this context, FAO strongly argues for priority actions in
sustainable land management such as land-use planning and soil and water
management, and appropriate management of farming systems, livestock, forests,
grasslands, fisheries and aquaculture.

Conservation and sustainable management of biodiversity

The healthy functioning and resilience of ecosystems depends to a great extent on
biological diversity. For FAO, the key priorities are to increase understanding of the
ecosystem services provided by agricultural and aquatic biodiversity and identify
associated impacts of climate change and sustainable responses.

Increased regulation
The wine sector also operates under an increasingly stringent regulatory framework
around climate change, industrial emissions and packaging. Many of these policies that

® FAO, 2009, Profile for climate change



underpin this regulatory environment support continuous environmental improvement in
the sector by considering the interactions at all stages of the food chain.

For example, within Europe the CIAA has identified three major areas of increasing
concern about regulation:

e Climate Change (EU ETS): The food manufacturing industry accounts for about
1,5% of EU-27 greenhouse gas (GHG) emissions. About 900 food processing
installations are covered by the EU Emissions Trading Scheme (ETS) and deliver
continuous cuts in CO2 emissions.

e Industrial Emissions (IPPC): A possible move towards a rigid implementation of
the Best Available Techniques (BAT) reference documents (BREFs) could have
wide impacts.

e Packaging: Packaging recovery and recycling is highly visible policy response in
the European Union and are aimed at balancing food safety and product quality
with optimising food and drink products' overall environmental performance

Wine environmental assurance schemes in wine producing countries’

Most major wine producing countries have now introduced or are considering introducing
environmental assurance schemes. The key objective of these schemes is to minimise
the environmental footprint from wine production and ensure high standards of
sustainable practices are followed.

The wine sector has been extremely proactive in this field for a number of years. A
number of countries have adopted individual schemes, including, inter alia, Australia,
California, New Zealand and South Africa.

EntWine Australia is the Australian wine industry’s voluntary national assurance scheme
launched in 2009. The program is administered by the Winemakers' Federation of
Australia (WFA), and builds on the Australian Wine Industry Stewardship program
(AWIS) launched in 2005. AWIS was a voluntary environmental self-assessment for
grapegrowers distributed through the spray diaries of participating wine companies.

The Sustainable Winegrowing Practices (SWP) program was initiated in 2001 with a
view to California earning the reputation of world-leader in the adoption of sustainable
winegrowing practices. The program is managed by the California Sustainable
Winegrowing Alliance, a non-profit organisation. The goals of SWP are based on the
proportion of the industry participating in the program. The SWP is launching a voluntary
third party certification program on January 13, 2010. The certification program will
verify and confirm participation in the program and will become the basis for industry
wide improvement targets.

Sustainable Winegrowing New Zealand (SWNZ) was established by volunteer
grapegrowers in 1995 as an industry initiative coordinated by Winegrowers of NZ. After a

7 Russell, Amy, (2009), Review of major wine environmental assurance schemes in wine producing countries, Unpublished paper produced for circulation to the
World Wine Trade Group.



pilot phase, SWNZ was adopted commercially in 1997 and now has members in all NZ
wine regions. With the introduction of a winery program in 2002, SWNZ now applies to
both vineyards and wineries. SWNZ aims to provide a best-practice model of
environmental practices in the vineyard and winery; guarantee better quality assurance
from the vineyard through to the bottle; and address consumer concerns in matters
pertaining to the environment and winegrape production.

Participation in South Africa’s Integrated Production of Wine (IPW) scheme infers a
producer promise that ‘South Africa’s wines will not contain substances that they should
not, and that by adhering to the IPW guidelines, the environment will be keenly
protected’. Introduced in 1998, the voluntary membership currently represents 98% of
grapes harvested and 95% of South African cellars subscribe to the program. IPW is
unique in that it applies to grape growing, winemaking and bottling. Although
participation in IPW is voluntary, once participants join the scheme, it is regulatory.

The Scheme for the Integrated Production of Wine was legislated in November 1998
under the Act on Liquor Products and is administered by the South African Wine and
Spirit Board. As of 2010, the South African Wine of Origin (WO) and IPW schemes will
be linked under a new combined certification seal, to be rebranded as Sustainable Wine
South Africa. The IPW requirements will remain voluntary, and therefore producers
satisfying WO requirements only will continue to use the existing seal. However,
producers satisfying both WO and IPW requirements will be able to use a new combined
seal. The system will also enable the certification to apply at the product level — 100% of
grapes, the winery and the bottling facility must comply with WO and IPW requirements
to wear the combined seal. For products that do not comply, the wine company cannot
use the combined seal.

More recently, the Global Wine Sector Environmental Sustainability Principles (the
'Principles’) were developed by FIVS in 2006. A key consideration of the Principles is
the integration of wine sector environmental programmers being developed or
implemented in member countries. FIVS seeks to incorporate these programs whilst
ensuring member countries can continue to undertake environmental management most
appropriate to their country's regulatory, social, natural resource and biophysical
contexts. Accordingly, the global Principles are high level principles, providing direction
to member countries whilst enabling members to determine their own environmental and
resource allocation priorities.® Each of the country programs described previously
complies with these principles.

Given the pressure being applied in international markets to provide environmental
assurances, a unified international wine industry position on environmental management
becomes an important tool for responding to regulatory and market pressures. More
importantly, the environmental assurance progams provide the systems required to
ensure that the wine sector is able to adapt to climate change and meet the customer
requirements for a sustainable low environmental footprint product into the future.

8 RUSSELL Amy (2008) Demonstrating consistency with the Global Wine Sector Environmental Sustainability Principles : An Australian example , Bulletin de
I'OIV, vol. 81, n0926-928, pp. 269-275



Production responses to climate change

Climate change adaptation by producers is determined by the ability to change behavior
in order to respond to a changing climate. This includes devising and implementing
solutions to protect livelihoods from negative climate change impacts.

Conclusion

Climate change is a major threat to existing vineyard areas. The expected increase in
temperature, atmospheric CO2, heavy and unseasonal rains, increased humidity,
drought and cyclones, are likely to affect crops, quality, pests and diseases and host
pathogen interactions.

Research is going to be an integral part of any adaptation program by the global wine
sector. Much of this research is pre-competitive and we should actively encourage
international collaboration in a number of key areas, in particular relating to vine
physiology, winemaking practices (yeasts, enzymes and additives and processing aids)
and engineering.

It should also be recognised that national government responses to emission reductions
will impose costs on all producers and production efficiencies and sustainability
initiatives will be vital to maintain market access.

Environmental programs provide an effective way in which the wine sector can reduce
its carbon footprint, and help meet the national and international carbon reduction
targets when they appear. The world cares about reducing CO2 and despite the failure
of our governments to reach consensus in Copenhagen, the sector can do much to
adapt to climate change and fulfil our sustainability goals.
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ABSTRACT
The primary processes of photosynthetic has been used as a natural probe for determining

grape-vine resistance against various abiotic factors — temperature, water, and solar irradiation.
It was shown that value of variable component of fast fluorescence — Fv, intensity of electron
transport between the photosystems — ETR, also intensity of expended electrons in carboxylation
ETRn and oxygenation —ETRp, an index of non-photochemical fading — NPQ, allow studying
molecular mechanisms of the abiotic factors’ impact molecular mechanisms and resulting
damage degree.

It is concluded that fast and slow fluorescence characteristics of the grape-vine leaves, provide
for investigation of the mechanisms of the abiotic factors’ impact on the plant, and for use these
in preliminary diagnostics of the comparative resistance of various varieties of the grape-vines.

ZUSAMMENFASSUNG

In der Arbeit sind primdre Prozesse der als natlirliche Sonde fiir die Feststellung der
Widerstandsfahigkeit der Weinrebe gegen verschiedene abiotische Faktoren. Es wird gezeigt,
dass die Bedeutung der variablen Komponente der schnellen Fluoreszenz — Fv, Intensitit des
Elektronentransports zwischen den Fotosystemen — ETR, ebenso Intensititen der fiir
Karboxylisation — ETRn und Oxygenisation — ETRp aufgewandten Elektronen und das mit der
Nicht-photochemischen Loschung des Lichtes verbundene Kennzeichen — NPQ uns die
Moglichkeit geben, die Molekularmechanismen der Wirkung des abiotischen Faktors und der
davon ausgehende Schidigungsgrad zu erlernen.

In der Arbeit ist die Schlussfolgerung gezogen, dass die Kennzeichen der schnellen und
verlangsamten Fluoreszenz des Weinblatts uns die Gelegenheit geben, Wirkungsmechanismen
der abiotischen Faktoren auf die Pflanze zu erlernen und sie fiir die vorldufige Diagnostizierung
relativer Widerstandsfahigkeit verschiedener Weinrebensorten zu verwenden.

INTRODUCTION

In conditions of global warming in agriculture, and particularly in viticulture, those problems
have posed themselves as is a resistance of the grape-vine against high temperature and increased
solar irradiation, draught resistance, etc. It is still actual a grape-vines resistance against low
temperatures, especially in a case of spring frosts (Duering et al., 1990; Ortoidze, Duering,
2003; Ortoidze, Duering, 2006)).

Considering the above-said, it is obvious that investigation of the grape-vine resistance against
the above abiotic factors is highly important; revealing of relatively resistant varieties is
important as well.



The present work is dedicated to the study of these problems, namely, determining a resistance
of the grape-vine resistance against abiotic factors, with an aid of the chlorophyll fluorescence
method.

MATERIAL AND METHODS

Activity of the primary processes of the photosynthesis apparatus in the grape-vine leaves was
studied with the method of delayed fluorescence (DF). Recording of the DF was made with the
phosphoroscope; the time between an object illumination and fluorescence detection amounted 1
ms (Matorin et al., 1985).

The rapid fluorescence (RF) was evaluated with portable photometric apparatus PAM 2100
(H.Walz, Effeltrich, FRG) (Schreiber, 2005)). This device allows experimenting directly on a
plant, without damage to the leaf.

RESULTS AND DISCUSSION

Fig. 1 shows induction straight line of DF for the Rkatsiteli leaves; in the induction straight
lines of DF the rapid phase O-I-D is linked to the electron transport, slow phase D-P — to
energyzing of the photomembrane, while P-S phase — to CO, binding (Matorin et al., 1985;
Ortoidze et al., 1990). Considering changes of these indices of fluorescence, we can judge on a
deterioration degree in the primary processes of photosynthesis (electron transport,
photophosphorylation, CO; binding). In our works it was shown that K=(P-S)/S coefficient is
directly linked to the photomembrane activity — decrease of the photosynthesis activity directly
correlates with its decrease.

Fig. 2 shows a variable values of the Rkatsiteli leaves’ fluorescence - Fv=(Fm-Fo)/Fm, which
is connected with the photosynthesis-2 activity. In normal conditions its value equals Fv=0.6-0.7;
a stress impact on the leaves results in its decrease, according to which we can judge a
reversibility of the stress-induced damages.

According to the reference data, parallel measurements of variable fluorescence and
photosynthesis intensity provide for calculation of the electron transport intensity between the
photosystems — ETR, as well as at carboxyllation ETR;, and oxygenation — intensities of the
electrons spent in ETR,, (Schreiber, 2005; Ortoidze, Duering, 2003):

ETR=Y x 0.85 x R x PAR,

where Y is an intensity of variable fluorescence, PAR — active radiation of photosynthesis
(umol.m™.s™), while R is a constant and equals R=0.5.

ETR,=1/3 [ETR+8(A+R)],
ETR,=1/3 [ETR-4(A+R)],
Where ETR is a total of the electron transport intensity, A — intensity of photosynthesis.

A vast part of the light intensity, falling on a leaf, is linked to the so-called non-photochemical
extinguishing. Just this process is a mechanism, which guards a leaf from the high intensity of
solar irradiation (photic burn). It is with this process that rapid fluorescence NPQ index does
connect, which could be calculated with the following formula:

NPQ=(Fm-F’m)/F’m,



where Fm is a maximal fluorescence of the dark-adapted leaf, to the first light impulse, while
F’m is a maximal value of fluorescence of a leaf illuminated with constant red light.

Value of the NPQ index is directly connected to the light non-photochemical extinction
(Schreiber, 2005).

(0L

0,5 L

240

[Nlumination time, sec

Figure 1. Induced straight lines of the delayed fluorescence in the Rkatsiteli leaves: A) control;
B) incubated at +45°C; C) incubated at +55°C. (Arrows point at the moments of light
on and off).

As it is obvious, any change in the primary photosynthesis processes, could be assessed
according to rapid and delayed fluorescence indices. On the other hand, the apparatus of the
primary photosynthesis is situated in the chlorophyll thyllacoid, i.e. in the so-called
photomembrane.
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Figure 2. Induction straight lines of the rapid fluorescence in the Rkatsiteli leaves: A) control; B)
relative volume of water 60% (Arrows point at the light on and off moments).

Now, if we imagine an inverse process: if we act with some stress (e.g. high temperature, water
deficit, etc.) on the photomembrane, and induce its damage, it in its turn, will deteriorate a
primary processes of photosynthesis, which will be recorded with the fluorescence method.
Evaluation of the deterioration degrees of the primary processes of photosynthesis, might
provide with the means for judgment on a value of the photomembrane damage (is the damage
irreversible, and at which level did it occur). In other words, the primary processes of the
photosynthesis ~ we can evaluate as natural probes for determining the stability of
photomembranes.

On the other hand, we can consider that all the membranes constituting a cell content are
almost of the same resistance (there might be a difference between their resistance. However it
will be so negligible that in the applied science it would have no importance). Therefore, we
believe that stress, which damages the photomembrane, may also damage other membranes of a
cell.

Fig. 1 demonstrates induction straight lines of the Rkatsiteli leaves’, at 5 min exposure, at high
temperature. As it is evident, at 45°C decrease of slow phases D-P and P-S did occur, which
depends on decrease of ApH values, as well as on decrease of CO, binding velocity. However,
in this case damage is reversible. At +55°C, the processes of photophosphoryllation and CO,



binding are completely inhibited; also, intensity of the electron transport between the
photosystems, decreases significantly. Irreversible damage to the photomembranes does occur in
this case (Matorin et al., 1985).

In a case of water deficiency, value of variable fluorescence decreases (Fig. 2), which points at
decreased photosynthesis intensity. During decrease of relative volume of water from 95% to
75%, the ETR,,, which is connected to carbonation, decreases sharply. The result obtained shows
that during dehydration the primary processes of the photosynthesis in grape-vine leaves, the
most sensitive is a CO, binding. The process of photophosphoryllation decreases as well.
However, the latter process is reversible.

If we decrease relative volume of water in the grape-vine up to 50%-55%, a sharp decrease of
ETR does occur and photosynthesis is inhibited to zero. In such case, a plant undergoes
irreversible damage (Ortoidze, Duering, 2006).

In a case of high light irradiation (6000 pmol . m™.s”, during 10 min) intensity of ETR —
electron transport — decreases; however, its oxygenation component ETR,, — increases. Index of
NPQ increases, which should be due to non-photochemical shut-down of excessive light
illumination. From the biochemical point of view, defense mechanism against a high intensity
illumination, should be connected to the chlorophyll transformation: at high intensity
illumination violaxanthene transforms into zeaxanthene (Adams et al., 2004).

CONCLUSIONS

Considering all the above-mentioned we can conclude that the primary processes of
photosynthesis could be viewed as a natural probe for determining the grape-vine resistance
against various abiotic factors; observation of an impact mechanisms of these factors on a plant,
is well provided with the fluorescence characteristics of the grape-vine leaves.
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RESUME

A partir d’une synthése bibliographique, un questionnaire sur 1’évolution du climat et la
viticulture a été établi et mis en ligne sur Internet(www.vignevin.com). Il a pour objectif
d’établir un état des lieux concernant 1’évolution du climat et ses répercussions sur la filiére
viticole.

La premiére partie a pour but de recenser les différentes manifestations de 1’évolution du
climat sur les exploitations viticoles a partir des observations des professionnels.

Au final, le questionnaire porte sur les repercussions concernant le fonctionnement de
I’exploitation et les démarches envisagées pour limiter les causes des modifications
climatiques. La communication a pour objectif de présenter de maniere synthétique de
détailler les réponses liées au questionnaire

L’avancée des dates de vendanges relevée par les professionnels frangais se situe dans une
fourchette de 8 a 12 jours.

Le questionnaire souligne une augmentation significative de la sécheresse une augmentation
de I’alcool potentiel des motlts de 0,5 a 1°C et une diminution de I’acidité (en H2S04)
d’environ 0,5 grammes par litre.

Concernant les pistes de recherche, les aspects considérés comme les plus importants par les
professionnels sont respectivement la maitrise de la température des raisins, des modts et des
vins, la gestion des sols, la désalcoolisation et le pilotage de I’irrigation.

SUMMARY

A questionnaire based on a review of relevant literature has been drawn up and posted online
(www.vignevin.com) to establish an overview of climate change and its repercussions on the
wine-growing industry.

The aim of the first section is to take an inventory of the various manifestations of climate
change on vineyards, based on observations from wine-growing professionals.

Lastly, the questionnaire concerns the repercussions in relation to vineyard management and
the measures envisaged to limit the causes of climate change.

The aim of the communication is to present a summary of the problem of “climate change”
and itemise the answers to the questionnaire and the aspects developed during the individual
interviews with professionals and experts.
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French wine-growers have observed that harvesting dates have been moved forward by 8 to
12 days.

The questionnaire highlights a significant rise in droughts, an increase in potential alcohol
musts of 0.5 to 1°C and a drop in acidity (in H2S04) of approximately 0.5 grams per litre have
been noted.

As for areas of research, the aspects considered the most important by wine-growing
professionals are, respectively, temperature control of grapes, musts and wines, soil
management, dealcoholisation and programming irrigation.

INTRODUCTION

Afin de répondre aux attentes de la population et de s’adapter a son milieu, I’Institut
Francais de la Vigne et du Vin www.vignevin.com en collaboration avec les Vignerons
Indépendants de France, s’est penché sur les conséquences de 1’évolution du climat et les
adaptations envisagees par les professionnels.

Dans le cadre de cette étude, une démarche prospective a été menée auprés des professionnels
viticoles francais ainsi qu’auprés d’experts et professionnels nationaux et internationaux. Les
experts et professionnels de cette filiere ont été principalement questionnés lors d’entretiens
alors que les professionnels des principales régions francaises, (cf. figure 1), ont
majoritairement répondu & un questionnaire sur le site de I'TFV (241 réponses interprétables
au total fin déecembre 2009). Les personnes les plus représentatives sont celles dont 1’age est
compris entre 30 et 50 ans (68%).

Contrairement a un sondage, ce questionnaire ne reflete que partiellement la perception par
les professionnels des changements climatiques. Néanmoins, les réponses sont globalement en
cohérence avec les observations des experts viticoles.

Part des différentes régions
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Figure 1 : Pourcentage de réponses dans les différentes régions viticoles
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l. Principaux effets percus

e Physiologie et phénologie

Dates d'apparition des modifications Répartition de la précocité des dates de vendanges en %
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Figure 2 : Dates d’apparition des modifications Figure 3 : Répartition de la précocité des dates de vendanges en %

Plus de 50% des réponses (y compris des professionnels les plus &gés) estiment que les
changements significatifs sont apparus au cours des quinze derniéres années. Les observations
réalisées sur le terrain par les vignerons différent des études scientifiques qui mettent en
évidence le réchauffement a partir des années 1980 (cf. figure 2). Il est probable que I’année
de canicule 2003, perceptible sur I’ensemble du territoire frangais ait occasionné de
nombreuses physiologiques de la vigne, a l'origine de la prise de conscience du
réchauffement.
L’¢étude révele que quelque soit la région viticole ou la tranche d’age, les modifications
suivantes paraissent les plus importantes.

- L’augmentation du taux de sucre

- La précocité des dates de vendanges

- Les modifications du processus de maturation

- Le raccourcissement du cycle

- La diminution du taux d’acidité

L’avancée des dates de vendanges est majoritairement située entre 8 et 11 jours (cf. figure 3).
D’aprés les études menées par V. Daux et E. Le Roy-Ladurie une avancée de 10 jours sur les
dates de vendanges est liée a une augmentation moyenne de 1°C. Ces observations sont
cohérentes avec les études menées par Météo France qui situe le réchauffement moyen, au
cours des derniéres décennies, dans une fourchette comprise entre 0,7°C et 1,1°C.

Le raccourcissement du cycle est lié a une avancée des dates de vendanges, mais également a
une précocité de I’ensemble des stades phénologiques. L’étude révele que pour la floraison et
la véraison, I’avancée de 4 a 7 jours est majoritairement observée. Concernant le
débourrement, I’avancée est comprise entre 0 et 3 jours (37%). Le raccourcissement du cycle
est souligné pour I’ensemble des régions du territoire (cf. figure 4).
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Figure 4 : précocité des dates de vendanges variable en fonction des régions viticoles.

Les autres modifications sont perceptibles au moment de la récolte et affectent les
caractéristiques cenologiques des vins. En effet 97% des réponses soulignent que
I’augmentation du potentiel alcool est comprise entre 0,5 et 2°. Parallélement, 81% des
personnes interrogées estiment que la diminution de la teneur en acidité est comprise entre 0
et 0,9g/1.

e Phénomeénes extrémes

Vis-a-vis des conditions extrémes et accidents climatiques (cf. figure 5), les aspects suivants
ont été mis en évidence :
- Une faible influence sur I’apparition du gel de printemps
- Aucune variation concernant la fréquence de gréle (50%)
- Une variation de fréguence des orages et pluies intenses (65%)
- Une augmentation de la sécheresse a 1’origine d’une accentuation des conditions de
stress hydrique (71%)
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Figure 5 : Variation des principales intempéries en % - Figure 6 : Modifications dans 1I’expression des maladies sur le terrain

Les résultats de I’enquéte font ainsi apparaitre que 1’augmentation de Secheresse
s’accompagne d’une augmentation des conditions de stress hydrique notamment en
Languedoc-Roussillon et en Provence et dans une moindre mesure en Aquitaine.

Ces observations sont en adéquation avec les études climatologiques menées dans les
différentes regions. En revanche la gréle et le gel de printemps sont des événements



climatiques difficiles a quantifier qui ne font pas I’objet d’évolutions significatives dans
I’interprétation des questions.
e Maladies et parasites

Globalement, 64% des réponses soulignent un impact significatif sur les maladies et parasites
(cf. figure 6), associées a un changement dans leur expression (56%). Les professionnels
(42%) soulignent 1’apparition ou la disparition des maladies et 32% estiment que celles-ci se
développent a des stades non habituels au cours du cycle végétatif.

1. Piste de recherche

Cette étude permet de mettre en évidence les priorités soulignées par les professionnels
concernant les orientations prioritaires de la recherche, en liaison avec les changements
climatiques.

Concernant le matériel végétal, la profession viticole souhaite avant tout la mise en place
d’observatoires régionaux (49%) et dans une moindre mesure la création de nouvelles variétés
(29%) et de nouveaux porte-greffes (16%). Sur le plan viticole, les vignerons, en cohérence
avec les chercheurs estiment que la priorité doit se centrer sur I’adaptation de la gestion des
sols (68%) et des modes de conduite (48%), I’irrigation (27%) et dans une moindre mesure
sur la salinité des sols (10%). Les résultats permettent d’établir un ordre de priorité en
fonction du processus a mettre en place, au niveau des pratiques cenologiques :

- Maitrise de la température des raisins, des modts, des vins (80%)

- Adaptation du transport des raisins, des modts, des vins (43%)

- Vendange de nuit ( 26%)

- Maitrise de I’acidité (20%)

- Réduction de la teneur en sucre (18%)

- Désalcoolisation (8%)
En complément du «questionnaire professionnels » des entretiens individualisés ont été
réalisés aupres de chercheurs ou conseillers viticoles

Il apparait que les priorités différent en fonction des scenarios d'évolution de la température
prévue au cours de ce siécle. Ainsi, si l'augmentation reste comprise entre 1,5°C et 3,5°C, la
création d’observatoires régionaux est considérée comme la priorité a mettre en ceuvre
concernant le matériel végétal. Il en est de méme de 1’adaptation de la gestion des sol. D’un
point de vue cenologique, les experts estiment que les éléments prioritaires a mettre en ceuvre
concernent la maitrise de la température des raisins, des modts et des vins ainsi que la
désalcoolisation. En revanche, si ’augmentation de la température se poursuit et atteint +5°C,
les priorités risquent d’étre modifiées. Ainsi, la création de nouvelles variétés ou la
modification des cépages semble étre incontournable pour s’adapter d’adaptation aux
changements climatiques. L’adaptation et le pilotage de I’irrigation risque d’étre le volet
prioritaire a mettre en ceuvre sur les parcelles si le scénario pessimiste se vérifie.

CONCLUSION

Globalement, le questionnaire a permis de cerner la perception par les professionnels des
impacts liés aux changements climatiques probables. Les évolutions observées au cours des
deux derniéres décennies sont cohérentes avec I’avis des experts.



Des similitudes peuvent étre mises en évidence en fonction des différents paramétres étudiés.
(Languedoc Roussillon et Provence Alpes Cote d’Azur notamment) Pour ces régions,
I’augmentation du degré, la baisse d’acidité et une expression plus forte du stress hydrique
sont les conséquences les plus marquantes observées a partir de 2003. L’inquiétude semble
moins marquee pour les régions septentrionales qui bénéficient depuis quelques années de
conditions climatiques favorables a 1’épanouissement de millésimes.

Au-dela du questionnaire, il est nécessaire de susciter une dynamique de réflexion stratégique
dans les différentes régions pour adapter les pratiques viticoles et cenologiques en fonction du
contexte local et de 1’évolution observée et des scénarios climatiques régionalisés. La création
de réseaux d’échange, d’observatoires parcellaires et variétaux nationaux, voire
internationaux, pourrait faciliter cette adaptation par une mutualisation des informations.
L’Organisation Internationale de la Vigne et du Vin doit pouvoir jouer un role fédérateur pour
cet enjeu majeur de la viticulture.
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ABSTRACT

Vineyards play an important role in the Mediterranean landscape, thanks to their good
adaptation the clime, especially to semi-arid conditions which helps to explain the large
extensions throughout Spain. The aim is to evaluate the risk of climate change and the
implications for future decisions and policy. The results are useful for exploring
solutions for and grapevine management adequate for the future in Mediterranean areas.
Historical data of grapevine production in three contrasting locations is used to develop
empirical statistical models that are then used to evaluate the impacts of climate change.
The uncertainty of future climate conditions is evaluated by using 16 different climate
scenarios. We plan to extend this preliminary analysis to include the major grapevine
producing regions in Spain and include climate indices and other tools of grapevine
adequacy and quality. The results presented here are part of a larger study that includes
several other Mediterranean crops and scenarios (Iglesias et al., 2010).

Key words: Climate change, viticulture, management practices, Spain
RESUMEN

El Vifiedo desempefia un papel importante en el paisaje mediterraneo, gracias a su
buena adaptacion al clima, sobre todo a las condiciones semi-aridas, lo que ayuda a
explicar las grandes extensiones en toda Espafa. El objetivo es evaluar el riesgo del
cambio climatico y las implicaciones para las decisiones en el futuro y nuestros
resultados pueden servir para explorar soluciones en regiones mediterraneas. Se han
utilizado los datos histéricos de produccion viticola de tres zonas que representan
condiciones muy distintas en la region Mediterrdnea. En cada zona se ha aplicado un
modelo de produccién obtenido en estudios anteriores. La incertidumbre de las futuras
condiciones climaticas mediante el uso de 16 diferentes escenarios climaticos. Nuestra
intencién es continuar el estudio para incluir criterios de evaluacion y regiones mas



relevantes. Los resultados que se presentan aqui son parte de un estudio que incluye
otros cultivos Mediterraneos y escenarios de cambio climatico adicionales.

Palabras clave: Cambio climético, viticultura, précticas de manejo, Espafa

1 INTRODUCTION

1.1 Sector

There are in Spain, 1.23 million hectares of extremely diverse vineyards, distributed in
over 360000 farms with an average area of 3.34 ha per farm (MARM, 2009): In general,
farms are in poor and marginal soils trained as spur-pruned bushes with a very small
potential growing and poor yields. The vineyard area associated with a "geographical
indication" represents about 62% of the total area of this crop.

In Spain, the vineyard area has experienced in the 1980s and in the first half of the 90s a
notable reduction and a significant improvement of the productive potential on the
1990s has happened through rejuvenation of old plantations and changes in production
methods, with a tendency towards an increase of the irrigated surface which presently
represents by 20 % of total vineyard surface (Sotés, 2007).

1.2 New risks: PAC and environmental, including climate change

It is expected that global temperatures may increase further by 1.8 to 4.0 °C by 2100.
This means that temperature increase since pre-industrial times would exceed 2 °C.
intensifying risks in the Mediterranean (IPPC, 2007). Mediterranean may experience
substantial drying (precipitation reductions of more than 25%) and warming
(temperature increases of 3-5%) by 2080; at the same time, inter-annual variability is
projected to increase, especially in the summer (Giorgi et al, 2008).

As farmers manage the majority of land in the EU, the Common Agricultural Policy
(CAP) has a role to play in facilitating helping farmers to adapt their production to the
Climate change. Climatic variations will have consequences for the availability of water
resources, pests and diseases and soils, leading to significant changes in the conditions
for agriculture (COM (2009) 147).

Climate change on viticulture is like to be highly variable. More in detail Impacts on the
wine sector include a higher risk of frost, a shortening of the ripening period, water
stress, which can be highly damaging at the maturity stage, and changes in pest and
disease patterns. In the current production areas the variability of fruit production is
likely to become higher SEC(2009) 417.

But also trends in energy prices and water framework directive could increase irrigation
costs discouraging this practise unless it was economic feasible.

1.3 Measures to mitigate risks

In relation to the new challenges identified by the Commission in the Health Check
(including climate change) the council agreed to strengthen the measures in the first and
second pillar facing them and increasing up to 5% of the modulation of direct payments
in 2012. These measures are focused in soil and crop management. Apart from that also

2



agricultural insurance programmes offer climate risk management alternatives
(Dismukes et al., 2004; EC, 2007; Rejda, 2002, Quiroga et al 2009).

1.4 Objectives and content of the paper

We investigate the response of three grapevine producing regions in Spain, with
different precipitation and temperature regimes, to potential climate changes in the
Mediterranean area. We based our methodology on the evaluation of production
responses to a range of emission scenarios according to different climate change
policies. Multiple projections of impacts are generated based on different model of
climate change. The results presented here are part of a larger study that includes
several other Mediterranean crops and scenarios (Iglesias et al., 2010).

2 METHODS

2.1 Selection of the study areas

Three case studies (Figure 1) were selected as representing different climate risks which
determined production in period selected. The data were taken during the 1959-2000, so
we have to consider that irrigation was less developed local varieties had higher
importance so did traditional management in bushes (more resistant to drought seasons
and higher temperatures).
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Murcia (38.00 °N, - 17.6 305 High heat stress during summer
4.83W, 0 m) High risk water scarcity and drought

Figure 1. Location and description of the study sites




2.2 Statistical model to yield response

Statistical models of yield response have proven useful to evaluate the effects of
extreme events such as droughts, frosts or floods (Dixon et al. 1994; Chavas et al. 2001)
and climate change (Lobell et al. 2007; Iglesias et al., 2000). Here we use the model
developed by Quiroga and Iglesias (2009) as specified below:

Ln Y= NYea + 0o + OimacMacy + oaperlFert + ogilrric + ooiTavie +0siFric + 04iPreci; + as;
Tmax;; +0gDr + BetImpt ¢+ &

The complete econometric treatment is described in Quiroga and Iglesias 2009; Iglesias
and Quiroga 2007. The formulation has been specified to test for lack of
heteroscedasticity and autocorrelation of variables. All estimated parameters (a-12) are
significant at the 95 percent level. The mechanisms behind the relationships derived
from the statistical analysis may be implied from model coefficient. For example
drought explains a significant component of yield variability of grapevines by more
than 20%. Contrary to what could be expected no big differences were found in
variability during two different periods 1960-1979 and 1980-2000.

2.3 Climate scenarios

Our methodology is based on the evaluation of crop responses using a range of
emissions scenarios to provide information of the effects of climate change policy.
Apart from taking into account yield differences and locations (Logrofio, Cordoba and
Murcia), we have also based our projections on 16 climate models from four different
sources (CGCM, CSIRO, HadCM, PCM) and using four SRES scenarios (Al, A2, B1,
B2) with different impacts in precipitation and temperature change in Spain. (Iglesias et
al. 2010).

3 RESULTS

3.1 Impacts of climate change in the different region

Figure 2 show how grapevines production depends on local conditions as different
regions could foresee high risks or key opportunities in wine production. In Logrofio all
future scenarios shows a production increase probably benefiting from a general trend
of increase yields thanks to acceleration of vegetative and reproductive growth in a
warmer climate (Bindi et al., 1996; Jones and Davis, 2000, Jones et al 2005). Cérdoba,
with a warmer growing season will experience a clear yield decrease clearly affected by
the combination of warmer and dryer conditions. In Murcia impact of global warming is
potentially less significant as yields could increase or decrease depending on the
scenario.
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Figure 2. Future climate scenarios in the three representative sites.

3.2 Implications for policy development

Moreover the need of an holistic policy dealing with the consequences of climate
change in energy or water that eventually will affect agriculture, also farm level
analyses have shown that large reductions in adverse impacts from climate change are
possible when adaptation is fully implemented (Mendelsohn et al 1999, FAO 2009).
Work will need to be done in the short and in the long term by government agencies and
advisory services to assess and identify appropriate varieties and make information on
husbandry techniques available to the farming community.

Research institutes and extension services need to identify potential risks and devise
appropriate strategies to deal with them (Iglesias et al., 2006) at a regional level. The
EC in the white paper “adapting to climate change: Towards a European framework for
action” advance this possibility proposing specific indicators for agriculture such as an
index for adaptive capacity and vulnerability multi-dimensional approach combining
climatic, environmental and socio-economic factors at low spatial scale. A first
approach to a risk index was developed in the three study sites trying to assess risks.
With Monte Carlo simulations using statistical distributions of crop yields and analysing
the distribution of probabilities in order to obtain a certain yield (Figure 2). Murcia in
our case has the lower variance and Cérdoba the highest.
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Figure 2. Yield variation derived from Monte Carlo simulations



Mullins et al 1992, Gladstones 1992 and Jones 2005 defined how temperature during
the growing season can affect grape quality and viability in at least three ways through
prolonged temperatures above 10 deg C, extreme heat in flowering and growth of
berries and high diurnal temperature in maturation stage. This information should be
used as well as water availability to identify at a regional scale, areas for suitable soil
and vineyard management and adapted cultivars; and promoted or disseminated by the
corresponding measures to increase resilience and keep or improve quality and yields.

3.3 Limitations of the study

Case studies were limited to three specific areas studied. It is necessary to extend this
preliminary analysis to include the major grapevine producing regions in Spain and
include climate indices and other tools of grapevine adequacy and quality to get a
general assessment.

4 CONCLUSIONS

Using historic climate data, yields of three different traditional winegrape regions
(Logrofio, Cérdoba y Murcia) and projections on 16 climate model from four different
sources (CGCM, CSIRO, HadCM,PCM) and using four SRES scenarios (Al, A2, B1,
B2) a first approach to climate change consequences was made. The result indicates that
hot climate maturity regions could face the most important problems. The Model
projection for Cordoba indicates grape harvest reduction up to 60% with no positive
scenario even in the more positive cases. High temperatures scenarios may exceed
varietally specific optimum temperature threshold. Murcia seems to have higher
resilience to new combination foreseen scenarios.

Logrofio on the contrary could increase production in the future with the warmer
conditions, but higher yields do not guarantee quality or higher yield stability (Bindi et
al., 1996; Bindi and Fibbi, 2000, Jones G. 2005). These factors should be taken into
consideration in next steps to properly assess risks for climate change in vineyard
production in Spain.
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Introduction

The rapidly increasing world population and the scarcity of suitable land for agricultural
food production together with a changing climate will ultimately put pressure on grape
producing areas for the use of land and the input of resources. For most grape producing areas
the predicted developments in climate will be identical to becoming more marginal for quality
production and/or to be forced to improve resource management. This will have a pronounced
impact on grapevine physiology, biochemistry and ultimately production methods. Research
in the entire area of stress physiology, from the gene to the whole plant and vineyard level
(including soils) will need to be expanded to aid in the mitigation of arising problems. Three
major challenges can be identified, one related to the lack of knowledge about how plants,
micro-organisms and pathogens will respond to a rise in CO, concentration, temperature and a
possible lack of water simultaneously under field conditions, the second is related to the
evaluation of the release of nitrous oxide and methane, two of the most potent greenhouse
gases, from viticultural production systems and the development of mitigation strategies, and
the third on the broader aspect of resource management in the production chain of wine
within the industry and possibilities for its improvement.

CO,, abiotic and biotic stress factors

For the first challenge, the primary limitation is the establishment of sufficiently large
infrastructures to simulate future climate developments such as increased CO, concentration
and temperature under field conditions. In a recent editorial for the New Phytologist titled “an
inconvenient truth” with reference to the Academy award for the best documentary film by
former US Vice President Al Gore, Woodward (2007) described and analysed the dilemma
between practical experiments with elevated CO, concentrations and the need to understand
and predict the future responses of plants in the field. Aside from the fact that increasing CO,
concentrations will impact on global temperature, CO, itself is generally beneficial to plant
growth, although the response strongly varies between species (Long et al., 2004). However,
Woodward (2007) continued that CO, enrichment experiments usually don’t mimic the
gradual increase in CO, plants are experiencing in the field, but rather follow a step-up
approach, and possible differences in plant responses to these approaches are unknown.
Additionally, CO, enrichment is not usually accompanied by warming as would be predicted
by climate models because of “the problem of securing long-term funding which is a
bothersome limitation to a more general approach” (Woodward, 2007). Recent results from
models including the physiological impact of CO, on plants (more biomass, reduced g)
suggest that rising CO, will increase the temperature driven water evaporation from the
oceans resulting in an increased absolute water vapour content of the air. However, the
decrease in evapotranspiration over land (due to a decrease in stomatal conductance) would
still lead to an overall decrease in relative humidity and to an increased evaporative demand
according to current knowledge (Boucher et al., 2009). Plant surfaces should then heat up
more due to stomatal closure adding to the complexity of expected responses difficult to trace
and simulate in conventional experiments.



It is exactly this complexity which necessitates a more global approach to setting-up
experimental systems to study the response of grapevines to the combined increase in
temperature and CO,, one of the biggest challenges ahead to understand. Few studies have
investigated the response of grapevines to CO, either in small FACE (free air carbon dioxide
enrichment) systems (Bindi et al., 1995; Bindi et al., 2001a) or in open top chambers
(Gongalves et al., 2009), but these could only describe the impact of increasing CO;
concentration in the absence of rising air temperature. Nevertheless, the generally predicted
increase in biomass was confirmed, yet the effects on water consumption remained unclear
(Bindi et al., 1995; Bindi et al., 2001a). These experiments also showed that fruit sugar
concentration should increase and acidity levels decrease under elevated CO, (Bindi et al.,
2001b), but the response of other components contributing to flavour and aroma of grapes
were heterogeneous and indicated a significant “chamber effect”, with plants grown outside
responding differently than plants in open top chambers with or without elevated CO,
(Goncalves et al., 2009).

Another area, which needs to receive more attention, is the effect of global warming and
increase in ambient CO, concentration on plant-pathogen interactions. Recent results have
shown that these interactions can be modified and could lead to an increase in insect
aggressiveness (DeLucia et al,. 2007), population biology and the sequence of potential
epidemics (Garret et al., 2006). The basis for these modifications lies within the potential
modification of the genome of micro-organisms and/or insect pathogens or the expression
patterns of genes (Travers et al., 2009). Thus, there is a potential threat to agricultural
productions systems which goes well beyond the mere spread of diseases into areas where
these have not been known previously due to global warming.

Nitrous oxide, methane and the carbon budget of vineyards

An additional challenge will be the missing information about how much viticultural
production systems contribute to the release of nitrous oxide and methane, two of the most
potent greenhouse gases, or how these systems could be adapted to become less of a source
for these gases or even a sink (at least for methane that seems a possibility) (Dalal et al.,
2003). Equally largely unknown are strategies to improve the carbon budget of vineyards, so
far in most cases not included in carbon budget protocols (Carlisle et al., 2006). These topics
require long-term (> 5 years) research strategies but it is important to start gathering
information. To elucidate the complex interactions between compounds and management will
be a challenging task but results are urgently needed in particular with respect to:

- Factors relating to the production of nitrous oxide, such as nitrogen leaching/volatilization,
fertilization amount, timing and method and the interactions with management practices.

- Factors relating to vineyard carbon-sequestration such as vine biomass and cover crop
biomass, since this information is absent from carbon budget protocols in the wine sector

- Factors relating to vineyard short-to-medium-term floor management such as cover crops
and tillage.

- Factors relating to vineyard long-term management effects on carbon-sequestration and the
interactions with other greenhouse gas emissions.

- Factors relating to methane production and uptake.



Carbon and water footprint of the wine industry

The third challenge for the wine industry is more related to the management of natural
resources in the production chain for wine and the resulting carbon or water footprints.
Whereas the carbon footprint for entire regions has been roughly estimated (examples for the
Champagne and Bordeaux regions, (CIVC, 2007; CIVB, 2009) and some strategies devised to
reduce it, the water footprint is an upcoming issue which will affect agriculture in general.
Water management is no longer an issue restricted to individual countries or river basins.
Even a continental approach is not sufficient. The water footprint of Europe — the total
volume of water used for producing all commodities consumed by European citizens — for
example has been significantly externalised to other parts of the world. Europe is for example
a large consumer of sugar and cotton, two of the most thirsty crops (Hoekstra, Chapagain,
2008). Rising food demand and growing water scarcity (IPCC, 2008) will put increasing
pressure on agriculture, which is currently using up about 70% of the world’s fresh water
resources for irrigation. Currently, issues such as the amount of water imported by a country
through products (including the direct input of water used for its production and the indirect
water used for services around this product (transport or packaging) are emerging in the
context of water neutral production budgets of countries or sustainability strategies of super
market chains. Spain, for instance, is exporting 189 Mm?® water per year to the UK alone
captured in products related to grape production (Chapagain, Orr, 2008). Although these
calculations and budgets have not yet had impacts on production strategies in the wine
industry, the firsts signs are appearing in California and Australia and will ultimately have a
feed-back effect on research related to irrigation management and water use efficiency
strategies in viticulture. Additionally, the water issue can not be seen strictly independent
from other climate related problems, since the release of nitric oxide and CO;, from
agricultural land contributes significantly to the “greenhouse effect”, and since this release
depends on soil water content, irrigation management and organic matter content (Avrahami,
Bohannan, 2009). For grape production, however, we have currently no information on the
contribution and/or possible management strategies of these effects, another significant
challenge for future research.

Literature cited

Avrahami, S. and Bohannan, B.J. (2009) N,O emission rates in California meadow soil are
influenced by fertilizer level, soil moisture and the community structure of ammonia-
oxidizing bacteria. Global Change Biology 15: 643-655.

Bindi, M., Fibbi, L., Gozzini, B., Orlandini, S. and Miglietta, F. (1995) Experiments on the
effects of increased temperature and/or elevated concentrations of carbon dioxide on
crops. Mini Free Air Carbon dioxide Enrichment (FACE) experimenst on grapevine. In:
Climate change and Agriculture in Europe: Assessment of Impacts and Adaptations. Eds.
P.A. Harrison, R.E. Butterfield and T.E. Downing (Research Report No. 9, Environmental
Change Institute, University of Oxford) pp. 125-137.

Bindi, M., Fibbi, L., Lanini, M. and Miglietta, F. (2001a) Free air CO; enrichment (FACE) of
grapevine (Vitis vinifera L.): I. Development and testing of the system for CO,
enrichment. European Journal of Agronomy 14, 135-143.

Bindi, M., Fibbi, L. and Miglietta, F. (2001b) Free air CO, enrichment (FACE) of grapevine
(Vitis vinifera L.): I1l. Growth and quality of grape and wine in response to elevated CO,
concentrations. European Journal of Agronomy 14, 145-155.



Boucher, O., Jones, A. and Betts, R.A. (2009) Climate response to the physiological impact of
carbon dioxide on plants in the Met Office Unified Model HadCM3. Climate Dynamics
32, 237-249.

Carlisle, E.A., Steenwerth, K.L, and Smart, D.R. (2006) Effects of land use on soil
respiration: conversion of oak woodlands to vineyards. Journal of Environmental Quality
35:1396-1404.

Chapagain, A. and Orr, S. (2008) UK water footprint: the impact of the UK’s food and fibre
consumption on global water resources. Volume one. World Wildlife Fund, Godalming,
UK, 44p.

Dalal, R.C., Wang, W., Robertson, G.P., Parton, W.J. (2003) Nitrous oxide emission from
Australian agricultural lands and mitigation options: a review. Australian Journal of Soil
Research 41: 165-195.

DeL.ucia, E.H., Casteel, C.L., Nabity, P.D., O'Neill, B.F. (2008) Insects take a bigger bite out
of plants in a warmer, higher carbon dioxide world. Proceedings of the National Academy
of Sciences of the United States of America. 105, 1781-1782

Garrett, K.A., Dendy, S.P., Frank, E.E., Rouse, M.N., Travers, S.E. (2006) Climate change
effects on plant disease: Genomes to ecosystems. Annual Review of Phytopathology. 44,
489-5009.

Gongalves, B., Falco, F., Moutinho-Pereira, H., Bacelar, E., Peixoto, F. and Correia, C.
(2009) Effects of elevated CO, on grapevine (Vitis vinifera L.): volatile composition,
phenolic content, and in vitro antioxidant activity of red wine. Journal of Agricultural and
Food Chemistry 57, 265-273.

Hoekstra, A.Y. and Chapagain, A. (2008) Globalisation of water: Sharing the planets fresh
water resources. Blackwell Publishing, Oxford, UK.

IPCC (2008) Climate Change and Water. IPCC Tech. Paper VI (Eds. B.C. Bates, Z.W.
Kundzewicz, S. Wu, J.P. Palutikof) (Geneva, Switzerland) pp. 210.

Long, S.P., Ainsworth, E.A., Rogers, A. and Ort, D.R. (2004) Rising atmospheric carbon
dioxide: plants FACE the future. Annual Review of Plant Biology 55, 591-628.

Travers, S. E., Smith, M.D., Bai, J. F., Hulbert, S. H., Leach, J. E., Schnable, P. S., Knapp, A.
K., Milliken, G. A., Fay, P.A., Saleh, A., Garrett, K.A. (2007) Ecological genomics:
making the leap from model systems in the lab to native populations in the field. Frontiers
in Ecology and the Environment 5 (1):19-24

Woodward, F.1. (2007) An inconvenient truth. New Phytologist 174, 470-473.



SYSTEMES DE PRODUCTION INNOVANTS EN VITICULTURE DURABLE,
FACE AUX CHANGEMENTS DU CLIMAT ET DE LA CONSOMMATION

Alain CARBONNEAU, Professeur de Viticulture, Président du GIESCO ,
Montpellier SupAgro, IHEV, béat.28, 2 place Viala, F 34060 Montpellier cedex2,
carbonne@supagro.inra.fr
Dr. Hernan OJEDA, Unité Expérimentale INRA, de Pech Rouge,
ojeda@supagro.inra.fr
Ing. Jean-Louis ESCUDIER, Directeur Unité Expérimentale de Pech Rouge,
escudier@supagro.inra.fr

Titre : Systemes de production innovants en Viticulture durable, face au changement du
climat et de la consommation.

Résume

Suite a une série de recherches sur les systemes de conduite (Lyre pliable, Taille Minimale ou
Taille simplifiée), les variétés résistantes aux parasites, les technologies d'élaboration des vins
ou de nouveaux produits, une synthése des innovations sélectionnées qui tiennent compte des
changements liés au climat et aux modes de consommation est proposée. Un dispositif
expérimental de divers modéles de systémes de production qui integrent les innovations
précedente s’impose dans le nouveau contexte d'une Viticulture durable définie pour la zone
méditerranéenne de la France.

Mots clés: Viticulture durable, qualité de I’environnement, préservation des ressources,
production, rentabilité, qualité de vie, raisin de table, qualité du vin, consommation du vin,
terroir, changement climatique, matériel vegétal, systeme de culture, systeme de conduite,
Taille Minimale-non taille, Lyre, Lyre pliable, protection intégrée, date de récolte,
technologie enologique, électrodialyse membrane bipolaire, acicification.

Title: Innovative production systems in sustainable Viticulture, facing the climate and
consumption changes.

Summary

Innovative production systems in sustainable Viticulture, facing the climate and the
consumption changes.

Following series of researches on training systems (foldable Lyre, Minimal Pruning or
simplified Pruning), disease resistant varieties, technologies for wine or new products
processing, a synthesis of selected innovations which take in account the changes due to
climate or consumption behaviours is proposed. An experimental design of different models
of production systems which integrates the previous innovations is necessary in the new
context of a sustainable Viticulture defined for the Mediterranean zone of France.

Key words: Sustainable viticulture, quality of environment, resource preservation,
production, economic viability, quality of living, table grape, wine quality, wine consumption,
terroir, climate change, genetic material, cultivation system, training system, Minimal
Pruning-no pruning, Lyre, foldable Lyre, integrated protection, harvest date, wine technology,
electrodialysis with bipolar membranes, acidification.




Titulo : Sistemas de produccion innovadores en Viticultura sostenible ante los cambios
climatico y del consumo.
Resumen:

Tras una serie de investigaciones sobre sistemas de conduccion (Lyra plegable Poda minima o
Poda simplificada), variedades resistentes a las plagas y enfermedades y tecnologias para
elaboracion de vinos o de nuevos productos, se propone una sintesis de innovaciones
escogidas por tener en cuenta los cambios relacionados con el clima y los patrones de
consumo. Un dispositivo experimental de diferentes modelos de sistemas de produccion que
integren las innovaciones anteriores se necessita en el nuevo contexto de una Viticultura
Sostenible definida para el area mediterranea de Francia.
Palabras clave: Viticultura sostenible, calidad ambiental, conservacion de recursos,
produccion, rentabilidad, calidad de vida, uva, vino de calidad, consumo de vino, suelo, clima,
material vegetal, sistema de cultivo, sistema de conduccién, Poda minima-no poda, Lira, Lira
plegable, proteccion integrada, cosecha, tecnologia enoldgica, electrodialysia con bipolaras
membranas, acidificacion.

INTRODUCTION

La Viticulture durable doit d’abord étre définie. La Société Américaine d’Agronomie a
proposé la définition suivante pour I’agriculture durable : « A sustainable agriculture is one
that, over the long term, enhances environmental quality and the resource base on which
agriculture depends; provides for basic human food and fibres needs; is economically viable
and enhances the quality of life for farmers and society as a whole. »

Par analogie, la définition de la Viticulture durable serait: “La Viticulture durable est celle
qui, sur le long terme, améliore la qualité de I’environnement et la ressource de base dont elle
dépend ; assure les demandes de I’homme en produits issus de la culture de la vigne,
notamment en raisins et en vins ; est économiquement viable et améliore la qualité de vie des
vignerons et de la société dans son ensemble. »

Les objectifs de la Viticulture durable sont donc :

- qualité de I’environnement

- préservation des ressources

- assurance de production

- viabilité-rentabilité économique

- qualite sociale-de vie (existentielle).

NB : Ces objectifs, notamment le respect de I’environnement et du consommateur,
n’imposent nullement un recours exclusif a des substances qualifiées de ‘naturelles’ ce qui est
requis en viticulture *biologique’, ni encore moins a des pratiques ésotériques dont le contenu
scientifique n’est pas reconnu ce qui est la base de la viticulture ‘biodynamique’.

CONSTRUCTION D’UNE DEMARCHE DE VITICULTURE DURABLE

Sur la base des principes de la Viticulture durable énoncés ci-avant, il convient de construire
une démarche adaptée qui prenne en compte, pas a pas, les divers éléments de durabilité afin
de mettre au point un systéeme de production tout entier, en tenant compte des effets attendus
du changement climatique (Carbonneau, 2006).

1) Potentialités du site :

La premiére étape d’une démarche de mise au point d’une viticulture durable est sans doute
de connaitre les potentialités du site ou de I’entreprise. Le climat étant le facteur dominant de
I’environnement naturel, il est nécessaire de connaitre les caractéristiques climatiques du
vignoble aussi précisément que possible, notamment grace a la méthode validée a I’échelle
internationale ‘Classification Climatique Multicriteres — CCM’ (Tonietto et Carbonneau,
2004). Le calcul des indices IS (Indice de Sécheresse), IH (Indice Héliothermique), IF (Indice



de Fraicheur des nuits), avec éventuellement quelques indices complémentaires spécifiques du
lieu, permet de positionner le vignoble considéré par rapport a des références internationales,
ainsi que de simuler son devenir au cours du changement climatique.
Rappelons que la Viticulture peut s’adapter au changement climatique par un choix approprié
du site, en fonction de la latitude, de I"altitude, de I’exposition du vignoble.
La connaissance des sols compléte celle du climat pour caractériser les Unités Terroir de
Base. A ce niveau, il convient d’estimer la profondeur d’enracinement et la réserve hydrique
et minérale potentielle, en plus de la structure, la texture , la composition chimique, I’activité
biologique.
Sur ces bases, il est possible d’établir un premier bilan du potentiel viticole général, et des
chances de réussite d’un modele de Viticulture durable.

2) Contexte socio-économique :
Les choix au sein des potentialités se font ensuite en fonction des conditions socio-
économiques, en considérant les marchés des vins (international, national, local), I’évolution
des habitudes de consommation, les conditions locales au niveau de la gestion de I’entreprise
et du territoire. La rentabilité de la Viticulture durable doit étre garantie au mieux, de la
parcelle a la bouteille, aussi bien par la maitrise de I’offre et des codts de production, que par
I’adéquation a la demande des produits sur les marchés. Un véritable marketing des vins
issus de Viticulture durable doit étre entrepris.

3) Adaptation du matériel végétal :
Dans la plupart des cas, le choix du matériel végétal, cépage ou porte-greffe, reste classique,
notamment en raison de la notoriété de certains cépages de cuve. Toutefois, les progres de la
sélection variétale, en particulier grdce a Alain Bouquet (2009) de I'INRA Montpellier,
permettent au niveau de I’expérimentation de choisir des variétés poly-résistantes (figure 1).

Figure 1. Démonstration au Domaine INRA de Pech Rouge de la poly-résistance de 3
génotypes obtenus par Alain Bouguet, issus de 5 rétro-croisements sur Vitis vinifera a partir
d’un hybride Muscadinia rotundifolia x Cabernet-Sauvignon, par rapport a 3 témoins.

Leur qualité cenologique a déja été bien jugée sur les premiers millésimes. Il convient de
poursuivre dans la durée cette évaluation en méme temps que le suivi de la production, de la
croissance et de la durabilité des résistances.

Une premiére estimation de leur intérét économique au niveau de la réduction des codts de
production (figure 2), et de leur intérét environnemental au niveau du bilan de carbone (figure
3), a éeté réalisée par Hernan Ojeda sur des références obtenues au domaine INRA de Pech
Rouge.
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Figure 2. Avantages économiques d’une variété résistante par rapport a une variété
classique, conduites soit en Espalier, soit en Taille Minimale-non taille.
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Figure 3. Estimation des émissions de CO, pour des cépages classiques ou résistants, conduits
en Espalier ou en Taille Minimale-non taille. La réduction des émissions de carbone est liée a
la réduction du nombre des interventions culturales, soit les pulvérisations, soit la taille.

4) Choix du systeme cultural :

Au terme d’une série de recherches sur les systémes de conduite et de culture du vignoble au
cours des 30 derniéres années, il est possible de sélectionner 2 nouveaux modeles de culture
du vignoble permettant a la fois un progrés selon les critéres de durabilité, et une meilleure
adaptation aux demandes du marché des vins. (Carbonneau et al., 2007)

Au niveau du systeme de conduite, la référence de base est la vigne conduite en Espalier a
feuillage haut et en rangs étroits séparés de 2m environ, qui correspond a I’optimum de
I’architecture ‘plan relevé’. La vigne en Lyre (vendange manuelle) ou en Lyre pliable



(vendange mécanique), apporte un gain qualitatif général, une possibilité d’augmentation du
rendement (20-30%), une meilleure maitrise de la vigueur et une réduction des codts en
vendange manuelle. Cette technique est recommandée en Viticulture durable pour des
productions de vins de haut de gamme voire de cru, ou de raisins de table. La vigne en Taille
Minimale-non taille permet de réduire au plus bas possible les codts de production, une
mécanisation intégrale, et sous réserve du contréle de la puissance des ceps et de la maitrise
de leur alimentation hydrique, a une réponse qualitative intéressante pour des niveaux de
production d’environ un tiers supérieur. Il est a noter aussi une moindre sensibilité aux
maladies de la souche constatée a ce jour, et un espoir de bonne durabilité. La taille
Minimale-non taille est conseillées dans de nombreux cas pour les productions de vins
d’entrée et de coeur de gamme.
Les systemes culturaux durables étudiés s’appuient essentiellement sur ces types de conduite,
combinés a une gestion raisonnée de I’eau et de I’azote, notamment sur I’enherbement
contrdlé et/ou I’irrigation qualitative. Le raisonnement de ces interventions (pilotage de
I’irrigation, modalités d’enherbement), avec pour I’aspect hydrique la mesure référence du
potentiel hydrique foliaire de base, a pour objet de maitriser des niveaux modérés de
contrainte hydrique afin de garantir la qualité (Carbonneau et al., 2007). Des exemples
probants et innovants comme la combinaison ‘Lyre-enherbement’ dans des coteaux
bourguignons chez des vignerons d’Auxey-Duresses, ou des essais de Taille Minimale-non
taille dans diverses situations de vigueur a Montpellier SupAgro/INRA, permettent un progres
dans le sens de la viticulture durable.
NB : La Lyre pliable peut étre utilisée, par repli du palissage a la fin de la véraison, comme un
moyen d’économiser I’eau sous sécheresse en I’absence d’irrigation, et pas seulement pour
permettre la récolte mécanique. La Taille Minimale de son c6té permet d’obtenir des vins
moins alcoolisés (1-2 % TAV) avec une meilleure acidité sous condition chaude et séche.
5) Protection intégreée :
Les décisions en matiére de protection intégrée du vignoble sont particulierement spécifiques
a chacun. Pour cette raison, un seul exemple est pris d’un vignoble commercial situé en haut
Languedoc sous un macroclimat de type méditerranéen tempéré (Hormazabal, Lyon,
Carbonneau, 2002). Dans ces conditions les choix suivants ont eté validés depuis 2002.
- Lutte contre les ravageurs : Le choix de la suppression de tout insecticide a été
fait dans cette zone ou la présence de la cicadelle verte vectrice de la
Flavescence dorée n’a pas été constatée. L’expérience depuis 2002 a montré
que les dégats d’acariens en tout genre et de vers de la grappe ont été ici
absents. Dans le cas ou ils apparaitraient, le recours a un insecticide
biodégradable serait envisagé, en particulier a titre expérimental, I’huile de
Neem qui a fait ses preuves de polyvalence dans d’autres vignobles du monde.
- Lutte contre les parasites :
Aucun moyen de lutte directe contre la pourriture grise n’a été utilisé, le
contréle se faisant par la maitrise de la vigueur (enherbement de la partie basse
du coteau), un palissage ouvert en Lyre, un effeuillage tardif localisé
occasionnel selon les années.
La lutte contre I’ oidium a pu se faire dans de bonnes conditions avec une
premiére intervention systématique avec du soufre mouillable en tout début de
croissance (en mélange avec un autre fongicide anti-péronosporales), suivie
d’une ou deux (selon les annees) applications de lactoferrine (extrait de lait de
vache) dont I’efficacité s’est avérée suffisante du moins sous pression
d’intensité moyenne avant et au moment de la floraison, et apres nouaison
selon les risques de I’année une derniére application au soufre mouillable.



La lutte contre I’excoriose s’est avérée correcte grace a une application précoce
(en méme temps que le premier traitement au soufre) d’un fongicide
relativement polyvalent a effet préventif a base de phosétyl-aluminium
(inducteur d’éliciteurs, stimulateurs de défenses naturelles).
La lutte contre le mildiou et le black rot a été fondée sur I’usage de cette méme
molécule de phosétyl-aluminium, en général en association avec I’anti-oidium,
jusqu’a la nouaison. Apres cette date, une derniére application de bouillie
bordelaise a permis d’assurer un controle total du mildiou et d’autres parasites.
En moyenne, 4 pulvérisations de fongicides par an (aux doses habituellement
recommandées) ont été effectuées et permis d’obtenir un excellent état sanitaire du feuillage
et des raisins (a I’exception de quelques attaques occasionnelles et supportables de black rot).
Le changement climatique permet ici de réduire la pression parasitaire estivale. 1l est a noter
que la premiere application est systématique, et que les deux ou trois suivantes sont calées sur
les risques réels de pression parasitaire. Le niveau des impacts de ces produits sur
I’environnement n’est pas connu ici, mais il est certainement extrémement faible ou nul ; de
méme celui des résidus dans les vins sera prochainement évalué, sachant qu’en fonction du
nombre réduit de traitements et de leur positionnement essentiellement avant la fin de la
nouaison, il devrait étre aussi extrémement faible. Dans la suite de I’expérimentation le
recours a une autre molécule élicitrice que le phosétyl-aluminium sera envisage si elle répond
au double critére d’efficacité et de biodégradabilité.
Il est a noter que cet exemple de stratégie de traitement, a I’exception de I’usage du phosétyl-
aluminium, répond au cahier des charges de la viticulture biologique. Mais le choix de cette
molécule a été préféré a celui systématique du ‘cuivre’ afin de mieux préserver I’intégrité
chimique et biologique du sol, ainsi que d’éventuels exces de résidus dans les vins. Ce cas de
figure montre la distinction qui existe entre la viticulture durable et la viticulture biologique,
la viticulture durable pouvant utiliser des produits de synthése s’ils sont efficaces et pas ou
trés peu ‘polluants’, et s’interdire des produits naturels si leurs effets sont contraires aux
objectifs, ce qui est le cas de I’usage immodéré du cuivre.
6) Date de récolte :
Le choix de la date de recolte, au terme d’un suivi suffisamment précis de la maturation du
raisin (rappel de la méthode OIV de prélévement de 200 baies par fractions de grappes dans la
zone médiane du cep) est fonction de la physiologie de la maturation du raisin et du type de
vin que I’on cherche & commercialiser. A ce sujet, il a été montré I’intérét de mesurer
I’évolution de I’activité physiologique du raisin pendant sa maturation, par la ‘charge en
sucres du raisin’ ou quantité de sucres par raisin, et non pas par la concentration en sucres
dans le raisin (Hunter, 2004 ; Carbonneau et al., 2007). Sur cette base, I’expérience conjointe
des suivis de maturation et de I’analyse (sensorielle et chimique) des vins, permet d’anticiper
le profil sensoriel des futurs vins par référence au niveau d’évolution de la charge en sucres
du raisin (Carbonneau, 2007). Les figures 1 et 2 illustrent ce point pour les cépages Sauvignon
et Syrah respectivement.
Cette méthode, méme si elle n’est pas spécifique a la viticulture durable, est particulierement
utile dans ce contexte ou I’on essaie de concilier I’optimisation de la qualité du produit et son
succes économique permettant a I’entreprise d’étre rentable.
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7) Technologies de transformation :
Les technologies de transformation interagissent avec le systéme cultural pour déterminer les
caractéristiques des produits. Elles ont, elles aussi, leur effet au niveau de la durabilité du



systeme de production. Il est intéressant en général d’utiliser des techniques physiques
propres, comme dans I’exemple de la régulation du pH par électrodialyse avec membranes
bipolaires (Ojeda et al., 2007). L’augmentation du pH des vins en fonction du changement
climatiqgue notamment, pose des problemes d’équilibre et de conservation des vins. La
technique d’électrodialyse a membrane bipolaire aboutit dans des conditions définies a
abaisser significativement le pH en respectant les autres équilibres du vin (tableau 1). Ces
traitements peuvent étre réalisés facilement sur les sites de production ou de conditionnement
des vins en particulier par des unités mobiles. De méme, cette technique permet maintenant de
corriger I’exces d’alcool constaté dans de nombreux vins (Bes et al., 2009), et est déja utilisée
a cet effet en Europe, aux USA et en Australie. La combinaison de cette technique avec des
systemes de conduite capables de réduire le pH comme la Taille Minimale-non taille, offre
une solution efficace et compatible avec une viticulture durable au probleme de la maitrise du
pH, en particulier pour les vignobles méditerranéens.

Tableau 1: Caractéristiques chimiques et comparaison entre différents types de vins,
traits ou non traits par électrodialyse avec membranes bipolaires.

Vin rouge 1 Vin rouge 2 Vin rouge 3 Vin Muscat 1 | Vin Muscat 2

Parameétre Non Traité Not Treated Not Not Not

traité treated treated Treated treated Treated treated Treated
Extrait sec (g/l) 26.1 24.5 27.6 27.1 25.8 24.5
Sucres résiduels (g/l) 1.3 1.3 1.3 1.3 14 15
Alcool (% at 20°C) 11.7 11.7 11.3 11.3 11.8 11.8 15.3 16.3 16.7 15.6
pH 4.03 3.79 3.83 3.68 3.68 3.46 3.68 341 3.68 3.6

Acidité totale (g/l H,SO,) 2.75 3.25 3.30 3.70 3.20 3.65 3.5 4.25 3.35 4

Acid. volatile (g/l H,SO,) 0.57 0.55 0.45 0.46 0.45 0.43 0.29 0.34 0.5 0.53

Acide tartrique (g/l) 0.3 0.3 0.5 0.4 1.6 1.6 1.75 1.75 1.6 1.7
Acide malic (g/l) 0.90 0.87 0.77 0.99
Acide lactique (g/l) 2.5 2.4 3.3 3.5 1.6 1.6

S02 libre (mg/l) 32 40 16 17 27 26 7 8 8 9
SO2 total (mg/1) 76 86 44 44 92 90 80 80 58 58
Potassium (mg/l) 1840 | 1520 | 1860 | 1570 | 1410 | 1100 | 1374 | 1180 | 1511 | 1401
Sodium (mg/l) 32 21 47 43 31 28

Calcium (mg/l) 66 63 128 103 57 49 91 82 110 108
Abs. 420 nm (1cm) 2.57 2.60 2.53 2.34 2.99 2.98

Abs. 520 nm (1cm) 2.81 3.22 2.37 2.30 3.35 3.65

Conclusion : Ces premiers essais montrent la faisabilité d’une Viticulture durable dans les
régions méditerraneennes francaises
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ABSTRACT

In temperate climate the grapevines have a dormancy period in the winter and need a chilling
exposure necessary to budburst in the next spring. Can growth continuously when cultivated
in warm-climate regions. In Brazil, in regions with mild winters, the chemicals treatments to
bud breaking dormancy are CaCN, e H,CN,. With the increasing restrictions on use of
synthetic substances in sustainable viticulture production, the purpose of this study was to
examine the effect of garlic extract 0, 1.5, 3.0, 4.5, 6.0 added to mineral oil 2%, compared
with HyCN; 2.5% or 3% and mineral oil 2% on budbreak, shoot growth and production of

Rose Niagara grapevines in vineyards located in Jales at 20°016'08”S., 50°32'45”W., 478m
asl, pruning in March 25 and May 28, 2009; and Jundiai at 23°11°11°S., 46°53'06°’W., 761m
asl pruning in August 17, 2009, Sao Paulo Stat, Brazil. The treatments were effectives for bud
dormancy release in Jundiai and in Jales in the pruning of March 25. In Jales in the pruning of
May 28, the effective treatment was HyCN, 3%

RESUMEN

En el clima templado la vid presenta un periodo de dormancia requiriendo un acumulo de
horas de frio para brotar en la primavera siguiente. Puede hasta vegetar continuamente cuando
cultivada en regiones tropicales. En Brasil, en regiones de invierno ameno, los quimicos para
romper la dormancia son CaCN, y H,CN,. Con la restricciéon de sustancias sintéticas para la
viticultura sostenible, en este estudio investigaran el efecto del extracto de ajo 0, 1,5, 3,0, 4,5,
6,0 afiadido a 6leo mineral 2%, comparados con H,CN; 2,5% o 3% y 6leo mineral 2% en la
ruptura de la dormancia de yemas, desarrollo de los brotes y en la produccién de la vid

Niagara Rosada en vifiedos ubicados en Jales _ 200016'08”8., 50°32'45”0., altitud de 478m,
podados en 25 de marzo y 28 de mayo de 2009; y Jundiai a 23°11°11’S., 46°53'06’W., altitud
de 761m podado al 17 de agosto de 2009, Estado de Sdo Paulo, Brasil. Los tratamientos
fueram efectivos para romper la dormancia de las yemas de la vid en Jundiai y en Jales en la
poda al 25 de marzo. En Jales en la poda al 28 de mayo, el mejor tratamiento fue H,CN; 3%.

INTRODUCTION

The grapevine, typical deciduous species of temperate climate is broadly cultivated in
tropical and subtropical areas, like the zones of cultivation of Sdo Paulo State. In such areas
the minimum temperatures in the rest period not always fulfill the needs of chilling required
for the species, usually propitiating a late bud breaking, reduced and desuniform sprouting



and, almost always causing a pronounced decrease in yield, often creates significant economic
problems. According to Westwood (1982), Lyon et al. (1989) the wide range of accumulated
hours of cold demanded for this specie, between 150 and 1200 hours in temperatures <7,2°C,
can be explained by the high genetic variability, and the great amount of varieties distributed
in a wide range of climates

Previous literature indicates that the exposition of the buds to chilling inhibits the activity of
the catalase enzyme (EC 1.11.16) (Nir et al., 1986). Catalase is an enzyme present in aerobics
cells that decomposes the hydrogen peroxide (H,O,) in molecular oxygen and H,O. Its
physiologic function is eliminated the excess of H;O, produced during the cellular
metabolism avoiding its accumulation and consequent cellular damage. However, multiple
evidences have shown that H,O, is a molecule that acts as a chemical signal generated by
plants in response to biotic and abiotic stress (Prasad et al., 1994; Bartosz, 1997; Foyer et al.,
1997).

One of the principal effects linked to the cyanamide at the budbreaking, is due to the
inhibition of the activity of catalase. The increased level of H,0, might cause the activation of
the pentose-phosphate pathway, and thus lead to dormancy termination, bud burst and rapid
growth (Nir ef al., 1984). When the activity of the catalase decrease, an oxidative stress will
be induced in several systems due to an increment of the hydrogen peroxide content (Or et al.,
2000; Shulman et al., 1986). Researches have demonstrated that the cyanide and cyanamide
contain the very reactive —C=N group which react with to the enzyme-Fe of catalase, thus
inhibiting the decomposition of H,O, which is poisonous to plant cell (Hendricks and
Taylorson, 1975, cited by Amberger, 1984). The increase of the peroxides content leads to a
switch induced a breathing change from the pathway Embden-Meyerhoff-Parnas to the
phosphate-pentose pathway, leading to a reduced nucleotides, which are essential for
intensified metabolism and synthesis, and consequently to budbreaking (Amberger, 1984). Or
et al. (2002), demonstrated that concomitantly to the changes produced in the catalase levels
after the application of hydrogen cyanamide, changes occur in the expression of some genes,
especially those responsible for the regulation of the catalase genes. The same authors
identified the transcript _ genetic information _ of budbreaking of Vitis vinifera after the
application of hydrogen cyanamide, which were identified as protein kinase (GDBRPK) and
SNF protein kinase. These transcriptors would act as sensors of the stress signal.

Therefore, currently both hydrogen cyanamide (H,CN,) and calcium cyanamide (CaCNy)
are recommended in Brazil for budbreaking induction of grapevines (Pires and Botelho,
2002). For the Jundiai region, CaCN, 20% or H,CN; 2.5% has promoted bud breaking of the
grapevine Niagara Rosada in 100% of the buds (Pires et al., 1985).

Among the products allowed in the organic agriculture they are the sulfur and yours derived
(OMRI, 2010).

Aiming to find out natural products, that could substitute the cyanamide in the budbreakink
of the grapevine, which could assist the sustainable production of the vineyards, Kubota &
Myamuki (1992) demonstrated that the application of garlic paste on the pruning cut in vine
branches “Moscatel of Alexandria” promoted the budburst in a way efficient as the calcium
cyanamide 20%.

Kubota et al. (1999) related that the active substances in garlic to which the break dormancy
in grapevines are related the sulfide are volatile compounds with two allyl groups, particularly
the diallyl disulfide (C¢H;0S,); although other mono, tri and tetra allyl sulfides can also be
involved in to break off the dormancy of the grapevine buds. However the mode of action of
the substances supra mentioned in the vine metabolism it was not yet cleared (Kubota et al.,
2002). The mechanism by which sulphur compounds can induce bud breaking continues to be



unknown. However, progress has been made in elucidating the implied routes in the
regulation of sulphur in relation to the vegative growth of plants (Hawksford and De Kok,
2006, cited by Vargas-Arispuro et al., 2008). In the process of assimilation of sulphur by the
plant, inorganic sulphur is fixed as cysteine after a process of reduction (Saito, 2000, cited by
Vargas-Arispuro et al., 2008). Cysteine is the initial material for the production of reduced
glutathione, which is responsible for detoxing cells through the elimination of free radicals
and reactive species that accumulate during different types of stress (Saito, 2004; Zang, 2004,
cited by Vargas-Arispuro et al., 2008). If the sulphur molecules derived from garlic can be
assimilated by the plant in the latent stage, it can favor the detoxification of the plant and
promote bud breaking. At the same time, exogenous applications of reduced glutathione
induced bud breaking when it was applied on buds of grapevines of cv. Delaware (Tohbe et
al., 1998, cited by Vargas-Arispuro et al., 2008), thus being a possible mechanism for
increasing output of this tripeptide.

Single bud cuttings were sprayed with 1.5 or 3.0% garlic extract or 1.5% hydrogen
cyanamide. The controls were treated with distilled water. Three lots of canes were submitted
to 0, 168, 336, or 508 chilling hour <6.0°C, respectively, before spraying. All treatments
improved and advanced bud sprouting over the control. The most effective treatment for bud
dormancy release was 1.5% H;CN,, with up to 80% bud sprouting after 35 days, even for
unchilled cuttings. Garlic extract also promoted bud sprouting, attaining greater than 70%
budbreak after 35 days for cuttings chilled for 168, 336, and 504 hr. (Botelho et al., 2007).

The effects of various chemicals and their concentrations on budbreak of Pione grapevine
(Vitis labrusca L. x V. vinifera L.) were studied. Both 5% and 2% of H,CN, accelerated
budbreak significantly and resulted in uniform budbreak, especially at 5 %. CcH;oS,, only a
10 % solution showed any effectiveness in budbreak. As for C¢H(S,, further investigation is
needed to establish suitable concentrations and methods for its applications (Potjanapimon et
al., 2007).

This study was carried out to examine the effect of the garlic extract with mineral oil,
compared with the hydrogen cyanamide or mineral oil on budbreaking, on the development of
the branches and on the production of the ‘“Rose Niagara” grapevine under a sustainable
viticulture crop.

MATERIALS AND METHODS
The experiment was carried out in 2009, in a commercial “Rose Niagara” grapevine

vineyards, under the microclimate of Jales at 200016'08”8., 50°32'45”°W., 478m asl with
climate classified as Aw; and of Jundiai at 23°11°11°’S., 46°53'06’W., 761m asl and climate
classified as Cfa, Sao Paulo State, Brazil.

In Jales, the grapevines were about eleven years old, spaced 3x2m. The plants were grafted
on the rootstock IAC 766 (106-8Mgt x Vitis caribcea). The training system was trellis with
unilateral cordon-training to submit at cane pruning with 6 nodes per cane. The vineyards
were pruned in 03/25/2009 and 05/28/2009.

In Jundiai, the grapevines were about nine years old, spaced 2x1m. The plants were grafted
on the rootstock IAC 766 (106-8Mgt x Vitis caribeea). The training system was cordon with
spur-pruning. Each cordon had six branches that were pruned with one bud. The vineyard was
pruned in 08/17/2009.

The treatments included five doses of garlic extract (Bioalho®) at 0, 1.5, 3.0, 4.5, 6.0 added
to mineral oil 2%, mineral oil 2% and doses of HyCN, 2.5% or 3%. The chemicals were
applied, with a painting roll (Figure 1), immediately after the pruning of the branches with the
bud in dormant stage (Eichhorn and Lorenz, 1977). The garlic extract Bioalho®, soluble in



water, is a natural product obtained from cold extraction by pressing the garlic. In the H,CN,
solutions a non ionic adjuvant was added to 2%.

The experimental design was completely randomized, with eight treatments, six replicates
and parcels constituted by one plant. The analyzed variables were time to the budbreaking,
sprouting percentage, cycle and number of bunches for plant.

The effect of the garlic extract was evaluated by a polynomial regression. The performance
of H,CN,, mineral oil and the garlic extract were evaluated by the Tukey’s test at 5%
probability.

Both experiments were harvested when the fruits presented a soluble solids average content
of 17°Brix

RESULTS AND DISCUSSION

The experiment accomplished in Jales considered two situations: a) pruning on March 25,
under minimum temperatures in the general, above 20°C (Table 1), and therefore buds in
paralatency, that is, in rest due to the apical bud dominancy , but with potential capacity to
sprout (Pinto et al., 2008), therefore there was no effect of the chemicals, applied after
pruning, in the buds dormancy breaking (Table 2); b) soon after pruning, air temperature fell
down to 5°C (Tablel), inducing the plant to enter in endolatency, that is, buds will only bloom
after the accumulation of a certain number of hours of chilling or buds had been treated with
chemicals to replace the chilling (Table 3). The application of garlic extracts has not propitiate
satisfactory results, which were in disagreement with those by Vargas-Arispuro et al. (2008)
whose grapevines showed 100% bud breaking by using the active principles of garlic extracts.

Table 1. Climate conditions. Jales. 2009.

Maximum Minximum Maximum Mensal Tlf\:/lrrllgleril;trl?re Temperatura
Month Absolute Absolute Temperature P Pp (mm)
Temperature Temperature Monthly (average) Monthly Média
(average)
January 36.8 15.0 31.0 20.1 25.6 287.5
February 35.0 18.0 31.8 22.0 269 206.6
March 36.8 19.8 32.1 22.4 273 159.8
April 344 18.0 314 209 26.1 18.6
May 34.1 10.6 29.8 19.1 244 52.8
June 31.6 5.0 26.9 15.0 209 18.1
July 334 9.2 28.8 16.0 224 16.4
August 35.0 6.8 29.8 16.9 23.4 48.8
September 354 14 31.2 19.9 25.6 191.8
October 342 16.4 31.7 20.1 259 218.6
November 35.6 18.0 32.4 20.4 26.4 126.5
December 33.6 16.2 313 19.5 254 319.8




Table 2. Average number of bunches per plant, sprout percent, days for budbreaking and the
cycle of Rose Niagara grapevine under treatments with garlic extracts, mineral oil
and H,CN,. Jales, Experiment 1, 2009.

days for
Treatments number of unches sprout (%) budbreaking Cycle
Control 314 A 809 A 10.0 118.0
Mineral oil 2% 327 A 857 A 10.0 118.0
Garlic extract 1.5 % +M. oil 2% 275 A 714 A 10.0 118.0
Garlic extract 3.0 % +M. oil 2% 348 A 90.5 A 10.0 118.0
Garlic extract 4.5 % + M. 0il 2% 334 A 85.7A 10.0 118.0
Garlic extract 6.0 % + M. 0il 2% 30.7 A 81.0 A 10.0 118.0
H,CN, 2.5% 348 A 904 A 10.0 118.0
Average 322 83.7 10 118
L.S.D. (%) 264 245 0 0
DMS 14.1 254 0 0

Table3. Average number of bunches per plant, sprout percent, days for budbreaking and the
cycle of Rose Niagara grapevine under treatments with garlic extracts, mineral oil
and H,CN,. Jales, Experiment 2, 2009. Data transformed in (0,5 + x)l/ 2

Treatament Niimero de Cachos Brotagio (%) Dias brotagdo Ciclo
Control 0C 0C 0B 0B
Mineral oil 2% 0C 0C 0B 0B
Garlic extract 1.5 % + M. 0il 2% 0C 0cC 0B 0B
Garlic extract 3.0 % + M. oil 2% 0C 0C 0B 0B
Garlic extract 4.5 % + M. 0il 2% 0C 0cC 0B 0B
Garlic extract 6.0 % + M. 0il 2% 109B 304 B 20 A 125 A
H,CN, 3% 289 A 757 A 20 A 125 A
L.S.D. (%) 14.4 14.1 0 0
DMS 4.6 10.7 0 0

Means followed by different letters in the same column, differ at 5% by Tukey test.

In the experiment accomplished in Jundiai, the pruning was performed on August 17, when
plants had already accumulated enough hours of chilling from May to August (Table 4). In
that way, there were no significant statistical effects of the treatments on the studied variables
once the buds endolatency was broken by the hours of chilling accumulation and not by the
effect of the chemicals (Table 5).

There are strong evidences that one of the principal mechanisms involved in the dormancy
bud breaking of temperate climate fruit plants is related to the induction of an oxidative stress
(Pinto et al., 2007). In agreement with Pinto et al. (2007), H,O, would function as a chemical
sign activating the expression of genes directly or, indirectly, triggering metabolic alterations
that can be detected by other molecules, as for instance, a kinase, that would activate or
repress the expression of genes responsible for the dormancy breaking. According to Pérez &
Lira (2005), either the hydrogen cyanamide application or the exposition to chilling inhibited
the activity of the enzyme catalase, the main enzyme responsible for the degradation of of
hydrogen peroxide (H,O,) in the bud vines. Besides, a momentary increase in H202 levels
preceds the overcome of the endodormency of Sultana grapevines buds



Table 4. Climatic data of Jundiai. 2009.

Maximum .
. . Minimum
Maximum Minximum Mensal Temperature Temperatura
Month Absolute Absolute Temperature peratu p, at Pp (mm)
Monthly Média
Temperature Temperature Monthly
(average)
(average)
January 32.7 14.7 27.6 17.7 22.6 287.5
February 322 16.6 29.5 18.3 239 206.6
March 33.6 15.1 29.7 17.7 23.7 159.8
April 30.0 11.0 269 14.8 20.8 18,6
May 28.8 9.6 25.8 12.7 19.2 65.5
June 26.6 2.8 220 8.9 15.4 589
July 28.5 53 22.5 11.4 17.0 131.6
August 29.7 7.6 249 11.7 18.3 52.0
September 31.7 10.9 259 15.0 20.5 162.2
October 31.0 11.8 26.7 15.5 21.1 101.6
November 33.0 14.5 30.1 18.3 242 274.9
December 32.7 15.5 28.2 18.1 23.1 279.2

Table5. Average number of bunches per plant, sprout percent, days for budbreaking and the
cycle of Rose Niagara grapevine under treatments with garlic extracts, mineral oil
and H,CN,. Jundiai 2009.12.5

Treatments number of bunches sprout (%) days for budbreaking Cycle
control 12.5A 100 A 150B 125.0 A
Mineral oil 2% 74 A 100 A 15.8B 126.6 A
Garlic extract 1.5 % + M. 0il 2% 13.6 A 100 A 150B 126.6 A
Garlic extract 3.0 % + M. 0il 2% 94 A 100 A 16.6 AB 1250 A
Garlic extract 4.5 % + M. 0il 2% 7.0A 100 A 150B 127.1 A
Garlic extract 6.0 % + M. 0il 2% 7.8 A 100 A 18.7 A 127.0 A
H,CN, 3% 84 A 100 A 150B 125.0 A

Mean 9.4 100 159 126.0

L.S.D. (%) 39.4 - 8.7 1.9
F Test 2.5NS - 5.1%* 0.5NS

Means followed by different letters in the same column, differ at 5% by Tukey test.

According to Kubota et al. (1999) the garlic active compounds responsible for the dormancy
breaking in vines are mainly the diallyl disulfide, although the diallyl mono, tri and tetra
sulfide can also be involved. It could be that the active compounds would actuate by the same
mechanism proposed by Pinto ef al. (2008) for the dormancy breaking of temperate climate
fruit plants, that is, by oxidative stress through accumulation of H,O,. Lemar et al. (2005)
observed that the application of garlic extracts caused an oxidative stress in cells of Candida
albicans, but in this case this would lead to the inhibition of fungus colonies growth and to the
destruction of its cellular components.

Although the promising results showed by the treatment with Bioalho®, they are still
preliminary, needing further researches, mainly about the economical viability and the
reduction of doses, as for instance by using different adjuvants. According to Dokoozlian et
al. (1998), the scales of the buds of vines, that protect them against dehydration and injury by
the extreme climatic conditions, are a barrier against the products used for the dormancy



breaking. In this case, the adjuvants could increase the penetration of the products in the bud,
increasing its efficiency.

CONCLUSIONS

The effective chemical treatment to induce bud dormancy release in Rose Niagara grapevine
was the H,CN, application, in endolatent vines. At this same stadium, the bioalho® 6%
showed a discreet effect. Further experiments are necessary to study the application of the
garlic extract regarding the dose, time and methods of application. .Therefore so far it is not
possible to recommend it neither for organic nor for conventional agriculture. When applying
H,CN, with a brush or a painting roll (Figure 1), the operator doesn't contact the chemical,
and so it could be thought to be applied also in organic viticulture.

”

Figure 1. Peasant applying H,CN, with paiting rller.
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SUMMARY

Mycorrhization is normally occurring in the grapevine, but the natural root infection can be
increased by artificial inoculation of mychorrizal fungi when a vineyard is established, with
different beneficial effects, as a way of low-input and sustainable agricultural practices. The
paper represents a review of over 15-year- research activity of the Viticulture Institute of
UCSC, carried out at both pot and field level, aiming at improving vine suitability to
calcareous soils and drought, and at regulating the balance among vigour, grape production
and quality. Root infection with AM fungus Glomus mosseae is able to alleviate symptoms of
lime-induced chlorosis and to improve mineral nutrition, especially Fe uptake. Another effect
is the enhancement of root stilbene (especially piceid) concentration in some rootstocks. The
artificial mychorrization improves the vegetative growth of the young vines, while the grape
yield of adult vines is positively affected without negative effects on quality. The treatment
improves the vine suitability to drought stress in terms of dry matter production and grape
sugar content.

RIASSUNTO

La micorrizazione € un fenomeno che si osserva normalmente nella vite, ma con trattamenti
alle radici al momento dell’impianto del vigneto é possibile aumentare il livello di infezione
radicale, con vantaggi di vario tipo. Il lavoro rappresenta una review dei risultati ottenuti
dall’Istituto di Frutti-Viticoltura in piu di 15 anni di sperimentazioni condotte sia in vaso che
in vigneto. L’infezione radicale con Glomus mosseae € in grado di attenuare i sintomi di
clorosi ferrica da calcare e di migliorare la nutrizione minerale della pianta ed in particolare
quella ferrica. Un altro risultato interessante della micorrizazione artificiale in terreni calcarei
e la capacita di incrementare la sintesi di stilbeni (in particolare il resveratrolo-glucoside)
nelle radici di alcuni portinnesti.. Nelle prime fasi di vita di un vigneto, la micorrizazione
artificiale aumenta lo sviluppo vegetativo, mentre nella fase di vigneto adulto aumenta
leggermente la produzione, mantenendo inalterati i parametri qualitativi dell’uva. Nei
confronti della stress idrico il trattamento induce un migliore adattamento della pianta in
termini di produzione di sostanza secca e di grado zuccherino dell’uva.

INTRODUCTION

Vesicular-arbuscular mycorrhyzal (AM) fungi such as Acaulospora spp, Gigaspora spp,
Glomus spp, Sclerocystis spp improve plant growth by increasing the uptake of nutrients,
especially phpsphorus in nutrient-poor soils (Bolan, 1991; Gebbing et al. 1977; Kothari et al.
1991). Vitis spp. are commonly infected by AM fungi (Possingham, Groot Obbink, 1971,
Schubert, Cravero, 1985) and evidences have been obtained on the ability of those fungi to
produce siderophores (Cress et al. 1986), enhancing iron uptake in the plants particularly
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under calcareous conditions. The formation of soluble organic chelates is important for the
iron supply of plants growing on calcareous soils, where the solubility of iron minerals is very
low. The organic chelate include decomposition products of organic matter, as humic and
fulvic acids, organic acids as citrate and malate, and siderophores produced by nearly all
micro-organisms (Reid et al. 1986). Siderophores are low molecular weight iron (1)
chelating agents produced by different organisms under iron deficicncy conditions to supply
iron to the cell (Neilands, 1981; Crowley, 2001).

Lime-induced chlorosis affects a lot of annual crops and perennials (including Vitis spp.)
growing on calcareous soils. The most useful method in viticulture to overcome this stress is
to graft the grape varieties on lime-tolerant rootstocks (Fregoni, 1980; Pouget, 1980;
Bavaresco et al. 2000) and mechanisms of iron-efficiency have been investigated (Bavaresco
et al. 1991; Brancadoro et al. 1995; Nikolic, Kastori, 2000; Nikolic et al. 2000), but the ideal
rootstock has not yet been obtained, since the lime-tolerant ones induce, as rule, high vigour.
That is why it is interesting to test the response to the infection with AM fungi, of vines
grafted on different rootstocks, and grown on calcareous soils.

AM fungi can also promote the dry matter production of the vines growing on neutral soils
(Schubert et al. 1988; Karagiannidis et al. 1995; Lindermann, Davis, 2001).

While the artificial infection is effective in the nurseries, it is still under investigations in
the vineyard, because some problems have not yet been solved, such as the difficulty to
produce a large amount of commercial pathogen-free product, the scarce knowledge on the
host-fungus interactions, the likely competition with the soil borne fungi, the impossibility to
sterilize the vineyard soil.

The aim of the paper is to make a review of the researches developed over a 15-year- period
by the Insitute of Pomology and Viticulture on the role of artificial infection with Glomus
mosseae and Glomus intraradicies at both pot and field level, with a special emphasis on the
response to lime-stress conditions.

POT TRIALS ON CALCAREOUS SOIL

The first experiment was set up in 1992, when ungrafted cuttings of 3 rootstocks (140 Ru,
S04, 101-14) were infected with mycorrhizal inoculum (Glomus mosseae) and some leaf
parameters (Fe **, chlorophyll, mineral elements) were checked (Bavaresco, Fogher, 1992) .
The soil was a natural calcareous soil with pH 8.2 and 70% total carbonates. The interest of
the trail was focused on the behaviour of 101-14 rootstock which is lime-susceptible and the
results showed a significant increasing of Fe (I1) and Chl over the untreated plants, despite a
low enhancement of the root AM infection (Tab. 1).

Tab. 1. Role of the root treatment on some leaf parameters of 101-14 (Bavaresco, Fogher, 1992)

Treatment Fe ™ (ng/g dw) Fe ™ (ng/g fw) Chl (mg/100g Chl (mg/g Root AM
dw) fw) infection (%)
Control 73 16.3 571 1.19 33
AM infection 85 17.7 711 1.44 36
LSD 0.05 2.8 0.7 34 0.08 n.s.

The correlations between the root AM infection (of all the rootstocks) and the leaf mineral
elements is reported in Tab. 2 where there is the confirmation of the positive role on P
uptake.



Tab.2. Correlation coefficients (“r”’) between the root AM infection and the leaf mineral elements (Bavaresco, Fogher,

1992)
N P % K Ca Mg Fe™ Fe Mn Cu Zn B
% % % % ppm ppm ppm ppm ppm ppm
AM 0.81* 0.92** n.s. n.s. n.s. n.s. n.s. 0.92** 0.89* n.s. n.s.
%

*: significant for p < 0.05; **: significant for p <0.01; n.s.: not significant

The second experiment was run in 1995 (Bavaresco et al. 1995) when V. vinifera L. cv.
Chardonnay clone R8 was grafted on 3 rootstocks (140 Ru, SO4 and 101-14), infected with
the AM fungus Glomus mosseae, and some leaf parameters (Fe **, chlorophyll, mineral
elements) were checked along the growing season (3 samplings). The soil was the same as the
previous experiment and even in this case the interest of the trail was focused on the
behaviour of 101-14 rootstock which is lime-susceptible; the results showed a significant
increasing of Fe (1) and Chl over the untreated plants (Tab. 3).

Tab. 3 Role of the treatment on some leaf parameters of cv. Chardonnay / 101-14, along the growing cycle (Bavaresco et
al. 1995)

1% sampling 2" sampling 3@ sampling LSD 0.05
Control AM Control AM Control AM
infection infection infection
Fe™(ug/g dw) 50 57 36 39 43 52 2.1
Chl (mg/100g dw) 214 203 319 357 457 492 45

The third experiment was carried out in 1996 (Bavaresco et al. 1996a) on Pinot blanc
grafted on 140 Ru and 101-14, and infected with the AM fungus Glomus mosseae. The soil
was the same as the previous experiments and some leaf parameters were recorded, as
follows: Fe™ Chl, ash alkalinity, chlorosis rating. The results showed (tab. 4) that the
susceptible graft combination (Pinot b/101-14) benefited from the root mycorrhizal infection
in terms of iron uptake and chlorosis recovering.

Tab. 4. Role of the treatment on some leaf parameters of Pinot blanc grafted on 2 rootstocks (Bavaresco, Fogher, 2006a)

Fe ™ (ug/g Chl (mg/100g Ash alkalinity Chlorosis rating
dw) dw) (cmol/kg) *
Pinot b Control 36 375 106 1
/140 Ru AM infection 35 344 90 1
Pinot b Control 31 155 86 4
/101-14 AM infection 33 282 66 2
LSD 0.05 1.4 14 12 -

*0: nosymptoms  5: severe symptoms

The fourth experiment is similar to the previous one, but run with different rootstocks (Pinot
blanc grafted on 41B, SO4 and 3309C). Leaf Chl and mineral elements, grape soluble solids
and root AM infection were recorded (Bavaresco, Fogher, 1996b) and the results showed a
positive effect of the AM infection on alleviating chlorosis, grape soluble solids, leaf Fe and P
uptake, especially in the susceptible graft combination (Pinot Blanc/ 3009C) (Tab. 5).

Tab. 5 Role of the treatment on some leaf, grape and root parameters of Pinot b/3009C (Bavaresco, Fogher, 2006b)

Leaf Grape Roots

Chl N P K Ca Mg Fe Mn Zn B Sol. AM

(mg/100g % % % % % ppm ppm ppm ppm Solids infection

dw) °Brix %

Control | 141 241 | 025 | 147 | 049 | 0.24 87 28 18 9 20.9 12.0

AM inf. | 180 307 | 034 | 163 | 043 | 0.24 | 141 25 21 13 24.1 37.9
LSD

0.05 30 0.35 0.05 n.s. n.s. n.s. 33 n.s. n.s. n.s. 2.0 17.0




The fifth trial was conducted on Chardonnay clone SMA 130 grafted on the following
rootstocks: Kober 5BB, 1103 P, 140 Ru, 41 B, SO4, 420 A. The soil was the same as before,
and many parameters were recorded (Bavaresco et al. 2003) after root infection with Glomus
mosseae. Tab. 6 reports some of those, namely the total production of dry matter per vine (at
the end of the growing cycle) and the root content of trans-piceid, which is a stilbenic
compound (Bavaresco et al. 2009).

Tab 6. Dry matter production and root trans-piceid of Chardonnay SMA 130, depending on the rootstock (Bavaresco et al.

2003)
K5BB | 1103P 140 Ru 41 B SO 4 420 A | LSD 0.05
Dry matter Control 150 159 145 165 115 125 40
(g/vine) AM inf, 185 158 150 165 128 170 40
LSD 0.05 n.s. n.s. n.s. n.s. n.s. 40
Root Control 32 41 28 27 41 40 12.7
trans-piceid AM inf. 43 35 46 50 30 52 12.7
(no/g fw) LSD 0.05 n.s n.s 12.7 12.7 n.s. n.s.

FIELD TRIAL ON CALCAREOUS SOIL

A field trial lasting 4 years (1995-1998) was carried out on a commercial vineyard (Verona
province) of Chardonnay clone R8, grafted on 161.49 C, Kober 5BB and SO4, and infected at
planting by Glomus mosseae. The soil had a pH of 8.4 and active lime of 10.6%. Leaf SPAD
values and mineral elements were detected at fruit set and veraison, and productive and
qualitative parameters were recorded at grape harvest. Tab. 7 reports some results (average
values of the 4 years), showing a different effect of the AM infection depending on the
rootstock. Chlorosis, when occurring, was not alleviated by the root treatment, except for year
1997, when the AM infection on Chardonnay/161.49 was able to recover from chlorosis, at
fruit set (data not presented). Leaf iron was in many cases improved by the root infection, but
not in a significant way. Grape yield was depressed by the treatment in the graft combination
with K 5BB (Bavaresco et al., 2002).

Tab. 7. Role of the AM infection on some Chardonnay leaf and grape parameters, depending on the rootstock (Bavaresco

et al. 2002)

SPAD | SPAD Fe Fe Yield Cluster Soluble pH Titrat.

fruit veraison | fruit veraison | (kg/vine) | wt(g) Solids acidity

set set (ppm) °Brix (g/L)

(ppm)

Ch Control 15.8 28.3 70 69 6.4 187 18.0 3.23 7.3
/K5BB AM inf. 16.3 26.3 82 84 4.9 167 18.8 3.29 6.7
Ch Control 13.2 27.4 103 70 3.3 133 19.8 3.36 6.0
/161.49C | AM inf. 141 28.0 76 83 4.1 130 19.2 3.36 6.3
Ch Control 17.3 31.0 84 79 4.1 150 18.0 3.30 6.8
/SO4 AM inf. 18.0 28.3 80 112 4.6 163 17.8 3.35 6.7
LSD 0.05 n.s n.s n.s. n.s. 0.7 15 0.57 0.04 0.32




FIELD TRIALS ON NEUTRAL SOIL

Two field trials were carried out in commercial vineyards, aiming at controlling the effect of
root infection at planting, with Glomus intraradicies at 3 inoculum rates (30 cc/vine, 60
cc/vine, 120 cc/vine) on the plant growth, measured by the winter pruning weight per plant.
The first vineyard was placed in Ancarano di Rivergaro (Piacenza province), poor soil, where
Croatina clone MI Cr 10 grafted on 420 A, plant spacing 2 m x 0.8 m, was investigated over
a 3-year-period (2002-2004), just after the vineyard was established. The second vineyard
was placed in Pietra de Giorgi (Pavia province), fertile soil, where Barbera clone AT 84
grafted on 5C, plant spacing 2.5 m x 1.6, was investigated over the same period (2002-2004).
Tab. 8 reports the effect of the different inoculum doses on the winter pruning weight
(average values of the three years), showing in both cases a beneficial effect only at dose 60
cc/vine. The big differences between the two vineyards are related to the different vigour of
the graft combinations, the different soils and vine spacings.

Tab. 8. Role of AM (Glomus intraradicies) infection rates on winter pruning weight (g/vine) (unpublished data)

Control 30 cc/vine 60 cc/vine 120 cc/vine
Ancarano Croatina MI Cr10/420 A 145 a 160 ab 190 b 155 ab
Pietra de Giorgi Barbera AT 84 /5C 880 a 885 a 1120 b 905 a

Values followed by the same letter (on the line) are not significantly different at 0.05 level, by Tukey test

The productive and qualitative parameters of the Barbera vineyard at Pietra de Giorgi were
controlled at the second year of grape production (2004). The AM root infection improved
over the control the crop load, without negative effects on grape quality (Tab. 9).

Tab. 9. Role of AM (G. intraradicies) infection rates on production and quality of cv. Barbera (unpublished data)

Yield Cluster | Berry Bud Soluble Titr. pH Antho- Polyphenols
(kg/vine) wt (9) wt (g) | fertility Solids Acidity cyanins (mg/g fw)
(°Brix) (g/L) (mg/g fw)
Control 7.7a 266 a 26a 18a 16.8 a 10.7 a 3.03a 0.90a 1.55ab
30 cc/vine 9.0ab 306 ab 24a 17a 17.1a 10.9a | 2.98ab 0.82a 148a
60 cc/vine 10.3b 331b 26a 19a 169a 10.8a 2.99 ab 0.92a 1.65ab
120 cc/vine 9.1ab 309 ab 25a 1.7a 16.2a 11.2a 290 b 0.78 a 1.70b

Values followed by the same letter (on the column) are not significantly different at 0.05 level, by Tukey test

POT TRIALS RELATED TO DROUGHT STRESS

The experiment included cv. Barbera clone R4 grafted on 3009 C (rootstock susceptible to
drought stress), which has been infected with the AM fungus Glomus intraradicies, just
before potting. The vines were grown on a neutral soil and six treatments were applied, as
follows: 1) drip irrigation in order to keep the soil near field capacity; 2) drip irrigation in
order to keep the soil near 50% of field capacity; 3) root infection with 30 cc AM
inoculum/vine, under irrigation at field capacity; 4) root infection with 30 cc AM
inoculum/vine, under irrigation at 50% field capacity; 5) root infection with 120 cc AM
inoculum/vine, under irrigation at field capacity; 6) root infection with 120 cc AM
inoculum/vine, under irrigation at 50% field capacity.

The dry matter production (grapes and pruning material) was recorded at the end of the
annual growing cycle, as well as the soluble solid concentration of grapes at harvest (Tab. 10),
during two years (unpublished data). The results showed that mycorrhization (30 cc/vine)
under drought stress conditions (50% of field capacity) was able to improve the dry matter
production when the vine was young (2002, 1% year of production), while the highest dose
(120 cc/vine) had no significant effect. No significant effect was noticed when the vines were
older (2004, 3" year of production). Grape soluble solids were significantly increased by AM




infection under stress conditions, only when the inoculum was applied at the highest rate (120
cclvine).

Tab. 10. Role of drought stress and AM infection rates on dry matter production and grape sugars of cv. Barbera
(unpublished data)

Dry matter (grapes + pruning canes) Grape soluble solids (°Brix)
g/vine

2002 2004 2002 2004
Control 1 (field capacity) 101 535 20.7 235
Control 2 (50% field capacity) 75 465 18.8 22.9
30 cc AM/vine at field capacity 114 410 20.4 23.3
30 cc AM/vine at 50% field capacity 111 452 20.4 231
120 cc AM/vine at field capacity 125 539 21.6 23.6
120 cc AM/vine at 50% field capacity 88 501 22.8 24.2
LSD 0.05 25 65 1.8 1.2

CONCLUSIONS

The utilization of artificial mycorrhization in the vineyard to alleviate lime-induced
chlorosis seems to be a promising technique, but further studies are necessary in order to
understand at which extent the natural soil borne organisms compete with the supplied AM
fungus, and how to keep effective the artificial inoculum along the plant life cycle. As
concerning the utilization in the neutral soils to improve the growth, the first results are still
very promising, with a clear effect dose-related, as well as in the case of the drought stress.
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ABSTRACT

Many environmental factors, like climate, soil type, land morphology, elevation and hill face,
highly affect the grapevine variety performance. Among these factors, soil depth, layering and
texture are important sources of variability in grapevine production, due to their effects on soil
water availability, vine root distribution and root-to-leaf physiology.

As part of a zoning project carried out from 2006 to 2008 in the AOC Coalli Orientali del
Friuli district (North-East Italy), soil influence on the performance of alocal white wine grape
variety — the Friulano- was investigated.

Different soil types were delineated after a systematic survey of the area. Afterwards, they
were characterized for their physical and chemical properties, along with soil moisture seasonal
variations; the climate data were collected too.

As soil effects on vine performance could not be successfully interpreted without
investigation on root system development, root density and distribution were analyzed. The
observed differences among grape and wines produced in diverse soil types confirmed that the
soil environment has a high impact on vine production, effecting grape composition and wine
quality.

RIASSUNTO

Le performance produttive della vite sono strettamente dipendenti da molteplici fattori
abientali, quali il clima, il tipo di suolo, la morfologia, I’ atitudine e |’ esposizione del versanti.
Tra questi, la profondita del suolo, la stratificazione e la tessitura sono importanti fonti di
variabilita nella produzione vitivinicola, soprattutto per le loro ampie ripercussioni sulla
quantita di acqua disponibile nel suolo, sulla distribuzione degli apparati radicali della piantae
sui rapporti frachioma e radici.

Questo studio, condotto nell’ambito di un progetto di zonazione svolto tra il 2006 e il 2008
nella zona DOC Colli Orientali del Friuli, ha analizzato I'influenza del suolo sulle
performances vegeto-produttive di una varieta autoctona—il Friulano.

Attraverso un’indagine sistematica dell’intera area sono stati individuati i principali tipi di
suoli, i quali sono successivamente stati caratterizzati per composizione chimica e fisica e per
contenuti idrici stagionali.

Poiché una piena comprensione delle relazioni tra suolo e vite presuppone una conoscenza
delle risposte radicali a diverse situazioni pedologiche, s € ritenuto necessario effettuare
un’analisi degli apparati radicali, determinando densita e distribuzione delle radici.

| risultati ottenuti nelle diverse realtd pedologiche individuate confermano un’ampia
influenza del suolo sulle performance produttive di questa varieta, con effetti evidenti sia sulla
composizione dell’ uvasiasui caratteri dei vini.



INTRODUZIONE

Il suolo e le sue proprieta fisiche e chimiche hanno un peso rilevante sulle produzioni
vitivinicole, contribuendo alla quantita e alla qualita organolettica delle uve (Dutt et al. 1981;
Van Leewen, 1991; Jackson, Lombard, 1993; Tomas et al. 1999; Rittiman, Thorson, 2002;
White et al. 2007). Capacita di ritenzione idrica, disponibilita di nutrienti, proprieta termiche e
di aerazione, profondita del suolo esplorabile, colore, pH e carbonati, sono solo alcuni fattori
che influenzano lo stato nutritivo, metabolico e fisiologico della vite. E' facile intuire quindi
come i caratteri edafici siano un fattore determinante nella tipicita di un vino in quanto
direttamente coinvolti nella tempistica di successione fenologica annuale e nel regime di
nutrizione idrica e minerale, tutti fattori che nel loro complesso influenzano I’ espressione
viticoladi un dato sito (Barbeau et al.,1998; Barbeau, 2003).

Le radici sono I’organo della vite che primariamente viene influenzato dalle proprieta
pedologiche di un sito, con effetti evidenti sulla densita e sulla distribuzione orizzontale e
verticale (Morlat, Jaquet, 1993; Smart et al., 2006). Se da un lato infatti e accertato che la
morfologia e I architettura degli apparati radicali della vite ha una forte componente genetica,
molti studi hanno concordato sul fatto che le condizioni edafiche hanno una larga influenza
sulle dinamiche di sviluppo delle radici e sulla loro funzionalita (Puissant, et al., 1981; Smart
et al. 2006); uno stesso portinnesto puo quindi presentare una diversa distribuzione radicale in
funzione del suolo su cui € posto.

Date le strette relazioni esistenti tra sviluppo radicale ed aereo e facilmente intuibile che la
distribuzione e la funzionalita radicale hanno importanti conseguenze sul comportamento
complessivo della pianta, con effetti sullo sviluppo vegetativo della chioma, sulla quantita e
sulla qualita delle produzioni (Richards, 1983; Morlat e Jaquet, 1993; Hunter e Volschenk,
2001). L’apparato radicale assomma numerose funzioni tra le quali le principali sono
I"ancoraggio, I'assorbimento idrico e nutrizionale, la sintes ormonale legata alla crescita,
I"invio alla chioma dei segnali di stressidrico elafunzione di stoccaggio di sostanze di riserva
(Davies W. J. et al. — 1991; Smart et al. 2006). Lo studio degli apparati radicali € quindi in
grado di fornire utili indicazioni sullo stato dei suoli e le sue numerose funzioni fisiologiche e
biochimiche sono sempre evidenziate dal comportamento della chioma.

Nel triennio 2006-2008 parte dell’area DOC Colli Orientali del Friuli e stata interessata da
uno studio di zonazione con |’ obiettivo di analizzare le relazioni esistenti trai fattori ambientali
(pedologici e climatici) e la risposta quali-quantitativa di diverse varieta locai ed
internazionali.

Le performance vegeto-produttive del vitigno locale Friulano sono state indagate in
relazione a quattro diverse situazioni pedologiche individuate all’interno dell’ area in esame. |
risultati emersi sono volti ad un miglior utilizzo dell’area di produzione e allo sviluppo di una
viticolturafocalizzata allaqualitae alatipicitadei vini.

MATERIALI E METODI

La zona oggetto del presente studio comprende un’area complessiva di 2000 ha situati
al’interno della DOC “Caolli orientali del Friuli” anord di Manzano (Italia) (46 ° 00'35 "N, 13
© 2520" E). L'area, collocatatrai 60 ed i 220 m di quota, € caratterizzata da affioramenti di
sedimenti marini e oceanici con aternanza di strati marnosi e arenacei. Nell’ambito di un



progetto di zonazione condotto nel triennio 2006-2008, al fine di individuare e delimitare zone
omogenee per tipologia di terreno, orografia, morfologia e atimetria e stata effettuata una
preliminare caratterizzazione pedologica. Sono state eseguite 236 osservazioni distribuite in
modo da coprire omogeneamente I’ intera area studiata. Le trivellate sono state eseguite fino ad
una profondita di 100 cm, registrando la sequenza verticale degli orizzonti e, per ogni
orizzonte, lo spessore, il colore della matrice, la percentuale di figure di ossidoriduzione e la
tessitura. Un dataset di 14 attributi e stato elaborato con il programma simil (Goodall et al.,
1987) e larisultante matrice di dissimilarita é stata processata con pacchetti statistici dedicati di
R (R La Fondazione per |a statistica Computing, 2005) al fine di individuare gruppi omogenel
di osservazioni del suolo. Successivamente sono stati descritti 10 profili di  suolo
rappresentativi riportando la sequenza verticale degli orizzonti. Ogni orizzonte € stato
campionato seguendo un metodo di campionamento composito da 4 sub-campioni. | campioni
sono stati analizzati in laboratorio per determinare; tessitura, pH, contenuto in sostanza
organica, azoto totale, fosforo disponibile, potassio scambiabile, capacita di scambio cationico
(CEC) ecacare attivo.

Per lo studio delle relazioni tra il vitigno e il suo ambiente di coltivazione € stata scelta la
varieta Friulano (ex Toca friulano), individuando 4 macrozone di interesse viticolo
caratterizzate da differenti tipologie di suolo. In ciascuna di queste sono stati individuati 2 0 3
vigneti campione sui quali valutare i caratteri vegetativi e produttivi. La scelta e stata assegnata
scegliendo impianti confrontabili tra loro, con le seguenti caratteristiche: eta media: 30 anni;
portainnesto Kober 5bb; forma di allevamento: capuccina con 2 capi a frutto per un totale di
circa 20 gemme; sesto di impianto: 1,2 x 2,8 m.

Nel triennio, nel corso del periodo vegetativo sono state seguite le dinamiche di maturazione
(contenuti in zuccheri, acidi e il pH) delle uve. Alla vendemmia sono state determinate le
produzioni/ceppo ed il peso medio del grappolo. | caratteri vegeto-produttivi sono stati valutati
anche ala luce degli andamenti climatici stagionali dell’area, definiti utilizzando i dati di 3
centraline meteo presenti nel comuni di Dolegnano, Buttrio e Ipplis.

Stanti le strette relazioni tra suolo, vite e apparati radicali e i molteplici rifless sul
comportamento vegeto-produttivo della, nell’annata 2008 in ciascuna area € stato scelto un
vigneto rappresentativo sul quale, con il metodo della trincea (Box, 1996) e stata studiata la
densita e la distribuzione degli apparati radicali. Le radici, suddivise in tre classi di dimensioni
(<1 mm, 1-3 mm, > 3 mm), sono state conteggiate lungo un profilo verticale aperto a 60 cm dal
ceppo efino alaprofonditadi 1 metro o fino alla profondita della roccia madre.

In ciascuna annata nei vigneti campione di ogni singola zona e stato raccolto e
microvinificato 1 quintale di uva. | vini ottenuti sono stati sottoposti a giudizio di un panel di
degustatori esperti a fine di cogliere i caratteri e le differenze riconducibili a suolo e
al’ambiente di coltivazione.

RISULTATI E DISCUSSIONI

Caratterizzazione pedologica dell’ area

Nella Tab.1 sono riportate le caratteristiche pedologiche delle 4 tipologie di suoli ritenuti piu
rappresentativi nell’ areaindagata per la coltivazione della cv Friulano.



Tab.1 Caratteristiche pedologiche delle 4 diverse realta indagate nell’ area della DOC Colli Orientali del Friuli

Buttrio—Zona A

Manzano—-Zona B

Morfologia: culmine

Pendenza: subpianeggiante (<3%)

Quota: 100-125 m s.l.m.
Substrato:

Flysch, sedimenti

marini torbiditici con

alternanze di marne e arenarie

Uso del suolo: vigneto

Morfologia: culmine

Pendenza: subpianeggiante (<3%)

Quota: 100-125 m s.l.m.

Substrato: Flysch, sedimenti marini torbiditici con aternanze
di marne e arenarie

Uso del suolo: vigneto

BREVE
DESCRIZIONE

Suolo sottile con tessitura
franco argillosa, neutro,
pietrosita superficiale
frequente (5-15%) e
scheletro abbondante
nell’ orizzonte
sottosuperficiale.

QUALITA’ DEL SUOLO
Per meabilita: medio-ata
Drenaggio: ben drenato—
I"acqua é rimossa dal suolo
prontamente

AWC: elevata

Profondita utile alle radici:
limitata dalla presenza di
substrato roccioso a 40cm

BREVE DESCRIZIONE
Suolo sottile con tessitura
franco argillosa, debolmente
acalino, pietrosita
superficiae frequente (5-
15%) e scheletro
abbondante nell’ orizzonte
sottosuperficiae.

QUALITA’ DEL SUOLO

Per meabilita: medio- alta
Drenaggio: ben drenato’ acqua
erimossa dal suolo prontamente
AWC: elevata

Profondita utile alle radici:
limitata dalla presenza di
substrato roccioso

Manzano—-ZonaC

Spessa—Zona D

Pendenza: subpianeggiante (<3%)

Quota: 125-150 m s.l.m.

Substrato: Flysch, sedimenti marini torbiditici con
aternanze di marne e arenarie

Uso ddl suolo: vigneto

Morfologia: parte dtadi versante, curvatura convessa
Pendenza: pendenza moderata (10-15%)

Quota: 100-125 ms.I.m.

Substrato: Flysch, sedimenti marini torbiditici con aternanze
di marne e arenarie

Uso dél suolo: vigneto

BREVE
DESCRIZIONE

Suolo profondo con
tessiturafranco argillosa,
pit sabbioso in
profondita, neutro

QUALITA’ DEL SUOLO
Per meabilita: medio-bassa
Drenaggio: ben drenato —
I"acqua é rimossa dal suolo
prontamente

AWC: molto elevata
Profondita utile alleradici:
senzalimitazione

BREVE DESCRIZIONE QUALITA’ DEL SUOLO

Suolo profondo con
tessiturafranco argillosa,
debolmente acalino,
screziature grigio-arancioni
evidenti e noduli di FeMn
abbondanti sottoi 70 cm;

Per meabilita: medio-bassa
Drenaggio: ben drenato —
I"acqua é rimossa dal suolo
prontamente

AWC: molto elevata
Profondita utile alleradici:

limite orizzonte
sottosuperficiale argilloso

Analis degli apparati radicali

Partendo dalla considerazione che la distribuzione delle radici attesta un equilibrio che si e
instaurato nel corso del tempo in funzione delle disponibilita idriche e della tessitura del suolo,
la sua analis s e dimostrata di estrema utilita nell’ interpretare le relazioni tra suolo e vite. A
diverse realta pedologiche sono infatti corrisposte differenti distribuzioni radicali, i cui effetti
sono risultati evidenti anche sullo sviluppo vegeto-produttivo della parte aerea della pianta.

Buttrio - Zona A. Come gia descritto si tratta di un suolo molto superficiale con un sottile
strato esplorabile dall’apparato radicale. E' quindi evidente la difficolta delle radice ad
approfondirsi e a superare la profonditd di 40 cm trovando nello strato marnoso un
impedimento nel suo approfondimento. La densita radicale & di 53 radici m® localizzate
prevalentemente nei primi 20/40 cm e con una certa distribuzione orizzontale confermata dalla
presenza di acune grosse radici. L’umidita dei suoli (fig.5) € su bassi valori, a confermare il
prioritario ostacolo opposto dalla tenace matrice del suolo alo sviluppo radicale.
L’impedimento nella diffusione radicale comporta una maggior suscettibilita della pianta agli




andamenti stagionali (vedi brevi periodi con assenza di precipitazioni) e una ridotta vigoria
confermata dal peso del legno di potatura (vedi tab2).
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Fig. 1 Densita e distribuzione degli apparati radicali nel vigneto campione della zona A-Buttrio

Manzano — Zona B. La verifica radicale ha riscontrato un folto e consistente apparato
radicale che omogeneamente esplorai primi 60 cm di suolo. Un netto impedimento meccanico,
dovuto ad uno strato roccioso sottosuperficiale, crea una netta separazione senza possibilita per
le radici di oltrepassare questo limite (fig.2). La natura franco-argillosa del primo strato
consente una buona diffusione radicale con una ata densitd (97 radici m?) che permea
omogeneamente il suolo alaricerca delle scarse disponibilitaidriche risultate in assoluto le piu
basse (fig.5). In questo caso si combina lo stimolo per laricerca dell’ acqua con una tessitura
facilmente esplorabile. Lavigoria della pianta si porta in questo caso su valori superiori ai cas
precedenti (tab.2) a conferma del sostegno offerto da un piu abbondante apparato radicale alo
sviluppo aereo della pianta. Si vuole quindi far notare che anche basse disponibilitaidriche, se
completamente utilizzabili, sostengono efficacemente I’ attivita della vite.

Fig. 2 Densita e distribuzione degli apparati radicali nel vigneto campione della zona B — Manzano

Manzano — Zona C. In questo caso la natura franco-argillosa del suolo (con una maggior
guota di sabbia negli orizzonti piu profondi), ha permesso una distribuzione radicale che s e
portata sino a metro di profondita. La conta radicale ha assegnato una bassa densita pari a 45
radici m? con una distribuzione molto rada e non omogenea. Al ridotto numero di radici ha
fatto perd riscontro I’ apparato aereo piu vigoroso (tab.2) a confermare le buone disponibilita
idriche riscontrate ale diverse misurazioni fig.5. In questo caso la discreta disponibilita di
acqua, haindotto la pianta ad un minor investimento nel suo apparato i pogeo.
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Fig. 3 Densita e distribuzione degli apparati radicali nel vigneto campione della zona C — Manzano

Spessa — Zona D. L’ apparato radicale si presenta mediamente distribuito, ma con una bassa
densita (42 radici m?), localizzata principalmente tra 20 e 60/70 cm, in corrispondenza dello
scasso operato a momento dell’impianto del vigneto e limitata nel suo approfondimento dal
cambio di tessitura. Il ridotto numero di radici s riflette su una bassa vigoria delle viti (vedi
fig. 4) dovuta anche alle incostanti e mediamente basse disponibilita idriche rilevate nel corso
del ciclo vegetativo (fig.5).

Molto probabilmente la distribuzione radicale risente dei lavori di preparazione del suolo a
momento dell’impianto del vigneto, che ha visto la formazione di una suola che separa
nettamente e in modo invalicabile i primi due orizzonti, la pianta ha trovato un certo
adattamento con laformazione di radici orizzontali.
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Fig.5 Umiditarelativarilevata nel corso del periodo vegetativo nei suoli indagati (media dati 2006-2008)



Risultati produttivi e qualitativi

| risultati riportati in tab.2 evidenziano come sia le rese produttive sia la composizione delle
uve siano parametri fortemente influenzati dai fattori edafici.

| suoli estremamente sottili e scarsamente esplorati dagli apparati radicali nellazona A hanno
favorito un naturale contenimento della vigoria della vite (0,6 Kg di legno di potatura/ceppo)
risultata tra le piu basse rilevate nell’area. Le disponibilita idriche non sempre adeguate
associate a queste condizioni edafiche hanno determinato rese produttive inferiori rispetto ad
altre zone, associate perdo amedi contenuti zuccherini e acidici.

Le indagini effettuate nella zona B hanno evidenziato che, anche in questa tipologia di suolo
come nel caso precedente, la profondita esplorabile e le disponibilitaidriche sono i due fattori
che maggiormente influenzano le produzioni. La pianta investe infatti elevate energie nella
sintes di un apparato radicale estremamente denso, necessario ad utilizzare al meglio le
limitate riserve d’acqua del terreno e a sostenere il buon apparato aereo. Le rese produttive
sono pero risultate significativamente inferiori rispetto alle altre aree di indagine (solo 2,2
Kg/ceppo), ma con un ritorno positivo sull’ accumulo di zuccheri, che ha riportato i valori piu
elevati in assoluto (22,6°Brix).

| suoli della zona C sono risultati i terreni piu strutturati e con la piu elevata profondita
esplorabile. Le buone disponibilita idriche che li caratterizzano hanno favorito uno sviluppo
vegetativo superiore rispetto a quello rilevato in altre zone (1 Kg di legno di potatura/ceppo).
La buona vigoria ha determinato rese produttive elevate (3,9 Kg/ceppo), le piu ate riscontrate
nella zona di indagine. A queste sono corrisposti pero i piu bassi contenuti zuccherini (20,7
°Brix) e contenuti acidici significativamente piu alti rispetto a quelli tipici delle uve di atre
zone, risultato spesso osservato in Situazioni in cui le disponibilita idriche permangono
abbondanti durante tutto il ciclo vegetativo (Bravdo et al. 1985; Esteban et al. 2001).

| suoli della zona D sono risultati caratterizzati da medio-basse disponibilita idriche durante
tutto il ciclo vegetativo. In questi terreni la presenza di uno strato argilloso a 60-70 cm di
profondita ha limitato lo sviluppo e I'approfondimento radicale, portando a vigorie
decisamente contenute (0,59 Kg di peso del legno/ceppo). Le rese sono risultate mediamente
elevate (3,4 Kg/ceppo), con medi valori zuccherini.

La disponibilita idrica, la profondita esplorabile, la tessitura del suolo e la conseguente
densita e distribuzione delle radici sono risultati i fattori che nel loro inseme hanno
determinato rese e qualita delle produzioni. Ognuno di questi fattori e strettamente relazionato
agli atri e gli effetti sono piu 0 meno significativi a seconda della specifica realta pedologica
esaminata. Come si e visto infatti, atitolo di esempio, buone disponibilita idriche comportano
generalmente un decadimento qualitativo per questa varieta (che mal tollera eccess idrici);
guando queste perd sono associate ad una profondita limitata del suolo, concorrono
al'instaurars di un ottimale equilibrio vegeto-produttivo e all’ottenimento di standard
qualitativi elevati.




Tab.2 Parametri produttivi e qualitativi delle uverilevati nelle 4 diverse realta podologiche indagate (dati medi

del triennio 2006-2008)

zona Pr(/)cdeti)z;gne ngisc? Legno/ceppo Zoucc_:heri Acidita m’gﬁigoo tarf\:rii?:% pH
(Kg) graz)g;;olo (Kg) (°Brix) (mg/l) (mall) (mall)
Zona A 32b 168 ab 0,60b 215Db 54b 18a 6b 3,20 a
Zona B 2,2c¢c 197 a 0,81 ab 226 a 50b 1,8a 6b 3,26 a
Zona C 39a 155D 1,01 a 20,7¢ 70a 16b 7.3a 3,01b
Zona D 3,4 ab 171 ab 059b 21,3b 51b 1,7a 6,.2b 3,18a

L’analisi organolettica effettuata sui vini ottenuti dalle microvinificazioni (fig.6) conferma
che I’ effetto del suolo si esplica sui caratteri qualitativi delle uve e si estende anche ai prodotti
enologici da esse ottenuti. Pur presentando tutti degli standard di gradimento elevati, i vini
ottenuti nelle quattro zone di indagine hanno presentato acune differenze. La maggior
preferenza e stata data a vino dellazona B, il quale ha presentato |a maggior intensita olfattiva,
con note marcate di mela, pera e fruttatropicale. L’ acidita e risultatainferiore ad altre zone, el
retrogusto e risultato deciso e persistente a paato. Giudizi positivi sono stati riportati anche
per i vini ottenuti nellazona A, apprezzati anche per I’ ottimo corpo ed equilibrio e per la bassa
acidita. | vini della zona C e D hanno evidenziato un’ottima eleganza complessiva, con un
buon equilibrio tra sentori agrumati, fruttati e floreali. L’ acidita piu marcata dell’area C e le
leggere note vegetai di entrambe e zone, hanno lievemente penalizzato la qualita complessiva,

risultata comunque su livelli elevati.
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Fig. 6 Profilo sensoriale dei vini ottenuti nelle quattro zone di indagine (media delle annate 2006-2008)

CONCLUSIONI

L’analisi congiunta di tutti i fattori ambientali che partecipano ala qualita complessiva
dell’uvaedei vini hatrovato nelle relazioni suolo-apparati radicali una utile chiave di lettura.

Dove minori sono le disponibilita idriche maggiore e la densita radicale atta all’ esaurimento
delle riserve idriche. In queste condizioni |’ apparato aereo viene contenuto nel suo sviluppo



con risultati qualitativi sempre premianti. Al contrario, maggiori disponibilita idriche non
pienamente sfruttate da apparati radicali poco sviluppati per impedimenti meccanici ala loro
diffusione (vedi zona D) conducono ad uve complessivamente meno interessanti a cui
corrispondono dei vini non sempre rispondenti agli elevati standard qualitativi attesi. Per
contro, se a stesse situazioni di buona disponibilita idrica corrispondono esuberi vegetativi e
produttivi (zona C) sl compromettono equamente | e attese qualitative.

Vogliamo concludere ricordando che oltre a clima, a vitigno, al’uomo e alla sua storia, il
suolo, per quanto sopra riportato, dovrebbe prevedere sempre lo studio dell’ apparato radicale
in presente e in cosi strettarelazione con i suoi caratteri e con la qualita delle produzioni
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PRESENZA DI UOVA DI SCAPHOIDEUS TITANUS SU MATERIALE
EUROPEO DI PROPAGAZIONE DELLA VITE
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CRA-VIT Centro di Ricerca per la Viticoltura

Viale XXVIII Aprile 26, 31015 Conegliano (Trevisolalia
elisa.angelini@entecra.it

RIASSUNTO

La flavescenza dorata della vite € una malattiqudirantena diffusa in Europa e trasmessa
dalla cicalina Scaphoideus titanusin passato, lo scambio di materiale legnoso di
moltiplicazione della vite contenente uova del ot ha contribuito alla diffusione
dell'insetto. Lo scopo di questo lavoro e statoattrollare se tale rischio € ancora presente.

Tralci di Vitis viniferg tralci di portinnesto e barbatelle, proveniergivdvai europei, Sono
stati posti in condizioni idonee a favorire la schira di eventuali uova presenti. | “controlli
positivi” erano costituiti da legno raccolto in wigti infestati dal vettore.

Dai materiali di moltiplicazione in prova non e matlcun insetto, indipendentemente
dall'origine e dal tipo di materiale. Cio indicaeclh materiali viticoli certificati ai fini della
commercializzazione sono sicuri per quanto rigudiassenza del vettore. Nei “controlli
positivi”, invece, sono nate diverse centinaiandiividui di S. titanus sia da tralci di due anni
che da tralci di un anno.

SUMMARY

Flavescence doré@=D) is a European quarantine disease of grapewhese vector is the
leafhopperScaphoideus titanudn the past, the trade in grapevine propagatiatemnal
containing vector eggs contributed to the spreadimn@e insect. The aim of the present work
was to check for the occurrence of this risk.

Commercial grapevine propagation material (scioosistocks and rooted grafted plants)
from European nurseries were placed in conditiomltow emerging of the nymphs. The
positive controls were scions and rootstocks frtitanusnfested vineyards.

No S. titanusindividuals were born from the woody material cogifrom the nurseries,
irrespective of the country of origin or the kinfl material. This showed that commercial
grapevine propagation material used nowadays detexchanges is probably reliable as far
as the absence @&. titanuseggs is concerning. In contrast, several hundeditanus
individuals were born from two and one year oldesacollected from an infested vineyard.

INTRODUZIONE

La Flavescenza Dorata (FD) € una malattia da gmlldella vite, di tipo epidemico e di
quarantena, causata da fitoplasmi appartenentugpg filogenetico 16SrV (Boudon-Padieu,
2003). Questi fitoplasmi vengono trasmessiStaphoideus titanuBall (Auchenorrhyncha
Cicadellidae), specie neartica univoltina strettai@eassociata alla vite, siadtis vinifera
(Vidano, 1964) sia ad altre specie di vite, in jgattre aVitis riparia (Maixner, 1993). Infatti
solo su vite I'insetto compie I'intero ciclo biolmgy e supera il periodo invernale come uovo,
che le femmine, a fine estate, depongono sottatidoma o fra gli anfratti corticali,
generalmente del legno di vite di due anni (Vidaki§4; Almaet al, 1997).

Entrambi, malattia e vettore, sono presenti in mBHesi europei, dove persistono e
continuano a diffondersi. Numerosi studi sono statidotti con I'obiettivo di trovare efficaci



strategie di lotta nei confronti della malattia ela sua diffusione, orientandosi sia contro il
fitoplasma sia contro il suo vettore. La termoteaaproposta da Caudwell negli anni '90 e
oggetto di molte indagini successive, sembra essgsevalida metodologia, che consente |l
risanamento del materiale viticolo legnoso infedeo FD (Boudon-Padieu, 2003). Contro |l
vettore I'unico sistema di difesa consiste neitéraenti insetticidi, che risultano efficaci nei
casi in cui vengano effettuati con le modalita tejatpetutamente negli anni e su un territorio
piuttosto vasto (Moret al, 1999, 2004; Pavaet al, 2004). Recenti studi preliminari, che
hanno utilizzato il trattamento con acqua calda stlopo di eliminare le uova 8i titanusdal
legno di vite, hanno ottenuto risultanti soddisfaceul legno di un anno, ma non su quello di
due anni (Linder, Schaub, 2009).

Anche in Italia, malgrado i trattamenti siano obhtori in molte zone viticole, si assiste al
perdurare della diffusione della malattia. Spesdoviene imputato alla commercializzazione
di materiale legnoso di moltiplicazione della vitbg potrebbe contenente le uova del vettore.
Questo fatto, infatti, in passato ha comportatodliHusione dell'insetto dall’America
all’Europa e successivamente all’interno del teriit europeo (Bertiret al, 2007). Inoltre la
presenza di uova sul legno potrebbe avere un rogdortante anche in vigneti abbandonati e
siepi di portinnesti, che confinano con vignetitn@iti e che fungono da “serbatoio” per il
fitoplasma e per il vettore (Pavanm al, 2004; Beanlanét al, 2006; Lessio, Alma, 20064,
Lessioet al, 2007; Forteet al, 2009).

Lo scopo di questo lavoro € stato di controllarengemateriali legnosi di moltiplicazione
viticola, che attualmente vengono commercializeatturopa, siano ancora presenti uova di
S. titanus Inoltre si e voluto indagare I'eventuale esistenlz esemplari adulti del vettore
all'interno e ai bordi di alcuni vivai viticoli itaani.

MATERIALI E METODI

La ricerca e stata svolta nel 2009 e si e artiacdatdue aspetti: i) verifica della presenza di
uova diS. titanusnel legno destinato alla commercializzazione imolga, ii) monitoraggio
dell'insetto all’interno e ai margini dei vivai dioltiplicazione viticola.

Il primo studio e stato condotto in collaborazioren tre Paesi europei, oltre all’ltalia:
Francia, Slovenia e Svizzera. Sono stati presioimsitlerazione tralci di varieta di vite da
vino, tralci di portinnesto e barbatelle paraffsat pronte alla vendita, per un totale di 2700
campioni (Tab. 1). Inoltre, come “controllo negative stata utilizzata la stessa tipologia di
materiale (100 marze di cv Merlot clone R12, 10@dali portinnesto 1103 Paulsen clone
CFC 57-34 e 100 barbatelle di Cannonau clone CF@risstate su 779 P clone CFC 53-8),
proveniente da un vivaio della Sardegna (ltaliapld in cui non e present titanus Il
“controllo positivo”, invece, era costituito da pianesti di un anno (cv K5BB), provenienti
da un vigneto abbandonato in area edificabile gelt&incia di Treviso (ltalia), e da tralci di
V. viniferadi uno e due anni prelevati da due vigneti infiesta S. titanus rispettivamente
della provincia di Frosinone (cv Trebbiano Toscamal Venezia (cv Cabernet franc) (Italia).
Prima del loro utilizzo per la ricerca, tutti i camoni sono stati conservati in cella refrigerata a
4°C. Date le ridotte dimensioni delle uovaSlititanus che sono difficilmente identificabili
sotto il ritidoma del legno di vite, si e ritenubpportuno utilizzare un metodo indiretto per
valutare la presenza del vettore, contando le dearascenti dalle uova eventualmente
presenti. Per questo motivo tutto il materialetunds € stato posto in condizioni idonee alla
schiusura delle uova: in camera termostatata a,ZB)% Uhr e fotoperiodo 16:8 (Bressain
al., 2005). Ogni campione (di 100 pezzi) e statotieotliviso in due sub-campioni, di 50
pezzi ciascuno, che sono stati collocati in celimatica in due momenti diversi, al fine di
effettuare I'esperimento in due diverse fasi. Ihpr gruppo di sub-campioni e stato posto in



camera termostatata dal 20 marzo al 12 giugnaoofitfolli positivi” sono stati lasciati in cella
fino al 16 luglio), mentre il secondo dal 5 agoatdl0 settembre (i “controlli positivi” sono
stati lasciati fino al 3 gennaio). Infatti i “contli positivi’ sono stati lasciati in cella climag

fino alla completa schiusura di tutte le uova, mensub-campioni provenienti dai vivai sono
stati tolti dopo che si era verificato il picco dascite nei “controlli positivi”. Ogni sub-
campione e stato posto in scatole di allevamemtgparenti di plastica (41x26x30 cm per le
barbatelle ed i portinnesti, e 30x20x20 cm per brz®). Per mantenere un adeguato tasso
d’'umidita, all'interno delle scatole é stata poatgiperlite umida, su cui e stato collocato un
tessuto nero, al fine di individuare gli esemptirs. titanuseventualmente caduti sul fondo.
Inoltre e stata utilizzata una foglia di vite coesea per le neanidi nascenti. Dalle barbatelle &
stata tolta parzialmente la paraffina, per simuibagdéstacco che si verifica nelle condizioni di
campo, evitando pero di danneggiare il campioné.r@ividui ritrovati nelle scatole sono
stati contati ed esaminati allo stereomicroscopio.

Tab. 1: elenco del materiale di propagazione Viiaggetto di indagine.

Paese Vivaio Localita Tipo d ' Varieta Quantltg
materialt (n. pezzi
Marze Merlot ISV-F-V2 100
1 Pordenone Portinnesti K5BB ISV CONEGLIANO 1 100
Barbatelle Merlot 181 F / K5BB ISV CONEGLIANO 1 100
Marze Merlot 100
2 Pordenone Portinnesti K5BB 100
Barbatelle Merlot / K5BB 100
Marze Merlot ERSA FVG 350 100
3 Pordenone Portinnesti K5BB VCR 424 100
talia Barbatelle Merlot ERSA FVG 350 / K5BB VCR 102 100
Marze Merlot ISV-F-V4 100
4 Udine Portinnesti K5BB MI-K-3 100
Barbatelle Merlot ISV-F-V4 /| K5BB MI-K-3 100
Marze Merlot ISV-F-V4 100
5 Verona  Portinnesti K5BB F 114 100
Barbatelle Merlot ISV-F-V4 /| K5BB F 114 100
Marze Merlot 447 F 100
6 Pisa Portinnesti K5BB MI-K-3 100
Barbatelle Merlot 447 F /| K5BB MI-K-3 100
Marze Merlot 181 F 100
Francia 7 Portinnesti 196.17 cl. 99 100
Barbatelle Merlot 181 F/196.17 cl. 99 100
Marze Merlot 181 F 100
Slovenia 8 Vipava Portinnesti K5BB AU 1 100
Barbatelle Merlot 181 F / K5BB AU 1 100
Marze Merlot 100
Svizzera 9 Ticino  Portinnesti K5BB 100
Barbatelle Merlot / K5BB 100

La seconda parte dello studio é stata condotta@hse barbatellai presenti in zone viticole
tipicamente vivaistiche: in provincia di Verona & Rlordenone (ltalia). Ciascun vivaio
confinava con un vigneto a conduzione tradiziortadétato secondo le normali pratiche
viticole. Il monitoraggio € stato effettuato traeitutilizzo di trappole cromotropiche gialle
(20 x 24,5 cm, con colla su entrambi i lati) posiate all'interno sia dei vivai sia dei vigneti,
sostituite ogni 20 giorni e osservate con uno etareroscopio (Tab. 2). Le trappole sono
state collocate a livello della chioma delle baghate delle viti. Inoltre nel mese di settembre
e stato effettuato un monitoraggio visivo ai finimdividuare eventuali piante con sintomi da
giallumi. | campioni che presentavano sintomi ssteti sottoposti a PCR (Angeliei al,
2007).



Tab. 2: caratteristiche dei vivai monitorati e dditpermanenza delle trappole.

. . ._| Dimensioni D|m§n5|on| "% Data installaziong Data ritiro N° N° | N°totale N . AT
Localita | Tipologia m) monitorata con irappole trappole | postazioni cambi trappold t‘rattan'wgn'tl Principi attivi
trappole (m) insetticidi
Verona Vivaio 100x300 40x50 16/06/09 1/10/09 12 5 60 6 Spinosad, Chlorpyrifos
Vigneto 100x300 40x50 16/06/09 1/10/09 12 5 60 1 Chlorpyrifos-methyl
Pordenone Vivaio 25x250 25x50 30/06/09 22/09/09 12 4 48 3 Deltamethrin, ChlorpyrifoS
Vigneto 40x70 40x50 30/06/09 22/09/09 12 4 48 3 Indoxacarb, Chlorpyrifos

RISULTATI E DISCUSSIONE

Dal materiale legnoso vivaistico proveniente dallib, dalla Francia, dalla Slovenia e dalla
Svizzera, in nessuna delle due fasi di sperimemt@zsono nate neanidi 8i titanuso altri
insetti. Malgrado il numero dei campioni possa serlimitato (900 marze, 900 portinnesti
e 900 barbatelle, per un totale di 2700 pezzi)stpuesultato indica che i materiali viticoli
commercializzati attualmente in Europa non conteongaova diS. titanuse percio offrono
sicurezza per quanto riguarda I'assenza del vetlioF®. Inoltre, tale dato fa presupporre che
le pratiche fitosanitarie, adottate in vivaio e mnagneti di piante madri di marze e di
portinnesti, siano efficaci nell’evitare pericolaséestazioni da parte dell'insetto. Nemmeno
dai campioni provenienti dalla Sardegna (“controlepativo”) sono stati osservati esemplari
del vettore.

All'opposto, nei “controlli positivi” sono nate dérse centinaia di individui . titanusdai
portinnesti di un anno e dai tralci di cv Caberin@bc di due anni, mentre nel materiale di un
anno proveniente da Frosinone non sono stati casesemplari. Tale risultato accerta che le
condizioni adottate nell’esperimento erano idonkeraiscita della prova. In totale sono nati
924 esemplari db. titanus di cui 673 individui nel primo gruppo sperimesmta 251 nel
secondo (Tab. 3).

Tab. 3: numero ds. titanusnati nei “controlli
positivi’ nei due gruppi sperimentali.

Tempo Prima fase sperimentale Seconda fase sperimerijtale
trascorso in . . o . . L
cella climatica Portinnesti d{ Tralci Q| 2 | Portinnesti d{ Tralci Q| 2
(settimane) 1 anno anni 1 anno anni

1 0 0 0 0
2 0 0 0 0
3 0 0 0 14
4 0 0 0 27
5 0 0 0 4
6 2 0 2 16
7 1 11 0 7
8 3 12 0 14
9 5 1 0 1
10 1 0 3 36
11 0 37 1 15
12 2 136 0 7

13 5 356 0

14 6 76 0 0
15 0 13 0 39
16 0 6 0 16
17 0 0 0 8
18 0 6

19 0 15
20 0 10
21 0 4

22 0 0

23 0 0

Totale 25 648 6 245




Dalle analisi effettuate sul legno raccolto da,\&ti incolti e su vigneti con infestazioni$li
titanus € stato possibile acquisire informazioni circautlo dei portinnesti e delle marze. Dai
tralci dei portinnesti di un anno le nascite somiziate sempre dopo 5-6 settimane
dall'introduzione del legno in camera termostatatantre dai tralci dV. viniferadi due anni
sono nati esemplari anche a partire dalla terzarseta (secondo gruppo sperimentale). Nei
tralci di K5BB la schiusura e durata da 6 a 9 s®itie, mentre nei tralci di cv Cabernet franc
tale periodo e variato da 10 a 19 settimane. Inianglkl esemplari nati dal legno di un anno
rappresentano il 3,35% del totale delle nascité 8@l 7% delle nascite avvenute nel legno di
due anni. In totale, il numero 8i titanusnati dai portinnesti & stato di quasi 30 volteridre
rispetto al numero di nati dai tralci ¥i viniferadi due anni ed il periodo di schiusura delle
uova e stato della meta (Fig. 1). Infine nei tralicdue anni si & osservato un alto numero di
nascite, che sono risultate distribuite nel tempomodo diverso nei due gruppi di
sperimentazione: nel primo la maggior parte deggingplari € nata nel corso di 4 settimane,
mentre nel secondo le schiusure sono state piu emeege prolungate nel tempo (Fig. 2). Da
questo risultato si potrebbe dedurre che la lurmgnelel tempo di conservazione del legno,
piu elevata nei campioni del secondo gruppo, alwe la temperatura di mantenimento, abbia
influenzato la maturazione delle uova modificandleneodalita di schiusura.

La presenza di neanidi del vettore su tralci diammo non era mai stata riportata in
precedenza, ma e in accordo con dati recenti ditdataltri gruppi (Bagnoli, Gargani, 2009;
Linder, Schaub, 2009). Tale risultato indica che léigno di un anno é idoneo
all'ovideposizione delle uova db. titanuse ribadisce limportanza da attribuire alla
distruzione del legno di potatura. Il ritrovamemtioneanidi nei tralci di due anni conferma
invece la pericolosita del materiale legnoso prasmte da vigneti infestati dal vettore.
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Fig. 1: numero totale di esemplari 8i titanusnati dai portinnesti di un
anno e dai tralci dv. viniferadi due anni.
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Fig. 2: numero di esemplari 8i. titanusnati dai tralci diVitis viniferanella
prima e nella seconda fase sperimentale.

Il controllo faunistico della presenza del vettade FD in vigneto, tramite trappole
cromotropiche, ha permesso di catturare 2 esenqlil&i titanusnel vigneto in provincia di
Pordenone: in particolare un esemplare e statara&ttsul filare direttamente confinante con
il barbatellaio e I'altro su un filare distante a@r40 m. Nessun esemplare € stato catturato
all'interno del vivaio. In provincia di Verona n@ono stati catturati esemplari del vettore né
in vigneto né in barbatellaio. Il monitoraggio wigidei sintomi da giallumi ha consentito di
individuare due piante con sintomi sospetti: uria 1el vigneto in provincia di Pordenone ed
una barbatella di cv Lambrusco nel vivaio di Verotlze € risultata infetta dal fitoplasma al
test molecolare.

CONCLUSIONI

L’indagine faunistica, eseguita su materiale legnal vite certificato ai fini della
commercializzazione, ha permesso di accertareefassdi uova dB. titanussui campioni
provenienti dalle zone di maggior produzione dienate viticolo di Italia, Francia, Slovenia
e Svizzera. Questo dato induce a ritenere chepktio delle norme comunitarie e nazionali
sulla flavescenza dorata, malattia di quarantemiasenta di escludere la presenza di uova di
S. titanus sui materiali di moltiplicazione Europei. Sareblm®munque interessante
approfondire lo studio, prendendo in considerazarapioni provenienti anche da altri Paesi
europei e di tipologie diverse: barbatelle senzaffiaa, prima e dopo la forzatura, tralci\di
vinifera e portinnesti provenienti da piante madri di dbeceta. Sarebbe interessante stabilire
un protocollo comune a livello europeo sia per dquna riguarda le pratiche di coltivazione e
controllo in vigneto e in vivaio sia per le attiivivaistiche successive.

La schiusura delle uova avvenuta nei “controlliipa$ ha permesso di validare la tecnica
sperimentale adottata e confermare alcune conoscealfetologia di S. titanuse, in
particolare, sulla presenza delle uova anche swlégun solo anno e su tralci di portinnesti
(Bagnoli, Gargani, 2009). Questo risultato pon@rdblema circa la presenza di siepi e incolti
con portinnesti inselvatichiti nonché di vignetibaindonati, che sono numerosi nelle zone a



ridosso dei terreni adibiti a nuovi insediamentbami e destinati a rappresentare una
situazione di rischio per la diffusione del vettdid-D (Forteet al, 2009). Pur sapendo che la
capacita di dispersione @. titanusé limitata (Lessio, Alma, 2004, 2006b), futureeriche
potrebbero chiarire se effettivamente linsettosposta dalla vite inselvatichita alla vite
coltivata e quale sia il rischio reale nelle commhiz di vigneti trattati secondo le attuali
normative.

Infine, 'assenza di catture di esemplariSdititanusall’interno dei vivai, seppur siano stati
raccolti due individui nelle immediate vicinanze] atrovamento di una barbatella infetta, fa
ritenere che le pratiche vivaistiche attualmentettate, tramite trattamenti insetticidi e
controlli fitosanitari, siano efficaci, pur nell@cessita di mantenere alta la soglia di controllo.
Al pari, i controlli per individuare la presenza\dti affette da giallume aiutano a ridurre i
rischi di diffusione della malattia.
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ABSTRACT

Une des conditions principales de la production des produits d’appellation contrdlée est sa
réglementation, ce qui est possible avec la programmation de la récolte, dont le critere principal
est ’optimisation du complexe de différents facteurs et sur ce fond, la gestion du processus de
formation de la récolte biologique.

Dans cet objectif, dans la période des années choisies par nous, nous avons étudié par le biais
des essais multi-facteurs la formation de la biomasse, ainsi que les facteurs déterminant
I’émission des éléments nutritifs par certains organes de la plante.

A la base des données expérimentales, de différents modeles ont été construits, le meilleur
résultat a été obtenu par la fonction logistique. Ce qui nous a permis de déterminer la période de
croissance intensive, le début de I’écart de I’optimum et les processus de chute, tout cela ayant

une grande importance pratique.

Reglamentation is the main factor for producing Terroir products, which is reached by
programming harvest, the most important criteria is optimization of different factors and dealing
formation process of biologic harvest (the hole bio mass).

Because of this object, in certain years were examined multi factorial (P* — factors unity, lead up
gradations quantity degree) experiments, on some basic industrial species, as formation of bio
mass, as plant’s regulatory of taking nutriment elements by separate organs.

Recline of experiment evidences were engineered various models, the best results we got by
logistic function: This gave us means of establishing intensive growing period duration, from
the beginning of optimum deviation and reduction processes, as of the whole biomass, as of the
case study comfortable during the whole vegetation period any time of the plant used food
elements amount, which has a huge practical significance.

INTRODUCTION

Le développement de la viticulture et la viniculture en Géorgie a atteint une nouvelle
étape, celle de production des vins de I’appellation d’origine controlée dont la condition

premiere est la réglementation de la récolte du raisin basée sur la programmation.



La récolte programmée c’est un produit caractérisé de signe spécifique de haute qualité
dont la production prend en compte les caractéristiques biologiques du cépage, les conditions
écologiques données et le complexe des mesures agrotechnologiques.

La programmation de la récolte comprend le processus de formation de toute la biomasse
et les moyens de sa gestion. La description du processus est basée sur la théorie de
I’évolution des organismes vivants de Saxe, qui porte la forme de S et est connu en biologie
sous le nom de la courbe de Saxe. Pour effectuer une description et la gestion du processus

qui suit il est nécessaire d’avoir des données d’expérimentation. [Bondarenko, 1976].

METODOLOGIE

Nous avons conduit une expérimentation d’aprés un schéma d’essai multi-facteurs sur
deux cépages de production dans des environnements écologiques différents.

La matiere a ét€é étudiée avec de différentes fonctions. Nous avons recu le meilleur
résultat avec la fonction logistique.

Le modele recu décrit la formation des organismes séparés mais aussi de toute la
biomasse, ainsi que I'utilisation par eux des éléments nutritifs sur des différentes étapes, ce
qui porte une grande importance pratique.

L’expérimentation menée par un essai multi-facteurs nous a permis de constater le
rendement optimal des cépages choisis avec I’alliance de divers facteurs dans des régions
données. Quand la qualité du produit est supérieure, sa spécificité ainsi qu’une longue
période d’exploitation de la plante sont maintenues.

L’expérimentation que nous avons menée pendant trois ans sur les cépages Rkatsitéli et
Tchinuri dans de différents environnements écologiques avec un schéma d’essai multi-
facteurs, ayant pour but 1’observation du rendement optimal dans la région donnée et la
création d’un modele correspondant qui refleterait son processus de formation [Adler, 1971].

L’étude sur le cépage Rkatsitéli a été conduite dans la région de Kakhéti, dans la partie
nord-ouest de la vallée d’ Alazani, a 430 metre d’altitude.

Le sol du terrain d’essai : sol brun du champs, argiles 1égeres, humus 2,0 — 2,24 %.

Le climat : modérément humide, précipitations moyennes annuelles : 770 mm, total des
températures actives au dessus de 10° - 3730°.

Le terrain d’essai sur le cépage Tchinuri se trouvait dans la région de Chida Kartli, a 650
metre d’altitude.

Le sol : argiles lourdes et argiles, humus dans les couches supérieures 4 — 5%.



Le climat : le climat de la zone varie entre sec subtropical et subtropical modérément
humide. Le total des températures actives au dessus de 10° - 3500°.

Quatre facteurs ont été étudiés : Irrigation, fertilisation, longueur de tige de fruit, niveau
de densité dans chaque cinquieme gradation. Afin de mener I’essai sur un schéma complet
de facteurs il faut élever le nombre de gradation a la puissance du nombre de facteurs. Dans
le cas présent 5'=625, mais il est pratiquement impossible de mener une expérimentation de
variantes aussi nombreuses. C’est pourquoi nous avons choisi une des compositions de
schéma a quatre facteurs, nous avons fait un choix équilibré de facon a ce que la valeur

informationnelle de 1’étude ne soit pas perdue.
RESULTATS

L’observation nous a permis de constater 1’influence des facteurs sur les données a

étudier ainsi que le degré de leur interaction.

Y=ap+a;X |+ axXo+ azX3z+ asXy+ asxX; Xo+ agX; X3+ a7X; Xg+ agXo X3+ agXo X4+
2 2
a10X3 Xgt a11X; XoX3+ a12X) XpXgt+ a13X2 X3X4t+ 214X X2 X3X4+ Q15X + A16 X2 + A7

2 2
X3 + a3 X4

De fait nous avons constaté I’interaction entre 18 facteurs au lieu de quatre.

Les coefficients a; - a4 inclus caractérise 1’influence de certains facteurs et le coefficient
de leur régression est relativement plus haut que as — ajp, ceux marquant I’alliance de

facteurs par paire, le groupe suivant de coefficients a;; — a;3 caractérisent I’interaction de

trois facteurs, le coefficient de régression est basse dans ce cas également, il est inférieur
aussi dans le cas de quatre facteurs et leurs carrés. Nous pouvons ainsi constater que
I’influence de chaque facteur séparé est relativement plus importante que dans le cas de leur
alliance quelconque.

En nous appuyant sur les données de recherches de trois ans nous pouvons dire que le
rendement optimal du cépage Rkatsitéli dans des conditions de climat et du sol données est
90 — 95 g/ha, avec 20,5% du taux de sucre et 7,5 g/dm3 du taux d’acidité.

La matiere de vin par rapport a d’autres variantes se caractérise d’extrait de haut niveau,
des caractéristiques de cépage, un bouquet fin, a recu une appréciation de dégustation de 8,56

bals.



Le rendement du cépage Tchinuri peut étre considéré dans les conditions données et ses
similaires 115-120 g/ha, avec 17,8% du taux de sucre et 8,3 g/drn3 du taux d’acidité. Note
d’appréciation — 8,45 bals.

Les parametres mentionnés peuvent étre a la base de la réglementation de la récolte dans
le cas des deux cépages, avec les conditions de climat et du sol évidemment similaires. Afin
de réussir a obtenir une récolte programmée d’avance, donc réglementée il faut arriver a
contrOler et gérer le processus de sa formation.

Dans cet objectif nous avons étudié dans le cas des deux cépages sur cinq variantes
différentes les plus contrastées, 1’accumulation de la biomasse et le rapport de certains
éléments dans la biomasse totale, ainsi que les facteurs déterminant 1’utilisation par ces
deniers des éléments nutritifs.

Les résultats recus prouvent que par 1’augmentation des normes de facteurs la biomasse
totale de la plante augmente également. Pourtant au-dessus d’une certaine limite le
pourcentage de la densité de grappes dans la biomasse commence a baisser. Nous avons par
ailleurs observé la présence des matieres seches dans certains organes. Dans ce cas aussi son
taux était relativement bas dans le cas d’un rendement fort que dans le cas d’un rendement
plus modeste. Les résultats obtenus ont été utilisés pour la création d’un modele.

Comme nous I’avons déja mentionné, nous avons obtenu le meilleur résultat par la

fonction logistique:

D’apres les graphiques on voit clairement que dans le cas des normes basses de facteurs
agrotechnologiques le point final de la courbe de régression apparait plus tot que dans le cas
des normes élevées. Ce qui veut dire que les normes élevées déterminent la durée de la
croissance.

Il est par ailleurs évident qu’au début de la période de végétation la formation de la
biomasse se poursuit plus lentement. Ensuite, c’est la période de la croissance rapide qui
poursuit — cette période dure particulierement longtemps sur le fond de 1’agrotechnique
élevé.

En nous appuyant sur les données obtenues nous pouvons constater que dans le cas de la
densité élevée pour les deux cépages la croissance de la biomasse des organes de végétation
est unilatérale. C’est pareil dans le cas de la densité la plus basse, mais ceci est dii a
I’insignifiance de la récolte.

GRAPHIQUE N° 3-5



Il est présenté la formation de la biomasse seche des tiges annuelles.

(Un index de corrélation élevé a été obtenu par la parabole du deuxieme degré).

La courbe de régression de la premiere variante (ou le fond agrotechnique était le plus
élevé, ainsi la récolte était également plus importante) est inférieure par rapport a d’autres
variantes que dans le cas des variantes deux et trois. Ceci est dii au fait que la hausse de la
récolte a causé la baisse des matieres seches dans les organes de végétation, ce qui finalement

a influencé la productivité et la baisse de rendement la derniere année.

CONCLUSIONS

Les données obtenues prouvent que dans le cas du rendement faible I’importance de la
biomasse seche est apparente plus tard que dans le cas du rendement fort. De ce fait, on doit
considérer comme rendement optimal, comme nous 1’avons déja noté, 90 — 95 g/ha — le
cépage Rkatsitéli et 115 — 120 g/ha — le cépage Tchinuri.

Un des parametres principaux déterminant la force de la croissance - évolution de la
vigne, pouvant étre utilisé en tant qu’un certain indicateur — c’est I'intensité de la tige et le
degré de son miirissement. Nous avons constaté sa longueur optimal dans le cas du cépage de
Rkatsitéli a 1,5 — 1,6 metres et celui du cépage Tchunuri — 1,8 — 2,0 metres. 1l a été étudié
d’autres parametres du rendement pour 1’obtention d’une récolte réglementée, donc
programmée: nombre de grappes, poids moyen de la grappe etc.

Le volume de I’appareil d’assimilation (largeur de la feuille) est un des parametres
pouvant servir a réguler la récolte programmée [ Amirjanov, 1980].

Le modele obtenu par nous permet de déterminer a n’importe quel moment le taux de
croissance de la biomasse ainsi que d’autres valeurs déterminant le processus de la formation
de la récolte. Dans le cas du besoin ce modele nous permet d’effectuer des corrections
correspondantes.

La programmation de la récolte est étudiée comme un complexe de systemes dont le
modele conceptuel est le suivant: la plante — les ressources éacologiques — 1’agrotechnologie

[Tourmanidzé, 2003].
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Abstract. This study was carried out in the hydroponic system available at the Grapevine
Production Building of Ege University, Faculty of Agriculture, Department of Horticulture in
2007-2008. As the standard plant material, articles of Alfonse Lavallee were grafted with
5BB (V. berlandieri x V. Riparia), SO4 (V. berlandieri x V. Riparia), 1613 Paulsen (V.
berlandieri x V. Rupestris), cuts of Fercal American grapevine rootstock by using omega
grafting. Rootless and grafted Grapevine saplings which have completed callus development
were used in the study. Two different aggregate medium; pressed agricultural rock wool and
kukupit were used with soil mortar mixture as the control. Each of polystyrene flume type
pots in the hydroponic system has a capacity of 20 saplings and the experiment was set to
furnish 3 repeats for each medium. Nutrition solution was given to the system at constant
intervals. Parameters regarding sapling performance percentages of grafted grapevine
saplings, root lengths suggesting the sapling quality, wet shoot weight and wet root weight
were analyzed.

In the study it was determined that rock wool (72.333 a) and kukupit (66.875 a) have
produced better results in the aspect of sapling rooting performances when compared to the
control (51.429 b). Agricultural rock wool gave the best results by 0.899 a for wet root weight
in grafted grapevine saplings. In the study, effects of different rooting environments on root
lengths and wet sucker lengths were found to be insignificant. As structures of both rooting
environments allow plating of the grafted root grapevine saplings in the soil without removing
them from the tube material and as agricultural rock wool and kukupit mediums are easy and
cheap to make and due to their success in rooting performance, they were rendered to be
alternative rooting environments for sapling producers.

Key words: grapevine, hydroponic, tube sapling, omega graft, kukupit
EFFETTI DI DIVERSE CULTURE MEDIA ESEGUE IL STEM

Riassunto. Questa ricerca, nel 2007-2008, il Dipartimento di Orticoltura, Facolta Ege
University of Agriculture, appartenente al palazzo situato a vite di produzione di piante nel
sistema idroponico sono state effettuate. Vitigni di materiale vegetale, come una penna
standard con il Alfons Lavallee'e, SBB (V. berlandieri x V. Riparia), SO4 (V. berlandieri x V.
Riparia), 1613 Paulsen (V. berlandieri x V. Rupestris), Fercal portinnesti di viti americane
appartenenti alla acciai, sono stati immunizzati con vaccino omega. Callo ha completato lo
sviluppo di piante di vite senza radici sono stati utilizzati durante 1'esperimento. Due diversi
mezzi di comunicazione globale; premuto per il controllo dei terreni agricoli con lana di
roccia e kukupit mix di mortaio ¢ utilizzato. Sistema idroponico contenuti in ciascun piatto di
canali in polistirene ha una capacita di 20 piante e di ogni esperimento ambiente deve essere
stabilita con 3 repliche. Soluzione nutritiva ¢ stata data al sistema a intervalli regolari. La
percentuale di rendimento vivaio vite innestate, che rivela la qualita delle piantine e lunghezza



della radice, spara peso e l'eta del parametro eta ¢ correlata alla radice il peso sono stati
esaminati.

Studio sistema idroponica nel medio radicazione come lana di roccia agricole (72.333
a) kukupit (66.875 a), della vite innestate di radicamento efficienza in termini di controllo
(51.429 b) di un ottimo risultato era stato identificato. Peso rock agricolo di lana delle radici
della vite innestate nella 0.899 ha dato 1 migliori risultati con un. Utilizzato nello studio dei
diversi mezzi di comunicazione radicamento della lunghezza della vite innestate radice e 1'eta
non sono stati effetti significativi sulla lunghezza sparare. Entrambi i materiali di radicamento
tubo medio rimosso da innesti sospensione radicale del suolo di impianto per permettere la
struttura, e che la fattoria con lana di roccia kukupit radicamento ambienti dalla convenienza
ed economicita, efficienza radicamento sia successo perché i produttori di piantine una
alternativa radicamento mezzo potrebbe essere concluso.

Parole chiave: vite, idroponica, alberelli scuba, il vaccino omega, kukupit
INTRODUCTION

Most of the vine yards in our country are contaminated by phylloxera (Viteus vitifolii)
and nematods. Thus, American grapevine rootstocks should be used at fields of domestic
viticulture and when establishing new vineyard facilities (KISMALI, 1978). There are some
insufficiencies in renewal of old vineyards and supplying grafted grapevine saplings required
at new vineyard facilities. Grapevine requirement of our country has been determined to be 8-
10 millions per year, however our grafted grapevine sapling production can only supply 20-25
% of this demand. In order to meet the sapling deficit in out country both new sapling
facilities and new applications enhancing grafted sapling performances are required (ILGIN,
AKMAN, KACAR, 1990).

From commercial viticulture perspective, grafting on a proper rootstock is a standard
vineyard practice in most parts of the world. The majority of commercial plantations presently
evade direct planting of selected grape varieties due to susceptibility of cultivated varieties to
pests, i.e. microbes, mites, insects, nematodes and more importantly Phylloxera, leading to
decline. The key for successful commercial cultivation is to focus on accessibility to suitable
rootstock planting materials in large numbers (M. ALIZADEH, et al., 2010).

2-5 % of production stage losses in grafted grapevine sapling production occurs during
grafting and 2-30 % of it occurs during germination. Furthermore, 20-72 % of losses occurs
during rooting at the nursery (KOCAMAZ, 1991). The structure of nursery soil and soil and
climate conditions during 2-3 weeks period following grafted cuttings greatly affect the
success of grafted grapevine sapling performance to be achieved. Harvesting losses are
significant besides losses incurring during the vegetation period. In recent years, hydroponic
systems are used at open fields and greenhouses in order to minimize nursery losses, to meet
the increasing grafted grapevine sapling demand, to produce more saplings per unit area, to
increase quality, to reduce cost and labor (SENGEL, 2005).

This study of rooting grafted grapevine saplings in different rooting environments was
carried out by using a hydroponic system at Grapevine Production Facility of Ege University,
Faculty of Agriculture, Department of Horticulture. In the study grafted grapevine saplings of
Alphonse Lavallée grape variety grafted by 5BB, SO4 1613 Paulsen, Fercal American
grapevine rootstocks were used as plat plant materials. Two different aggregate mediums,
cubic presses agricultural rock wool and kukupit which allow grafted rooted sapling to be
planted to the soil without removing it from the tube material after the rooting were used.



Thus, it is aimed to minimize losses which may occur during removal of the tube or nylon
material of the sapling. In the study, parameters regarding sapling performances of grafted
grapevine saplings in different rooting environments; root lengths suggesting the sapling
quality; wet sucker weight and wet root weight were analyzed and effectiveness of the
environments were suggested.

MATERIALS AND METHODS

This study was carried out at the Grapevine Production facility of Ege University,
Faculty of Agriculture, Department of Horticulture in 2007-2008. As the standard plant
material, articles of Alfonse Lavallee were grafted with 5BB, SO4, 1613 Paulsen, cuts of
Fercal American grapevine rootstock by using omega grafting (MAY, 1997; CELIK, ef al.,
2002). Grafted cuts completed their kallus development in germination chambers after
grafting. These grafted rootstocks were applied paraffin when exiting the germination
chamber. Rootless grafted grapevine saplings which have completed their kallus development
were planted in cubic pressed agricultural rock wool and kukupit as two different rooting
environments in the hydroponic system. For hydroponic cultivation, saplings in tubes and a
mixture of pearlite, soil, sand, sawdust and burnt farm manure in 15 cm x 25 cm black plastic
bags representing classical tubed sapling production as the control sample for alternative
rooting environments were used.

The hydroponic system used for the research have consisted of long flume type pots
made of polystyrene where nutrition solution is passed through and fed to the plants.
Dimensions of each polystyrene flume type pots available in this hydroponic system
consisting of circulation pumps and materials facilitating the circulation of the nutrition
solution are 12 cm x 113 cm with a depth of 20 cm. Each of the pots has a capacity of 20
saplings and the experiment was set to facilitate three repetitions for each environment. The
drainage system consist of pipes which collect the nutrition solution drained from pots via
flumes and carry it back to the tank and pipes transferring the fresh nutrition solution to
saplings. The formulation of nutrition solution fed to grafted grapevines is given in Table 1.
Optimum conditions for perennial plants were considered for preparation of the nutrition
solution (ADAMOVA, 1978; BONDARENKO, et al.,1979).

Table 1. Nutrition solution content fed to tube grapevine saplings

Nutrition element Dosage (mg/L) Chemical source Required amounts for 1
ton of water
N 90 Nitric Acit (% 55) 200 ml HNO;
P 45 MAP (% 6]31)P205, % 12 169 gr
KNO; (% 13 N, % 46
K 110 K50, % 38 K) 288 gr
Ca - - -
Mg 45 MgS0,.7H,0 (% 10Mg) 450 gr
Fe 2 Sequestrene (% 6 Fe) 33,3 gr
Mn 1 MnSO,.H,0 3,073 gr
Zn 0,75 ZnS0O,4.7H,0O 3,312 gr
Cu 0,25 CuS04.5H,0 0,982 gr
B 0,3 H;BO; 1,691 gr
Mo 0,02 (NH4)6MO7024.4 Hzo 0,037 ar

- Stock solutions were prepared by using pure water in final volume of 10 L.
- Solution was applied to the saplings by adding 1 L of solution mixture to 100 L of tap water.



In the study, parameters suggesting sapling performances and sapling quality of
grafted American grapevine saplings in different rooting environments within the hydroponic
system.

The sapling performance was calculated by dividing the number of saplings obtained
after the harvest having healthy root and sucker systems to total number of grafted American
grapevine rootstocks plated in each environments and multiplying the result by 100.

The wet root weight (g) and wet sucker weight (g), root lengths (cm) which suggest
sapling quality of grafted American grapevine rootstocks were measured.

a. Wet root weight (g): Roots grown on the grafted grapevine sapling in each repetition
were cut and weighed. Then total of root weights in each repetition was divided by
number of saplings to achieve the average root weight per sapling.

b. Wet shoot weight (g): Wet shoot grown on grafted grapevine rootstocks in each
repetition were weighed. Then total of sucker weights in each repetition was divided
by number of saplings to achieve the average sucker weight per sapling.

c. Root lengths (cm): Grown root lengths were measured and recorded for each plant
individually. The longest 3 roots were measured and their average is given for the
roots.

The experiment was conducted as per random parcel experiment pattern in 3 repetitions
and 20 grafted grapevine sapling were included in each repetition. Data obtained from the
experiment subjected to variance analysis by using SPSS (SPS Inc., USA) software, and
separate averages differences for each type were determined by LSD test.

RESULTS AND DISCUSSION

In this study, the performances of grape saplings grafted by omega graft on desk by
using bars belonging to SBB, SO4, 1613 Paulsen and Fercal American grape-vine rootstock
through belonging to Alfonse Lavallée are examined. Pressed agricultural rock wool and
kukupit used as rooting medium and soil mortar is used for control. When results obtained
from the experience at the end of two years, it is determined that 4 different American grape-
vine rootstocks created statistically meaningful difference in hidroponic system in terms of
sapling performances (Table 2).

Table 2. 4 sapling performance of different American grape-vine rootstock

Rootstocks Sapling performance (%)
SO4 73.529 a
Fercal 66.944 ab
5BB 60.889 b
1613 Paulsen 54.375¢
LSDrootstocks 13.313

In the study, saplings grafted by SO4 grape-vine rootstock has taken place in first
statistical class with 73.529 a sapling performance. In terms of sapling performance, amongst
other American grape-vine rootstocks, Fercal obtained 66.944 ab, 5BB; 60.889 b and 1613
Paulsen 54.375 ¢ values respectively (Table 2).

ligm et al., (1990) determined that rootstocks showed important effects on differences
of sapling performances, first class sapling performances, and rooting characteristics, in their
study they carried out for determining species/rootstock combinations in grafted grape sapling
cultivation.  Also, they determined that species/rootstock combinations have important



effects on differences between total sapling and first class sapling performances. Especially,
they indicated that sapling performances in Rupestris du Lot (52.8 %), 1613 (51.5 %) ve 110R
(41.2 %) grape-vine rootstocks is more important when compared to others [Ramsey (29.8 %)
ve 5SBB (29.2 %)].

Celik et al., (1992) examined sapling performances by grafting Cardinal, Alphonse
Lavallée and Semillon species on desk and plantation conditions over 5SBB, 1103P ve SO4
rootstocks. It is stated that sapling performance of the bars grafted on desk (in
species/rootstock combinations) is 39, 09 % - 23, 51 %.

It is stated that agricultural rock wools and kukupit rooting medium gave better results
than controls when examined in terms of effects of two different rooting combinations on
sapling performances of grafted grape saplings (Table 3).

Table 3. Effect of different rooting medium on sapling performance

MEDIUM Sapling performance (%)
Agricultural rock wools 72.333 a

Kukupit 66.875 a

Control 51.429b

LSD nedium 15.407

Parameters presenting sapling quality of different American grape-vine rootstocks on
grafted grape-vine rootstocks are evaluated for rootstocks in Table 4.

Table 4. Evaluation of the rootstocks in terms of sapling quality parameters

Rootstocks Root Length (cm) Wet Root Weight (g) Wet Shoot Weight (g)
SO, 19.397b 0.660 ¢ 7.162 a

Fercal 20.133 b 0.752 b 6.757 a

5BB 25326 a 0.769 b 4.784 ¢

1613 Paulsen 17.236 be 0.852 a 5.854b
LSD,otst0cks 2.241 0.058 0.575

5BB is determined to be taking place in the first statistical group with 25.326 a root
length parameter in term of sapling quality. SO4 and Fercal are determined to be taking place
in the same group in root length and wet shoot weight parameters. It is determined that 1613
Paulsen (0.852 a) gave the best result in terms of wet root weight parameters of grafted
saplings, and followed by 5SBB 0,769 b and Fercal 0,752 b.

Celik et al., (1992) examined sapling performances of American grape-vine rootstocks
after omega graft. They found that shoot development level changed between 3,11-2,74, root
development level between 3,35-2,16, and the number of root thicker than 2 mm between
7,45-5,87 pieces. Also, they determined that simple effect of rootstocks and species created
important differences in terms of these criteria. Generally, it is determined that 1103P
rootstock gives the best results in terms of sapling performance (38,1 %) and shoot
development level (2,99) while 5BB rootstock gave the best results in terms of root
development level (3,21) and shoot length, however, SO4 rootstock gave the best averages in
terms of root number (6,97 pieces).

In Table 5, parameters presenting sapling quality of different rooting milieus in
grafted grape-vine rootstocks in hidroponic system are shown. It is determined that
agricultural rock wool and kukupit from different rooting medium used in terms of root length
and wet shoot weight gave the same result with soil-mortar mixture used as control. It is
determined that medium used didn’t give rise to a statistical importance on root length and
wet shoot weight parameters and all had the same activity.



In the study, it is determined that grafted tube grape-vine saplings constituted control
group consisting of kukupit with 1% class 0,899 a, agricultural rock wool with 2™ class 0,786
b value, and 3" class 0,590 ¢ for wet root weight parameter. According to study findings,
kukupit and agricultural rock wool were determined to be materials that can be used in lieu of
soil mortar, classical rooting milieu, for rooting grafted grape-vine saplings.

Table 5. Evaluation of different rooting milieus in terms of sapling quality

Medium Root Length Wet Root Weight (g) Wet Shoot Weight (g)
(cm)

Agricultural rock wools 20.492 0.786 b 6.305

Kukupit 20.513 0.899 a 6.042

Control 20.564 0.590 ¢ 6.071

LSD ,,.cqium ns 0.038 ns

In agricultural rock wool, owing to the fact that water holding capacity and aeration
capacity are high and that any situation preventing root development is not encountered,
considerably high wet root weight (0,786 b) occurred. It can be successfully used as rooting
milieu because of its easiness and cheapness in its supply and also its success in wet root
weight (Table 5).

Both different rooting materials used in the study are found to be admissible as an
alternative allowing planting the grafted sapling directly to the soil in tube sapling production.
It is of the opinion that agricultural rock wool and kukupit milieus can be an alternative
production method for sapling cultivators because of their cheapness.
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ABSTRACT

Die zunehmende Knappheit fossiler Brennstoffe und der daraus resultierende Preisanstieg
fiir die daraus gewonnene Energie macht den Einsatz alternativer Energieformen im Weinbau
immer interessanter. So besteht z. B: mit der thermischen Verwertung energiehaltiger
Reststoffe wie Trester und Rebholz die Moglichkeit, CO2-neutrale Energietriger kosten- und
umweltorientiert zu verwerten. Zugleich hat die Rebholzentfernung aus dem Weinberg auch
eine wichtige phytosanitire Bedeutung, denn Krankheiten wie Esca konnen bisweilen nur
durch Entfernen befallenen Holzes bekdmpft werden. Weitere Moglichkeiten der
Energiegewinnung bestehen durch die Brachfldchenbewirtschaftung, die mit Energiepflanzen
bestellt werden konnten sowie durch den Einsatz von Photovoltaik und Geothermie.

Den Moglichkeiten der Energiegewinnung steht der Primédrenergieverbrauch zur Produktion
einer Flasche Wein gegeniiber, von der Anlage des Weinbergs bis zur Auslieferung des
Produktes. Die Aufschliisselung des Energiebedarfs der einzelnen Produktionsschritte zeigt
auch hier Einsparpotentiale. In der Summe bieten Energieeinsparung und Energiegewinnung
die Moglichkeit, die Produktionskosten einer Flasche Wein deutlich zu senken.

ABSTRACT

La hausse des prix de 1"énergie résultant du manque croissant de combustibles fossiles rend
l'application de formes d'énergie alternatives de plus en plus intéressante pour la viticulture.
Ainsi, par exemple, il est possible de mettre en valeur des résidus a haut pouvoir énergétique
comme le marc et le bois de vigne par une valorisation thermique neutre en CO2, économique
et tournée vers l'environnement. En méme temps, la sortie des bois du vignoble apres la taille
présente aussi un intérét phytosanitaire important, car des maladies du bois comme 1'Esca ne
peuvent étre combattues jusqu’a présent que par une élimination du bois atteint. D'autres
possibilités pour la production d'énergie se présentent par l'exploitation de terres en jachere
qui pourraient €tre plantées avec des plantes énergétiques ainsi que par la mise en place de
systémes photovoltaiques et de géothermie.

Face aux possibilités de production d'énergie, il faut considérer la consommation d'énergie
primaire liée a la production d'une bouteille de vin, depuis l'installation du vignoble jusqu'a la
livraison du produit. L'étude des besoins énergétiques des différentes étapes de production
montre des potentiels d'économie. Sur le bilan, les possibilités d'économie d'énergie et de
production d'énergie permettraient d'abaisser clairement les colts énergétiques liés a la
production d'une bouteille de vin.

EINFUHRUNG

Auf dem Weg zu einer nachhaltigen Energieversorgung kommt der Nutzung erneuerbarer
Energie eine zentrale Bedeutung zu. Die Endlichkeit fossiler Rohstoffe gebietet es, wo immer
sinnvoll moglich, auf nachwachsende Rohstoffe zuriickzugreifen.

»Mit dem starken Wachstum der Weltbevolkerung wird der Energiebedarf bis zum Jahre
2020 voraussichtlich um fast 40% steigen. Wéhrend der nédchsten 50 Jahre wird sogar mit
einer Verdreifachung des Energieverbrauchs gerechnet. (...) Geologen gehen davon aus, dass
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Erdol bei gleich bleibendem Anteil am gesamten Energieverbrauch nur noch fiir ca. weitere
20 Jahre verfligbar sein wird. Erdgas wird unter derselben Voraussetzung noch ungefihr 40
Jahre zur Verfiigung stehen (Bioconinvest, 2006).

Die energetische Verwendung des jéhrlichen Winterschnittholzes stellt fiir Weinbaubetriebe
durchaus eine Strategie zur Befreiung aus der Abhingigkeit von Ol und Gas und deren Kosten
dar. Es stellt sich aber die Frage inwieweit mit dem Rebholz ein wichtiger Humus- und
Néhrstofflieferant verloren geht.

Nach dem Rebschnitt fallen je Hektar Ertragsrebfliche bei 4000 bis 5000 Stock pro Hektar
etwa 2000 bis 2600 kg nicht zum Anschnitt bendtigtes Rebholz an. Der Wassergehalt von
frischem Rebholz liegt bei rund 45 %, weshalb eine Lagerung mit Trocknung notwendig ist.
Im lufttrockenen Zustand liegt der Wassergehalt lediglich bei ca. 15 % (1400 bis 1800 kg/ha
lufttrockenes Rebholz).

DIE TECHNIK DER ENERGETISCHEN REBHOLZVERWERTUNG

Zur Zeit stehen drei Maschinen von drei verschiedenen Herstellern mit zwei
unterschiedlichen Arbeitsweisen zur Rebholzaufbereitung zur Verfiigung.

Das Prinzip der Rebholzballenpresse basiert auf der Funktionsweise der im Ackerbau seit
Jahrzehnten  bewihrten  Strohrundballenpressen. Die  Rebholzrundballenpresse  ist
zapfwellengetrieben und wird am Schlepperheck angebaut. Die Gerite sind in zwei
unterschiedlichen Arbeitsbreiten (0,93 m und 1,23 m) lieferbar, das Gewicht liegt je nach
Ausstattung bei 480 bis 550 kg. Die Presse hat eine feste, geschlossene Ballenkammer, d.h.
die BallengréBe von 60 cm Lénge und 40 cm Durchmesser kann nicht variiert werden. Das
Ballengewicht schwankt in Abhédngigkeit von der Holzfeuchte und der Pressdichte zwischen
15 und 30 kg (Frischgewicht, ca. 100 bis 120 Ballen pro Hektar). Optional wird eine
Aufnahmevorrichtung angeboten, die bis zu sechs Rebholzballen fasst. Die Rebholzballen
werden wie Stiickholz zur Trocknung im Freien abgedeckt gelagert.

Eine weitere Variante der Rebholzbergung stellen die Rebholzhicksler mit
Sammelvorrichtung dar. Das Rebholz wird durch eine Pickup vom Boden aufgenommen,
anschlieBend wird das Holz wie bei einem Schlegelmulcher zerkleinert und in einem
Behiltnis gesammelt. Die Gerdte sind zapfwellengetrieben und werden ebenso am
Schlepperheck angebaut. Die Hécksler sind in vier unterschiedlichen Arbeitsbreiten (1,00 m
bis 1,80 m) erhéltlich, das Gewicht liegt zwischen 900 und 1400 kg.

Als Sammelvorrichtung werden Bunkerldsungen angeboten, dabei muss das Héckselgut in
einem entsprechenden Lagerraum getrocknet werden. Eine Alternative bieten luftdurchléssige
Big Bags, in denen das gehickselte Rebholz im Weinberg gesammelt und spéter gelagert
werden kann.

Bei allen Maschinen zur Rebholzbergung entspricht die Arbeitsgeschwindigkeit etwa der
eines konventionellen Rebholzhédckslers. Die Rebholzballen konnen entweder in einem
entsprechenden  Feststoffbrennkessel oder nach weiterer Aufbereitung in einer
Hackschnitzelanlage verwertet werden. Das Héckselgut der Rebholzhicksler kann
unverdndert in einer Hackschnitzelanlage verfeuert werden.

ENERGIEGEHALT UND BEWERTUNG

Um die Wirtschaftlichkeit der Verwertung von Rebholz beurteilen zu kdnnen, muss dessen
Energiegehalt ermittelt werden, damit ein Vergleich mit den alternativen Brennstoffen
moglich ist. Rebholz hat im absolut trockenen Zustand (Wassergehalt 0 %) einen
durchschnittlichen Heizwert von ca. 4,95 kWh/kg. Bei luftgetrocknetem Rebholz muss bei der
Verbrennung jedoch zuerst das darin enthaltene Wasser verdampft werden. Die dazu



benotigte Energie betrigt 0,68 kWh/kg Wasser (Verdampfungswérme). Zieht man die fiir das
Verdampfen des Wassers bendtigte Energie von der in der verbleibenden Trockenmasse
enthaltenen Energie ab, errechnet sich der tatsdchliche Heizwert.

Heizwert der Trockenmasse — Verdampfungswiarme des Wasseranteils = Heizwert
Beispiel: Rebholz mit 15 % Wassergehalt
(85 % x 4,95 kWh) — (15 % x 0,68 kWh) = 4,1 kWh/kg

Bei 1400 bis 1800 kg lufttrockenem Rebholz pro Hektar ergibt sich ein Energiewert von ca.
5700 bis 7400 kWh/ha. Verglichen mit Heizol (Heizwert: 10 kWh/I) ergibt sich ein
Heizdlaquivalent von rund 570 bis 740 Liter Heizol pro Hektar. Ein Raummeter Buchen- oder
Eichenholz hat bei einem Wassergehalt von 20 % einen Energiegehalt von rund 1900 kWh.
Somit entspricht im Vergleich mit Hartholz der Energiegehalt des Rebholzes ca. 3 bis 3,9
Raummeter je Hektar Ertragsrebflédche.

Eine exakte Wirtschaftlichkeitsberechnung ist aufgrund stark schwankender Energiepreise
schwierig. Bei einem angenommenen Heizblpreis von 75 ct/l ergeben sich fiir ein Hektar
Ertragsrebfliche dquivalente Heizwertkosten von ungefahr 430 bis 560 €.

Durch die Entfernung des Rebholzes geht dem Boden ein wichtiger Teil an organischer
Substanz verloren. Um diesen Verlust zu bestimmen und ersetzen zu konnen ist eine
Humusbilanzierung unerldsslich. Eine solche Bilanz zeigt, dass bei einer konventionellen
Bewirtschaftung ohne Rebholzentfernung die Humusbilanz mit einem Saldo von — 1,040 t/ha
Humus nicht ausgeglichen ist. Um einen nachhaltigen Weinbau zu betreiben, sollte dieser
Verlust ohnehin ausgeglichen werden. Wird zusétzlich das Rebholz aus dem Weinberg
entfernt, verschiebt sich das Saldo um weitere 0,260 t/ha Humus ins Negative auf — 1,3 t/ha
Humus. Um diesen Verlust auszugleichen wiére z.B. eine jéhrliche Ausbringung von 6 t
Stallmist und 3 t Stroh (jeweils Trockenmasse) moglich. Um lediglich den Humusverlust von
0,260 t/ha durch die Rebholzentfernung auszugleichen, wére eine jahrliche Zufuhr von z.B. 2
t/ha Stallmist oder 2 t/ha Stroh (jeweils Trockenmasse) mdglich.

Bei der Verbrennung von Rebholz entsteht durchschnittlich ein Ascheanteil von 3,5 %
bezogen auf die absolut trockene Masse. In dieser Asche bleiben bis auf den Stickstoff alle
Niéhrstoffe, die im Rebholz enthalten sind, erhalten. Wird davon ausgegangen, dass die Asche
verkompostiert und wieder im Weinberg ausgebracht wird, ist lediglich der Verlust an
Stickstoff zu beriicksichtigen.

Um den Humus- und Stickstoffverlust zu ersetzen werden inkl. Arbeitsaufwand Kosten von
rund 100 €/ha veranschlagt. Geht man von einer jihrlichen Festkostenbelastung durch die
Anschaffung einer Rebholzsammelmaschine von 1550 € aus (A = 15.000 €, Zins = 5 %, Afa
12 Jahre), entstehen bei einer Flachenleistung von 50 ha je Jahr Kosten von rund 31 €/ha
zuziiglich variable (Material-) Kosten von 25 €/ha.

Beriicksichtigt man weiterhin pauschale Kosten fiir Transport und Lagerung in Hohe von 30
€/ha ergeben sich Gesamtkosten von 186 €/ha. Daraus ergibt sich ein Energiepreis von 2,5 bis
3,3 ct/kWh oder ein vergleichbarer Heizolpreis von 25 bis 33 ct/l. Anhand der obigen
Ausflihrungen ldsst sich erkennen, dass die energetische Rebholzverwertung fiir
Weinbaubetriebe lohnenswert sein kann.

TRESTER

Eine weitere Mdoglichkeit ist die thermische Nutzung des bei der Weinproduktion
anfallenden Traubentresters. Dieser wird getrocknet und anschlieBend zu Pellets gepresst. Die
Tresterpellets konnen dann dhnlich den Holzpellets zum Heizen in Feststoffbrennanlagen



eingesetzt werden. Der Heizwert von Tresterpellets betrdgt 20,8 MJ/kg, der von Holzpellets
(DIN plus) betrdgt hingegen nur unter 18 MJ/Kg.(Quelle: RLP AgroScience). Tresterpellets
konnen nicht nur in groBen Heizkraftwerken verarbeitet werden, sondern es besteht auch die
Moglichkeit, diese in kleineren Anlagen zu nutzen. Hierbei werden die Tresterpellets in einem
Feststoffbrennraum verbrannte. Die anfallende Wérme kann auf zweierlei Arten genutzt
werden. Zum Einen wird eine Gasturbine angetrieben, welche elektrischen Strom produziert,
zum Anderen kann anfallende Warme als Prozesswarmen zum Heizen, oder unter Nutzung
einer Absorbtionskilteanlage zum Kiihlen genutzt werden.

Unter 6konomischen Gesichtspunkten kann eine Anlage zur Produktion von Tresterpellets
und deren Umwandlung in Strom und Wirme durchaus sinnvoll sein. Hierbei ist das
Hauptaugenmerk auf die richtige Dimensionierung der Anlage zu richten, so dass zum Einen
die Produktionsmittel optimal genutzt werden konnen, zum Anderen die Produkte Strom und
Wirme zu jedem Zeitpunkt einen Abnehmer finden. Hierbei ist meist die nutzbare
Wiérmemenge, oder den Zeitpunkt zu welchem diese bereitgestellt werden kann der
begrenzende Faktor.

GEOTHERMIE

Die Geothermie erfiillt die Kriterien der Nachhaltigkeit und gehort somit zu den
regenerativen Energiequellen, ihr Potenzial ist nach menschlichem Ermessen nahezu
unerschopflich.

,» Theoretisch wiirde allein die in den oberen 3 Kilometer der Erdkruste gespeicherte Energie
ausreichen, um die Welt fiir etwa 100.000 Jahre mit Energie zu versorgen® (Lund, 2005).

Geothermische Energie, auch als Erdwidrme bezeichne, ist die in Form von Wéirme
gespeicherte Energie unterhalb der Erdoberfliche. Im Erdinneren sind immense
Wirmemengen gespeichert, deren Ursprung groftenteils in der Zerfallsenergie natiirlich
radioaktiver Isotope liegt, die zum Teil aber auch in Form von Restwidrme aus der Zeit der
Erdentstehung vorliegt. Ganz oberflichennah kommen Anteile aus der Sonneneinstrahlung

auf die Erdoberfliche und aus dem Wérmekontakt mit der Luft dazu. So sind nach heutigen
Kenntnissen im Erdkern Temperaturen von tiber 6000 °C, im oberen Erdmantel noch ca. 1300
°C anzunehmen.
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Abbildung 1: Darstellung der Nutzung von Erdwarme (Schweizerische Vereinigung fiir
Geothermie, Geothermie - Info, 2001)
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,Der geothermische Wéarmestrom durch die Erdoberfliche betrégt {iber 40 Milliarden kW.
Im Schnitt nimmt die Temperatur ab Erdoberfldche pro 100 m Tiefe um etwa 3 °C zu, was
einem normalen geothermischen Tiefengradient entspricht. Vielerorts auf der Welt jedoch
finden sich sogenannte Wérmeanomalien, das bedeutet, Gebiete mit wesentlich hdheren
Temperaturgradienten.” (Schweizerische Vereinigung fiir Geothermie, 2007).

Betrigt die Temperatur der geothermischen Warmequelle weniger als 100 °C, so wird der
Wirmeinhalt des geothermischen Fluids mittels eines Warmetauschers an einen Heizkreislauf
abgegeben. Betridgt die Temperatur der geothermischen Warmequelle tiber 150 °C, so ist eine
Umwandlung der Warme, mittels Turbine und Generator, in Elektrizitdt rentabler.

Da die eigentliche Energie, die Geothermie kostenlos ist, wird die Wirtschaftlichkeit einer
Geothermienutzung, neben den vorliegenden geologischen Verhéltnissen im Untergrund, vor
allem durch die Investitions- und Unterhaltskosten der Anlagen bestimmt.

SONNENENERGIE

Als Sonnenenergie oder Solarenergie bezeichnet man die von der Sonne durch Kernfusion
erzeugte Energie, die in Teilen als elektromagnetische Strahlung (Strahlungsenergie) zur Erde
gelangt.

Diese Energiemenge entspricht etwa dem 10.000 fachen des Weltprimérenergiebedarfs. Die
Sonneneinstrahlung stellt somit eine unerschopfliche Energiequelle dar. Ein grofler Teil der
eingestrahlten Energie wird direkt reflektiert oder indirekt als Wirmestrahlung wieder
abgestrahlt.

Ein Teil der direkt und diffus bis zur Erdoberflidche strahlenden Energie kann durch direkte
Umwandlung in Strom (Photovoltaik) oder Warme (Solarthermie) genutzt werden.

WINDENERGIE

Bei der Windenergie handelt es sich um die kinetische Energie der bewegten Luftmassen
der Atmosphire.

Durch die entstehenden Temperatur- und damit auch Druckunterschiede geraten die
Luftmassen zwischen der Zone um den Aquator und den Polen, als auch zwischen der Tag-
und der Nachtseite der Erde, in Bewegung. Die Rotation der Erde trigt ebenfalls zur
Verwirbelung der Luftmassen bei, ebenso die Schiefstellung der Rotationsachse der Erde zur
Ebene, die die Erdbahn durch das Umkreisen der Sonne bildet, fiihrt zu jahreszeitlichen

Luftstromungen. Sie ist eine indirekte Form der Sonnenenergie und zdhlt deshalb zu den
erneuerbaren Energien.

Eine sinnvolle Nutzung beginnt, bei dem derzeitigen Stand der Technik, bei mittleren
Windgeschwindigkeiten von vier bis fiinf Metern pro Sekunde. Bei kleineren Werten ist das
Energieangebot zu gering, als dass sich eine Nutzung lohnen wiirde. Aber nicht nur die
durchschnittliche Windgeschwindigkeit ist ausschlaggebend, sonder auch deren jdhrliche
Verteilung.

FAZIT

Die rdaumlich verteilte, nicht kontinuierlich anfallende Biomasse mit unterschiedlicher
Qualitdt und Quantitdt, trifft auf eine Energienachfrage, die dezentralisiert ist, genaue
Qualitdtsanforderungen stellt und in spezifischen Tages- und Nachtrhythmen nachgefragt
wird. Besonders wichtig erscheint hier, dass Biomasseanfall und die Energienachfrage nicht
synchron sind. Abgeleitet von der Prozesskette der Biomassenutzung ergeben sich
Informationsbediirfnisse iiber die Produktion von Biomasse, zu deren Transporten, Lagerung
und Aufbereitung bis zur Energieumwandlung und — bereitstellung. So sind fiir alle Bereiche
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der Industrie, Wirtschaft und der Allgemeinheit Energiebedarfszenarien, - bilanzen und —
bereitstellungspotentiale zu bilden und zu ermitteln. Zunichst wird der aktuelle Energiebedarf
eines Betriebes erfasst und je nach Bereich dargestellt. Anschlieend soll untersucht werden,
in welchem Umfang eine Umstellung auf erneuerbare Energietriger realisierbar ist. Kommen
mehrere Energietrdger oder Kombinationen von mehreren in Frage, wird die optimale
Variante nach Mdglichkeit berechnet. Am Ende soll der Betrieb in der Lage sein, seine eigens
benotigte Energie selbst und umweltbewusst bereit zu stellen und gegebenenfalls
Energieiiberschuss abzugeben.

Literatur: Auf Anfrage
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RESUMEN - Con el objetivo de reducir las pérdidas de uvas de mesa poscosecha por la
desgrana y incidencia de podridos de los cvs Centennial Seedless y Niagara Rosada, fueran
realizadas, en la campafia de 2007/2008, en vifiedos ubicados en los municipios de Jales,
Louveira, y Sdo Miguel Arcanjo, Brasil, experimentos empleadndose cuatro dosis de ANA 0,
50, 100 y 150 mg.L™, con o sin aplicacién de CaCl, en la dosis de 10 g.L™. Después de la
cosecha, fueran evaluadas la porcentaje de desgrana y de podridos, pH, contenido de sélidos
solubles (SS) y acidez titulable (AT) y después los racimos fueran almacenados bajo
condicion ambiente a 25°C/70%HR, por 3 dias, y refrigeracion a 1°C/85%UR, por 21 dias,
seguido de transferencia para condicion ambiente por mas 3 dias, siendo evaluadas después de
eses periodos las mismas variables. EI ANA fue eficiente en la reduccion de la desgrana y de
la incidencia de podridos en los racimos, principalmente después del almacenamiento de los
mismos bajo condicién ambiente, siendo la dosis de 150 mg.L™ la més efectiva.

Palabras clave: Vitis sp, desgrana, podridos de los racimos, ANA, CaCl,

Postharvest conservation of table grapes ‘Centennial Seedless’ and ‘Niagara Rosada’
with preharvest use of naphthalene acetic acid (NAA) and calcium chloride (CaCl,)

ABSTRACT - Main problems of table grapes losses for Centennial Seedless and Niagara
Rosada varieties have been happening due to postharvest by drop berries and rot. Aiming the
reduction of these losses, during the crop 2007/2008, trials were taken place in vineyards
localized at the cities of Jales, Louveira and S&o Miguel Arcanjo, Brazil, using four different
doses of NAA 0, 50, 100 e 150 mg.L™?, added or not with 10 g.L™ of CaCl,. After harvest,
were evaluated berry detachment and decay percentage, pH, soluble solids content (SS) and
titratable acidity (TA). After harvest, the clusters were storage at room conditions (25°C/70%
RH) during 3 days and under refrigeration at 1°C/85% RH for 21 days. After cold storage
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clusters were once again storage at room conditions during 3 days, being evaluated on the
parameters cited above after this period. NAA was efficient on drop berries and rot cluster
reduction, mainly after the storage at room temperature, being the dose of 150 mg.L™ the most
effective.

Key words: Vitis sp, drop berries, rot cluster, NAA, CaCl,

INTRODUCCION

El Estado de S&o Paulo, Brasil, es el mayor productor brasilefio de uva de mesa, con una
superficie de 9.514 hectareas, produccion de 177.934 toneladas y rendimiento promedio de
18.702 kg ha-1 (AGRIANUAL, 2010).

En los Gltimos afios tiene sido observado un descenso de la rentabilidad del cvs Centennial
Seedless y Niagara Rosada debido a desgrana y problemas de plagas en poscosecha. La
magnitud de estas pérdidas depende del cultivar y de las condiciones climéticas y
nutricionales en el que las uvas son producidas (SALUNKHE, DESAI, 1984), sin embargo,
estas pérdidas pueden reducirse al minimo mediante précticas culturales y el uso de técnicas
de manejo pre y poscosecha (CENCI, 1994).

Asociados con la refrigeracion, el uso de cloruro de calcio (CaCl,) y la auxina sintética
acido naftalenacetico (ANA) en pre o poscosecha, son dos técnicas que pueden retrasar la
maduracion de los frutos, y ya hay sido estudiados por varios autores, obteniéndose resultados
positivos para diversas variedades de uva en diferentes condiciones climaticas y de suelo
(CENCI, 1994; LIMA et al., 2002; BRACKMANN et al., 2002; MOURA et al., 2006;
BENATO et al., 2006; DANNER et al., 2008; TECCHIO et al., 2009).

CENCI, CHITARRA (1994) estudiaron el potencial de conservacion de la uva cv Niagara
Rosada cuando sometido a tratamientos de precosecha con ANA y CaCl, y concluyeran que
estos productos promovieran una reduccion en el porcentaje de desgrana. Por los resultados
obtenidos en este trabajo fue evidenciado la posibilidad del uso de CaCl, y ANA, a fin de
reducir la desgrana, habiendo, sin embargo, la necesidad de ajustar las dosis pues los autores
utilizaron solo las dosis de 10 g.L™ de CaCl, y 100 mg.L™* de ANA. Asociado al ajuste de la
dosis se encontrd en la literatura variaciones sobre el efecto de los reguladores vegetales
dependiendo de la region y de la variedad estudiada.

Este trabajo tuvo como objetivo evaluar los efectos de la aplicacion en precosecha del ANA
y CaCl; en la reduccion de las pérdidas poscosecha de las uvas cvs Centennial Seedless y
Niagara Rosada, derivados de la desgrana y de podridos, bien como estudiar sus efectos
sobre la caracteristicas fisicas y quimicas de los frutos después de un almacenamiento en
condiciones ambiente y de refrigeracion.

MATERIAL Y METODOS

Las aplicaciones de CaCl, y ANA en uvas cvs Centennial Seedless y Niagara Rosada se
celebraron en 2007 y 2008 en vifiedos ubicados en los municipios de Jales, Louveira y Sao
Miguel Arcanjo, Estado de S&o Paulo, Brasil. EI municipio de Jales esta ubicado a 20°
16'08"S. y 50°32'45"W., con una altitud de 483 m, medias anuales de 1.312 mm de lluvia, la
temperatura media de 23,6°C. Louveira situase a 23°05'11"S. y 46°57'02 "O., con una altitud
de 750 m, medias anuales de 1.400 mm de lluvia y la temperatura media de 19,5°C. Séo
Miguel Arcanjo se encuentra a 23°52'42"S. y 47°59'50 "O., con una altitud de 660 m,
precipitaciones medias de 1.396 mm de lluvia y la temperatura media de 20°C.



Para la variedad Centennial Seedless, en el municipio de Jales, el vifiedo seleccionado tenia
seis afos de edad, siendo las plantas sostenidas en el sistema de parral, con un espacio de 5,0
m x 3,0 m, injertadas en el patron IAC 572. En S8o Miguel Arcanjo, el vifiedo seleccionado
tenia cinco afios de edad, siendo las plantas también sostenidas en el sistema de parral,
espaciados 3,5 m x 3,5 m, injertadas en el patron 420 A. Para la variedad Niagara Rosada, en
Jales, el vifiedo tenia cinco afios de edad, siendo las plantas sostenidas en el sistema de parral,
a una distancia de 2,50 m x 2,00 m, injertados en el patron IAC 572. En los municipios de
Louveiray Sdo Miguel Arcanjo, los vifiedos seleccionados tenian seis afios de edad, siendo
las plantas sostenidas en el sistema de espaldera, espaciadas 2,00 m x 1,00 m, injertadas
sobre patron 106-8 Mgt. Se utiliz6 en todos los experimentos, el disefio experimental de
bloques al azar, dispuestos en factorial 4 x 2, con cinco repeticiones y parcelas experimentales
constituidas por 9 racimos seleccionados en cada planta. Asi, en cada experimento, los
tratamientos fueran representados por cuatro dosis de ANA a 0, 50, 100 y 150 mg.L™,
aplicados un dia antes de la cosecha, con o sin la aplicacién de CaCl, a 10 g.L™, en el envero.
Las aplicaciones del ANA y CaCl, fueron realizadas por medio de pulverizaciones
direccionadas a los racimos, afiadiéndose a la solucién el adyuvante IHARAGUEN-S © a
0,3%.

Después de la cosecha, los racimos de cada unidad experimental fueran separados en
submuestras de tres racimos, utilizadas para determinacion de las variables fisicas y quimicas.
Los analisis se realizaron en el dia de la cosecha de los racimos y después del periodo de
almacenamiento, bajo condicion ambiente (25+2°C/70+5%HR) durante tres dias, o bajo
refrigeracion (1+1°C/85+5%HR), donde permanecieron durante 21 dias y luego transferidos a
las condiciones ambientales, por més tres dias. Después de estos periodos, se determiné el
porcentaje de desgrana, la incidencia de podridos, los contenidos de sélidos solubles (SS), el
pH y la acidez titulable (AT).

Con los datos obtenidos se llevd a cabo inicialmente en el programa MINITAB la
normalidad de todas las variables, con el objetivo de determinar si los datos presentaban
distribucion normal. Los datos fueron sometidos a analisis de varianza, prueba de Tukey para
comparar el efecto del CaCl, y regresion polinomial para las dosis de ANA. Para los datos
expresados en porcentaje (desgrana y podridos), se utilizé la transformacion de los datos, por

la formula arc sen +/x/100 .

RESULTADOS Y DISCUSION

Para la variedad Centennial Seedless, en el experimento realizado en Jales, las dosis de
ANA mostraron un efecto de segundo grado con un méaximo de desgrana observado con 58
mg.L™ al 24 dias de almacenamiento (Fig.1). También hubo un efecto de segundo grado para
la incidencia de podridos, siendo la maxima observada con 62 mg.L™ al 24 dias de
almacenamiento (Fig.1).

En S&o Miguel Arcanjo, la porcentaje de desgrana y incidencia de podridos fueran
influenciadas significativamente por el tratamiento precosecha con CaCl,, siendo la primera
variable afectada en todas las evaluaciones y la segunda solamente al 4 dias (Tab.1).

La porcentaje de desgrana en los racimos tratados con CaCl, en precosecha fue mayor en
todas las evaluaciones y esto se debe a que la cosecha se lleva a cabo en un mes de
temperatura considerada alta. Los valores observados para esta variable hasta a 46% en los
racimos de la ultima evaluacion y a 36% en racimos no tratados (Tab.1).



Tab.1. Medias para la porcentaje de desgrana y incidencia de podridos en racimos de uva cv
Centennial Seedless en funcién de la aplicacién de CaCl, (10 g.L™?), Sdo Miguel Arcanjo-SP,
Brasil, 2007-2008.

Dosis CaCl, Desgrana (%0) Podridos (%0)
(g.Lh 4 21 26 4 21 26
0 270A | 300A | 36,0A | 250A | 29,0A | 420A
10 36,0B 36,0B | 460B | 300B | 31,0A | 530A

Andlisis 3 dias después de la cosecha y los racimos mantenidos almacenados bajo condiciones ambiente; 21 dias
almacenados a 1°C e HR = 95%; 24 dias, siendo 21 almacenados bajo refrigeracion y 3 bajo condiciones ambiente. Medias
seguidas de la misma letra, en la columna, non presentan diferencia significativa entre si (P < 0,05).

Para la variedad Niagara Rosada, en el experimento realizado en Jales, se encontrd que
después de 21 dias de almacenamiento en frio seguido de 3 dias a temperatura ambiente, la
aplicacion de ANA un dia antes de la cosecha ocasion6 una reduccién en el porcentaje de
desgrana en 56,2% con la dosis de 150 mg.L™ (Fig.1). No hubo influencia significativa de
ANA en la incidencia de podridos, tampoco de CaCl, (10 g.L™) en la incidencia de podridos y
desgrana (Tab.2).

Para las uvas de la region de Louveira, se encontr0 que después de 21 dias de
almacenamiento en frio seguidos de 3 dias a temperatura ambiente, utilizando 150 mg.L™ de
ANA un dia antes de la cosecha proporcion6 una disminucion en el porcentaje de desgrana de
11,7% para 3,4% (71,3%) (Fig.1). Cuanto a la incidencia de podridos, se constatd que la
aplicacion de ANA hasta la dosis de 93 mg.L™ provocé un aumento de 3,67% para 9,60%
después de 3 dias de almacenamiento bajo condicién ambiente (Fig.1).

Similar a los resultados obtenidos para las uvas cv Niagara Rosada provenientes de Jales, el
uso de CaCl, (10 g.L™Y) no mostré resultados significativos para desgrana y incidencia de
podridos en las uvas provenientes de Louveira y almacenadas en condiciones ambientales y
refrigeracion (Tab.2).

En relacion a la porcentaje de desgrana en uvas del cv Niagara Rosada cosechadas en Sao
Miguel Arcanjo, se encontr6 que a los 21 dias de almacenamiento refrigerado hubo reduccién
de 5,15% a 3,06% hasta la dosis de 79 mg.L™ de ANA. Ya a los 21 dias de almacenamiento
en frio seguido de 3 dias bajo temperatura ambiente, el uso de ANA hasta a la dosis de 68
mg.L™ proporciond reduccion de 8,74% para 5,26% (Fig.1). La aplicacion de ANA hasta la
dosis de 73 mg.L™ se redujo de 7,06% para 3,92% la incidencia de podridos a los 21+3 dias
de almacenamiento (Fig.1). El uso de CaCl, (10 g.L™") no influyé significativamente en la
incidencia de podridos y en la desgrana en las uvas almacenadas en condiciones ambientales y
de refrigeracion (Tab.2).

Los resultados obtenidos en el experimento realizado en Jales permitieron concluir que la
aplicacion del ANA, en precosecha, promovié aumento de la desgrana y de la incidencia de
podridos, mientras, en Sdo Miguel Arcanjo, la mayor desgrana y incidencia de podridos
fueran resultantes de la aplicacion del CacCls,.
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Fig.1. Efectos de la aplicacion del ANA en la porcentaje de desgrana (A) y de la interaccion entre ANA y CaCl, en la
incidencia de podridos (B) en la uva cv Centennial Seedless evaluada después de 24 dias, Jales, SP; porcentaje de desgrana
en racimos sometidos a dosis de ANA, después de 21 dias de almacenamiento refrigerado seguido de 3 dias en condicion
ambiente (C) y de la incidencia de podridos en racimos sometidos a dosis de ANA, después de 3 dias de almacenamiento en
condicion ambiente (D) en la uva cv Niagara Rosada, Louveira, SP; porcentaje de la desgrana (E) y incidencia de podridos
(F) en la uva cv Niagara Rosada sometida a dosis de ANA, después de 21 dias de almacenamiento refrigerado seguido de 3
dias en condicion ambiente, S8o Miguel Arcanjo, SP; porcentaje de desgrana en los racimos da uva cv Niagara Rosada
sometidos a dosis de ANA, después de 21 dias de almacenamiento refrigerado seguido de 3 dias en condicién ambiente,

Jales, SP (G). Brasil, 2007-2008.




Tab.2. Medias para porcentaje de desgrana y incidencia de podridos en racimos de uva cv
Niagara Rosada con y sin aplicacién de CaCl, a 10 g.L™ después del almacenamiento a
25°C/70%HR por 3 dias o bajo refrigeracion (1°C/ 85%HR) por 21 dias, seguido de mas 3
dias bajo condicion ambiente (21+3). Brasil, 2007-2008.

Dosis CaCl, Desgrana (%0) Podridos (%)
(gL 3 | 21 | 243 3 | 21 | 243
Jales - SP
0 1,07 A 0,82 A 2,81A 041 A 0,34 A 1,03 A
10 0,65 A 0,86 A 352 A 0,23 A 0,32A 153A
Louweira- SP
0 7,75 A 350 A 537A 7,67A 470 A 8,44 A
10 4,37 A 2,26 A 8,54 A 4,76 A 3,74 A 9,82 A
Sé&o Miguel Arcanjo - SP
0 1184 A | 418A 6,89 A | 10,23A | 4,08 A 596 A
10 10,84 A | 402A 6,42 A 711 A 359 A 582 A

Medias seguidas de la misma letra, en la columna, non presentan diferencia significativa entre si (P < 0,05).

El mayor problema de podrido poscosecha de uva se debe al hongo Botrytis cinerea,
mientras que la pérdida de agua representa el problema maés serio en la preservacion de su
vida poscosecha. Bajo estos aspectos, CENCI, CHITARRA (1994) demostraron que la
aplicacion de ANA combinado con CaCl, en precosecha de uva cv Niagara Rosada redujeran
la desgrana y la actividad de enzimas pécticas en comparacién con las uvas sin tratar.

BRACKMANN et al. (2001) reportaron que la aplicacion de CaCl, puede quitar la cera
natural de las bayas o causar dafio a las células epidérmicas, predisponiendo ellas a los
ataques de hongos, que pueden ser también tenidos en cuenta para el ANA ya que las
pulverizaciones se hicieron un dia antes de la cosecha.

MOURA et al. (2006) evaluaran la aplicacion de dosis crecientes de CaCl, (0, 5, 10, 15y 20
g.L™) en el envero de la cv Niagara Rosada, con y sin aplicacién del ANA (100 mg.L™ ) un
dia antes de la cosecha en la regién de Jales y encontraran que el uso del ANA fue eficaz para
reducir la desgrana y la incidencia de podridos después de un almacenamiento bajo
temperatura ambiente o bajo refrigeracion, seguido por un periodo de transferencia, que no se
observo cuando se us6 s6lo CaCl,. Estos resultados también fueron observados en un
experimento similar de BENATO et al. (2006), realizado en Jundiai, lo que demuestra la
eficiencia del uso del ANA.

Cuanto a las evaluaciones fisicas y quimicas, tanto para las uvas del cv Centennial Seedless
como para las uvas del cv Niagara Rosada, no hubo observadas alteraciones significativas en
los valores de pH, SS y de AT, mediante a los tratamientos con ANA y CaCl..

Sin embargo, algunos autores han reportado poco o ninguna alteracion significativa en las
evaluaciones fisicas y quimicas cuando de la aplicacion de estos dos productos. CENCI
(1994) estudiando la aplicacion de CaCl, con y sin ANA en la precosecha del cv Niagara
Rosada observo efectos significativos de los tratamientos en los niveles de AT. En los
tratamientos con CaCl,, los contenidos de AT fueran mayores en época de cosecha, y de
acuerdo con el autor, esto se debe a un posible retraso en la maduracién del fruto. LIMA et al.
(2000) describieron que, en las uvas maduras, un aumento en el contenido de SS se relaciona
generalmente con la pérdida de agua, sin cambios en el peso de solutos por baya. Y el
descenso, se explica generalmente por el aumento en el agua por baya, aunque también puede
estar asociada con una pérdida de solutos debido a la respiracion, el transporte de solutos, la
transpiracion o del transporte de agua a otras partes de la planta. DETONI et al. (2005),
relataran que la uva tiene un ejemplo de respiracion no climatérico, lo que justifica el
mantenimiento o pocas alteraciones en las caracteristicas del fruto durante el almacenamiento.



CENCI (1994), estudiando tratamientos de precosecha con CaCl, y ANA obtuve efecto
significativo de los tratamientos en el pH de los racimos de uva cv Niagara Rosada. Durante
el almacenamiento refrigerado de los frutos, el autor observd una disminucion en los niveles
de pH. MOURA et al. (2006), BENATO et al. (2006) y TECCHIO et al. (2009) evaluando
dosis crecientes de CaCl, con y sin ANA, aplicadas en la precosecha, en los racimos de uvas
cv Niagara Rosada encontraran que los productos evaluados no alteraran el SS, pH y AT.

En general, los resultados obtenidos en el experimento realizado para el cv Centennial
Seedless, en Jales, permitieron concluir que la aplicacion de ANA, en precosecha, promovié
aumento de la desgrana y de la incidencia de podridos, mientras que, en Sdo Miguel Arcanjo,
fue mayor la porcentaje de desgrana y de la incidencia de podridos, resultantes de la
aplicacion de CaCl,. Para los experimentos realizados para el cv Niagara Rosada, en Jales,
Louveira y Sdo Miguel Arcanjo, permitieran concluir que la aplicacion del ANA, en la
precosecha, fue eficaz en la reduccion de la desgrana y de la incidencia de podridos, cuando
asociados a la refrigeracion.

Cuanto a los contenidos de SS, pH y AT, hubo pocas alteraciones significativas como
resultado de la aplicacién de ANA y CaCl,, para los dos cultivares.

Teniendo en cuenta el efecto del ANA en la reduccion de la desgrana y de la incidencia de
podriolos en los racimos, los mejores resultados se obtuvieran utilizando una dosis de 150
mg.L™.

Se sugiere en investigaciones futuras, el uso de nuevas dosis, especialmente del ANA,
pues es probable que una dosis mas alta podra traer resultados positivos para estos cultivares
de uva de mesa.

CONCLUSIONES

El acido naftalenoacetico proporcion6 aumento en la porcentaje de desgranay de incidencia
de podridos en el cv Centennial Seedless, en Jales, SP, Brasil, mientras que el cloruro de
calcio favoreci6 el aumento de la desgrana y de la incidencia de podridos, en Sdo Miguel
Arcanjo, SP, Brasil.

El acido naftalenoacetico fue eficaz para reducir la desgrana y la incidencia de podridos en
uva cv Niagara Rosada, cuando asociado a la refrigeracion, siendo la dosis de 150 mg.L™ la
mas eficaz.

Los tratamientos promovieran pocas alteraciones en los sélidos solubles, pH y acidez
titulable. No hay interaccion significativa del acido naftalenoacetico con el cloruro de calcio.
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ABSTRACT

“Determination of the quality of the imported grapes satisfying the characteristics imposed
to its importation”.

Introduction

This study aims to evaluate the quality of imported table grapes based on parameters
defined as work of compression, hardness, work of penetration, skin resistance to penetration,
resistance to penetration inside the berry and even resistance to the detachment of the pedicel.

MATERIAL AND METHODS

Were chosen samples of imported grapes varieties Thompson Seedless and Red Globe
reaching the Portuguese market coming from southern hemisphere

A texture analyzer TAHDI (Stable Micro Systems, Godalming, UK), equipped with a 250 N
load cell, was used to perform the texture analysis at 20+1 °C. There different procedures
were implemented: (a) Compression test was performed with a 75 mm diameter aluminum
cylindrical probe (with a whole berry) at a compression depth of 10 mm, with a crossed speed
of 1 mm s-'. From the force vs. time texturograms, two parameters were obtained: hardness
(Maximum force in N) and compression work (area in N.mm); (b) Puncture test was
performed with a 2 mm diameter aluminum cylindrical probe (with a whole berry) at a
penetration depth of 10 mm, with a crossed speed of 1 mm s-'. From the force vs. time
texturograms, three parameters were obtained: skin hardness (first peak force in N) and flesh
hardness (second peak force in N) and penetration work (area in N.mm); and (c) detachment
of the pedicel tension test was performed with a prototype mechanism that coupled to
analyzer allows to determinate the detachment tension of the berry at the tension depth of 10
mm, with a crossed speed of 1 mm s-'. From the force vs. time texturograms, the Maximum
force in N indicates the detachment of the pedicel tension. For the sensorial analyses, was
used the OIV provisional general form for the sensorial analysis of table grapes.



Results and Discussion

In terms of sensorial analysis can be summarized as follows: the Thompson seedless variety
presented a differentiation from the Red Globe variety as regards the presence of seeds in the
flesh, aromatic intensity, berry crispness, hardness of seeds and that presented a more positive
overall evaluation.

In relation to defects caused by cooling, both varieties have a mean similar, around 6 — 7
assessment (scale 1 — 10).

Regarding the rheological evaluation (table 1), in the compression test, we noticed that the
Thompson seedless variety has a hardness greater than the Red globe variety, with significant
difference (p < 0.05). This parameter is in agreement with sensory analysis with regard to the
attribute crispness.

Table 1. Average and standard deviation values of Rheological parameters and ANOVA
results

Red Globe Thompson
Compression work (N.s) 148,82(30,80)b 184,01(32,63)a
Compression hardness (N) 31,38(3,16)b 37,73(8,31)a
Penetration work (N.s) 11,44(3,35)a 7,64(1,41)b
Skin hardness (N) 2,93(0,64)a 2,74(0,53)a
Flesh hardness (N) 2,48(1,41)a 0,59(0,28)b
Pedicel detachment tension (N) 7,37(3,47)a 4,08(1,25)b

%P means in same row with different index means significant differences P<0.05 (Scheffé
test)

In the penetration test showed that there are no significant differences in relation to skin
hardness, although values were higher for the flesh hardness and significant differences in
Red Globe variety, justified by the existence of grape seeds.

Regarding the resistance to the detachment of the berry from pedicels, the Red Globe
variety was the one that showed higher values of tension to the detachment of the pedicel (p<
0.05).
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ABSTRACT

The study of the production costs of table grapes is a topic of growing interest as a result of
international competitive environment increasingly affected by the possibility of reducing the
costs of production and commercial distribution. The different production contexts, however,
make difficult to determine and to analyze costs because the conditions are very different in terms
of farm location and organization, grapes varieties, training systems and agronomic techniques of
the vineyard. This work focuses on the application of the methodology of representative
agricultural systems (RAS) for studying the production costs of farms specialized in the
production of table grapes in Puglia, a region that produces about 70% of Italian table grapes.
The methodology is based on the European Accounting Data Network (FADN-RICA), and on the
EU farm typology classification. Apulian farms specialized in table grapes growing will be
divided into homogeneous classes with respect to the production structure and technologies in
order to define groups of firms that differ each other for organizational and technological aspects.

RIASSUNTO

Lo studio dei costi di produzione dell’uva da tavola ¢ un argomento di crescente interesse in
conseguenza del contesto competitivo internazionale sempre piu condizionato dalla possibilita di
contenere i costi di produzione e di distribuzione commerciale. L’eterogeneita dei contesti
produttivi, pero, rende difficile la determinazione e I’analisi dei costi perché molto diverse sono le
condizioni in termini di localizzazione territoriale, di organizzazione aziendale, di posizione e
gestione agronomica del vigneto, di varieta e forma di allevamento. L’obiettivo del lavoro riguarda
I’applicazione della metodologia dei sistemi aziendali rappresentativi (SAR) allo studio dei costi di
produzione delle imprese specializzate nella produzione di uva da tavola in Puglia, regione che
produce circa il 70% dell’uva da tavola italiana. La metodologia si basa sull’impiego dei dati della
rete contabile europea (RICA-FADN), e sui criteri di classificazione tipologica aziendale utilizzati
dall’Unione Europea. Le aziende pugliesi specializzate nella produzione di uva da tavola verranno
ripartite in classi omogenee rispetto alla struttura aziendale e alle tecnologie di produzione.
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1. INTRODUZIONE

L’lItalia ¢ fra i principali produttori mondiali di uva da tavola grazie ad una produzione media
degli ultimi dieci anni pari a 14,7 milioni di quintali che alimenta, oltre il mercato interno, anche
un considerevole flusso commerciale soprattutto verso i paesi europei quali Germania (25%),
Polonia (11%), Francia (13%), Belgio e Lussemburgo (5%), Svizzera (5%) con crescita dei
mercati dell’Europa orientale e Russia (dati in volume, fonte ICE 2008). Nel 2009 la produzione
italiana e stata pari a circa 14,2 milioni di quintali realizzati su una superficie di 70.337 ettari
(Istat, 2009).

La Puglia € la regione italiana leader con una superficie di circa 46.000 ettari, pari a oltre il
65% nazionale, e una produzione di oltre 9,4 milioni di quintali, pari al 66% nazionale (Istat,
2009). Il valore della produzione pugliese € pari a 412,7 milioni di euro pari al 11,4 % del valore
della produzione agricola pugliese e al 68,5% del valore della produzione di uva da tavola in
Italia (Inea, 2008). Le province leader sono Bari e Taranto che detengono rispettivamente il 42%
e il 40% della produzione regionale mentre nella provincia di Foggia si produce il 13%. E’
possibile distinguere tre aree ben definite: la prima si trova a sud-est del capoluogo di regione,
Bari, la seconda a ovest della citta di Taranto lungo 1’arco ionico mentre la terza ¢ localizzata nel
nord della provincia di Bari, lungo la costa adriatica fino a comprendere la parte meridionale
della provincia di Foggia. L’unica forma di allevamento adottata per gli impianti di uva da tavola
pugliesi € il tendone a doppio impalco in irriguo che puo presentare o meno la copertura con film
plastico, a sua volta nelle due modalita per ’anticipo della produzione e per il posticipo della
raccolta; in caso di assenza di sistemi di forzatura il vigneto viene comunque protetto con reti per
ridurre il rischio correlato ad eventi climatici dannosi. Le tecniche di coltivazione protetta sotto
rete e/o sotto telo plastico consentono di realizzare un prodotto di migliore qualita e di prolungare
il periodo di offerta sul mercato che si estende dalla fine di maggio agli inizi di gennaio. La
varieta piu diffusa ¢ I’Italia, che copre oltre il 50% della superficie regionale, seguita, a notevole
distanza da Victoria, Regina, Red Globe, Cardinal e Matilde. Negli ultimi anni la rapida
diffusione delle varieta apirene, caratterizzate da minore produttivita a fronte di prezzi di mercato
superiori, ha consentito di diversificare 1’offerta sia sotto 1’aspetto dell’assortimento che del
calendario di raccolta superando iniziali diffidenze e difficolta tecniche.

I produttori pugliesi operano in un mercato nazionale ed internazionale caratterizzato dalla
staticita della domanda, anche a causa dell’alta sostituibilita del prodotto, dalla necessita di
rispondere alle esigenze delle catene distributive, in termini sia di crescenti standard di sicurezza
sanitaria che di ribasso dei prezzi, dall’aumento della concorrenza da parte di produttori di paesi
caratterizzati da inferiori costi di produzione e da migliore organizzazione commerciale; di
conseguenza si riscontra il livellamento verso il basso dei prezzi di vendita all’origine gia
caratterizzati da forte ciclicita. In tale contesto, la capacita competitiva delle aziende pugliesi
produttrici di uva da tavola e, conseguentemente, la loro capacita di produrre reddito evidenziano
criticita sempre crescenti anche a causa dell’incremento dei costi di produzione che stanno
deprimendo i margini dei produttori.

Partendo da queste considerazioni, si intende condurre un’analisi della redditivita e dei costi di
produzione delle aziende pugliesi produttrici di uva da tavola evidenziandone peculiarita e
criticita. L’analisi pu0 rappresentare uno strumento di notevole utilita sia per le scelte
dell’imprenditore agricolo che per le decisioni di politica agraria ai diversi livelli istituzionali. Gli
strumenti di analisi che possono essere adottati per tali obiettivi fanno riferimento ai principi
della contabilita tradizionale, come il metodo del conto colturale analitico, oppure a metodologie



basate sulla valutazione dei risultati economici a livello di tipologie aziendali ricorrenti in aree
omogenee. La metodologia adottata nel presente lavoro fa riferimento alla definizione di sistemi
aziendali rappresentativi (SAR), cioe ad aziende “tipo” che siano in grado di rappresentare le
caratteristiche medie di un gruppo di aziende risultanti omogenee fra loro con riferimento alla
forma di conduzione imprenditoriale, alla natura dei fattori di produzione, alla tecnica di
coltivazione adottata, alla dimensione economica e alle scelte commerciali. Tale metodologia e
stata esposta, in caratteri generali, con la comunicazione presentata in occasione del 32°
Convegno OIV svoltosi a Zagabria nel 2009 (Seccia et al., 2009) per cui I’obiettivo specifico del
presente lavoro € rappresentato dalla sua applicazione per le imprese specializzate nella
produzione di uva da tavola e dal confronto con le imprese che presentano tale coltura
nell’ordinamento produttivo, relativamente alla regione Puglia. In particolare, ci si soffermera
sulla prima fase del processo metodologico che prende I’avvio dalla individuazione della base
informativa che sara utilizzata successivamente per la definizione dei gruppi omogenei delle
aziende produttrici uva da tavola e dei relativi sistemi aziendali rappresentativi (SAR) con
I’integrazione dei criteri di calcolo dei costi di produzione e della redditivita dei fattori.

2. MATERIALI E METODI

| dati aziendali utilizzati per le analisi provengono dalla Rete di Informazione Contabile Agricola
Europea (RICA-FADN), gestita per 1’Italia dall’Istituto Nazionale di Economia Agraria (INEA),
il cui campione casuale, a partire dal 2003, & definito con criteri stabiliti in sede comunitaria. La
RICA conduce un’indagine campionaria annuale con un’impostazione analoga in tutti i paesi UE
pertanto essa rappresenta l’unica fonte armonizzata di informazioni microeconomiche,
assicurando la produzione di dati comparabili a livello europeo.

Le aziende pugliesi che hanno aderito alla RICA nel 2007 sono state 911. Ai fini dell’analisi ne
sono state individuate 93 nel cui ordinamento produttivo e presente 1’uva da tavola, di cui 36,
altamente specializzate, sono state utilizzate per il calcolo dei costi di produzione. Sono state
considerate specializzate le aziende nelle quali il valore dell’'uva da tavola prodotta, in pieno
campo o sotto protezione, risulti uguale o superiore al 75% della produzione vendibile (PV)
totale aziendale, al netto degli eventuali aiuti pubblici, e la superficie investita in tale coltura sia
uguale o superiore al 50% della Superficie Agricola Utilizzata (SAU) totale aziendale.

Gli aspetti economici analizzati riguardano il calcolo del costo di produzione e la stima della
redditivita dei fattori produttivi conferiti dall’imprenditore.

Ai fini del calcolo dei valori medi, si e proceduto alla stratificazione per classe di SAU sia del
campione complessivo delle aziende che producono uva da tavola che del sub-campione delle
specializzate, imponendo il vincolo che ciascun gruppo sia formato da almeno cinque aziende.
Per ciascun gruppo é stato calcolato il valore medio del Costo Totale di Riferimento (CTR) quale
sommatoria dei costi fissi e variabili, forniti dalla RICA, e delle remunerazioni di opportunita
attribuibili ai fattori produttivi conferiti dall’imprenditore. Queste ultime sono ottenute
moltiplicando la quantita di ciascun fattore per la relativa Remunerazione Unitaria di Riferimento
(RUR). L’insieme di tali remunerazioni ¢ definito Reddito Netto di Riferimento (RNR).

Per il lavoro familiare la RUR coincide con il salario orario medio degli operai agricoli a tempo
indeterminato di media qualifica, fissato, per il 2007 e con riferimento alla Puglia, pari a 8,50
euro/ora, al netto degli oneri sociali. Per il capitale di esercizio la RUR coincide con la media del
rendimento dei Buoni del Tesoro nel 2007, calcolata pari al 3,6%, al netto delle imposte. Per il



capitale fondiario la RUR é fissata pari al 1,7% tenendo conto del rapporto tendenziale tra i
canoni di affitto e il valore dei terreni condotti in affitto. In conclusione:

RNR = RUR_lavf*LAVTf + RUR_cap*CAP + RUR_capf*CAPf
CTR=CF+CV +RNR

Dove:
- RNR = Reddito Netto di Riferimento
- RUR = Remunerazione Unitaria di Riferimento
- LAVT = Lavoro prestato dall’imprenditore e dai suoi familiari
- CAP = Capitale di esercizio
- CAPf = Capitale fondiario
- CTR = Costo Totale di Riferimento
- CF=Costi Fissi
- CV =Costi Variabili

La redditivita complessiva dei fattori IR (Indice di Redditivita) e stimata quale rapporto tra il
Reddito Netto reale (RN) e il Reddito Netto di Riferimento (RNR), ovvero:

IR = RN/RNR.

Le redditivita unitarie effettive sono stimate ripartendo il RN tra i fattori in modo direttamente
proporzionale alla composizione del RNR e, per ciascun fattore, dividendo per la quantita
impiegata.

Per le aziende specializzate il costo unitario di produzione del prodotto dominante Cupd, ovvero
dell’uva da tavola, ¢ calcolato attribuendo allo stesso una quota del CTR aziendale pari al
rapporto tra il valore del prodotto dominante PVpd e il valore della produzione totale aziendale
PV e dividendo per la quantita del prodotto dominante totale Qpd. Ovvero:

CPR =CTR *Lpd
PV
Cupd = CPR
Qpd

3. RISULTATI E DISCUSSIONE

| risultati dell’analisi per le aziende specializzate nella produzione di uva da tavola sono riportati
nelle tabelle numero 1 e numero 2 e nella figura 1 mentre per le aziende con ordinamento
produttivo comprendente 1’uva da tavola si fa riferimento alla tabella numero 3.

Le 36 aziende specializzate del campione RICA presentano un livello di specializzazione
colturale molto elevato, passando da 0,97, per quelle della prima e seconda classe di ampiezza, a
0,91 in quelle della terza classe. Sono tutte irrigue e la tecnica di coltivazione sotto protezione é
maggiormente sviluppata nelle aziende della terza classe di ampiezza.



In relazione alla dimensione fisica, per entrambe le tipologie aziendali prevalgono le classi
dimensionali inferiori: nella classe di ampiezza fino a 5 ettari ricade, infatti, il 44% delle aziende
analizzate per il gruppo delle specializzate e il 31% per il gruppo delle non specializzate.
Anche se 33 aziende specializzate su 36 sono a conduzione diretta del coltivatore, la maggior
parte fa largo ricorso alla manodopera salariata, poiché il calendario di lavoro prevede un picco di
fabbisogno in occasione di operazioni colturali quali la potatura secca, la gestione sia della
vegetazione che dei grappoli (diradamento) e la raccolta del prodotto. L’elevato impiego di
manodopera, sia famigliare che avventizia, che emerge dall’analisi dei dati per entrambi i gruppi,
testimonia il ruolo cruciale esercitato dalla coltura dal punto di vista sociale nelle aree vocate,
spesso caratterizzate da scarse alternative occupazionali.
All’aumentare delle classi dimensionali delle aziende specializzate aumenta il valore medio degli
investimenti in capitale per macchine, attrezzi e impianti, evidenziato anche dal crescente peso
dei costi fissi. Cio conferma il maggior impegno in termini finanziari da parte nelle imprese di
maggiori dimensioni che diversificano la produzione attraverso la scelta di diverse combinazioni
fra varieta e tecniche di copertura per 1’anticipo e il posticipo della raccolta.
In linea generale, la coltura manifesta una buona redditivita, confermando i risultati di precedenti
analisi (Cembalo et al., 2008), che viene evidenziata sia dai valori dell’Indice di Redditivita, IR,
che del Reddito Netto, RN. In ambedue i gruppi I'IR, al netto degli aiuti pubblici, e sempre
superiore all’unita, tranne nel caso della classe d’ampiezza inferiore a 5 ettari per le aziende non
specializzate, e migliora con I’aumento della classe di SAU aziendale soprattutto per i seguenti
motivi:

- migliore utilizzo delle risorse disponibili, in particolare del lavoro il cui fabbisogno per ettaro
diminuisce con I’aumentare della superficie aziendale;

- maggiore ricorso alla manodopera salariata, il cui costo unitario e inferiore al costo di
opportunita della manodopera familiare, che cresce con I’aumento della classe di SAU;

- presenza piu estesa della coltura sotto protezione e, quindi, di un prodotto di maggior pregio
commerciale; il prezzo medio di vendita, infatti, e leggermente piu elevato passando dalla
prima alla seconda classe, e cresce in modo significativo con la terza classe.

In particolare, e evidente che a parita di classe di ampiezza le aziende specializzate hanno un

migliore IR a causa soprattutto del maggiore reddito netto unitario RN che conferma I’elevata

redditivita della coltura specializzata con minime differenze fra le classi di ampiezza.

Il rapporto prezzo/costo unitario cresce all’aumentare della classe di ampiezza, partendo da un

valore prossimo all’unita per la classe dimensionale piu bassa e raggiungendo il valore di 1,18

nella pit ampia. Va sottolineato che il costo medio di produzione ha valori elevati, crescenti con

la dimensione aziendale, e che le imprese piu grandi riescono a spuntare prezzi maggiori, molto
probabilmente grazie alla possibilita di diversificazione dell’offerta, in termini sia di gamma
varietale che di epoca di raccolta, e di collegamento con i mercati.

La maggiore efficienza nella allocazione dei fattori produttivi per le aziende di maggiori

dimensioni, per entrambi i gruppi, € dimostrata dall’andamento crescente della remunerazione

unitaria dei tre fattori apportati dall’imprenditore e dalla sua famiglia all’aumentare della classe
dimensionale, con 1’eccezione della classe da 20 a 50 ettari delle aziende non specializzate.

La Figura 1 evidenzia che il costo di produzione e dominato dal RNR nelle aziende della prima

classe (44,9%) e dai costi variabili in quelle della seconda e terza classe di ampiezza (44-48%).

Nelle aziende di dimensioni inferiori, infatti, c’¢ un’alta incidenza dei fattori produttivi forniti

dall’imprenditore e dalla sua famiglia per cui la relativa remunerazione € rilevante, in particolare



per il lavoro; nelle imprese di maggiori dimensioni, pur crescendo I’incidenza
prevalgono quelli variabili e si ridimensiona I’RNR.

Tab.1- Aziende specializzate per la produzione di uva da tavola in Puglia

dei costi fissi,

Costo di produzione e redditivita dei fattori produttivi per classe di SAU
o Remunerazioni
Classe g Fabb. Unitarie
di SAU N SAl_J di CPR RN IR LAVF | CAP CAPf
ha o media | lavoro | euro/ha | euro/ha
2 az. |oreha | .000 | .000 eurofora | % | %
> ha
Z
<5 16 2,9 705 13,1 6,5 1,10 | 939 | 40 | 19
5-10 13 6,8 646 13,8 6,5 150 | 12,73 | 54 | 2,6
10-20| 7 13,1 | 659 14,3 6,1 1,72 | 1466 | 6,2 | 29
Totale | 36 | 6,30 | 661 13,8 6,3 145 | 1232 | 52 | 25

Fonte: Ns. elaborazioni su dati Rica 2007

Tab.2- Aziende specializzate per la produzione di uva da tavola in Puglia
Rese produttive, costi unitari e prezzi medi per classe di SAU

(<5}
Classe g Capitale Resa/ha | Prezzo Costo Prezzo/
di SAU N macchine Q medio medio Costo
ha o euro/ha euro/q euro/q
g .000
>
p
<5 16 4,7 248,7 50,11 47,86 1,05
5-10 13 5,0 257,8 51,36 44,41 1,16
10-20 7 7,2 206,5 63,13 53,47 1,18
Totale 36 58 235,9 55,10 48,22 1,14

Fonte: Ns. elaborazioni su dati Rica 2007



Tab. 3 - Aziende con ordinamento produttivo comprendente uva da tavola in Puglia
Redditivita dei fattori produttivi per classe di SAU

Classe Remunerazioni
di SAU ° o Fabb. | RN Unitarie
ha T2 SAU di euro/ha | IR
§ % media | lavoro | .000 LAVE | CAP |CAPT
az. ore/ha euro/ora | % %
ha
<5 29 3,1 549 3,6 0,80 6,79 2,9 1,4
5-10 23 71 559 4.3 1,21 | 10,26 2 2,1
10-20 19 12,8 509 3,8 144 | 1221 | 55 2,4

20a 50 14 28,0 364 1,9 1,31 | 11,11 | 47 | 2.2

> 50 8 88,0 364 2,3 261 | 2217 | 94 | 44

Totale 93 17,2 417 2,7 153 | 1303 | 55 | 2,6

Fonte: Ns. elaborazioni su dati Rica 2007

Fig.1 - Aziende specializzate per la produzione di uva da tavola in Puglia
Ripartizione del costo totale di produzione, per classe di SAU aziendale
Fonte: Ns. elaborazioni su dati RICA 2007.




4. CONCLUSIONI

Il presente lavoro riporta la prima fase di un processo metodologico che si basa sull’impiego dei
dati della rete contabile europea (RICA-FADN) e sui criteri di classificazione tipologica
aziendale utilizzati dall’Unione Europea, con lo scopo di analizzare i costi di produzione e la
redditivita dei fattori produttivi nella coltivazione dell’uva da tavola.

La descrizione e I’analisi del campione RICA per la Puglia, principale regione italiana per tale
coltura, hanno permesso di definire la base informativa utilizzabile per le successive analisi e, in
particolare, per pervenire a gruppi omogenei di aziende con la successiva caratterizzazione dei
sistemi aziendali rappresentativi (SAR). A tale scopo, i risultati del presente lavoro andranno
integrati con un’indagine specifica del campione di aziende che riguardera la forma di
conduzione aziendale, il grado di presenza della coltura negli ordinamenti aziendali, le tecniche
produttive, le tipologie di prodotto. Inoltre, nella valutazione delle remunerazioni dei fattori
produttivi sarebbe opportuno considerare le differenze nelle figure imprenditoriali.

Le successive analisi saranno condotte facendo riferimento alla nuova tipologia di azienda
agricole della Unione Europea, istituita con il Regolamento (CE) n.1242/2008, con 1’obiettivo di
agevolare I’analisi delle caratteristiche strutturali e dei risultati economici. La nuova tipologia
comunitaria delle aziende agricole, che si applichera a decorrere dall’esercizio 2010, permettera
la costituzione di gruppi omogenei di aziende con riferimento all’orientamento tecnico-
economico, alla dimensione economica e alla rilevanza della altre attivita lucrative direttamente
collegate all’azienda.

BIBLIOGRAFIA

Antonacci D., Liuni S.L., Tarricone L., (1998). Costi di impianto e di produzione nella viticoltura
da tavola, Frutticoltura, n. 11, pp. 15-24

Antonacci D., Tarricone L., (2000). Uva da tavola, uno sguardo ai costi, Terra e vita, n. 12, pp.
84-89

Cembalo L., Pomarici E., Santangelo M., Tosco D. (2008) I costi di produzione e redditivita
dell’uva e del vino nelle aziende agricole italiane: un’analisi nazionale sul database RICA, in
“Atti del 2° Convegno Nazionale di Viticoltura”, Marsala, giugno 2008

De Benedictis M., Cosentino V. (1979). Economia dell’azienda agraria. Bologna: Il Mulino

INEA, 2009, Rete informazione Contabile Agricola. http://www.rica.inea.it/public/it/index.php

ISTAT, (2009). La produzione di uva e di vino. www.istat.it

Marenco G. (a cura di) (2005) Lo sviluppo dei sistemi agricoli locali. Strumenti per 1’analisi delle
politiche. Napoli: Edizioni Scientifiche Italiane

Perretti B., Pomarici E. (1997). Analisi dei risultati economici dei sistemi rappresentativi e dei
possibili sentieri di aggiustamento. In: La piccola azienda e la nuova politica agricola
dell’Unione Europea. Problemi economici e strutturali. Cioffi A., Sorrentino A., eds., Milano:
Franco Angeli p.53

Sarnari T. (2010). “Il mercato delle uve da tavola”, Gruppo di Lavoro OIV “Uva da tavola, uva
passa e prodotti non fermentati della vite”, Parigi, 15 marzo 2010

Seccia A., Antonacci D, Pomarici E. (2009) Proposta metodologica per l'analisi dei costi di
produzione dell'uva da tavola, Bulletin de ['OlV, vol. 82; pp. 345-355.



http://www.rica.inea.it/public/it/index.php
http://www.istat.it/

Traditional technologies and history of Georgian wine
Teimuraz Glonti
Institute of Horticultire, Viticultire and Oenology
6 Marshal Gelovani Avenue, 0159, Thilisi, Georgia
Teimuraz.glonti@gmail.com

Abstract

The main stages of creation and development of Georgian viticulture from VI millennium
B.C until today are presented in the article, including the Neolithic, Early, Middle and late
Bronze Ages and after the Christianity period. It reviews the main tendencies in the field of
viticulture-wine making in XIX-XX centuries, describes the viticulture-wine making
technologies used in different regions of Georgia, especially technological specificities of
making the Kakhetian type of wine. It is shown that “kvevri” (earthenware buried in soil up to
the neck) is a universal, steady vessel for fermentation, formation and storing of high quality
traditional Georgian wine.

Resiimee

In der Arbeit sind die Hauptetappe des Aufkommens und der Entwicklung der
georgischen Weinbereitung vom VI Millennium des alten Jahrhunderts bis Heute, nach
neolithischen, frithen, mittleren und spiten Bronzezeit, der Folgezeit des Christentums
dargestellt; sind auch im Bereich von Weinbau-Weinbereitung die laufende Tendenzen in
den XIX-XX Jahrhunderten dargestellt, sind die Technologien der einzelnen Regionen von
Weinbau-Weinbereitung  Georgiens charakterisiert, besonders die technologische
Eigenschaften der Weinbereitung des kakhetischen Typs. Die Hauptaspekte der
Weinbereitung. Ist dargestellt, dass fiir diec Bereitung des georgischen, traditionellen,
hochwertigen Weins, ist ,,Kvevri“ (ein Tongefd3, welches im Erde voll eingegraben ist) ein
festes universales Gefal3, wo man Wein géren, fertigmachen und aufbewahren kann.

The history of Georgian wine includes two big periods: before and after the Flood. Results
of archeological studies of Shulaveri group (Dangreuli Gora, Imiri, Gadachrili Gora - VI-V-
IV millenniums B.C) (Japaridze, 2003; Chilashvili, 2004 A; Rusishvili, 2007 A) indicate
about the high level of viticulture — wine making development in southern Georgia before the
Flood.

Based on archeological evidences of before the Flood period in Georgia it is possible to
come to several important hypothesis and conclusions. The initial process of grape pre-
domestication covers the period of VI-V-IV millenniums B.C and is located within the
regions of Anatolia, southern Caucasus and Mesopotamia (Forni 2005-2006). However, the
cultural grape stones, as well as traces of red wine on clay vessel fragments, are found only in
southern Georgia, which indicate about existence of wine making practices at household level
during that period. Taking into consideration, that remainders of different varieties of various
grain-crops (wheat, barley, oat, peas, etc.) and domestic animals, as well as farming tools are
found in the same region, one can certainly conclude about existence of diversified agriculture
in southern Georgia in VI-IV millenniums B.C. The archeological findings of Shulaveri also
include small clay statues of fertility goddesses which mark the religious consciousness of
Georgian ancestor’s tribes. Probably, initial goddess could be considered as a pre-image of
the Blessed Virgin.



After the Flood civilization starts its origin just from before the Flood (proto-lberian, i.e.
Mediterranean) civilization and its commencement is again vine, which is already tamed
during the before Flood period; and wine also exists as a household product. “And Noah
began working and created vine..... and made wine” (born 1X.20) says the Bible. The word —
“wine” could be the term inherited from the Proto Iberian world. One may think that Noah did
not need to create the new term. In Georgian language wine is called “Gvino”. In Welsh wine
is called “Gvin”. Both “Gvino” and “Gvin” possibly are created from one base. Since Welsh
language does not belong to the family of European languages, one may assume that welsh
are successors of the proto Iberian tribes.

Noah, by grace of God, brought the vine, as well as all other flora and fauna to the ark
namely from before the Flood civilization. Where could Noah collect vine and where could he
plant it after the Flood? With no doubts, he could collect it where grape was already pre-
domesticated and started vine cultivation in the same region, as he was equipped with all
knowledge and experience by Grace of God.

According to R. Ramishvili, Noah could plant the vine rather far off the Ararat Mountain,
since the valley of Ararat is located as high as at 900-1000 meters above the see level, where
ambient temperature in winter falls below -20° C and therefore, the climatic conditions is not
favorable for vine growing (Ramishvili, 2001). According to P. MacGovern (2007), there is
no trace of old vine discovered at the Ararat valley.

All the above mentioned exceeds the bounds of hypothesis and at certain extent allows
realistic, logical comprehension of development. The realistic character of such approach is
proven by finding of so-called Mtkvari-Araksi culture (IV-111 millenniums B.C) during
archeological digs in area located between the rivers of Mtkvari and Araksi in southern
Georgia.

The early Bronze Age is considered as an initial stage of the start-up of metallurgy
(Chilashvili, 2004 B). This period is also characterized by further improvement of crop and
livestock farming, means of production, start of copper metallurgy development (Badaani, 111
millennium B.C) (Rusishvili, 2007 B). Main sphere of metallurgy during this period is
processing of bronze, gold and silver. The ceramic production had also developed very
rapidly; in this regards, the clay vessel with wide middle part and narrow end, which has a
strong resemblance with modern kvevri, deserves special attention. Another important finding
is a treasure (including small and big clay vessels) excavated in burial mounds at Trialeti
eminence, since according to L. Chilashvili (2004) these stylish clay vessels could be used for
wines.

In this regard, one should specifically point out the golden wine bowl, which is made of one
piece of gold with double walls and covered with gems (XVII-XVII centuries B.C.). Also,
other golden and silver bowl, styled with various symbolic subject images are discovered in
the above mentioned burial mounds. Such wine vessels, found during archeological
excavations at various cult places, indicate about the use and devotion of wine vessels in
sacred and praying places (Kuptin 1941).

By the end of the Il millennium B.C and beginning of the I millennium B.C. a huge progress
was made in terms of grape cultivation proved by discovery of bronze vine cutting knifes,
hatchets and other tools,. 3000 years ago Kolkhetian wines are mentioned by Homer in “Iliad”
when sister of the Kolkhetian king Aieth - Kirike entertained her guests with Kolkhetian wine
during 12 months.

Christianity was firstly preached in Georgia by the apostle Andrew the First Called and
apostles Matata and Svimon Kananeli. Three centuries later St. Nino equipped with vine-cross



led the Christianity into Georgia and it was announced as a state religion. This event had great
symbolic meaning as vineyard and vine were conceived not only as a symbols of the God and
the Blessed Virgin - Mother of God — but also represented determinative guiding line for
Georgians statehood.

Christianity plays very important role in development of Georgian viticulture and wine
making. In place of antic, Dionysius’ traditions of wine purpose and use, Christianity revived
the true sense of the destination and use of wine for the human beings.

Wine making played important role in monastic economical activities. Wine necessary for
arrangement of monastic, ritual services was produced in monastery wine-cellars. The
viticulture and wine-making was taught in monasteries as one of the disciplines, e.g. in the
Academy established at the Ikalto monastery (12 century A.C.). In monastery wine-cellars
wine was fermented and formed using traditional method, by kvevris buried in soil.

We should also pay special attention to historically high culture of formation and use of the
red wines in Georgia. Out of total 525 vine varieties described in Georgia, 287 breeds are red
(54.47%). Depending on geographic location, the proportion of red grape varieties is even
higher in particular regions.

There was a tradition in Georgia for making so-called “Zedashe” — wine for oblation to
God. This was mainly red wine and was made from high quality self drained sweet.
“Zedashe” was kept in the cellar, which was considered as a holy place was blessed by
priests. The Eucharist in Georgian Orthodox Church is still received nowadays using the red
wine.

19" century is a very important period for development of Georgian viticulture — wine
making, though full of serious, painful problems. Despite of popularity of Georgian
(particularly Kakhetian) white and red dry table wines in Russian Empire and especially at the
Emperor’s court, it was decided to change local viniculture / wine making traditions and
practices, as well as local grape breeds with European ones. The intention was to substitute
earthenware kvevri with European oak fudders, although experts were admitting high
technological potential of local endemic breeds (Saperavi, Rkatsiteli, Kakhuri Mtsvane,
Kakhuri Mtsvivani) as well as superiority of kvevri buried in the soil upon the fudders and
vats spread in the Europe (Lentz, 1846). Kathetian type wine of kvevri had a high reputation
by the end of 19" century as well and was exported to Russian Empire in big quantities
(Piralov A., Shaverdov S.).

However, in the midst of 19™ century, the method of wine making without chacha (so-called
European manner) was introduced and practiced quite successfully, though not from the
European grape breeds but local endemic varieties. Successful economical performance of
some Georgian nobleman should be highlighted here. First of all, it relates to wine cellars of
generals - prince Bagration-Mukhraneli and poet Al. Chavchavadze — arranged at modern
European level. Also, we should mention Prince Zakaria Jorjadze, who studied the viticulture
/ wine making in Austria and who’s dry table wine was awarded with big golden medal at
Brussels exhibition in 1888. In 1907, the natural semi-sweet wine (Racha-Lechkhumi)
produced by D. Kipiani, received the main prize “Grand Prix” at the international exhibition
in Belgium.

However, despite the big desire and extended efforts of authorities, the European grape
varieties could not conquer place in Georgian vineyards, except of few examples in few micro
regions. Georgian endemic wine varieties stood up to the severe challenges of the age and
proved their superiority in Georgian viticulture and wine-making.



In terms of viticulture / wine-making, as well as from the geographic point of view, Georgia
can be divided in eastern (Kakheti, Kartli) and western (Imereti, Samegrelo, Guria, Abkhazia,
Racha-Lechkhumi) parts. Environmental conditions in Georgia are very diverse, represented
by various climatic zones: subtropical, hot continental, and cold.

The industrial viticulture in Georgia is not presented at higher than 1200 meters above sea
level.

The lowest zone of viticulture includes regions located along the Black Sea shore
(Abkhazia, Imereti, Samegrelo, Ajara, Guria and some lower areas of Imereti). The vineyards
here are cultivated mostly until 400 meters above sea level. This zone is characterized with
subtrgpical climate and high precipitation. The total sum of active temperatures reaches 3500-
4000".

The middle zone of the mountainous regions is considered as one of the high quality wine
making zone in Georgia (Kakheti, Zemo and Kvemo Imereti, Racha-Lechkhumi and most
areas of Zemo and Kvemo Kartli). This zone, which is located at 400 to 800 meters above sea
level, is characterized with warm, moderate climate and normal precipitation levels. The sum
of active temperature is about 3000-3500°.

The high level is situated at 800-1200 meters above sea level (Akhaltsikhe, Aspindza,
Adigeni, Dmanisi, Tianeti, Dusheti, former South Osetia and partially Racha-Lechkhumi ).

The wines of eastern Georgia are distinguished with strength, extract content and dark
colors, caused by high content of tanning and painting compounds

The wines of western Georgia are softness, lightness, cheerfulness, gentleness and harmonic
confluence of compounds.

The distinct diversity between wines of different Georgian regions is caused not only by
variety of natural and climatic conditions, but also by grape varieties and specificities of wine
formation technologies. High quality Georgian wines were traditionally produced using
natural yeasts. During two-three years formation process Georgian wines, processed both with
and without chacha, are developing well and gaining rich unique aroma and delicious taste.

Kvevri is traditional Georgian vessel for wine fermentation, formation and storage. The
place where kvevri was placed is called “marani”. Two types of maranis are known in
Georgia: closed (eastern Georgia) and open (western Georgia). The closed marani is built of
stone and kvevris there are buried in the soil up to the neck. The wooden or stone made
“satsnakheli” is placed near kvevris, where sweet juice is squeeze out of grapes and flows into
the kvevri by special gutter. The open marani or “chur-marani” is located in open area and
surrounded by tall broad-leaved tree, which create certain conditions for shading and
ventilation of buried “churis” (kvevri is called “churi” in the western Georgia). In some
regions of western Georgia chur-marani is built of wood as well, where satsnakheli was
placed together with churis.

The Georgian wine making is especially distinguished by the fact that wine is produced
mostly from local endemic grape varieties. 525 vine varieties, which are sorted out on a
regional basis, are described in Georgia. Eastern Georgian breeds are mostly concentrated in
Kakheti and Kartli with certain spread of varieties based on specifics of the region. The
following grape varieties, which are producing high quality wines and are well adapted to
local climatic and soil conditions are spread in Kakheti: Rkatsiteli, Saperavi, Kakhuri
Mtsvane, Khikhvi, Kisi, Kakhuri Mtsvivani, Bideshuri (unfortunately, the area of spread of
latter three varieties, especially of Kakhuri Mtsvivani, is very limited nowadays). Chinuri,
Goruli Mtsvane, Tavkveri, Shavkapito and some other breeds are mostly spread in Kartli.



The high level folk selection process, which took place during the centuries, has determined
differentiation of Georgian vine breeds taking into consideration local climatic and soil
conditions and the potential of each breed. As a result, we have arrived to the wide range of
wine varieties of white and red grapes from Kakheti, Kartli, Imereti, Samegrelo, Abkhazia,
Guria-Ajara and Racha-Lechkhumi. In turn, it created a rich bouquet of high quality, original
table dry and naturally semi-sweet white and red wines, which are diversified not only at
regional, but also at individual micro-zone and even micro-district level.

Georgian dry and red vintage wines were well represented and played important role in the
wine assortment in Soviet Union both in terms of quality and variety of brands.

The traditional assortment of Georgian wines was created as a result of revival-preservation
and use of local traditional wine making technologies and their enrichment with modern ones.

Traditional technologies of Georgian wine making mostly include three categories:
Kakhetian wines (fermentation and formation with complete chacha), Imeretian (partial
formation with chacha) and naturally semi-sweet wines. The naturally sparkling wines were
also known in Georgia.

Kakheti is specifically notable among other Georgian regions for different types of highest
quality wines, and especially Kakhetian type of wine, which is traditionally produced in
kvevris (earthenware buried in soil up to the neck) by fermentation and formation of squeezed
grapes with complete chacha during 5 months. The highest quality Kakhetian wine is formed
only in Kakheti, specifically in certain micro-zones from grapes of Rkatsiteli, Saperavi,
Kakhuri Mtsvane, Khikhvi, Kisi and Kakhuri Mtsvivani. During the fermentation and
formation processes Kakhetian wine is enriched with various volatile, aroma-forming and
phenolic compounds of hard parts of the grape - skin, skeleton and pips, which in turn ensures
high antioxidant activity, healing, dietary and nutritional value of the product.

Imereti is considered as on of the big wine making regions in Georgia, where various high
quality wines are produced. Imeretian type of wine is processed with partial chacha (up to
10%, without skeleton. While formed, Imeretian wines are developing pleasant, strong
bouquet and taste. High quality Imeretian wines are produced from Tsolikouri, Tsitska and
Krakhuna varieties.

Georgian natural sweet wines are known from the ancient period and have important place
in the assortment of Georgian wines. Naturally semi-sweet wine is produced from grapes with
high sugar content harvested in late fall. Traditionally sweet juice of grapes was fermented in
kvevris with chacha. The wine was separated from chacha when the latter was sunk to the
bottom of kvevri at the residual sugar content of 4-5%. The bulk of the liquid and squeeze
remainder was place in kvevri and hermetically sealed by clay. Naurally semi-sweet wines
were produced in different regions of the eastern and western Georgia (Kakheti, Racha-
Lechkhumi, Guria, etc.). Traditionally, for production of the natural sparkling wines grapes
were moved from lowland areas to higher elevations and fermented in kvevris. Due to the
relatively cold climate conditions the fermented was not complete and after opening the
kvevri wine was sparkling, cheerful and semi-sweet. The natural semi-sweet wines were also
produced in Kartli, Imereti, Guria.

In XX century, the gradual process of site-specific wine production was introduced and
practiced, which resulted in broadening of industrial production of the highest quality table
dry and semi-sweet wines. Thus, well-known brands of “Tsinandali”, “Gurjaani”,
“Napareuli”, “Tibaani”, “Rkatsiteli”, “Tsarapi”, “Mukhranuli”, “Atenuri”, “Tsolikouri”,
“Tsitsqa”, “Khvanchkara”, “Ojaleshi”, “Chkhaveri”, “Mukuzani”, “Akhasheni”, “Teliani”
and others were introduced to the market.



Although, during the Soviet period there was no official site-specific accountable
categorization of wines, however in reality such approach was actually adopted and
implemented. Georgia was supplying the Soviet market with high quality table dry, semi-
sweet and strengthened white and red wines, which were awarded with many highest prizes at
various international exhibitions and competitions.

By the end of XIX century, creation of private cooperatives and partnerships took place in
various regions. In 1919, during the first democratic Republic of Georgia, the council of
Georgian viticulture/wine making congress established the magazine “Vazi da Gvino” (“Vine
and Wine”), and the first law on wine making was adopted. However, after Soviet occupation
in 1921, such efforts were stopped and the state began direct management of the
viticulture/wine making industry. Fortunately, following restoration of Georgian
independence in 1992, the printing of the magazine was renewed and the “Georgian law on
vine and wine” was adopted.

In 70™ of XX century, the negative tendencies and events in Geor%ian viticulture and wine-
making were revealed, which were further aggravated in 90". Inadequate economic
decisions/practices during transformation to the new political formation caused creation of
unmanageable processes in Georgian viticulture / wine-making. Out of various negative
tendencies, the most important was commissioning of the absolutely unwarrantable campaign
against kvevri and introduction / use of European aroma-forming yeasts in Georgian wine-
making. As a result, from one side, traditional Georgian wine making culture was diminished
and diversity of Georgian wines was down graded, and from the other side, huge limitations
were imposed to production of high quality Kakhetian wine of kvevri. During the process of
long-term formation Georgian wines are developing rich aroma and taste, therefore due to
introduction of yeasts from essentially different regions they are loosing its’ unique qualities.
Georgia always possessed fine cultures of domestic yeasts for different regions and vine
breeds, and this direction should be revived and developed by all means. Application of the
foreign aroma-forming yeasts in Georgian wine-making is not acceptable. As for the kvevri
made Kakhetian type of wine, in case of fermentation with natural yeasts it gains higher
quality and content.

To date, the main tasks for the modern Georgian oenology is purposeful development and
confluence of rich traditions and new researches, which should be done through maximal
revealing of the potential of Georgian vine breeds, preservation and creative application of the
traditional technologies.

Georgian vine breeds, Georgian wine making technologies, with there ancient and rich
history, do not represent only Georgian people’s not made by hands treasury, but also belong
to the world viticulture and oenology.

Conclusions

Following analysis of the above mentioned issues one may conclude the following:

- Georgia is a cradle of cultural oenology.

- The oenology as a productive industry of after the Flood period — Early, Middle and Late
Bronze Ages - is a result of inherited development of the wine making practices of before the
Flood (proto-lberian, i.e. Mediterranean) Age, and is a new qualitative leap in history of
oenology.

- Georgian wine making is based on local, endemic varieties of vine, which in combination
with diversity of climatic and soil conditions created a solid foundation for development of



high quality, diverse wine making technologies and established a rich bouquet of Georgian
wines.
- Traditionalism was and is a major feature of Georgian oenology.
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Vini bianchi georgiani in anfora.
Caratteristiche organolettiche e analitiche di vini ottenuti con differenti

tecniche di vinificazione delle uve.
Georgian white wines in amphoras.
Organoleptic and analytical properties of wines obtained with different winemaking
techniques.

D. Lanati(l), D. Marchi(l), G. Mazza!
(DEnosis srl, via per Cuccaro 19 — Cascina Meraviglia, 15043 Fubine (AL), Italy
direzione@enosis.it

RIASSUNTO

Sono stati prodotti sei vini bianchi da uve Rkatsiteli secondo 1’antica tecnologia Kakhetiana
che impiega le anfore, sia in fase di fermentazione e macerazione, sia in affinamento. Un
primo gruppo di vini ¢ stato vinificato utilizzando lieviti selezionati con una lunga
macerazione delle bucce, mentre un secondo gruppo ¢ stato ottenuto impiegando lieviti
indigeni ed una macerazione anche con i raspi. Nei vini fermentati con i raspi si osserva un
piu alto rapporto tra flavani reattivi alla vanillina e proantocianidine e al contempo un elevato
valore dell’indice di gelatina e dei tannini reattivi alla siero albumina bovina, dati che
indicano una maggior presenza di tannini astringenti. L’analisi del profilo aromatico dei vini,
ha portato alla identificazione di 65 composti nella frazione libera e 35 in quella legata. Tutti 1
vini sono caratterizzati da una elevata presenza di terpeni e norisoprenoidi, provenienti dalle
uve di origine. I vini ottenuti dalla macerazione con i raspi presentano delle note amare e
tanniche piu marcate rispetto a quelli ottenuti dalla macerazione delle bucce

SUMMARY

Six white wines were produced from the Rkatsiteli grapes, based on the ancient Kakhetian
technique, which involves the use of amphoras, during the fermentation as well as the
maceration phase. One group of wines was produced using selected yeasts and a long
maceration of grape skins and another one was produced with indigenous yeasts and
maceration with both grape skins and stalks, while aging phase is the same for all wines. In
wines fermented with grape stalks, we can also observe a higher ratio between the flavans
reactive to vanilline and the proantocyanidins and at the same time a high value in the gelatin
index and of tannins reactive to the bovine sieroalbumine. This information shows a higher
rate of astringent tannins. In aromatic profile analysis of the wines, 65 and 35 components
have been identified in the free and bound fractions, respectively. All the wines contain a high
percentage of varietal terpens and norisoprenoids. The wines produced from maceration with
grape stalks are more bitter and contain a higher percentage of tannins.

INTRODUZIONE

La Georgia ¢ un paese di antichissima tradizione vitivinicola e rappresenta, al tempo stesso,
una riserva unica di specie autoctone. Degli oltre 525 vitigni esistenti, 38 sono quelli
commercialmente coltivati mentre i vitigni internazionali sono quasi del tutto assenti.
Nella fertile regione del Kakheti si concentra oltre il 60% della produzione vitivinicola della
Georgia. Qui vengono coltivate sia uve bianche delle cv Rkatsiteli, Mtsvane, Kisi, sia uve
rosse tra cui spicca la cv Saperavi dalla quale si ottengono vini ben strutturati, fortemente
tannici e dal colore intenso.



In questi ultimi anni, si sta cercando di riscoprire o meglio ancora di far conoscere fuori dai
confini georgiani I’antica tradizione legata ai vini delle anfore (kvevri). Si tratta di una tecnica
di vinificazione e invecchiamento del vino in anfore interrate che risale agli albori della storia
del vino, e dal Caucaso, dove ¢ nata, si € poi estesa in epoche successive all’Egitto e alla
Grecia. Il vino non subisce alcun trattamento e si mantiene stabile dopo un periodo di
invecchiamento in anfora di circa 5 mesi.

In questo lavoro sono stati analizzati sei vini bianchi ottenuti da uve Rkatsiteli secondo
I’antica tecnologia Kakhetiana che impiega le anfore, sia in fase di fermentazione e
macerazione, sia in affinamento.

MATERIALI E METODI

Le uve della cv Rkatsiteli sono state raccolte ad Alaverdi, localita sita nella regione
georgiana del Kakheti. La vinificazione delle uve ¢ stata condotta presso la cantina del
monastero di Alaverdi, mentre tutti i campioni di uve e di vini sono stati analizzati presso i
laboratori di Enosis. Le analisi delle uve e dei vini sono state effettuate secondo i metodi
descritti in letteratura (Di Stefano et al.1989; Harberstone et al. 2002). I composti volatili
delle uve e dei vini sono stati identificati e quantificati mediante GC-MS; maggiori dettagli

sulle procedure utilizzate vengono forniti in Mazza et al. 2002, 2006.

RISULTATI E DISCUSSIONE

Le uve raccolte avevano un contenuto zuccherino di 255 g/L un pH di 3.48 ed una acidita
totale di 5.6 g/L. Il mosto da esse ottenuto ¢ stato vinificato nelle anfore allestendo tre prove
(B1, B2 e B3) con le sole bucce utilizzando lieviti selezionati ed altre tre prove (BR1, BR2 ¢
BR3) con i graspi e le bucce impiegando lieviti autoctoni. A fine fermentazione le anfore sono
state riempite fino alla sommita e tappate ermeticamente. Dopo un periodo di affinamento di
sei mesi 1 vini risultano stabili € non necessitano di alcun trattamento; a questo punto sono
stati travasati in altre anfore separandoli dalle fecce. I dati della Tab. 1 si riferiscono ai dati
analitici dei vini dopo sei mesi di affinamento nelle anfore. Tutte le fermentazioni sono andate
a buon fine con ambedue 1 tipi di lievito utilizzati ed 1 vini hanno raggiunto gradazioni
alcoliche intorno al 15% di alcol svolto e con un pH molto elevato. Quelli macerati con le sole
bucce mostrano valori medi leggermente piu bassi di pH, di potassio e di calcio.

Tabella 1 : Parametri analitici dei vini dopo 6 mesi di affinamento
u.d.m. B1 B2 B3 BR1 BR2 BR3
alcol svolto %vol 15,12 15,06 14,97 14,67 15,14 15,02
acidita totale g/L 4.8 47 48 45 4.4 4.4
H - 3,83 3,87 3,85 3,91 3,89 3,9
acidita volatile g/l 0,67 0,62 0,75 0,69 0,66 0,67
zuccheri riduttori g/L 1 1 1 1 1 1
alcol complessivo %vol 15,12 15,06 14,97 14,67 15,14 15,02
rame mg/L 0,10 0,10 0,13 0,11 0,13 0,14
ferro mg/L 0,99 0,87 0,72 0,87 0,89 0,78
otassio mg/L 1164 1257 1190 1332 1250 1257
calcio mg/L 55 57 47 56 64 67
ID.0.4,0 componente gialla D.O.icm 0,930 0,901 1,249 1,064 1,129 1,088

Le differenze piu evidenti tra i due gruppi di vini B e BR si riscontrano a carico di altri
parametri maggiormente legati all’astringenza dei vini stessi. La Tab. 2 ci mostra che per i



vini macerati con i graspi ¢ le bucce (BR1, BR2 e BR3) si ottiene un piu alto valore
dell’indice di gelatina, ma soprattutto il dato della BSA ¢ quello che meglio evidenzia questo
maggiore apporto di tannini astringenti nei vini di questo gruppo rispetto a quelli macerati con
le sole bucce. Anche 1 valori di V/P seguono lo stesso andamento tranne che per il campione
B2 che mostra un valore simile al campione BR1. La rappresentazione grafica delle Fig. 1-3
evidenzia chiaramente tali differenze.

u.d.m. B1 B2 B3 BR1 BR2 BR3
tannini reattivi alla BSA mg/L 934 | 1293 | 1197 1443 1371 1586
V/P - 1.39 | 194 1.34 1.92 242 2.26
indice di gelatina % 90.6 | 91.8 | 91.2 92.5 92.7 92.6

Note: V = flavani reattivi alla vanillina; P = proantocianidine
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Nella Tab. 3 vengono evidenziate le analisi delle catechine, degli acidi idrossicinnamici e dei
flavonoli. La differenza piu significativa tra i due gruppi di vini esaminati si osserva a carico
dei flavani reattivi alla vanillina con valori piu elevati per i vini BR vinificati con bucce e
graspi, mentre per gli altri parametri non si osserva una tendenza netta.

L’analisi organolettica dei vini ha chiaramente messo in evidenza differenze marcate tra i due



Tabella 3 : Parametri relativi ai composti fenolici
B1 B2 B3 BR1 | BR2 | BR3
indice di flavonoidi totali (mg/L (+)catechina) 1596 | 1731 | 1672 | 1970 | 1940 | 1925

indice di flavani reattivi vanillina (mg/L (+)catechina) | 726 | 1002 | 650 | 1024 | 1213 | 1201

ac.idrossicinnamici (mg/L ac. caffeico) 1442 | 1409 | 1274 | 1382 | 1492 | 1209

flavonoli totali (mg/L quercetina) 61,5 | 585 | 60,9 | 57,7 | 653 56,2

gruppi di vini, soprattutto al gusto. All’assaggio, i vini del gruppo BR, vinificati con i graspi e
le bucce ed il contributo dei lieviti indigeni, si presentano molto piu astringenti con delle note
amare piu marcate rispetto ai vini fermentati con le sole bucce, in accordo con i dati analitici
ottenuti. Dal punto di vista aromatico, va rimarcato il fatto che, pur in presenza di una
notevole concentrazione in terpeni, I’espressione aromatica legata a questi composti si avverte
in modo piuttosto blando in tutti i campioni esaminati, a causa delle interazioni tra le diverse
molecole presenti nei vini.

Il profilo aromatico delle uve della cv. Rkatsiteli (Tab. 4) mostra un ottimo potenziale
aromatico complessivo con un elevato tenore in terpeni, tra cui spiccano il linalolo e il
geraniolo. Anche i norisoprenoidi, tra cui emergono il 3-oxo-0-ionolo e il vomifoliolo, sono

Tabella 4 : Composti presenti nella frazione legata dell'uva della cv Rkatziteli (conc. pg/Kg)
ALCOLI E BENZENOIDI TERPENI
esanolo 81,0 trans-furanlinalolo ossido 14,9
alcool benzilico 1237,9 |cis-furanlinalolossido 16,5
2-fenil etanolo 329,5 [linalolo 371,0
4-vinil guaiacolo 399,1 [0-terpineolo 15,7
4-vinil fenolo 455,5 [trans-piranlinalolossido 5,0
vanillina 28,4 [cis-piranlinalolossido 4,2
acetovanillone 178,3 merolo 22,5
zingerone 68,0 |geraniolo 108,1
diidroconiferilalcool 61,6 [2,6-dimetil-3,7-ottadien-2,6-diolo 37,1
3,4,5-trimetossifenolo 149,1 [2,6-dimetil-1,7-ottadien-3,6-diolo 21,9
TOTALE| 2988,4 (OH-citronellolo 7,3

NORISOPRENOIDI 8-OH-didrolinalolo 16,5
3,4-diidro-3-oxoactinidolo I 13,5 trans-8-OH-linalolo 115,6
3,4-diidro-3-oxoactinidolo II 34,2 |OH-geraniolo 31,3
3,4-diidro-3-oxoactinidolo III 26,1 [cis-8-OH-linalolo 229,7
3-idrossi-f3-damascone 81,3 p-ment-1-ene-7,8-diolo 71,2
megastigma-7-en-3,9-diolo 91,3 TOTALE|3018,4
3-0x0-0-i0nolo 633,0
3-idrossi-7,8-diidro-f3-ionolo 64,9
3-idrossi-f3-ionone 37,3
blumenol C 43,6
3-idrossi-5,6-epossi-3-ionone 31,3
3-idrossi-7,8-deidro-f3-ionolo 72,3
vomifoliolo + grassopperchetone 662,2

TOTALE| 1790,9




presenti in gran quantita; I’alcol benzilico e 1 4-vinilfenoli sono i composti pit rappresentativi
tra gli alcoli e benzenoidi.

Se esaminiamo 1’andamento dei composti volatili della frazione libera dei vini (Tab. 5)
notiamo subito come sia fortemente ridimensionata in tutti i campioni la presenza degli esteri
di fermentazione, soprattutto gli acetati. Gli esteri degli acidi organici, in particolare il dietil
succinato, aumentano considerevolmente a causa dell’invecchiamento chimico del vino che si
manifesta in modo piu pronunciato nel vino B3, mentre mostra il valore piu basso nel
campione B1 dello stesso gruppo.

L’idrolisi spontanea dei composti legati libera una elevata concentrazione in terpeni e
norisoprenoidi nella frazione libera con una importante presenza di alcoli terpenici
monoidrossilati, come il linalolo, il geraniolo, il nerolo ed il citronellolo. Quest’ultimo
composto deriva dal geraniolo e si forma durante la fermentazione per I’azione dei lieviti. La
presenza dei dioli terpenici ¢ molto consistente ma meno importante dal punto di vista
aromatico trattandosi di composti ad elevata soglia olfattiva. Appare rilevante anche la
presenza dei norisoprenoidi, anche se quantitativamente meno evidente di quella dei terpeni,
ma con un alto tenore in 3-oxo-0-ionolo e vomifoliolo.

Tabella 5 : Composti presenti della frazione libera dei vini (conc. in pug/L)

VINO B1 B2 B3 BR1 BR2 BR3

ESTERI E ACETATI
isoamil acetato 96,3 74,3 110,7 84,5 83,7 90,1
etil esanoato 71,4 61,7 80,5 81,4 83.6 88,0
etilottanoato 64,4 445 85,4 58,9 63,3 70,7
etil decanoato 30,1 22,6 34,2 29,0 35,5 31,3
2-feniletilacetato 40,4 30,2 106,8 25,6 109,4 60,7

TOTALE| 302,6 2334 417,6 279,5 375,5 340,9

ESTERI DI ACIDI ORGANICI

isoamil lattato 2434 237,6 300,2 251,4 244 4 277,1
metiletil succinato 83,2 106,1 180,0 1423 106,7 127,6
dietil succinato 9269,4 10239,3 16725,5 12069,7 119822 127478
dietil malato 261,2 2014 183,8 220,9 186,5 111,9
dietil-2-OH-glutarato 2742 339,0 252,8 224.5 272,5 226,8
monoetil-2-OH-glutarato 248,8 161,3 160,9 144,5 166,3 159,3
etil-3-fenil-2-OH-propionato 368,6 476,0 4557 4972 554,9 518,5
dietil piroglutammato 84,4 24,8 28,9 17,8 19,6 22,5
TOTALE| 10833,3 | 11785,5 | 18287,9 | 13568,3 | 13533,2 | 14191,5
ALCOLI E BENZENOIDI
esanolo 4315 4206 4572 469,1 463.6 463 .4
cis-3-esenolo 9,5 9,9 11,4 11,8 11,1 6,8
alcool benzilico 289,8 2822 320,8 4448 399,8 318,1
2-fenil etanolo 34696,2 36216,1 38878,7 39162.5 39637,8 | 416923
4-vinil guaiacolo 1530 1982 69,1 153.9 2142 1533
4-vinil fenolo 21,7 38,3 22,9 22,1 22,0 19,7
diidroconiferilalcool 145,1 249 29,9 88,7 94,2 216,5
3,4,5-trimetossifenolo 67,4 25,6 69,9 116,9 97,7 107,8
TOTALE| 35814,3 | 37215,9 | 39859,9 | 40469,9 | 40940.4 | 429779
TERPENI
trans-furanlinalolo ossido 10,3 14,2 12,6 44.6 29,3 14,7

cis-furanlinalolossido 44,0 38,3 40,0 116,8 96,2 50,7




linalolo 338,2 387,6 367,1 392,1 284.6 311,8
0 -terpineolo 83,2 98,0 84,7 76,3 77,2 63,8
trans-piranlinalolossido 16,7 20,1 21,5 24,7 25,7 18,8
cis-piranlinalolossido 30,6 40,3 21,2 76,0 62,2 40,7
citronellolo 455 59,7 59.3 50,9 58,6 54,6
nerolo 17,2 232 17,4 26,8 15,5 14,5
geraniolo 49.4 76,7 51,9 69,1 56,5 48,6
2,6-dimetil-3,7-ottadien-2,6-diolo 91,0 129.8 101,6 86,1 91,0 90,4
2,6-dimetil-7-otten-2,6-diolo 28.0 28,5 35,7 23,0 24,3 21,8
2,6-dimetil-1,7-ottadien-3,6-diolo 31,6 29,0 42,9 31,1 29,8 26,8
OH-citronellolo 55,3 453 50,0 432 41,9 23,6
8-OH-didrolinalolo 23,7 25,4 20,7 14,4 19,6 6,4
trans-8-OH-linalolo 54,0 90,4 59,3 67,3 55,6 57,1
OH-geraniolo 39.6 48,5 33,3 30,6 222 33,3
cis-8-OH-linalolo 163,7 169,6 179.,9 155,0 126,0 107,3
-ment-1-ene-7,8-diolo 88,2 39,3 534 66,8 55,3 61,0
TOTALE| 1210,2 1363,8 1252,6 1394,7 1171,5 1045.,9
NORISOPRENOIDI
megastigma-7-en-3,9-diolo 49,7 428 62,3 51,3 39,6 48,7
3-0x0-0-ionolo 200,8 251,0 180,1 2950 2453 221,1
3-idrossi-7,8-diidro-f3-ionolo 22,5 21,5 20,3 24,6 23,5 24,9
3-idrossi--ionone 35,0 36,8 28,8 75,9 58,9 62,4
3-idrossi-7,8-deidro-f3-ionolo 36,2 31,0 425 39,0 37,2 37,2
vomifoliolo 129,5 62,0 53,2 78,4 67,9 58,3
TOTALE| 473,6 445,1 387,3 564,2 472.4 452,6
LATTONI
y-butirolattone 1831,3 1610,7 1694,2 1733,1 1757,2 1607,4
y-nonalattone 21,3 26,3 24,6 21,4 21,4 30,5
antolattone 21,0 15,4 19,0 14,6 17,5 16,3
O-decalattone 11,3 15,1 13,4 10,1 8,0 13,9
sherry lattone 1 226,1 132,6 196,2 147 4 156,8 197,1
sherry lattone 2 210,5 192,6 197,6 172,9 176,3 192,2
TOTALE| 2321,5 1992,6 2145,0 2099,5 2137,1 2057,5
ACIDI
acido isovalerianico 436,0 370,9 376,2 310,8 313,6 292,0
acido esanoico 6954 860,2 940,1 912,8 847,8 891,7
acido ottanoico 590,7 767,5 820,2 725,3 852,6 783,0
acido decanoico 105,8 1152 135,8 142,3 192,9 94,1
acido esadecanoico 140,3 168.4 98,3 125,0 95,2 84,5
TOTALE| 1968,1 22823 2370,6 2216,2 2302,0 2145,4
ALTRI COMPOSTI
acetoino 138,5 161,9 10,0 5,1 12,9 39,0
3-etossi-1-propanolo 224.9 174,2 207,4 129,3 121,9 121,2
3-OH-etil butirrato 153,6 172,4 159,9 177,6 149,8 146,7
2-OH-etil esanoato 0,0 119.4 133,3 139.9 159,1 116,1
4-OH-etil butirrato 7913,8 7930,0 7010,3 7280,7 8306,9 7910,3
3-metiltio-1-propanolo 74,1 65,0 26,7 127,7 128,1 91,9
IN-3-metilbutil acetamide 605,2 608,9 7220 4797 363,8 484 4
IN-2-feniletilacetamide 116,1 236,9 277,7 196,0 135,8 192,9




Il 2-feniletanolo raggiunge concentrazioni molto elevate in tutti 1 vini analizzati ma per i vini
del gruppo BR, vinificati con bucce e graspi, i1 valori risultano leggermente piu elevati.
Tuttavia non si osservano marcate differenze tra i due gruppi di campioni B e BR, nelle
diverse classi di composti identificati.

Nella frazione legata dei vini (Tab. 6) sono ancora presenti in concentrazione elevata molti
terpeni e norisoprenoidi, che rappresentano un potenziale aromatico residuo importante per i
vini durante l’invecchiamento. Infatti gran parte di questi composti si idrolizzeranno
spontaneamente e passeranno nella frazione libera. Molto interessante la concentrazione in
linalolo e geraniolo tra gli alcoli monoidrossilati.

Tabella 6 : Composti presenti nella frazione legata dei vini (conc. in pg/L)
VINO B1 B2 B3 BR1 BR2 BR3
ALCOLI E BENZENOIDI
esanolo 68.0 34.7 41.3 60.9 51.6 45.6
alcool benzilico 45.1 38.3 45.0 34.7 54.1 41.4
2-fenil etanolo 56.7 75.4 534 66.3 87.5 70.6
4-vinil guaiacolo 263.0 205.8 197.0 215.3 271.3 235.2
4-vinil fenolo 12.8 10.3 8.7 14.3 17.2 16.2
vanillina 20.3 23.3 18.7 18.2 20.2 16.2
diidroconiferilalcool 102.4 115.4 85.0 139.3 111.4 104.6
TOTALE 568.3 503.2 723.9 549.1 613.2 529.8
TERPENI
trans-furanlinalolo ossido 46.7 58.3 41.2 47.9 53.4 40.8
cis-furanlinalolossido 122.9 137.3 103.7 118.6 138.5 105.9
linalolo 242.9 224.4 265.0 281.9 326.2 225.9
O-terpineolo 48.0 453 43.6 34.9 48.1 36.8
trans-piranlinalolossido 14.4 10.1 14.1 10.8 17.1 13.1
cis-piranlinalolossido 233 17.4 22.1 16.6 28.0 214
nerolo 17.6 28.8 10.8 9.4 16.6 12.7
geraniolo 66.1 47.0 49.7 40.5 59.3 49.9
2,6-dimetil-3,7-ottadien-2,6-diolo 31.1 23.5 32.1 31.3 26.3 20.1
2,6-dimetil-7-otten-2,6-diolo 19.2 14.1 19.8 22.0 21.7 16.6
OH-citronellolo 16.2 17.4 16.7 15.3 29.5 22.6
8-OH-didrolinalolo 5.9 10.7 5.2 6.9 4.9 3.7
trans-8-OH-linalolo 116.4 92.4 118.1 131.1 133.7 141.7
OH-geraniolo 30.8 31.8 38.8 53.9 69.8 59.0
cis-8-OH-linalolo 72.4 56.2 72.2 21.2 80.8 83.9
p-ment-1-ene-7,8-diolo 293 30.7 31.7 14.3 48.0 44.0
TOTALE 903.1 845.3 884.7 856.5 1128.0 918.3
NORISOPRENOIDI
3,4-diidro-3-oxoactinidolo I 5.3 6.3 6.2 5.3 7.9 7.8
3,4-diidro-3-oxoactinidolo 11 22.4 17.6 20.9 13.2 32.6 41.9
3,4-diidro-3-oxoactinidolo III 20.4 16.0 19.7 21.0 31.2 30.1
3-idrossi--damascone 65.6 68.3 67.4 61.9 88.8 80.9
megastigma-7-en-3,9-diolo 55.3 64.6 62.9 66.2 74.8 72.1
3-0x0-0-ionolo 386.6 377.1 334.7 324.2 551.8 525.0
3-idrossi-7,8-diidro--ionolo 50.2 52.2 39.6 40.2 89.7 86.7
3-idrossi-f-ionone 16.3 17.7 10.7 30.6 62.2 61.8




blumenol C 88.5 91.8 81.0 107.6 151.5 160.5

3-idrossi-7,8-deidro-f3-ionolo 56.1 50.0 492 59.0 67.4 62.7

vomifoliolo + grassopperchetone 110.1 126.0 110.8 202.6 248.0 228.6
TOTALE 953.0 956.6 850.8 1038.5 1569.3 1522.8

CONCLUSIONI

La vinificazione tradizionale in anfore rappresenta la massima espressione della
vinificazione naturale, senza utilizzo alcuno di coadiuvanti normalmente utilizzati nei
moderni sistemi di vinificazione. Tutti i vini sono stabili e mantengono le loro caratteristiche
peculiari anche dopo I’affinamento senza la necessita di interventi ulteriori. Tuttavia, va
rimarcato il fatto che sotto 1’aspetto organolettico questi vini bianchi sono molto particolari e
si presentano con forti colorazioni ambrate, mentre al gusto sono piu vicini ai vini rossi
piuttosto che a quelli bianchi.

Se, invece, ci soffermiamo sulle differenze riscontrate tra 1 due gruppi di vini esaminati,
notiamo che le diversita analitiche piu significative si riscontrano a carico dei parametri legati
all’astringenza. Tale evidenza viene confermata dall’esame organolettico dei vini che indica
come quelli del gruppo BR siano notevolmente piu astringenti di quelli del gruppo B. Questi
ultimi, vinificati con le sole bucce, sono meno aggressivi € meno tannici € risultano piu
accettabili ad un consumatore poco abituato a vini bianchi cosi forti e diversi da quelli
normalmente presenti sul mercato.

Dal punto di vista aromatico, le differenze tra i due gruppi di vini sono meno evidenti e si
osserva sempre una scarsa incidenza degli aromi fruttati sul bouquet dei vini che in
affinamento tendono a perdere buona parte della freschezza tipica dei vini bianchi. Al tempo
stesso, una forte idrolisi dei composti varietali presenti nelle uve di origine, arrichisce la
frazione libera di numerosi terpeni e norisoprenoidi che rendono unica e inimitabile la
complessita aromatica di questi vini. E’ importante sottolineare il fatto che le uve utilizzate
per le prove possedevano un ottimo potenziale aromatico complessivo che ha permesso ai vini
di mantenere, in affinamento, un potenziale aromatico residuo ancora elevato. Non si sono
apprezzate differenze significative nell’utilizzo di lieviti selezionati rispetto a quelli indigeni.

BIBLIOGRAFIA

Di Stefano R., Cravero M.C., Gentilini N. (1989). Metodi per lo studio dei polifenoli dei vini.
L’Enotecnico, 25, 83-89

Haberstone J.F., Kennedy J.A, Adams D.O., (2002). Tannin in skin and seeds of Cabernet
sauvignon, Syrah and Pinot noir berries durino ripening. Am. J.Enol.Vitic., 53, 54-59.

Mazza G., Cascio P., Barbieri E. (2002). Composti volatili liberi e glicoconiugati presenti
nelle foglie e negli acini della Vitis vinifera Cv. Moscato bianco. Riv. Vitic. Enol., (54-4),
25-35.

Mazza G., Raifer W., Lanati D. (2006). Il quadro aromatico della cultivar Cabernet
Sauvignon coltivata in Alto Adige. L’Enologo, 42, 111-117.



CARATTERISTICHE SENSORIALI ED AROMATICHE DI VINI
ELABORATI TRAMITE MACERAZIONI LUNGHE

R. Ferrarini', G. Zanella®, C. Carbognin®, G.Versini®®, B. Fedrizzi®

@ Dipartimento di Scienze, Tecnologie e Mercati della Vite e del Vino — Universita di Verona
Via della Pieve 70, 37029 S. Floriano (VR), Italy
roberto.ferrarini@univr.it
@ Unione Italiana Vini Soc. Coop. , Verona, Italy.

RIASSUNTO

Molti dei vini tipici della Georgia sono prodotti con metodiche di macerazione pellicolare protratta
per tempi assai lunghi e spesso condotta con 1’utilizzo di vasi vinari tradizionali, quali anfore di
terracotta, e in assenza di anidride solforosa e altri coadiuvanti.

I vini ottenuti con questa tecnica sono fortemente caratterizzati, diversificati e riconoscibili.
Soprattutto nel caso dei vini bianchi i prodotti risultano arricchiti in composti fenolici (catechine,
proantocianidine, acidi cinnamici) che appaiono caratterizzanti, anche sotto il profilo della
riconoscibilita varietale, e di possibile valenza salutistica. Sempre 1’elevata presenza di composti
fenolici a carattere antiossidante, preconizza 1’uso di questa procedura per produzioni vitivinicole
sostenibili anche in regioni diverse da quella di origine.

Queste tecnologie sono oggi, in ltalia, particolarmente apprezzate per il loro richiamo emozionale,
per la riscoperta delle tradizioni enologiche del passato, ma anche come reale possibilita
tecnologica di diversificazione e caratterizzazione della produzione di vini stabili e longevi.

ABSTRACT

Many typical Georgian wines are produced using long time skin contact, often conducted with the
use of traditional tanks, as jars of clay, and in absence of sulphur dioxide and other adjuvants.

The wines made with this technique are strongly characterized, diverse and recognizable.

Especially in case of white wines, they are enriched in phenolic compounds (catechins,
proanthocyanidins, cinnamic acids) which are characterizing for the variety and probably of healty
importance.

The high presence of phenolic antioxidants, recommends the use of this procedure in the sustainable
wines production also in regions that are different from the area where the technique has been
firstly developed.

These technologies are nowadays, in Italy, well valued for their emotional appeal, for the re-
discovery of the winemaking traditions of the past, the technological diversification of production
and the characterization of stable, long-living wines.

INTRODUZIONE

La macerazione pellicolare di uve bianche condotta per tempi lunghi sta riscuotendo un certo
interesse anche fra i produttori italiani. La tecnica, che pone le sue origini nelle tradizioni
enologiche Georgiane, caratterizzate da macerazioni con le parti solide dell’'uva per tempi
prolungati e dall’utilizzo di anfore in terracotta senza 1’impiego di coadiuvanti.

Precedenti studi, (“Studio delle caratteristiche dei vini bianchi elaborati con tecniche arcaiche di
macerazione” R. Ferrarini et al., OV 2009),

hanno dimostrato la grande influenza della tecnica sulle caratteristiche chimico-fisiche, in
particolare per guanto concerne il contenuto in catechine, proantocianidine ed acidi cinnamici, i
quali risultano piu presenti nei vini macerati rispetto a vini testimoni vinificati tradizionalmente.
Anche dal punto di vista sensoriale si sono riscontrati effetti positivi, diversificando il prodotto sia
per quanto riguarda aspetti olfattivi che gustativi, e conferendo maggior longevita al vino.
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Sulla base di queste premesse si € ritenuto interessante approfondire le conoscenze sui vini elaborati
mediante guesta tecnica, in particolare per quanto concerne gli aspetti aromatici.

E’ stata inoltre condotta un’analisi sensoriale allo scopo di verificare, dopo diversi anni di
sperimentazione, 1’effettiva diversificazione del vino prodotto con queste tecniche, nonché di
indagare sulle caratteristiche sensoriali acquisite nel corso dell’affinamento.

MATERIALI E METODI

I vini, derivanti da macerazioni lunghe effettuate su cv Garganega, presi in esame per questa
indagine sono stati prodotti nelle annate 2008 e 2009 nell’area del Soave DOC, e 2007, 2008 e 2009
presso la DOC Custoza.

Tutte le uve utilizzate per queste esperienze erano caratterizzate da un ottimo stato sanitario e da
una buona maturazione tecnologica.

La vinificazione prevedeva una macerazione del pigiato privo di raspi per quattro mesi in assenza di
anidride solforosa (Ferrarini et al., 2009).

I profili aromatici sono stati determinati dopo tecniche di arricchimento come SPE (estrazione in
fase solida) utilizzando una cartuccia ENV+, e SPME (microestrazione in fase solida). Tutti i
composti cosi arricchiti sono stati quantificati tramite HRGC-MS (Versini et al., 1999)

Metanolo, acetaldeide e acetato di etile sono stati determinati sul distillato mediante iniezione
diretta in GC-FID.

Le analisi sensoriali sono state condotte attraverso test triangolare e determinazione del profilo
sensoriale attraverso un panel di 10 giudici addestrati.

Infine, per il vino ottenuto da macerazione lunga con Garganega di Custoza prodotto nel 2007,
I’analisi sensoriale € stata abbinata ad una analisi di piacevolezza. Inoltre, attraverso un differente
panel di assaggiatori addestrati, composto di 13 soggetti, & stato condotto uno studio emozionale
(per la scheda emozionale utilizzata si veda Ferrarini et al. 2009 e 2010) composto di tre 3 fasi:

- assaggio blind, valutazione emozionale con assaggio senza alcuna informazione sul vino in
esame;

- valutazione di aspettativa (expectation), aspettativa emozionale dopo aver ricevuto
informazioni sul tipo di vino e sul processo di vinificazione e aver preso visione della
bottiglia e dell’etichetta;

- assaggio lebelled, valutazione emozionale con degustazione del prodotto e indicazione del
vino assaggiato.

Il significato emozionale attribuito al vino e D’attribuzione di piacevolezza sono stati poi
approfonditi mediante focus group.

RISULTATI E DISCUSSIONE

Analisi aromatiche

Per quanto concerne i vini elaborati da macerazione per 4 mesi di uve Garganega, ottenute nella
zona di Soave e Custoza, si evidenzia in maniera marcata il notevole decremento, fra gli analiti in
forma libera dosati, dei composti a nota di frutta bianca, ossia gli acetati di alcoli superiori (da ca.
4700 a 330 ug/L nel confronto 2009; da ca. 1660 a ca. 400 pg/L nel 2008) e gli esteri etilici di acidi
grassi dal C4 al Cyo (da ca. 3600 a 970 ug/L nel 2009, da ca. 2500 a ca. 950 pg/L nel 2008),
risultando piu elevati i loro livelli nei vini testimone, vinificati mediante vinificazione in bianco
tradizionale. Quali notevoli supporter del sentore di frutta bianca vi sono poi gli esteri etilici dei 2- e
3-metilbutirrati che si producono nel tempo per reazione chimica, come il 2-feniletilacetato di etile.

Le differenze del contenuto di composti di origine fermentativa risultano appiattite nei vini del
2007, a causa di una diminuzione di questi composti nel corso del tempo.

Accanto al rilevante incremento nei vini macerati di alcuni ariletanoli, in particolare: alcool
omovanillico e il tirosolo, nonché di acetovanillone e di altri analoghi arilchetoni e della vanillina
con la siringaldeide, osserviamo quello dei monoterpeni 8-idrossilinalolo cis e trans, del 3-cheto-a-
ionolo fra i norisoprenoidi, del furaneolo e del norfuraneolo fra i derivati furanoidi, e di altri



composti minoritari.
Nei particolari, tabella 1, permette di avanzare le seguenti considerazioni:

I tenori di lattato di etile, lattato di isoamile e di dietilmalato indicano che le prove del 2009 e
i testimoni delle annate 2008 e 2007 hanno fatto solo una parziale malolattica rispetto alle
altre. Per il dietilsuccinato si evidenzia una variazione fra le annate in funzione sia della
diversa produzione di acido succinico che di un diverso decorso della malolattica, pur
trattandosi in parte di una sintesi da reazione chimica, quindi da doversi ritenere piu avanzata
nei campioni del 2008 e del 2007.

Nel caso di altri idrossiesteri, il 3-idrossibutirrato di etile, di ca. il 30% maggiore nelle prove
macerate rispetto al test solo nel 2008, ha comunque un tenore prossimo fra le tre annate e
probabilmente caratterizzante il vino Garganega. Il 4-idrossibutirrato di etile € maggiore nelle
prove macerate rispetto alla tradizionale, di ca. il doppio nelle prove 2009 e di ca. 5 volte in
quelle 2008, risultando i tenori massimi abbastanza simili, mentre il y-butirrolattone, tendente
all’equilibrio con il 4-idrossibutirrato, di etile e ca. il triplo nelle macerate 2008 rispetto a
quella corrispondente 2009. Si pud prospettare una formazione biologica complessiva di
intensita diversa per le tre annate, cosi come evidenzia lo spostamento dell’equilibrio verso il
y-butirrolattone nelle prove del 2008 e 2007, che risulta piu basso nei vini testimoni piu
invecchiati e con valori maggiori nei macerati. Per il 2-idrossiisovalerato di etile e il 2-idrossi-
4-metilpentanoato di etile, a tenori sensibilmente minori degli altri esteri commentati, le
variazioni di livello paiono rispecchiare quelle del lattato di etile.

Alcoli fermentativi:

. alcool 2-feniletilico: tutte le prove del 2008 e 2007 hanno tenori almeno doppi (ca.
45 mg/L) rispetto al test da vinificazione tradizionale (ca. 18 mg/L). Nel 2009 i
contenuti sono simili fra vini macerati e testimoni, con ca. 35 mg/L. | livelli di
interesse sensoriale sono a ca. 30-40 mg/L nei vini bianchi;

. tirosolo ed il triptofolo, derivati dalla riduzione di corrispondenti amminoacidi (di
cui il primo di valenza salutistica quale antiossidante ed il secondo favorente la
sonnolenza), mostrano un comportamento diverso: il tirosolo aumenta nettamente
nelle prove macerate, mentre il triptofolo ha livelli elevati nelle vinificazioni in
bianco, ma anche tendenzialmente in alcune delle macerate.

. nel caso del metionolo il suo contenuto, nei vini macerati prodotti nella zona del
Soave, raddoppia nelle prove 2009 mentre quadruplica in quelle del 2008. Nei
vini prodotti nella regione di Custoza il contenuto di questo composto si rivela di
molto superiore ai precedenti. Questo comportamento era atteso dalla letteratura
poiché il tenore e in antitesi alla limpidezza dei mosti. | valori maggiori sono
prossimi o pari a ca. meta quelli di soglia olfattiva (sentore da vegetale cotto).
Analoga tendenza attesa in funzione opposta all’illimpidimento dei mosti riguarda
la N (3-metilbutil) acetammide e la N (metionil) acetammide.

Piroglutammato di etile, responsabile della nota da brodo/lievito, proviene da esterificazione
di acido di derivazione amminoacidica (acido glutammico e glutammina) che & generalmente
favorita dal contatto con i lieviti. | valori trovati parrebbero non in questa direzione risultando
un livello decisamente minore nelle prove macerate. Questo potrebbe significare che la
presenza delle parti solide, a contatto con la feccia di macerazione, non implementi la
produzione di questo composto.
Alcoli a C6:
= J’esanolo € marcatamente minore nelle prove non macerate, risultando tuttavia i
valori delle macerate non elevati, approssimabili ancora a quelli di vinificazioni in
bianco.
= Anche il cis 3-esenolo tende ad incrementare nelle prove macerate. In tutti casi il
trans 3-esenolo supera il cis 3-esenolo, fatto che conferma una peculiarita della
Garganega gia osservata da Moret et al. (1984).



= Lattoni:

il y-nonalattone, responsabile della nota di cocco, incrementa di ca. 5 volte nel
raffronto fra vinificazione tradizionale e con macerazione lunga, raggiungendo anche
120 pg/L;

il y-decalattone ¢ invece in tracce < 1 pg/L;

per quanto riguarda il 4-carboetossi-y-butirrolattone in abbinamento al dietil 2-
idrossiglutarato, se ne ha un maggiore livello nelle prove non macerate: vi € un
maggior tenore di 4-carboetossi-y-butirrolattone rispetto alla forma aperta, come
atteso da letteratura, e con un incremento relativo maggiore di quest’ultima
nell’invecchiamento, come osservato nei prodotti 2008 e 2007.

. Monoterpeni:

il livello di linalolo varia da ca. 4 a 8 pug/L con tenori maggiori nelle prove del 2008
macerate, probabilmente anche in ragione del pH maggiore;

I’a-terpineolo € maggiore, come atteso per sua derivazione dal linalolo, nei campioni
del 2008 e 2007, variando da ca. 3 a 9.5 ug/L;

il citronellolo (anche fino a 12 pg/L), nerolo e geraniolo (insieme, anche fino a 11
ug/L) paiono maggiori nelle prove macerate per un maggior tenore nelle bucce, cosi
come 1’ossido di linalolo piranico trans, il maggiore fra gli ossidi.

L’Ho-diendiolo ¢ ca. triplo nelle prove del 2008 (fino a ca. 33 pg/L) rispetto ai livelli
di ca. un quarto nel 2009 (probabile effetto annata).

Infine I’interessante situazione del trans e cis 8-idrossilinalolo, quest’ultimo molto
maggiore nei vini da macerazione lunga rispetto ai testimoni con incrementi da 5 a
15 volte fino a ca. 160 pg/L, soprattutto nel 2008 [livelli maggiori di isomero CiS Si
riscontrano anche fra gli agliconi da forme legate nel confronto fra i due tipi di
vinificazione].

= Benzenoidi varietali, trattasi dell’alcool benzilico, dei fenoli, quali fenolo, o- e p-cresolo,
guaiacolo, eugenolo; del metil vanillato, metil salicilato, aceto-, proprio- e butirrovanillone,
aceto-, proprio- e butirrosiringone, alcool omovanillico, vanillina, siringaldeide.

Per I’alcool benzilico abbiamo un forte incremento con la macerazione anche fino a
1100 pg/L nel 2008 (620 pg/L nel 2009) a fronte di meno di 100 pg/L nei non
macerati.

Fra i fenoli aventi spesso apporto sensoriale anche a tenori inferiori a 10 pg/L, ¢’¢ in
generale un incremento nel passaggio da vinificazione tradizionale e i vini elaborati
tramite macerazioni lunghe, da ca. 6 a ca. 20 pg/L.

I vinifenoli (4-vinilfenolo e 4-vinilguaiacolo), attribuiti al metabolismo degli acidi
idrossicinnamici da parte dei lieviti, hanno livelli da ca. 20 a 70 pg/L, ma non
necessariamente in relazione al tipo di macerazione.

Gli etilfenoli (4-etilfenolo e 4-etilguaiacolo) non sono presenti in quanto derivati da
Brettanomyces, che qui non hanno operato.

Fra i vanillil e siringilderivati, abbiamo una prevalenza dei primi con il tenore piu
elevato per 1’alcool omovanillico anche fino a 1600 pg/L nelle prove macerate (ca.
100 pg/L nei test), quindi per 1’acetovanillone con analoga tendenza in relazione alla
tecnologia fino a ca. 350 pg/L (propio- e butirrovanilloni non superano i 20 pg/L), la
vanillina (non oltre i 15 pg/L), mentre la siringaldeide ¢ sui 50 pg/L nei macerati del
2008 e 2007, con un contenuto piu elevato per il 2009 della zona di Custoza. |
proprio- e i butirrosiringoni risultano a meno di 5 pg/L.

Anche D’alcool diidroconiferilico tende ad aumentare nelle prove macerate, cosi
come pare per I’alcool coniferilico.

Merita attenzione la situazione del salicilato di metile a nota di miele di castagno sui
50 ppb: questo valore € prossimo a quelli misurati in due prove macerate del 2008;

= Norisoprenoidi: consideriamo fra questi f-damascenone, TDN, VTP, actinidoli e 3-cheto-a-



ionolo.

= | primi quattro non paiono dipendere dalla macerazione, ma forse dall’annata;

= TDN e VTP sono a valori alquanto bassi, non oltre 1 ug/L, per i vini delle annate
2009 e 2008, mentre si pud osservare un loro incremento durante 1’invecchiamento
per ’annata 2007;

= gli actinidoli sono, come atteso, piu alti nelle prove del 2008 e 2007 per la loro
formazione per via chimica, ma non oltre i 33 pg/L.

= E’ evidente I’aumento deciso del 3-cheto-a-ionolo (dalla nota di tabacco/speziato)
nelle prove macerate raggiungendo anche ca. 110 pg/L;

" Furaneolo, omofuraneolo e norfuraneolo paiono aumentare nelle macerazioni lunghe del 2007
e 2008 raggiungendo valori di possibile contributo sensoriale per il furaneolo. Questo
composto aumenta anche nel vino da macerazione del 2009, mentre vanno con tendenza
opposta i vini testimoni.

" E’ stato quantificato anche il p-cumarato di etile con tenori maggiori, comprese tra ca. 120 e
180 pg/L, nei vini da vinificazione in bianco e con sensibile calo in quelli da macerazione
lunga (da ca. 60 a 100 pg/L): puod prospettarsi una tendenza all’esterificazione simile a quella
che avviene per gli esteri etilici di acidi grassi ad opera dei lieviti.

Analisi sensoriali ed emozionali dei vini ottenuti con macerazione lunga e dei relavi testimoni
ottenuti con vinificazione tradizionale (DOC di Soave e DOC di Custoza)

I risultati del test triangolare evidenziano che tutti i prodotti a lunga macerazione (sia della DOC di
Soave che di Custoza) sono sensorialmente distinguibili dai relativi testimoni.

Per quanto riguarda i profili sensoriali (Figura 1 e 2) va evidenziato per la del 2008 della DOC di
Soave e per tutte e tre le prove della DOC di Custoza (annate 2007, 2008, 2009) 1’apporto
importante conferito dalla tecnica a lunga macerazione alle caratteristiche di balsamico, mandorla,
speziato (in linea con le analisi aromatiche) e astringente.

Relativamente meno importanti per quanto riguarda il sentore di mandorla e di speziato le
differenze tra prova a macerazione lunga del 2009 della DOC di Soave e il relativo testimone;
invece, non vi ¢ alcuna differenza per quanto riguarda il sentore di balsamico.

Dal punto di vista gustativo si puo notare I’emergere di una nota amara per le prove a macerazione
lunga della DOC di Soave (Figura 1) nel confronto con i relativi testimoni, differenza comunque
piu contenuta nell’annata 2009. Tuttavia, nelle prove a lunga macerazione della DOC di Custoza,
I’amaro presenta valori medi molto bassi e le differenze con 1 relativi testimoni sono molto lievi o
nulle.

Rilevante inoltre la persistenza che caratterizza generelmente i vini a macerazione lunga rispetto ai
testimoni, eccenzion fatta per la prova 2009 della DOC di Soave, la quale comunque presenta un
livello di persistenza non marcatamente inferiore al testimone.

Si evidenzia tuttavia una penalizzazione nei sentori floreali e di frutta bianca per i vini a lunga
macerazione prodotti nella DOC di Custoza.

Per quanto riguarda lo studio di piacevolezza ed emozionale va evidenziato che generalmente in
sede di studio sensoriale, gli assaggiatori spesso attribuivano una certa originalita al prodotto
ottenuto con macerazione lunga. Anche per tale motivo, abbiamo realizzato uno studio approfondito
sull’aspetto della percezione del prodotto del vino a lunga macerazione del 2007 di Custoza in
raffronto con il relativo testimone.

Per gquanto riguarda il giudizio di piacevolezza percepita, possiamo dire che all’assaggio in sede
sensoriale (pertanto da considerarsi come fase blind) il vino ottenuto da macerazione lunga risulta
penalizzato rispetto al testimone. Infatti, mentre il testimone riporta una media di giudizio di
piacevolezza (sempre range 1-100, come per la sensoriale) di 46.22, il macerato presenta media
23.67. Tuttavia e interessante evidenziare che nella fase expectation dello studio emozionale il
macerato ¢ stato definito maggiormente ‘“‘curioso”, “interssante” e ‘“passionale” rispetto al
testimone. Dal focus group ¢ emerso che a connotare 1’alta aspettativa e ’attrazione verso il vino



\

macerato ¢ stata proprio 1’originalita attribuita al particolare processo di vinificazione. Il focus
group ha messo, infatti, in evidenza che la macerazione lunga viene associata al concetto di una
“affascinante storia del vino e delle scelte del produttore”, intesa come processo di lavorazione delle
uve, evoluzione, tempo di invecchiamento.

Dunque I’aspetto caratteristico e distintivo della vinificazione con macerazione lunga ha
determinato alti livelli di aspettativa e e richiamo emozionale.

Figure 1:DOC di Soave anno 2008 e 2009. Profili sensoriali dei vini ottenuti da vinificazione tradizionale (testimoni) e
delle prove a macerazione lunga
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Figure 2:DOC di Custoza anni 2007, 2008 e 2009. Profili sensoriali dei vini ottenuti da vinificazione tradizionale
(testimoni) e delle prove a macerazione lunga
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Tabella 1: confronto della composizione aromatica di vini testimone, vinificati attraverso vinificazione tradizionale, e
vini vinificati con macerazione lunga di 4 mesi.

VINI TESTIMONE

MACERAZIONI LUNGHE

Soave Soave Soave Soave Custoza Soave Custoza Custoza

2009 2008 2007 2009 2009 2008 2008 2007
Esil Acetato 67,5 51,4 11,8 5,7 1,8 15,2 6,2 15,5
Isoamil Acetato 3.778,0 1.375,4 375,8 216,3 148,8 289,4 105,4 191,4
Beta-Feniletil Acetato 739,5 171,7 42,5 19,4 27,7 30,6 14,0 27,4
Etilfenil Acetato 2,8 4,1 4,1 6,5 8,0 3,3 9,1 13,4
Etil Butirrato ( C4 Etile ) 373,0 210,7 393,1 146,0 88,7 133,3 168,4 168,5
Etil Caproato ( C6 Etile ) 937,7 651,8 1.434,9 352,1 253,5 330,2 432,8 518,4
Etil Caprilato ( C8 Etile) 1.641,7 1.103,7 1.855,5 367,6 243,7 4448 470,8 555,5
Etil Caprinato ( C10 Etile ) 616,6 494,2 449,3 104,8 77,1 98,8 73,5 219,9
9-Decenoato di Etile 13,0 29,7 8,6 1,8 1,8 2,2 4,0 6,7
3-Idrossi Butirrato di Etile 264,4 259,5 235,3 217,4 247,8 359,7 395,1 307,7
4-Idrossi Butirrato di Etile 2.378,7 564,7 2149 4.543,1 3.772,5 3.624,7 614,4 833,4
Etil-2-Idrossi-Iso-Valerico 2,4 4,9 8,1 2,3 8,1 23,3 22,0 21,9
Etil-2-1drossi-4-Metil-
Pentanoato 34,5 50,9 61,1 29,3 67,8 142,9 147,2 89,7
DiEtil Succinato 506,3 2.655,6 4.363,1 711,8 1.476,0 8.174,4 4.464,5 15.451,8
Etil Lattato 3.047,7 4.990,1 8.758,2 4.662,9 16.823,4 19.295,3 31.855,5 38.803,4
Isoamil Lattato 10,1 20,2 15,8 25,4 356,5 277,6 376,0 337,8
Etil Succinato (+ Isoamile) 8,3 18,5 15,6 12,7 24,4 143,6 43,1 110,0
Dietil Malato 355,6 4.944,2 5.892,5 234,2 1.137,5 323,6 1.155,7 903,4
Metil Vanillato 2,6 3,9 3,8 4,5 4,0 5,2 5,9 10,3
Etil Vanilato 4,2 1,8 2,1 5,6 5,7 7,9 6,7 15,0
Cinammato di Etile 0,5 0,6 0,0 1,2 0,0 0,6 0,0 0,0
Salicilato di Etile 0,0 0,3 0,0 0,7 0,3 1,8 0,6 0,0
Salicilato di Metile 1,4 6,4 0,0 9,3 4,2 41,0 8,6 9,8
Esanolo 207,0 355,8 424,0 1.167,3 1.032,3 848,0 1.551,6 1.720,6
Trans-3-Esenolo 21,7 39,2 26,4 52,8 31,1 21,3 32,5 59,6
Cis-3-Esenolo 4,6 4,7 9,7 11,4 14,7 9,1 16,8 26,5
2-Esen-1-olo 1,2 1,6 1,4 4,0 6,5 2,5 3,7 5,4
Alcool Benzilico 48,6 90,4 44,3 619,4 340,3 1.108,3 539,8 545,9
Alcool Beta-Fenil Etilico 36.846 17.980 15.172 35.016 73.895 47.061 41.633 54.646
3-Metil-Tio-Propanolo
(Metionolo ) 653,6 388,1 1753 1.388,5 3.684,5 1.897,2 1.655,8 2.862,2
Furfuril Alcool 8,3 13,6 12,1 14,1 590,5 53,0 19,0 19,7
Alcool Omovanillico 67,2 119,7 86,3 879,1 1.315,2 1.585,3 1.380,5 1.606,5
1-Octen-3-olo 0,0 0,0 0,0 4,7 3,5 4,5 6,5 5,6
Linalolo 4,2 4,2 1,9 3,9 6,6 8,6 4,6 3,1
HO-Trienolo 0,0 1,5 0,7 0,0 0,0 2,2 2,5 1,7
Alfa-Terpineolo 1,2 3,3 3,9 1,8 2,7 4,3 6,2 9,5
Citronellolo 2,4 2,4 0,0 8,2 5,3 12,3 2,3 1,4
Nerolo 0,0 0,0 0,0 3,2 2,2 3,8 1,1 2,4
Geraniolo 3,2 0,7 0,0 4,8 4,7 6,9 1,6 2,1
Trans-Linalolo Ossido (A)(Fur) 0,0 0,0 0,0 0,0 2,4 0,0 2,3 5,6




VINI TESTIMONE

MACERAZIONI LUNGHE

Soave Soave Soave Soave Custoza Soave Custoza Custoza

2009 2008 2007 2009 2009 2008 2008 2007
Cis-Linalolo Ossido (B)(Fur) 0,0 0,0 0,0 0,0 1,7 0,0 1,3 2,8
Trans-Linalolo Ossido (C)(Pir) 1,6 1,9 0,0 7,4 4,4 8,5 7,6 8,5
Cis-Linalolo Ossido (D) (Pir) 0,0 0,0 0,0 0,0 0,0 0,0 1,8 1,2
HO-Diendiolo 1 8,4 18,9 4,9 8,6 6,2 33,3 19,3 10,1
HO-Diendiolo 2 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
EnDiolo 34 7,7 9,7 4,9 15,1 5,5 14,6 30,6
8-ldrossiLinalolo trans 13,1 16,9 4,1 16,6 7,0 20,0 10,2 17,2
8-ldrossiLinalolo cis 10,0 12,7 9,4 50,5 32,7 140,7 59,1 44,7
4-Terpineolo 1,0 0,0 0,0 1,0 0,0 0,4 0,0 0,0
Para - Cimene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Terpinolene 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
4-Vinil-Guaiacolo 69,6 34,4 55,0 19,3 32,7 39,3 37,8 51,3
4 Vinil Fenolo 35,5 7,1 4,4 4,2 8,6 33,2 55 5,6
Eugenolo 2,5 3,9 2,4 6,3 8,2 9,0 4,9 3,7
Guaiacolo 0,3 0,3 2,2 1,2 1,7 1,1 1,0 1,3
Orto-Cresolo 0,6 0,7 0,7 3,9 2,0 4,4 2,9 4,5
Para- Cresolo 0,7 0,4 0,8 1,8 1,6 1,9 2,0 2,9
Vanillina 3,2 4,7 7,0 9,3 93,3 16,8 8,1 18,9
Aceto Vanillone 201,9 192,5 178,8 319,5 259,4 344,6 193,0 357,7
Fenolo 1,1 1,5 1,7 5,2 3,3 4,1 4,0 6,2
Fenil Acetaldeide 9,6 13,6 17,9 10,2 28,7 11,1 32,7 20,9
Benzaldeide 3,9 4,6 4,0 12,9 4,9 17,4 92,4 19,5
Gamma Nonalattone 3,2 3,3 2,6 19,3 11,0 15,5 9,8 13,5
Gamma-Deca Lattone 0,0 0,0 0,0 0,0 0,9 0,0 1,0 1,0
g-ButirroLattone 759,3 818,1 683,9 1.001,4 1.525,2 3.303,5 1.542,6 2.220,1
Acido Buitirrico 541,9 573,0 803,2 374,1 283,6 447.,4 522,1 452,8
Ac Iso-Valerianico 376,5 232,2 178,8 351,2 380,0 4254 339,8 414,9
Acido Caproico (C 6) 2.507,1 2.057,7 3.431,2 1.192,8 947,5 1.399,0 1.723,5 1.522,5
Acido Caprilico (C 8) 5.657,3 4.058,5 6.794,8 1.421,5 1.172,8 2.031,2 2.259,7 2.233,8
Acido Caprico (C 10) 2.279,7 1.732,7 2.432,7 225,4 253,4 329,4 337,2 1.071,2
Acido Omovanillico 22,7 12,6 21,5 40,7 114,7 62,2 61,5 46,4
N-( 3 MetilButil ) Acetamide 59,0 65,8 43,8 594,4 1.061,6 273,3 3.974,4 2.227,5
Beta Damascenone 7,8 4,3 2,0 4,7 2,4 5,3 1,7 1,8
Alfa-lonone 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Beta-lonone 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
TDN 0,5 1,2 1,8 0,3 0,3 0,3 0,5 2,0
Etossi TDN 0,0 0,3 0,6 0,0 0,0 0,0 0,0 0,0
Vitispirano 1 0,0 1,0 1,8 0,0 0,0 0,0 1,5 5,2
Vitispirano 2 0,0 0,6 1,4 0,0 0,0 0,0 1,2 3,8
Actinidoli Etossi Derivati 1 0,0 1,0 2,1 0,0 0,0 0,0 1,4 3,1
Actinidoli Etossi Derivati 2 0,0 0,6 15 0,0 0,0 0,0 0,8 1,9
Actinidoli 1 1,1 5,6 10,4 1,2 3,3 2,1 10,1 17,0
Actinidoli 2 2,5 10,8 19,5 2,9 7,4 5,0 19,7 33,1
3-oxo-alfa-ionolo 22,6 23,7 32,5 1141 67,7 85,3 69,2 94,8




VINI TESTIMONE MACERAZIONI LUNGHE

Soave Soave Soave Soave Custoza Soave Custoza Custoza

2009 2008 2007 2009 2009 2008 2008 2007
Furfurolo 6,6 15,8 47,6 3,5 46,2 1,6 61,3 98,1
Siringaldeide 2,2 1,9 9,8 4,2 146,7 40,5 8,2 13,6
5-Metil Furaldeide 0,0 1,1 2,8 0,0 23,6 0,0 1,5 3,2
Furaneolo 7,3 6,8 4,2 15,5 13,7 18,3 8,9 10,9
Omo furaneolo 9,6 12,9 4,5 4,4 13,9 15,8 10,4 13,4
Nor Furaneolo 121,4 117,3 57,6 53,8 72,5 242,0 83,2 61,4
PiroGlutammato di Etile 842,4 5.601,1 6.125,1 91,8 471,1 315,7 559,2 1.881,5
p-Hydroxycinnamic acid, ethyl
ester 121,4 181,6 0,0 97,1 10,5 58,2 208,9 44,8
Propiovanillone 2,1 3,4 4,1 11,6 25,7 12,4 7,0 8,1
Butirrovanillone 1,8 4,6 26,1 7,2 99,5 17,2 28,9 107,7
Acetosiringone 1,9 2,3 5,0 5,8 9,9 7,2 6,5 8,3
PropioSiringone 1,3 1,2 1,8 4,6 10,7 4,2 3,0 4,1
ButirroSiringone 0,9 0,8 2,1 1,2 32,7 1,1 4,7 6,0
Tirosolo 149,5 80,4 394,2 331,9 1.456,4 313,4 174,1 1.151,7
Triptofolo 1.981,7 1.586,4 1,5 613,5 364,8 2.643,2 3.385,3 349,9
TPB 0,0 0,0 0,0 0,0 0,0 0,0 0,0 0,0
Diidro Conifeil Alcool 37,9 21,5 38,4 69,2 193,6 104,6 103,2 82,7
Coniferil Alcool 2,0 1,0 0,0 7,4 0,0 8,7 0,0 0,0
Vomifoliolo 20,9 21,4 44,3 34,9 52,4 36,6 36,0 62,4
Dietil 2 Idrossi Glutarato 77,8 567,7 702,5 49,9 420,9 389,0 944,0 1.118,3
4-CarboEtossi ButirroLattone 412,0 840,9 805,8 264,6 752,5 552,2 1.275,5 1.346,7
Etil-2-Metil-Butanoato 1,0 9,1 12,1 0,7 6,7 0,8 11,4 28,9
Etil-3-Metil-Butanoato 9,0 14,9 32,4 4,0 8,3 8,0 25,9 52,4
Metionil Acetamide 2,0 2,5 5,8 17,3 41,8 10,4 169,4 114,2

CONCLUSIONI

Complessivamente si pud osservare come i vini ottenuti con macerazione lunga risultino, sotto
I’aspetto aromatico, caratterizzati da composti di origine evolutiva, come 3-cheto-a-ionolo,
salicilato di metile, fenoli, lattoni e actinidoli, e sensoriale, con note balsamiche, speziate e di
mandorla.

Questa tecnica comporta pero ridotta presenza di composti aromatici di origine fermentativa, quali
acetati ed esteri etilici, importanti in quanto responsabili delle note di frutta bianca e floreale.
L’analisi aromatica evidenzia che la macerazione lunga riprofila il vino, suggerendo quindi di
includere altri descrittori sensoriali generalmente non impiegati per i vini ottenuti da Garganega con
vinificazione classica (in bianco), quali ad esempio sentori di miele o note di cocco.

Inoltre, I’analisi sensoriale ed emozionale mette in risalto I’apporto della macerazione lunga quale
tecnica in grado di dare forte indentita al prodotto.

Interessante e quindi indagare ulteriormente la tecnica di vinificazione a macerazione lunga, per la
messa a punto di prodotti di qualita che rispondano cosi anche da un punto di vista sensoriale e della
piacevolezza complessiva all’alta aspettativa emozionale suscitata dal prodotto ottenuto con questa
tecnica arcaica; soprattutto alla luce che essa puo prestarsi all’elaborazione di vini stabili nel tempo
senza 1’uso di coadiuvanti e in particolare di anidride solforosa,

Ricerca condotta con il contributo della Fondazione Cariverona nell’ambito del progetto “Vignealte
27,
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Abstract

Numerous researches have evidenced that only those red wines which contain high level of
polyphenols have antioxidant effect. We have elaborated and offered the processing
technology of dry red wines concentrated with polyphenols. The objects of research were
dry red wine samples made from Saperavi grape variety grown in four different regions of
Georgia: test sample — using the technology developed by us; control sample— using the
existing technology. By means of the HPLC analysis we determined the total amount of
catechins, phenolcarbonic acids, flavonols, resveratrol and vanillin aldehyde. Total amount of
phenols was determined by the Folin-Ciocalteau reactive. It has been established that
compared with control the total amount of phenols in test samples is high by 50%, of
catechins by 72-139%, of phenolcarbonic acids by 55-104%, of flavonoles by 3- 4 times; the
amount of vanillin aldehyde - by 1.5-2.9 times. The results of wine tasting assessment are
higher compared with the control.

La demande accrue sur les vins rouges sur le marché mondial s’explique par son
activité antioxydante. Les nombreux recherches démontrent que cette activité n’est
propre que dans les vins ou la teneur en polyphénols est haute. Nous avons élaboré et
recommandons une technologie de production des vins rouges secs concentrés en
polyphénols. Pour cette étude, nous avons utilis¢ les échantillons des vins rouges
variété Saperavi de provenance de quatre différent régions de Géorgie: essai — par
procédé ¢élaboré ; référence — par procédé usuelle.. Nous avons constaté que par
rapport aux références, les ¢échantillons expérimentaux contiennent davantage :
phénols totales de 1’ordre de 50% ; celui des catéchines — de 72 a 139% ; la somme des
acides phénolcarboniques— de 55 a 104% ; flavonoles 3 — 4 fois; aldéhyde de vanilline
— 1,5 2,9 fois. Les résultats d’analyse organoleptique des échantillons expérimentaux
sont avérés plus hauts par rapport aux référence.



I ntroduction

Polyphenols of red wines have been found to have strong antioxidant effect which is
evidenced by numerous studies (Pace-Asciak et al.,1995; Miyagi,.Miwa , 1997; Flesch et
al.,1998; Golde et al.,1999; Knekt, 2000; Verts, Litvak, 2001; Verts, Litvak, 2003;
Oganesyants et al., 2003; Corder, 2006; Shalashvili et al, 2007 ). The increased demand for
red wines in the world market is attributed to their antioxidant effect. The data obtained by the
researchers show that only the red wines which have high level of polypehol content reveal
antioxidant effect. The polyphenol content of red wines depends on grape variety, grape
growing site, winemaking technology (Valuiko, 1973; Kishkovskii, Skurikhin, 1976
Durmishidze, Khachidze, 1985; Mayen et al, 1995; Versari et al. 1999;; Servili et. al, 2000;
Gomez-Plaza et al., 2001; Bavaresco, 2003; Papadopoulau et al. 2005; Prajitna et al.,2007;
Roussis et al, 2008).

The development of winemaking technology of red wines concentrated with polyphenols
is regarded to be a topical issue in winemaking.

We have elaborated and offered production technology of dry red wines concentrated with
polyphenols.

The purpose of this study is to examine phenol components and organoleptic characteristics
in red wines prepared by the technology offered by us and the existing technology.

Material and M ethods

The objects of research were dry red wine samples made from Saperavi grape variety
(vintage 2008) originating from four different wine regions of Georgia (Gurjaani, Kvareli,
Telavi, Sagarejo): test — using the technology of polyphenols concentration developed by us
(Ebelashvili et al. 2009 ); control — using the existing technology (Valuiko,1973).

In research objects the determination of catechins, phenolcarbonic acids, flavonols and
vanillin aldehyde was conducted using the high performance liquid chromatography (HPLC)
method, on the apparatus Pro Star of the firm Varian with UV detector. Separation of
components was performed on chromatographic column with reversed-phase sorbent
Microsorb 100-S C18 (250mm x 4.6 mm x 5.0 mm). Elution was performed in gradient mode
at the rate of mobile phase feed equal to 1 ml/min. The following solutions were used:
Solution A — water/phosphoric acid (in the ratio of 99.5/0.5); solution B -
acetonitrile/water/phosphoric acid (in the ratio 50/49.5/0.5). The wine samples were diluted
five times with solution A and filtered through membrane filter (pore diameter 0.22 um). The
solvents and commercial standards used during the analysis were purchased from Sigma-
Aldrich (Germany). The detection was performed at wavelengths: 280 nm (gallic,
chlorogenic, vanillic, caffeic, p-coumaric, sinapic, t-cinnamic acids, (+) — catechin, (-) —
epicatechin, and vanillin aldehyde); 360 nm (quercetin, quercetin-3-p-D-glucosid, kaempherol
and ellagic acids); 310 nm (resveratrol). Identification was conducted by comparison of
retention time of standard substances and defined components as well as by using the method
of standard substances addition known in special literature (Servili et al. 2000; Bonerz et al.
2008).. The total amount of phenols was determined by Folin-Ciocalteau reactive (Valuiko,
1973).



Results and Discussion.
The obtained data are given in Tabs 1, 2 and illustrated in Figs. 1, 2. Wine samples prepared

from Saperavi grape variety grown in the mentioned four regions show high level of (+)-
catechin, (-) epicatechin and sinapic acid. In research objects the total of (-) epicatechin is

Table 1.

Polyphenol componentsin resear ch objects prepared from Saperavi grape
variety grown in different regions.

Kvareli Gurjaani Telavi Sagarejo
Polyphenol
components
mg/dm’
control test control test control test control test
Total of 3130 4688 3208 4870 3160 4795 3130 4701
polyphenols
Total of catechins 162.22 387858 | 25722 54157 173208 | 297.77 191.103 400.063
Total of . 268127 | 416636 | 296492 | 604789 | 284671 | 536034 | 288901 | 462404
phenolcarbon acids
Total of flavonoles 21.867 72984 13.818 58.564
(+) - catechine 46378 165644 | 102036 | 223391 67,710 121.982 67.585 177.656
(-) - catechine 115842 | 222214 | 155176 | 318175 | 105498 | 175786 | 123. 518 | 222407
Sinapic acid 215.731 347.233 237.711 513.639 250.157 478.124 228.644 403.806
Vanillic acid 1567 7.696 3.665 12.988 2701 5557 0225 11.560
Caffeic acid 7.083 16.428 2.682 34.098 2495 5388 9.932 18.199
t-Cinnamic acid 8331 9277 7502 17.549 7,049 16.869 8.074 9907
Ellagic acid - 4106 1598 5341 0.147 3.802 - 4449
Vanilline aldehyde 1940 2.330 3649 6.619 2025 4787 1565 4524
Table 2.
Wine tasting results in research objects.
Region Research Wine tasting
objects results, in points
Kvareli control 835
test 845
Gurjaani control 8.36
test 8.54
Telavi control 827
test 849
Sagarejo | control 8.22
test 8.39
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Figure 1. The total of common phenols (a), catechines (b), phenolcarbon acids (c¢) and

flavonoles (d) in research objects prepared from Saperavi grape variety grown in different
regions.
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Figure 2. The amount of sinapic (a), vanillic (b), caffeic (c), cinnamic (d), ellagic
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higher than that of (+)-catechin. Cinapic acid makes 80% of total phenocarbonic acids. In
wine samples (control) prepared by the existing technology the total of catechins amount is
within the range of 162-257 mg/dm”.

Catechins amount in commercial red wines prepared from Cabernet Sauvignon sold in US
supermarkets was studied by Ritchey and Waterhouse (1999). According to their data the
amount of these components in ultra-premium wines of Cabernet Sauvignon is far low
compared with Saperavi wine samples (control) prepared with the use of standard technology.
The total of catechins is also far higher in the same wine samples of Saperavi compared to the
Hungarian wines Kadarka and Lemberger (Bonerz et al., 2008) as well as Spanish wines
prepared from Cabernet Sauvignon and Tempranillo (Mayen, et al., 1995).

In Bordeaux wines catechins concentration makes 94 mg/l, epicaterchins — 48 mg/l
(Bourzeix, et al. 1986).

The analysis of the obtained results has shown that phenolic content of the test samples
compared with controls sharply increases.

The total mass concentration of general phenols in wine test samples (4688; 4870; 4795;
4701 mg/dm’) in comparison with controls (3130; 3206, 3160; 3130 mg/dm’) increases by
50%. In the test samples an increase in monomeric phenolic components is significantly
higher in test samples compared with control.

It has been established that the total of catechins in test samples (387.858; 541.57; 297.77;
400.063 mg/dm’) compared with controls (162.22; 257.22; 173.208; 191.103 mg/dm’) is
higher by 72 -139 %.

The total of phenolcarbonic acids in test samples (416.636; 604.789; 536.034; 462.494
mg/dm3) in comparison with controls (268.127; 296.492; 284.671; 288.901 mg/dm3)
increases by 55-104%.

In test samples in comparison with control the total of flavonoles is three or four times
higher (72.984; 58.565 mg/dm’ vs 21.867; 13.818 mg/dm).

The amount of resveratrol in test samples prepared from Saperavi grape variety grown in
Sagarejo and Kvareli regions was up to 2 mg/dm’, whereas in control it made less than 1
mg/dm’. Resveratrol was not found in control samples prepared from Saperavi grape variety
grown in Telavi and Gurjaani regions but in test samples its content was less than 1 mg/dm”.

Ellagic acid in wine control samples prepared from Saperavi grape variety grown in
Kvareli and Sagarejo regions was recorded as a trace whereas in test samples their amount
was 4 mg/dm’.

The amount of kaemferol in research objects was recorded as a trace.

In test samples the total of catechins grows at the expense of the increase of both forms; the
total of phenolcarbonic acids increases mainly at the expense of increasing sinapic, vanillic,
caffeic, cinnamic and ellagic acids; those of flavonoles — at the expense of quercetin-3-p-D-
glucosid.

According to literature data phenolcarbonic acids together with antioxidant ability
determine sort peculiarities and influence on the formation and typicalness of a wine. Cafteic
acid has bacteriocide action which is so high that its activity is often expressed by certain unit
of penicillin (Valuiko, 1973;).

We have established an increase in the amount of vanilline aldehyde in wine test samples
compared with control samples (2.830; 6.619; 4.787; 4.524 mg/dm3 vs 1.940; 3.649; 1.565
mg/dm’) by 1.5 - 2.9.times. As is known aromatic aldehydes exercise a significant influence
on sensor indices of wine, among which vaniline aldehyde has stronger and nicer aroma
(Valuiko, 1973; Kishkovskii., Skurikhin, 1976 ; Rodopulo, 1983).



The indicated increase in the content of catechines, phenolcarbonic acids, flavonoles and
aromatic aldehyde — vanillin in test samples of red wines must be explained by the application
of the technology developed by us which provides far better extraction of these components
from grape pulp in the process of alcoholic fermentation compared to the existing technology.

According to the data of degustation commission the test samples were distinguished with
much more fullness, harmony, brighter bouquet, sort aroma and wine tasting assessment
which was in 0.1-0.22 points more compared with control samples.

Conclusions

The analysis of the obtained data has evidenced that the application of the technology of
making red wines offered by us in comparison with the existing one gives the possibility of
much more extraction of phenolic components. The mentioned increase of the amount of
monomeric phenolic compounds enhances the antioxidant activity and improves sensory
characteristics of wines. The technology offered by us was transferred to the National Centre
of intellectual property (Sakpatenti) to obtain a patent.
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TECHNOLOGY BASED ON THE EFFECTIVE USE OF THE SOURCE
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ABSTRACT

The technology and equipment to produce yeast autolysates destined for the use in the
production of different types of still and sparkling wines and brandy spirits were developed at
the National Institute for Vine and Wine “Magarach”.

An installation for the yeast mass cavitation treatment is viewed as a constituent element of
wine production technology as well as for the cold prepation of bentonite suspension with the
aim to clarify and stabilize wines and wine materials, for the cold preparation of syrups, for
the preparation of tirage and dosage liqueurs during the production of sparkling and
champagnized wines and for the preparation of syrups on the basis of brandy spirits during
the production of cognacs and brandies.

RESUME

Les chercheurs du Centre National de Recherches sur la Vigne et le Vin “Magarach” ont
¢laboré une méthode de production, ainsi que 1’équipement correspondant, pour la production
des autolysats de levures de qualité, qui conviennent pour I’élaboration de différents types de
vins, traquilles comme effervescents, ainsi que d’alcools de brandies.

L’installation pour le traitement de cavitation de la masse lévurienne est destinée a étre
inclue dans la technologie de la production du vin en tant qu’élément technologique principal.
Elle est également utilisée pour la préparation de la suspension de bentonite a froid, dans le
but de la clarification et de la stabilisation des vins et des vins de base, pour la préparation
des sirops a froid, des liqueurs de dosage et de tirage au cours de I’élaboration des vins
effervescents et champagnisés, ainsi que des sirops a base d’alcools de brandies au cours de
I’élaboration des Cognacs et des brandies.

INTRODUCTION

A study of technological processes of Ukrainian wine production indicates that many of
those intended to treat wines are associated with excessive energy consumption justified by
the need to achieve stable and typical final products. The use of yeast autolysates is an
effective technological approach enabling the wine-maker to exert influence on the formation and
maturation of wine materials in a way leading to the improvement of their quality and typicality.

In 1926, the French scientist Martini was the first to point at the positive influence of yeast
autolysis on the maturation of bottle champagne. The biochemical role of the autolytic
processes during champagnization was substantiated by Oparin et al. in 1943-47. Yeast
autolysis was further studied by Sisakian, Rodopulo, Popova, Agabaliants (1964), Loza,
Nilov, Datunashvili (1964), Sarishvili (1982), Avakiants (1982) and other researchers. Yeast



autolysates and preparations on their basis are widely used throughout the world with the aims
to regulate the fermentation processes during the production of wine materials and in the
production of sparkling wines. The technology has been attempted in Ukraine yet is still
hampered by the time- and energy-consuming preparation of lysate materials.

Autolysis (in yeasts in our case) is the self-destruction of the cell’s components by various
enzymes after the cell has died. The death of the cell may be rapid, without changes in its
constitution, as when it is heated or slow, leading to necrobiosis.

Autolysis is especially intense if the cell dies rapidly and the intracellular components are
still active. The process is most favored by the temperatures of 40-45°C and involves
hydrolysis of cellular proteins by enzymes while the medium is enriched with self-formed
amino acids, vitamins, micro-elements and other cellular products. The termination of the
autolytic processes which occur in the cell is synchronous with the inactivation of the
proteolytic enzymes.

The direction of the autolytic processes and the composition of yeast autolysates are
temperature-dependent. Yeast autolysis is slow when the wine is aged at 10-15°C while the
heating of the wine at 40-45°C results in a rapid death of yeast cells. A wide range of products
are secreted by yeast cells into the wine in the course of autolysis, including enzymes
(proteolytic enzymes, p-fructofuranosidase, dehydrogenases), nitrogenous substances
(proteins, peptides, nucleic acids), phosphoric compounds, lipids, polysaccharides, aroma-
forming components (esters, terpenoids, fatty acids), etc. Fermentative reactions occur in the
cytoplasm and on individual organoids of the cells as promoted by active hydrolases and
oxidoreductases present in the cells. This means that the autolyzing yeast cells enter as the
centers of the fermentative reactions in the wine.

A long-term contact of the wine with the lees, the addition of yeast autolysates and the use
of yeast enzyme concentrates and preparations help enrich the wine with yeast autolysates.
The long-term contact of the wine with the lees needs much heed and care to avoid unwanted
consequences, such as the yeasty and the hydrogen sulfide off-odors. Unfortunately, this
cannot be circumvented in many cases, and that is why this effective technological approach
is not in wide use in Ukrainian wine-making.

The problem is that the deaths of individual yeast cells are not synchronous with each other
throughout the total yeast mass that contains living cells, dead cells and those in the states of
autolysis and necrobiosis. Besides, the gradual autolysis of yeast cells dramatically increases
the risk that the forein microflora, including lactic acid and acetic acid bacteria, will develop.

A rapid death of yeast cells is promoted by the heating of the wine at 60°C. However, this
also leads to the inactivation of the enzyme systems of the cells. As a result, the yeast extract
instead of the autolysate is raised, with only a limited value for wine-making.

Thus, it may be concluded that the rapid death of yeast cell throughout the total yeast mass
is a necessary prerequisite for obtaining a quality autolysate, with high enzyme activities and
the least possible damage of the yeast cells to avoid the enrichment of the wine with cellular
polisaccharides.

Material and methods

A mass of yeast from the champagnization of a sparkling material and the material itself
were used. Proteinase activities (those of acid, alkali and neutral proteinases) and protein
mass concentration were determined by the modified method of Anson and the method of
Lowry, respectively. The visual evaluation of the state of the yeast was by digital optical
microscopy. The yeast mass was processed on an experiment installation for cavitation
treatment via disintegration with the rotory working organ.



Results and discussion

The scientific and technological standards of the wine industry arise from the possibility to
use modern technological equipment. The technology for the accelerated production of yeast
autolysates requires a brand-new device on the basis of yeast mass disintegration using
intensified cavitation processes.

The possibility was studied to find out whether the yeast mass may be processed on a
newly-designed installation with the aim to produce autolysates destined for the use in the
production of different types of wines, and experiment data was obtained, enabling
conclusions as to their commercial production.

The cavitation effect has led for the first time to an instantaneous death of yeast cells. In this
case, the constitution of the cell is not changed after it has died as necrobiosis does not occur
and its enzyme systems inherent in living cells remain active.

To be mentioned is that, with the use of our installation, the heating of the yeast mass during
the cavitation treatment is not dependent on an outer heat-transfer agent and is enabled by the
intensification of both liquid friction arising from the rotation of the working organ of the
machine and the cavitation effect.

Since the highest activities of the yeast cell’s proteolytic enzymes occur at 40°C, the process
was controlled by following the rise in the temperature of the yeast mass.

The first-generation yeast mass from the champagnization of the above-mentioned sparking
material was diluted with the latter to achieve the concentration of 15-20% and processed on
our disintegration installation taking account of its temperature every 5 min. The process was
terminated when the yeast mass had a temperature of 40 = 2°C.

The yeast mass obtained was held at 35°C to allow autolysis. The sampling was on a daily
basis. The samples were observed with microscope to determine the state of the cells and the
levels of proteinase activities (those of acid, alkali and neutral proteinases).

One hour after the treatment, all yeast cells were dead, with not more than 30% of the dead
cells in the control. The yeast mass was maintained at 35°C for a period of one day, after
which the separation of the undamaged cell membranes from the cell contents was observed.
Following five to eight days, the majority of the cells were in the state of distortion of their
membranes and became compacted in an orderly mass, with the cell contents secreted into the
medium. The control showed single damaged membranes, without the distortion and the
compaction of the cells.

The changes in proteolytic activities of the enzymes present in the yeast mass were
followed. Proteolytic activities increased ten-fold on an average one day after the caviation
treatment, remained so for two days and went down in a uniform fashion over a period of five
days to the level twice as large as that of the control.

The data arising from digital optical microscopy and proteolytic activities of the yeast mass
leads to a conclusion that the cavitation treatment entails the death of yeast cells mostly
without the damage of their membranes. As a result, an activation of the proteolytic enzymes
occurs and the autolytic processes are induced throughout the yeast mass. This was
accompanied by a four-fold reduction in protein mass concentration since the proteolytic
enzymes passed into the wine and proteins hydrolysed to amino acids.

Of importance from a science and technology point of view is the fact that autolysis may be
induced in yeast in any physiological condition, at any technologically appropriate stage of
the vinification process and for a period of not more than ten days. As a result, the medium is
enriched with the autolyzed intracellular liquid, without the products arising from the
destructed cell membranes.



The yeast mass was processed on our newly-designed installation for cavitation treatment
which is ready for commercial manufacture and introduction.

The design features of our installation are as follows. Its working organ is a particularly
designed disintegrator that, provided the cyclical pumping-in of the product, enables it to be
processed in the cavitation mode, which leads to a total death of yeast cells and their
autolysis. An effective bentonite activation without the need for it to swell is another strong
point. The installation may also be used for the cold preparation of quality sugar syrups based
on various media, being a universal polyfunctional system capable to find an answer to
different technological problems of wine-making.

Conclusions

The technology and equipment to produce yeast autolysates destined for the use in the
production of different types of still and sparkling wines and brandy spirits enable the
following advantages:

- the possiblity of an accelerated production of lysate wine materials on the basis of
effective processing of the yeast mass followed by its autolysis;

- the possiblity of an accelerated cold production of bentonite suspension based on
various media, including wine material, without the use of water;

- atwo-to-three fold reduction of the doses of ingredients;

- continuous precessing of the must and wine materials;

- atleast a ten-fold reduction of energy consumption associated with the processes;

- an improved filtrability of materials that have been subject to the treatment;

- a reduction in the duration of cold treatment to three to five days during the batch
production;

- areduction in the duration of potassium ferrocyanide treatment to three to five days;

- guaranteed cloud stability of wine materials;

- the possiblity to process both ordinary and check wine materials using the “bentonite-
gelatin” scheme without changes in their color and characteristics due to the absence of
the “stripping effect”;

- the possiblity of the cold preparation of syrups, including those based on brandy spirits,
as well as tirage liqueur and dosage liqueur.

The above-indicated technology and equipment will lead to reduced energy consumption

associated with wine production, improved quality and competitivity of wines and other
vintage products and upgraded technological standards of the wine industry.
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REDUCTION DE L’IMPACT SUR L’EFFET DE SERRE PAR L’ECO-CONCEPTION
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RESUME

La construction d’un batiment viticole ou d’une cave et le choix des équipements associés a la
conception des équipements de 1’ouvrage suppose une réflexion approfondie concernant
notamment les aspects économiques, qualitatifs, la sécurité des utilisateurs. Au-dela de
I’aspect fonctionnel, la prise en compte du développement durable impose une réflexion
relative a I’impact de la conception et du fonctionnement des caves sur 1’effet de serre.
Autrefois tous les moyens naturels qui permettaient de bénéficier de la fraicheur ou de
la chaleur étaient utilisés

La conception des batiments, associant une bonne isolation éventuellement complétée
de solutions originales (toits ou murs végétalisés, puits canadiens...) et les énergies
alternatives (solaire, géothermie, biomasse...) s’intégre dans cette dynamique de
conception écologique des caves.

Ces aspects, ainsi que I’intégration paysagere contribue a valoriser I’image environnementale
de la cave. Des démarches originales pionniéres, peuvent s’intégrer, au-deld des choix
architecturaux, dans une démarche de communication et de valorisation des vins.

Par ailleurs, la réglementation, les normes évoluent au cours des prochaines années, ce qui
justifie d'anticiper les exigences environnementales, afin d'éviter des modifications de mise
aux normes co(teuses.

SUMMARY

The construction of a viticultural building or wine cellar and the choice of machinery
associated with the design of facilities imply in-depth reflection, particularly with regard to
the economic and qualitative aspects as well as the safety of those using the machines. As
well as the practical side, taking sustainable development into account requires a reflexion
about impact of the cellar’s design and operation on the greenhouse effect.

In the past, natural means were always used to take advantage of coolness and warmth.

Building design, involving efficient insulation and sometimes completed with original
solutions (green roofs or walls, underground heat exchangers, etc.) and alternative
energies (solar, geothermal, biomass...) is part of this eco-design process for wine
cellars.

While the various traditional methods cannot be used in every situation, eco-
technological progress, besides economic measures, means that it is possible to
envisage developing.

These aspects, together with landscape integration, contribute to promoting the cellar’s
environmental image. It is possible to incorporate an original and pioneering approach,
besides architectural choices, in communications and wine promotion measures.

At the same time, experts are predicting a significant rise in the price of water and energy,
which will contribute to raising wine production costs.
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INTRODUCTION

La construction d’un batiment viticole ou d’une cave et le choix des équipements associés
a la conception des équipements de 1’ouvrage suppose une réflexion approfondie concernant
notamment les aspects économiques, qualitatifs, la sécurité des utilisateurs Au-dela de
I’aspect fonctionnel, la prise en compte du développement durable impose une réflexion
notamment sur l’utilisation de I’énergie, la gestion de 1’eau. Ces aspects, ainsi que
I’intégration paysagere contribue a valoriser I’image environnementale de la cave. Des
démarches originales pionniéres, peuvent s’intégrer, au-dela des choix architecturaux, dans
une démarche de communication et de valorisation des vins.

| Eco-conception et développement durable

Comme le souligne B. Peuportier, « la notion d’éco-conception des batiments fait appel aux
éco-techniques dans le domaine des économies d’énergie et d’eau, des énergies
renouvelables, de la gestion des déchets, des matériaux a moindre impact, en incluant des
aspects de confort et de santé ». Architecture solaire, solaire passif, bioclimatique, haute
qualité environnementale, basse consommation, énergie positive, zéro émission, sont autant
de termes usités pour définir des projets avant-gardistes.

Le développement durable s’impose a tous les secteurs d’activité. La définition de ce concept
pour la filiére viticole a été formalisée par une résolution de I’Organisation Internationale de
la Vigne et du Vin.

« L’approche globale a l’échelle des systemes de production et de transformation des raisins,
associant a la fois la pérennité économique des structures et des territoires, I'obtention de
produits de qualité, la prise en compte des exigences d'une viticulture de précision, des
risques liés a I'environnement, a la sécurité des produits et la santé des consommateurs et la
valorisation des aspects patrimoniaux, historiques, culturels, écologiques et paysagers. »

L'intégration du concept de développement durable au sein de la filiére viticole associe en
premier lieu une adaptation des itinéraires viticoles et cenologiques aux contraintes
environnementales, mais également, avec une vision sur le long terme, une prise en compte
notamment des aspects énergétiques dans la conception des exploitations et des caves. En
effet, I'impact environnemental lié a la conception des batiments et équipements associés est
assez faible comparativement aux itinéraires viticole et cenologiques mais tes choix liés a la
construction engagent I'exploitation et la cave pour plusieurs décennies.

Par ailleurs, il est probable, qu'a I'image des normes de sécurité du personnel, la réglemention
et les normes évoluent au cours des prochaines années, ce qui justifie d'anticiper les exigences
environnementales, afin d'éviter des modifications ultérieures couteuses. Parallélement les
experts prédisent une augmentation significative du cott de 1’énergie au cours du XXléme
siécle.

Mise en ceuvre de I’Eco-conception

e Notion d’énergie renouvelable



La crise de I'énergie a mis en évidence a partir des années 1970 la nécessité de
diversifier l'approvisionnement énergétique. Par ailleurs la combustion d’énergie
fossile contribue a accentuer 1’effet de serre a 1’origine d’un probable réchauffement
climatique. Les énergies renouvelables utilisent des sources inépuisables d'énergies
d'origine naturelle : rayonnement solaire, vents, cycles de I'eau et du carbone dans la
biosphere, flux de chaleur interne de la Terre, effet de I'attraction lunaire et solaire sur
les océans. Elles s'opposent ainsi aux énergies minieres et fossiles dont les stocks,
forcément limités, se sont constitués lors de la formation du systéme solaire (uranium,
thorium) ou au cours des ages géologiques, a partir d'une fraction infime de la biomasse
terrestre qui a pu se fossiliser (charbon, pétrole, gaz naturel). Les énergies
renouvelables integrent également les flux de déchets de I'activité économique qui
peuvent donner lieu & une valorisation énergétique : déchets de Il'agriculture et de
I'exploitation forestiere, part combustible ou fermentescible des déchets industriels et
des ordures ménageres.

Comme le souligne B. CHABOT (cf. figure 1), les énergies renouvelables doivent
mettre a notre disposition une diversité de services énergétiques : éclairage, chaleur et
climatisation, force motrice pour la production de biens et de services, transport de
personnes et de marchandises, traitement et transmission de l'information,
communication...
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Figure 1 : Schéma d’intégration des énergies renouvelables
(source : B. CHABOT « Energies renouvelables » Encyclopedia Universalis, 2008)

Les énergies renouvelables nécessitent néanmoins des ressources en capital, en matieres
premieres et en main-d'ccuvre pour étre exploitées. Leur exploitation suppose une
démarche globale de maitrise de I'énergie fondée sur deux principes :

- L'efficacite énergétique, qui permet d'assurer ces services prioritaires en
consommant le moins possible d'énergie primaire, (ressources énergétiques
fossiles ou renouvelables). Cet impératif suppose d’utiliser des appareils et des
procédés a haut rendement. Par exemple, le choix de lampes a fluorescence



plutdt qu'a incandescence permet de diviser par cing la consommation
d'électricité a niveaux d'éclairages équivalents.

- Le respect de I'environnement, qui implique le recours a des sources d'énergie
qui soient le plus possible compatibles avec I'environnement local, régional et
planétaire et dont I'exploitation puisse se faire a la fois dans les pays
industrialisés et en développement, c'est-a-dire adaptée aux exigences
économiques actuelles et ne s'accomplisse pas au détriment des générations
futures. Le choix d’isolants écologiques (chanvre, coton recyclé...) et du bois
dans la construction des batiments s’intégre également dans une approche
durable.

ENERGIE SOLAIRE

L'énergie solaire permet d'assurer des conditions de température favorables a la vie et
anime les cycles de I'eau, des vents et du carbone dans la biosphére. Mais elle peut
aussi étre utilisée directement pour produire de la chaleur a différents niveaux de
température pour divers usages : chauffage et climatisation de locaux, séchage de
produits agricoles, production d'eau chaude et de vapeur, production d'électricité par le
biais de cycles thermodynamiques. La production d'électricité peut étre obtenue
directement par la conversion photovoltaique de I'énergie solaire au moyen des cellules
solaires (cf. figure 2 et 3).

Figure 3 : Panneaux photovoltaiques (Lieu : Cave coopérative les Coteaux du Pic éPic Saint-Loup)



BIOMASSE
La biomasse est formée de I'ensemble des organismes vivants sur les continents et dans
les océans, qu'ils soient des micro-organismes, des plantes ou des animaux. Grace a la
photosynthése, mettant en jeu les molécules de chlorophylle, les plantes utilisent
I'énergie solaire pour décomposer I'eau (H,0) qu'elles contiennent dans leurs cellules et
le dioxyde de carbone (CO,) de Il'atmosphére pour les transformer en matieres
végétales, principalement des hydrates de carbone (sucres) et de la cellulose :

CO, +H,0 +énergie solaire = matieres végétales + O,
Le compostage, est, dans une certaine mesure une filiére de valorisation énergétique.
En effet, le compost limite I’impact énergétique des engrais, dont la production exige
beaucoup d’énergie.
L’utilisation la plus courante de la biomasse & des fins énergétiques intervient soit
directement sous forme de « biocombustibles » comme le bois, les sarments, le marc,
soit aprés l'avoir transformée en « biogaz » (mélange de méthane CHy, un peu de CO; et
d'autres gaz) ou en biocarburants (alcool). Le CO, émis lors de la combustion ou de
I'oxydation et refixé par les plantes lors de leur croissance, ce qui contrairement aux
énergies fossiles, n’impacte pas la concentration en CO; de I’atmosphere.
Le gisement mondial de biomasse est important et peut permettre une utilisation
énergétique a grande échelle, en substitution de combustibles fossiles. La valorisation
énergétique des sous-produits et déchets s’intégre dans ce bénéfice écologique. Par
contre la mobilisation des surfaces agricoles, au détriment de la production alimentaire
et soumise a un débat éthique en liaison avec les besoins alimentaires.

GEOTHERMIE

Comme le précisent J. GOGEL et J. VARET, le flux géothermique de la terre est
généralement beaucoup trop faible pour étre utilisé directement avec un procédé
« haute température » sauf lorsqu'il se trouve concentré dans une source thermale ou
une chambre magmatique superficielle avec son systéme hydrothermal associé (cf.
figure 4).

Sous le nom d'« énergie géothermique », on exploite selon différentes modalités, la
chaleur du sous sol par I'intermédiaire le plus souvent d'une circulation d’eau (cf. figure
4 de géothermie trés basse énergie par forage). Ce n'est donc pas une énergie
renouvelable au sens stricte lorsque I'on exploite des sites conductifs. Mais les sites
favorables de ce type sont tres abondants, et, si nécessaire, il sera éventuellement
possible de déplacer en profondeur la zone de production pour poursuivre
I'exploitation.



France : ressources géothermiques
@ 2005 Encyclopasdia Universalis France S.A.
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Figure 4 : Carte des ressources géothermiques en France (source : GOGEL J. et VARET J., Géothermie,
Encyclopédia Universalis, 2008)
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Figure 5 : Schéma de géothermie trés basse énergie par forage (source : GOGEL J. et VARET J., Géothermie,
Encyclopédia Universalis, 2008)



L’application la plus classique consiste a exploiter la chaleur diffuse en implantant dans
la terre, verticalement ou horizontalement, des capteurs chargés d'un fluide caloporteur.
Associés a une pompe a chaleur, ils offrent pratiguement les mémes avantages. La
profondeur d'une sonde verticale est généralement comprise entre 30 et 150 meétres. Le
dispositif peut étre installé dans n'importe quel milieu géologique (cf. figure 5). Selon
la nature du sous-sol, il est possible d’utiliser différents dispositif: aiguilles,
serpentins, forages. Le « puits canadien » s’inspire du méme principe, mais en utilisant
un flux d’air grace a des canalisations horizontales enterrées dans le sol.

e Lesisolants écologiques

Les maitres d’ouvrages ont cherché a améliorer les écobilans de I’isolation avec des
matériaux moins toxiques, recyclés ou recyclables, peu consommateurs d’énergie, tout
en gardant des performances supérieures ou égales aux isolants classiques. La
contamination potentielle de I’atmosphére interne (micro-organismes et micropolluants)
doit étre prise en compte dans le choix des isolants. Les isolants écologiques sont des
matériaux de construction qui répondent a la fois aux criteres techniques habituelles de
construction mais aussi a ces criteres environnementaux, tout au long de leur cycle de
vie. Les caves sont des milieux aux caractéristiques particuliéres : humidité importante,
présence d’organisme xylophage, renouvellement régulier de 1’air, inertie olfactive
nécessaire... c’est pour cela que tous les isolants ne sont pas adaptés au secteur
viticole. Les isolants écologiques sont d’origine minérale, vegétale ou animale et leurs
caractéristiques sont différentes (cf. figure 6).

Laine de chanvre Panneaux de cellulose

Panneaux de bois feutré

Figure 6 : Diversité des isolants thermiques (Source : Energie plus)



CONCLUSION

Au cours du XXléme siécle, la filiere viticole, a progressivement intégré 1’évolution
technologique issue des progrés et innovations de 1’industrie. Les faibles colts de
I’énergie ont contribué a développer des itinéraires viticoles et cenologiques qui
impactent le bilan carbone®. Ainsi 1’éco-conception est également un enjeu pour
I’image d’une entreprise. De nombreuses caves assurent I’accueil de visiteurs qui seront
de plus en plus attentifs aux initiatives pionniéres dans le domaine de I’éco-
construction des caves et la mise en ceuvre de technologies écologiques innovantes.
Concernant 1’énergie, tous les moyens naturels qui permettaient autrefois de bénéficier
de la fraicheur ou de la chaleur étaient utilisés (caves souterraines, ouverture des
celliers pendant 1’hiver, orientation du soupirail en fonction de 1’exposition ou des
vents dominants). Si ces différentes méthodes traditionnelles ne peuvent pas étre mises
en place pour toutes les situations, le progrés des écotechnologies, au dela des mesures
d’économie, permet d’envisager le développement d’énergies alternatives (solaire,
géothermie, biomasse....).

La conception des batiments, associant une bonne isolation éventuellement complétée
de solutions originales (toits ou murs végétalisés, puits canadiens...) s’intégre dans
cette dynamique de conception écologique des caves.

BIBLIOGRAPHIE

CHABOT B., Energies renouvelables, Encyclopédia Universalis, 2008
GOGEL J. et VARET J., Géothermie, Encyclopédia Universalis, 2008

LABOURET A. et VILLOZ M., Energie solaire photovoltaique, éditions Dunod,
2006

PEUPORTIER B., Eco-conception des batiments et des quartiers, Editions Mines
Paritech, 2008

REVUE DES (ENOLOGUES, dossier spécial, Eco-gestion des chais et exploitations
vitivinicoles, n°133 — Novembre 2009

VERNIER J., Les Energies renouvelables, P.U.F., 2005

http://www.ecoresponsabilite.environnement.gouv.fr/article.php3?id article=304

http://www.energieplus-lesite.be/energieplus/page 16518.htm



http://www.ecoresponsabilite.environnement.gouv.fr/article.php3?id_article=304
http://www.energieplus-lesite.be/energieplus/page_16518.htm

Determination of Geographical Origin of Brazilian Wines Using Joint Isotopic and
Mineral Elements

Dutra, S.V.; Adami, L.; Marcon, A.R.; Carnieli, G.; Roani, C.; Spineli, F.; Leonardelli, S;
Munaro, D; Vanderlinde, R
Universidade de Caxias do Sul (UCS), Instituto de Biotecnologia, Rua Francisco Getulio
Vargas, 1130, 95070-560, Caxias do Sul, Brasil; LAREN — Laboratério de Referéncia
Enoloégica, Av. da Vindima, 1855, Caxias do Sul, Rio Grande do Sul, Brasil

ABSTRACT

The vast expanse of land and the diversity of climates of Brazil allows the production of
grapes and wines in different regions and which have their own special characters. In this
work were studied wine varieties Cabernet Sauvignon and Merlot from three wine regions
of southern Brazil, aiming to distinguish between them in relation to the geographical
origin of grapes, using isotopic analysis by mass spectrometry isotope ratio (IRMS) and
minerals by atomic absorption. The analysis of 8'*0O of water, magnesium, rubidium and
litium were the most efficient to differentiate the three regions. Could classify a rating of
80% of wines using isotopic and mineral analysis.

RESUMEN

La grande extension de tierra y la diversidad de climas del Brazil permiten la producion de
uvas y vinos en diferentes regiones y que tienen tipicidad proprias. En esto trabajo fueran
estudiados vinos de las variedad Cabernet Sauvignon y Merlot, de tres regiones
vitivinicolas del sur del Brazil com el objetivo de diferenciarlos con relacion al origen de
las uvas usando espectrometria de masa de iso6topos y la determinacion de los minerales
por Espectrofotometria del Absorcién Atomica. Las analises de 8'°O de la aqua, los
minerales rubidio, magnesio y litio fueram las mas eficientes para diferenciar las tres
regiones. Fue posible la classificacion de 80% de los vinos usando analisis isotopicas y
minerales.

INTRODUCTION

In Brazil, the cultivation of vines for the production of wine is concentrated in the
South, especially in the Serra Gatcha, responsible for 90% of wine production in the
country. In recent decades, there were two new centers of production, the Campanha and
the Serra do Sudeste. The Serra Gaucha, with a latitude of 29° S is a mountainous region
cultivation of the vine concentrates on altitude 400-600 meters. The Campanha is situated
at an average latitude of 31° with border to Uruguay, with altitudes between 100 and 200
meters. The Serra do Sudeste presents undulating topography or heavily undulating with an
altitude of 200 to 400 meters (Miele & Miolo, 2003).



Knowledge of the geographical origin of foods, is considered an addicional
guarantee of their quality, authenticity and typicality. Several studies were conducted to
determine the geographical origin of different food products such as tea (Ferndndez-
Caceres et al., 2001), olive oil (Angerosa et al., 1999) and rice (Kelly et al., 2002).

The isotope ratio analysis can provide information on the source of a chemical
compound. The natural abundance of stable isotopes of elements H, C and O showed small
but measurable variations due to fractionation that occurs during the chemical and physical
processes of the natural cycles. These processes result in enrichment or depletion of the
heavier isotopic form (Klein & Klein, 1982). The biological isotopic fractionation provides
an unequal distribution of isotopes lighter and heavier between the reactants and reaction
products. In most cases, the lighter isotopes are preferentially used and the heavier fraction
are enriched in the uneven fraction of substrate (Morasch et al., 2001). The magnitude of
isotopic fractionation is affected by regional differences, which imply changes in
parameters such as humidity, temperature, winds, weather conditions, among others
(Brause et al., 1984). The isotopic measurements can provide information on the botanical
and geographical origin (Calderone et al., 2007).

The determination of minerals in wines are used to distinguish the geographical
origin as well as to detect tampering and forgery thereof. The composition of minerals in
wines depends on the viability of these elements in soil, fertilization practices, conditions
of processing and location of the vineyard (Nufiez, 2000; Iglesias, 2007). The minerals
allow for a differentiation according to geographical origin due to the direct relationship
with the soil composition (Frias et al., 2003). The minerals content and trace elements of
wines of the Boehmia region (Czech Republic) were used to differentiate samples from
different regions. The best elements for this identification were aluminum, barium,
calcium, potassium, lithium, magnesium, manganese, molybdenum, rubidium, strontium
and vanadium (Sperkovad and Suchéanek, 2005). Martin et al. (1995), determined the
different producing regions of France using stable isotope analysis and a greater number of
variables such as barium, strontium, magnesium, iron, aluminum and rubidium.

This study aimed to determine the gregraphical origin of Merlot and Cabernet
Sauvignon wines from Serra Gatcha, Serra do Sudeste and Campanha, the main producing
areas of southern Brazil.

MATERIAL AND METHODS
Collection of samples and microvinification

Samples of grape varieties Cabernet Sauvignon (50 samples) and Merlot (50
samples) were collected in southern Brazil, in areas of Serra Gaucha, Serra do Sudeste and
Campanha, 2007 vintage. The microvinification and analysis were performed at the
Laboratory of Enologic Reference (LAREN) the Secretaria Agriculture, Livestock,
Fisheries and Agribusiness of Rio Grande do Sul, in collaboration with the Brazilian
Institute of Wine (IBRAVIN) and the University of Caxias do Sul (UCS). Samples of
grape (5 kg) were stalked and crushed manually and microvinification were held in
stainless steel tanks (10L), coupled with valve Muller.



Analysis of Carbon Isotopic Ratio of Ethanol and Oxygen Water

The values of C/"?C isotope ratio of samples were obtained in relation to the
international standard PDB (8"°C) according to methodology described by the Ministry of
Agriculture through the Normative Instruction No. 4 of 02.05.2001 (BRAZIL, 2001).

The values of isotope ratio '“O/'°0O water were obtained in relation to the
international standard V-SMOW (8'®0) as official methodology of the Ministério da
Agricultura through the Normative Instruction No. 2 of 02.02.2006 (BRAZIL, 2006).

Determination of Minerals

Some minerals were determined directly in atomic absorption spectrometer Perkin
Elmer Aanalyst 800, according to the Perkin Elmer guidelines.

Statistical Analysis

The results were statistically analyzed using SPSS 15.0 for Windows. The standard
error was used instead of the standard deviation, since the number of samples at each
location and variety were not equal. To evaluate the interaction between variety and
location of production in relation to variables isotope of oxygen, carbon and mineral
analysis was used Tukey analysis. The discriminant analysis was used to differentiate the
regions through a multivariate model.

RESULTS AND DISCUSSION

Isotopic Ratio 30/'0 of Water and C/"*C of Ethanol of Wines

The analysis of '*0/'°O water independent of the variety studied was effective in
differentiating the three regions studied, but there was no statistical difference among
varieties (Table 1). The samples of Serra Gaucha showed average values of 5'°0, followed
by samples of the Campanha and Serra do Sudeste. According Brause et al., 1984, this
avriation can be explained due to differences in weather conditions such as humidity,
temperature, winds. The 8'*0 o values obtained in this study were lower than those cited
by Day et al. (1994), in comparison samples of grapes from five regions of France
(average 3.8 %o0) and those written by Matin et al., 1999 also for French wines, but the
region of Bordeaux (1,7 a 4,5%o).

Tab. 01 — Values of isotope ratios ®o/%0 (%o) of wine water and 13C/"*C (%) of ethanol of the wines Cabernet Sauvignon and Merlot of the different studied regions

50/ (%o) BC/"C (%o)
Regions Merlot Cabernet Sauvignon Total Merlot Cabernet Sauvignon Total

Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard

error error error error error error

Serra Gaticha 038 = 015 | -028* = 0.8 0.05* £ 012 |-2773% £ 006 | -285" + 008 | -28.12% = 0.06
Serrado Sudeste | -234¢ + 021 | 217 + 025 | 228 £ 016 |-2875™ + 015 | 298%™ + 03 [ 2011® + 018
Campanha 21358 £ 039 | 124 £ 03 -129% £ 024 | -2890% £ 0.3 [ 2937" + 011 | 29.17° = 0.09
Total 023 £ 016 064 £ 015 044 £ 011 | -2808* = 0.07 28.82° = 0.07 2845 £ 0.05

Means followed by different capital letters in the column and means followed by different letters in the line differ significantly by ANOVA complemented by the Test of
Multiple comparisons tukey significance level de 5%.



The values '*0/'°0 of wine water when compared to wines from different European
countries, classified according to the climate (Breas ef al., 1994, showed lower than those
in warm climate countries, whose average value was 5.2%o0 and also lower than the
countries of temperate climate (average 2.3%o0). However, our average results are close to
those found for countries with cold climates (-0.7%o). The climate in the three regions
studied in this work is classified as temperate, but in the 2007 harvest was an average
precipitation greater than the median of the last 10 years, reducing the oxygen isotopic
values. The precipitation from January to mid February was lower when compared to the
period of February to the end of March in the three regions studied. The collection of
samples in the Serra Gaucha began before the regions of the Campanha and Serra do
Sudeste. In the Serra Gaucha the largest number of samples was collected before the rainy
season (mid-February) whereas the other regions the samples were collected after this
period, which probably explains the higher value 5'*0 of water of Serra Gaticha wines
compared to other regions (Table 01).

According to Martin et al., (1999) the climatic influences are most marked in the
distinction between hasvest production than growing regions. The &0 values are
modified by climatic conditions during ripening and harvest of the grapes (Ogrinc et al,
2001). On &80 of water are typical of the other hand, negative values of surface water,
and wine may indicate the addition of exogenous water or climatic conditions and rainfall
during the particular vintage (Rossmann et al., 1996 ).

On the other hand, negative values of 580 of water are typical of surface water,
and wine may indicate the addition of exogenous water or climatic conditions and
precipitation during the particular vintage (Rossmann et al., 1996).

The average value of the 8'°C, independent of the variety, distinguished the
samples from Serra Gaticha of the other regions studied, with average. The cv Merlot had
an average total was significantly higher than the Cabernet Sauvignon regardless of the
region studied. Rossmann ez al. (1996) found average values of 8'° C higher for the cv
Merlot in relation to the varieties studied, this difference can be explained by the influence
of genetic variability in certain biochemical reactions that occur in plants and cause
different fractionations of carbon isotopes during fixation of COx.

The average values of the '°C found in this study are lower than those obtained by
Martin et al. (1999), in a study of wines from different regions of Europe, which had
average values between -25.8 to -27.1%o, but remain within the range of values obtained by
Rossmann ef al. (1996) who found values of §"C of -23 to -29,00%o in Italy -24 to -29%o
in France and from -23 to -30 in Germany.

Mineral content in the wines from different regions studied

Regardless of variety, Serra do Sudeste had a mean total magnesium, significantly
higher, differing Campanha and the Serra Gatcha (Table 2). Regardless of region, the
variety Cabernet Sauvignon, had a total mean significantly higher than the Cv Merlot.
These values agree with those found in other studies realized with Brasilian wines where
they found levels ranging from 21.00 to 111.00 mg L-1 (Silva ef al., 1998) and from 44.30
to 124.10 mg L-1 (Daudt et al., 1987b). Frias et al., 2001 differed geographically spanish
wines from the Canary Islands using only magnesium and sodium.



Tab. 02 — Values of Magnesium and Rubidio (mg.L") of the wines Cabernet Sauvignon and Merlot of the different studied regions

Magnesium Rubidium
Regions Merlot Cabernet Sauvignon Total Merlot Cabernet Sauvignon Total

Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard

CITOI CITOI CITOr CITOI CITor CITror

Serra Gatcha 79.68° = 087 [ 8030 +  1.02 79.99¢ +  0.67 6.95® + 025 799% £ 023 747% £ 018
Serrado Sudeste  90.94"° &  3.03 | 98.52% + 470 93474 £ 262 847" £ 029 9724 £ 0.20 8.88% £ 025
Campanha 86.52% + 140 | 892" + 138 88.08° +  1.00 445 + 022 550 £ 0.27 506¢ = 019
Total 82.19° + 079 | 8370° = 091 8296 =  0.60 6.50° + 021 7310 £ 020 6.92 + 0.5

Means followed by different capital letters in the column and means followed by different letters in the line differ significantly by ANOVA complemented by the Test of Multiple
comparisons tukey significance level de 5%.

The determination of rubidium, regardless of variety, allow the differentiation of
wines from three regions studied, samples from the Serra do Sudeste had a higher average,
differing from Serra Gaucha and the Campanha. Besides differentiating regions, the
rubidium values allow to differentiated varieties, the Cv Cabernet Sauvignon, regardless
of region, had a total mean significantly higher than the Cv Merlot. Frias et al. (2003)
were able to differentiate Spanish wines of the Canary Islands through the rubidium,
obtaining values of 0.33 mg.L"' to 2.88 mg.L™". Latorre er al. (1994) also obtained a good
classification of Spanish wines from the region of Galicia, through the levels of lithium
and rubidium.

Tab. 03 — Values of Manganes e Calcium (mg.L") of wines Cabernet Sauvignon and Merlot of the different studied regions

Manganese Calcium
Regions Merlot Cabernet Sauvignon Total Merlot Cabernet Sauvignon Total
Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard Mean Standard
error error error error error error
Serra Gatcha 221™ + 0.3 1.84% = 0.08 2.03 +  0.08 5514 = 129 68.974 =+ 1.5 62.06 + 1.10
Serra do Sudeste 1.96" + 0.1 127 = 012 1.73 + 011 48610 = 249 51.13% =« 8.89 49.45 + 3.24
Campanha 3624 = 033 244%™ £ 015 294 = 0.8 50.12% = 144 60.72% = 1.75 60.04 =+ 1.17
Total 2.51 + 0.3 200 =+ 007 2.25 +  0.08 55.51 + 099 65.78 + 1.23 60.75 + 0.85

Means followed by different capital letters in the column and means followed by different letters in the line differ significantly by ANOVA complemented by the Test of Multiple
comparisons tukey significance level de 5%.

The results of manganese (Table 03) allowed differentiation of the region's of
Campanha for the other regions, only for the variety Merlot, in Cv Cabernet Sauvignon no
significant difference between regions were show. In the region of Campanha the average
of Cv Merlot was significantly higher than the Cabernet Sauvignon. The total average
levels of manganese, found in this work are consistent with those reported for Brazilian
wine business, whose contents varied from 1.9 to 3.30 mg.L" (Rizzon & Miele, 2002),
2.1to 2.8 mg.L" (Daudt et al., 1987a) and from 0.70 to 4.10 mg.L"' (Silva et al., 1999).
The manganese content can be influenced by the fermentation process also may be a
particular feature of a given region of production (Daudt et al., 1987b). Normally the
source of this mineral is associated with soil and pesticide treatments used on the vine
(Silva et al., 1999).

The levels of calcium (Table 03) allowed the different wines of the region of Serra
Gaucha compared with other regions, only to Cv Cabernet Sauvignon. In this region the
average of Cv Cabernet Sauvignon was significantly higher than the Cv Merlot. The
average levels of calcium found in this work, ranging from 48.61 mg.L" to 69.0 mg.L",
being lower than described for commercial Brazilian wines by Rizzon & Miele (2002),



whose average content was 74.0 mg.L". The lower values of calcium in our study may be
associated with the fact that these wines are elaborated under microvinification conditions
in the laboratory, and were not subjected to treatment with calcium carbonate and
bentonite. According Daudt et al. (1987b) factors like grape variety, soil type, climatic
conditions, technological processing of must and wine filtration process, bottling, storage
temperature during storage and aging, influence of calcium content in wines.

Tab. 04 — Values of Litium (ug.L'l) of the wines Cabernet Sauvignon e Merlot of the different
studied regions

Merlot Cabernet Sauvignon Total
Regions
Mean Standard Mean Standard Mean Standard
error eITor error
Serra Gatcha 411% £ 013 443% £ 0.15 427% £ 010

Serra do Sudeste 5365 + 0.40 6.2442 + 0.29 5654 + 0.30

Campanha 505  +  0.17 596 + 025 5594 £+ 0.17

Total 4.42° + 0.11 496> =+ 0.14 4.70 +  0.09

Means followed by different capital letters in the column and means followed by different letters in
the line differ significantly by ANOVA complemented by the Test of Multiple comparisons tukey
significance level de 5%.

The determination of lithium, regardless of variety, allow the differentiation of the
Campaign and Serra do Sudeste in the Serra Gaucha (Table 4). Besides differentiating
regions, there was statistical difference between the varieties, Cv Cabernet Sauvignon,
regardless of region, hard amean total significantly higher than the Merlot.

Through discriminant analysis of the experimental wines was possible to developed
a statistical model to differentiate between geographical regions, using the region as the
dependent variable and independent variables isotopic values and minerals. This model
allowed a rating of 80% of all wines. All wines Serra do Sudeste were correctly classified
(100%), followed by the Campanha (83.3%) and Serra Gaucha (75.5%).

Conclusion

The determination of the isotopic ratio of carbon and oxygen and minerals can help
in the characterization of wines from a particular region. The analysis of 5'°0 of water,
magnesium, lithium and rubidium were thed most efficient to differentiate the three
regions studied. The values of 8'°C of ethanol, magnesium, lithium and rubidium showed
differences between varieties. The results of isotopic analysis of mineral elements and
allowed a good classification of wines from different studied regions.
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ABSTRACT

Cabernet-Sauvignon (CS) and Merlot (M) tannins anthocyanins composition as well as
tannin perception have been studied for Bordeawpay for three consecutive vintages
(2006, 2007 and 2008). Proanthocyanidin monometisaigomers des procyanidines were
identified and quantified by HPLC-UV. Percentage galloylation (%G), percentage of
prodelphinidins (%P) as well as mean degree ofmpehization (mDP) were determined by
HPLC-UV-MS. Sensory analysis concerning astringeany bitterness intensity was also
performed. The anthocyanic composition of skinsraets was analysed by HPLS-MS.
Depending on variety and vintage, grape qualigvialuated. We observe that the mDP, % G,
% P, astringency and bitterness intensity varyiaamtly depending on variety and tannin
origin (seeds or skins). In seeds, the mDP vargwdren 2.2 and 8.8 (CS) and between 2.0
and 3.6 (M). In skins, mDP varies between 7.8 ah@ 8CS) and between 4.3 and 35.4 (M).
Astringency intensity in skins shows a greateralfatity (1.9-7.0, CS and 1.8-6.0, M) than in
seeds (2.7-7.0, CS, and 2.9-6.0, M). 2006 seed} #&Smore astringent and bitter. 2007
seeds (M) have the highest % G (33.34) and areepexd bitter. Acetylated anthocyanins
values are two times highest for CS (6.99 mg/qg)ilevil presents (3.31 mg/g) coumarylic
anthocyanin levels higher than CS (1.99 mg/g).

KEYWORDS: grapes, wine, Cabernet-Sauvignon, Merlot, tanni@nin perception,
anthocyanins, vintage, HPLC/UV-MS, Bordeaux.

INTRODUCTION

Merlot (M) and Cabernet Sauvignon (CS) phenolic position of grapes and wines
has a great interest in Bordeaux wine region, &y ttonsidered being the emblematic
cultivars of this region. Among red wine phenolionpounds, proanthocyanidins and
anthocyanins are essential for color, astringeneg hitterness (Ribéreau-Gayon, 1963;
Glories, 1978; Arnoldet al, 1980). Grape-based proanthocyanidins contairflévan-3-ol
subunits (+)-catechin (C), (-)-epicatechin (EC);dpicatechin-3-O-gallate (ECG), and (-)-
epigallocatechin (EGC) (Czochansi&hal, 1979; Romeyeet al, 1985; Prieuret al, 1994;
Souquetet al, 1996). Skin proanthocyanidins differ from thoserfd in seed, in that skin
tannin contain prodelphinidins and have a highegrele of polymerization and a lower
proportion of galloylated subunits (Somers, 1975weél, 1998; Santos-Buelga ;Scalbert,
2000). Astringency and bitterness are two majoradtaristics in wine quality definition.

The quality of red wines is also dependent on thailor, which is caused by
anthocyanins and their polymers. Wine phenolic cositmn and sensory perception of
Gamay, Dornfelder (Preyst al, 2006), Syrah (Gawett al, 2007), as well as of various
Italian grape varieties (Boselet al, 2004) and Croatian (Budleto et al, 2008) were
studied. Similarly, these characteristics (phenobmposition and sensory perception) have
been established for Cabernet Sauvignon and Metilegé obtained from Washington State
(Landon et al, 2008). Thus, the purpose of our study is to eramiBordeaux grapes
(Cabernet Sauvignon and Merlot) tannin and anthaayeomposition as well as their tannin
perception



MATERIALSAND METHODS

The study was carried out with samples from Bordeaneyards. They are situated in
Pauillac, Margaux, Saint Emilion, Saint Emilion a@dtes de Bourg. The vineyards are all
planted with V.vinifera L. cv. Cabernet Sauvignon (CS) and Merlot (M). i&s were
collected at maturity in 2006, 2007 and 2008. Tanextracts of seeds and skins were
obtained as described previously (Chatal, 2009). Anthocyanin extracts were acquired
according to Sriranet al(1999) Proanthocyanidins monomers and oligomerg vaentified
and quantified (Chiraet al, 2009). The proanthocyanidin mDP concentrationgewe
quantified by phloroglucinolysis (Drinkinet al, 2007). Anthocyanins identification and
guantification [cyanidin-32-glucoside (Cy), delphinidin-&-glucoside (Dp), paeonidin-@-
glucoside (Pn), malvidin-8-glucoside (Mv), petunidin-8-glucoside (Pt) acetylated
glucosides (acet) and coumarylic glucosides (cooinPn and Mv was also carried out (Burns
et al, 2002). Sensory analysis was also conducted, evghdges from the Oenology
department of Bordeaux University participatedha sensory analysis. They were trained to
evaluate astringency and bitterness of tannin etsird\ll the judges were asked to hold each
sample in their mouth, spit it out and rate theiagéncy and bitterness intensity using a 0-7
point scale. Statistical data analysis was perfdrmg&ng Analysis of Variance (ANOVA)
using Statistica V.7 (Statsoft Inc., Tulsa, OK, US)

RESULTSAND DISCUSSION

Catechin monomers (C, EC and ECG) and proanthodiyaaligomers (dimmers: B1,
B2, B3, B4, trimmer: T) in CS and M grape skin @sed tannin extracts were identified and
quantified at harvest (Tab. 1). Skin and seed phmmyanidin profile for both varieties
differed by their low amounts of galloylated detivas and higher mDP (Suet al, 1999;
Monagaset al, 2003; Vidalet al, 2003). Tab. 1 shows the variables that are scamfly
different (p< 0.05) between varieties and vintages for bothss&imd seed extracts.

Tab. 1: Proanthocyanidin composition of the seed and skin extracts of each variety and vintage.

Seed extract
Variety* Vintage**
CS M 2006 2007 2008
Variables n=15 n=15 p n=10 n=10 n=10 p
C 9.90+0.67 a 6.72 £1.07 b 0.0398 6.67 +0.54 a 14.37+3.39b 3.63+0.09a 0.0000
EC 526+142a 6.58 £0.98 a0.1140 553+£0.98 a 9.61+182c 2.62+0.24b 0.0000
ECG 0.98+0.26 a 1.21 +0.53 a0.3242 0.60+0.21a 2.45+0.68 b 0.22+0.00a 0.0000
Sum of monomers 16.14+2.35a 1451 +1.28 &0.5154 12.80+0.93 a 26.43+2.62b 6.47+x0.29a 0.0000
Bl 1.73+0.53 a 1.41+0.39 b 0.0267 3.77+0.38a 0.67+0.16 b 0.27+0.07c  0.0000
B2 292+124a 1.93+0.42 a 0.1377 1.14+0.16 a 525+0.77b 0.89+0.06a 0.0000
B3 1.08+0.34 a 0.63+£0.15a0.0782 1.08+0.19a 143+043a 0.07 £0.00 b 0.0000
B4 2.07+£0.58 a 1.95 +0.28 a0.6680 0.52+0.14 a 3.25+0.70b 2.27+0.07c  0.0000
Sum of dimers 780+1.18 a 5.92+0.36 a0.1357 6.51+0.33a 10.60+1.43c 350+0.18b 0.0000
T 0.89+0.36 a 1.51+0.76 b 0.0119 154+0.44 a 222+114a 0.16 £0.05b 0.0121
DPm 415+046 a 2.74+0.12 b 0.0000 3.02+0.30 a 4.17+0.32b 3.17+0.11a 0.0000
% G 26.12+3.71a 21.22 + 3.49 h0.0330 14.4+2.37 a 34.24+5.15b 22.38+2.85c 0.0000




Skin extract

Variety* Vintage**
CS M 2006 2007 2008

Variable n=15 n=15 p n=10 n=10 n=10 p
C 031+0.06a  0.19+0.06 b0.0409 022+013a  050+0.07b 0.03+0.00c 0.0012
EC 025+013a  0.18+0.07 a0.2800 007+£000a 055+0.08b 0.03+0.00a 0.0000

ECG ND ND / ND ND ND /
Sum of monomers  056+0.12a  0.37£0.05b0.0143 029+013a 105+026b 0.06+0.00a 0.0000
B1 0.06+0.00a  0.10+0.06 a0.4986 003+0.00a 0.14+004a 007:0.00a 0.0672

B2 ND ND / ND ND ND /
B3 058+026a  0.22+0.03a0.1171 006+0.00a  105+033b 0.12+0.00a 0.0059

B4 ND ND / ND ND ND /
Sum of dimers 064+028a  0.32+0.06a0.1329 009+000a  119+037b 0.19+00la 0.0056
T 001+0.00a  0.04+0.00b0.0001 0.03 £0.00 ND ND 0.0001
mDP 2285+156a 19.42+1.2210.0386  23.04+107a 2094+199a 194+102a 0.1872
% G 324+029a  131+028b0.0000  2.06+0.18ab  287+0.40b 1.90+0.17a 0.0233
% P 1499+126a  5.54+0.63 b0.0000 6.30+£0.80a 7.41+10la 17.07+1.18b 0.0000

*ANOVA variety effect**ANOVA vintage effect; valueswith different letters within each row are sigo#htly different
(Tukey's Test, < 0.05); n=number of samples; mean values of n sssnplstandard error, ND=not detected.

In seed extracts, comparing the two effects (viatagd grape variety) vintage marks
more monomer and dimmer levels together with theG%The consecutive differences
between CS and M are on the variables: C, B1, TPnaDd %G. Tab. 1 indicates that the
mDP of CS (4.15) is two times higher than M (2.14)addition, the % G of CS (26.12 %) is
higher when compared to M (21.22 %).

The PCA carried out on correlation matrix of thaiales C, B1, mDP and %G
(Figure 1) allows CS and M discrimination accordioegtannin composition. The first two
Principal Components (PCs) explained 71.86% ofdted variance, as shown in Figure 1.
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Figure1l: PCA representation of the varieties (CS and M) ard/étriables (C, B1, mDP and % G) of seed extracts
in the plane defined by the two first principal qoonents.

The vintage influence is significant for all thedied variables (Tab. 1).

The PCA (Figure 2) corroborates visually that ptbhanyanidin seed composition can
be discriminated according to vintage.



Factor 2 : 18,64%

05 - B3
. T M
-

EC
C
u
B2

————5
Factor 1 43,51%

L] E B4

* 2006
-10 u m 2007
® 2008

Figure 2 : PCA representation of the vintages (2006, 2007, 808 the variables (C, EC, ECG, B1, B2, B3, B4, T, mDP,
% G) of seed extracts in the plane defined bywhefirst principal components.

The two first PCs, accounted for 62.15% of theltetaiation, separated the vintages
in the light of seed proanthocyanidin compositi@). EC, ECG, B2, B3 and B4 have a
positively contribution to PC1. % G and mDP areategly heavily represented by the PC2.
B1 and trimmer (T) are correlated positively withetPC2 while mDP is represented
positively and negatively by the PC1 and PC2 retbypady.

Regarding skin extracts, monomers and dimmers ceitipo is influenced more by
vintage than by variety (Tab. 1). Likewise, the m&®RI the % G are affected more by variety
(Tab. 1).

The pattern of significant differences between @8 & for the three consecutive
vintages is on the variables: C, sum of monomers EC), mDP, % G and % P. From the
visual inspection of the PCA (Figure 3) score mbthe 30 skin extracts, it was possible to
adequately discriminate the two varieties. By imsjoe of the eigenvectors both PCs
indicates that variety discrimination of skinsndluenced by the mDP, % G, % P and C. The
PC1 is heavily positively correlated with the vates mDP, % G and C; the PC2 is strongly
negatively correlated with % P. The M skin sam@es mostly grouped on the positive side
of the PC2 whereas CS skin samples are dispersdidedeft part of the PC1. The CS skin
extracts are characterized by a mDP (22.85), a@Z3 %) and a % P (14.99 %) higher than
M (mDP =19.42, % G = 1.31, % P = 5.54).

t 1 25.38%
1o Factor2:2538 n

05
mDP

%G

00 Factor T : 44.02%

n © C

-0.5

1.0 ® %P e cs
(Y]
-1.0 05 0.0 05 1.0

Figure 3: PCA representation of the varieties (CS et M) andséhimbles (C, mDP, % G and %P) of skin extracts
in the plane defined by the two first principal quonents.
Vintage effect was observed on the sum of monorfers EC), dimmers (B1 + B3),
% G and %PThe PCA applied to the above variables (data noiveh shows that there is not
a clear separation among vintages according tanfnoayanidin composition.



Concerning anthocyanin composition, consecutivesaguificant differences between
CS and M for the three vintages are on Cy, Pt, M, acetylated and coumarylic
anthocyanins (Tab. 2).

Tab. 2 : Anthocyanic composition of the skin extracts of each variety and vintage

Variety* Vintage**
Variables Cs M 2006 2007 2008
n=15 n=15 p n=10 n=10 n=10 p

Dp 4.17+0.26a 455+046a 04376  540+043b 3.81+0.41a 3.86+0.50a 0.0168

Cy 0.84+0.14a 1.73+0.21b 0.0004 1.75+0.26 b 1.18£0.25 ab 0.94+0.19a 0.0206

Pt 2.58+0.14 a 3.62+0.28b 0.0002 3.43+0.22b 3.02+0.29 ab 2.84+0.32a 0.0433

Pn 324+031a 451+049b 0.0112 5.49+0.42 a 3.72+0.54 ab 243+0.38b  0.0000

Mv 13.11+1.07a 10.83+0.66b 0.0260 1542+1.34a 12.28+0.70 ab 8.22+0.45b  0.0000

Sum of glucosides 23.94+163a 25.24+1.87a 0.4665 31.49+1.80a 24,01 +£2.01 ab 18.29+1.44b 0.0000
Pn-acet + M v-acet 6.99+0.70a 3.78 £0.35b 0.0118 7.14+1.04a 5.03+0.39b 3.99+059b  0.0254
Pn-coum + Mv-coum  1.99+0.16 a 3.31+0.26 b 0.0000 3.24+0.33a 2.76 £ 0.28 ab 1.95+0.26 b 0.0018

*ANOVA variety effect**ANOVA vintage effect; valueswith different letters within each row are sigo#ntly different
(Tukey's Test, px 0.05); n=number of samples; mean values of n sssnplstandard error, ND=not detected.

Particularly, acetylated anthocyanins concentratsotwice higher in CS (6.99 mg/g)
than in M (3.78). M skin extracts possess almost times greater coumarylic levels (3.31
mg/g) than that of CS (1.99 mg/q).

The discrimination of the samples based on vanedg achieved; using PCA that
considered the concentrations of the different @ryhnic forms in the skins extracts (Figure
4). The PC1 accounts for 56.28% of the variabdityl the PC2 for 24.42%.
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Figure 4 : PCA representation of varieties (CS and M) and thialkes of skin extracts (Cy, Mv, Pn, Pn-acet+Metaand
Pn-coum+Mv-coum) in the plane defined by the twstfprincipal components.



The vintage effect on anthocyanins composition aasignificant than that of variety
on the sum of monoglucosides whereas acetates @ntatates are more influenced by
variety (Tab. 2). Figure 5 demonstrates that 206 extracts have a good correlation with
Pn, Mv, Dp and coumarate levels and are separated these of 2007 and 2008. The
climatic conditions of each year presented diffeemn that could have influenced
anthocyanins synthesis.

0.5

Factgy 2: 21,90%

B3
EC

0.0

-0.5

-0.5 0.0

Factor 1: 38,09%

%P

4 2006

m 2007

® 2008
0.5 1.0

Figure5 : PCA representation of the vintages (2006, 20078p86d the variables (C, EC, B3, % G and % P) of sk
extracts in the plane defined by the two first pifial components.

For the three vintages, grape variety showed tmeeshehavior pattern, it has no
influence on both bitterness and astringency interf$ab. 3).Conversely, vintage effect is

significant for both extracts and for both critef@stringency and bitterness). |

Tab. 3: Astringency and bitter ness intensity of seed and skin extracts of each variety and vintage.

Extract origin

Astringency intensity

Variety* Vintage**
CS M p 2006 2007 2008 p
Seeds 46+0.6a 44+02a 0.3429 50+05a 42+01b 44+01ab 00395
Skins 44+10a 41+x0.3a 0.1033 53+04a 42+0.1b 33x04c 0.0001
Bitternessintensity
Variety* Vintage**
CS M p 2006 2007 2008 p
Seeds 38+x09a 3.8+x0.3a 0.5467 42+0.7a 40+03a 3.3+x05b 0.0000
Skins 38+12a 3.8+1.0a 0.6651 50+0.3a 3.3+040b 3.1+0.3b 0.0000

* ANOVA variety effect**ANOVA vintage effect; valuewith different letters within each row are signéitly different
(Duncan’s Test, g 0.05); + standard error.

CONCLUSION.

In our work we investigated variety (CS and M) amatage (2006, 2007 and 2008)
influence on proanthocyanidin, anthocyanin compasiand sensory perception of grape skin
and seed extracts. Principal component analysi&\)@dels were built to identify phenolic
parameters exploitable to classify varieties andages. In both extracts (seeds and skins)
varieties were discriminated according their phenobmposition. We demonstrate for the
first time in Bordeaux winegrowing region that theDP, the % G and the % P varies in
conforming with tannin source (seed or skins) aiith wariety. In seeds, the mDP and the %



G of CS is higher when compared to M seeds. Insskire mDP, the % G the % P of CS is
always greater when compared to M but in a diffesmale in relation to seeds. Regarding
anthocyanic composition acetylated anthocyaningeshre two times highest for CS, while
M presents coumarylic anthocyanin levels highentG&.

With reference to vintage, it had a significant anpon both phenolic composition and
tannin perception. Almost all the studied variable®oth extracts were more influenced by
vintage than by variety. 2007 vintage presentedritifeest proanthocyanidin profile whereas
2006 vintage characterized by highest anthocyaenel$. Concerning tannin perception,
vintage has disclosed an effect while the varietsrt. We explore that bitterness intensity is
more affected by vintage than astringency. Thiglystwn phenolic composition, provides
oenological information that can be useful to inyerthe quality of the wines produced.
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Abstract
Are carried out studies on the establishment of content and quality of
pectic substances in the by-products of processing grapes - crests and the
refuse, for the purpose of their further use for obtaining pectincontaining
functional food products.

It is established that in the grapes are contained low-methoxylized
pectins, which are capable of adsorbing toxins, heavy metals, radionuclides and
of deriving them from the organism. This property can be used for obtaining
the products with the radio- protector properties.

Grape pectic concentrate was used for the production of nonalcoholic
beverages, in baking and canning industry instead of dry pectin.

Grapes are the natural source of the nourishing and medicinal substances. The
products made from the grapes have therapeutic and prophylactive properties. The pectic
substances of grapes are capable to adsorb toxins, heavy metals, radionuclides and deriving
them from the organism (1). Their property can be used for obtaining functional food
products.

The presence in pectins of the free carboxyl groups of galacturonic acid causes their
property to connect the ions of heavy metals and radionuclides in the gastrointestinal tract,
consuption with the subsequent formation of the undissolved complexes (pectinates,
pectates), which are not sucked and are derived from the organism.

For toxicological and hygienic reasons pectin substances were anknoledged as
practically safe substance by the united committee of FAO. That is why no consuption
limitations and maximum permissible doses of consuption has been esteblished.

The degree of esterification, which indicates a quantity of methoxylized carboxyl
groups of polygalacturonic acid, is the basic index of quality of pectins. Industrial pectins
divide into high(ly)-methoxylized and low-methoxylized. Pectins with the degree of
esterification, which exceeds 50% (high(lyied-etherify), possess capability for jellification and
gel formation and adapt in the canning industry for preparing of marmalade and other jellified



foodstuffs.Apple and citruc’ pectines belong to them. For forming the steadfast from jelly it’s
necessary the low index of pH (about 3,0) and the presence of sugar (2). Low-methoxylized
pectins form gel in the presence of the ions of calcium or other polyvalent metals, but over
wide limits pH. Specifically, low-methoxylized pectins possess the ability to form in the
organism the undissolved complexes due to deme-toxification of pectin and its transformation
into poly-galacturonic acid, which is connected with the specific heavy metals and the
radionuclides.

Table 1
Content of polysaccharides and lignine in the second
converted products of grapes (% from the empty weight of raw material)

OBJECT Opgeloste Protopectin | Hemicellul | Hemicellul Cellulose | Legnin
pectin ose A ose B

Refuse of the 2,8 39 13,9 78 21,9 32,9

grapes

Crests of the 11 2,8 16,7 85 19,8 35,9

grapes

Seeds of the 1,5 18 15,8 9,1 15,5 30,8

grapes

Trimmings of 1,2 6 14,5 8,8 25 28,5

the vine

Green parts of 1,3 54 6,6 3,9 17 21

the vine

Wood of the oak 0,8 0,9 12,9 10,1 29,8 33,4

Table 2

Influence of different extractants on the output of pectic substances
from the refuse of the grapes

Extractant Concentration Output of pectin , %
of the acid, % | ] 11

Tartaric acid 0,5 3,54 3,01 3,03
Citric acid 0,5 2,11 1,91 2,16
Acetic acid 0,5 1,76 1,53 1,73
The oxalic acid 0,5 2,33 2,22 2,06
Oxalic acid ammonium 0,5 2,89 2,47 2,54
Sulfuric acid 0,5 5,55 5,40 5,48
Hydrochloric acid 0,5 4,32 5,41 5,10
Nitric acid 0,5 1,28 0,95 1,19

We carried out studies on the establishment of content and quality of pectic
substances in the production wastes - crests and the refuse of grapes, for the purpose of their
further use for receiving of pectincontaining functional food products. The industrial types
of grapes of Georgia served as the subjects of the study — Kakhetian Saperavi, Rkatsiteli,
Tsolikouri and Mtsvane.

The output of pectic substances depends on the form of the utilized extract. From the
organic acids the best results were obtained during extracting raw material by tartaric acid;
however, as citric acid is considerably cheaper in comparison with wine, further studies on
the establishment of the regime parameters of the process of the extraction of pectin (fig. 1)
were carried out with the use of the citric acid (1).
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fig.1. Extraction of pectin substances from the grapes refuse

Data of fig.1 show that optimum conditions for the extraction of pectin are: 0,5% -
citric acid, hydromodulus 1:5, the temperature 80°C, the time of extracting 3,5 hours, the
index of size reduction of refuse of 0,5-5mm with the humidity of refuse 8-10%.

In table. 3 are shown chemical-engineering the indices of pectin, obtained from the
refuse of the grapes

Table 3
Chemical-engineering the indices of pectin, obtained from the refuse of the grapes
Indices

General Ureniadi, % | The methoxy Ash Viscosity Gel

output of groups substances sec. 0,5% formation

Concentration of pectin solution mm. pr. cT.
the acid, % 0,6%

solution

0,3 3,05 82,1 10,60 4,00 150 145
0,5 3,82 85,3 8,41 3,73 172 161
0,7 4,01 89,2 6,08 3,30 169 157
1,0 4,10 91,6 4,49 2,98 150 132
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Both the refuse and the crests of grapes can be used as the raw material for obtaining
pectin. The percentage of crest in the cluster, depending on the degree of the maturity of
grapes and ambient conditions of its growth, varies in the limits from the 1st to 8,5% and on
the average composes 3,5% of the mass of cluster. With the complete maturity of berries in
the majority of the types of grapes the crest is impregnated with lignine, by suberin it
lignifies.

Data analysis of fig. 2 show that, in parallel with ripening of grapes, the content of
pectin substances in the crests is reduced, and it comprises with the harvest of grapes on the
average, depending on type, 3,8- 5,5%.

From tables. 4, we can see that according to the quality indicators pectins, obtained
from the crests of the different types of grapes are close. If we judge by the degree of
etherification, grape pectin should belong to low-methoxylized pectins. Such pectins can be
used for radio- protection of food.

Table 4

Chemical indices of the pectic substances, obtained from the crests of
different types of the grapes

Type of grapes Methoxy groups, % | Degree of Content of clean
esterification, % pectin, %
Rkatsiteli 15,2 48,4 46,9
Tsolikouri 15,5 48,3 46,5
Saperavi 14,1 46,3 43,3
Kakheyian Green 13,6 45,1 43,7




From the data of table. 5 it is evident that the production of pectin is connected with
the heavy expenses of food rectified alcohol. Additionally expenditives for producing of dry
pectin is high.

Table 5
The material balance of the production of pectic powder from the grape crests
Name Un. of Value
measurement
Source material:
Weight kg 300
Content of pectin % 3,95
The end product:
Dry pectin kg 0,84
Humidity % 12,3
Output from the crests % 2.8
Ethyl alcohol:
Initial quantity I, abs. alcohol 212,76
Recovery 199,13
Losses €=« 13,63
%

The development of science, engineering and technology of the production of pectin
makes it possible to find the simpler new technological solutions by improvement and
reduction of prices of its production. In particular, studies of the last years showed that it is
appropriate produce not only dry pectin, which requires complex technological equipment and
high power and material expenditures, but also such products as pectic extracts and the
concentrates, the technologies of obtaining the which are more universal, were simple in the
equipment performance and ecological.

From the grape refuse and the crests of grapes it is possible to prepare the so called
pectic concentrate, so liquid preparation with the increased content of pectic substances (3-
5%). For obtaining the extract damp grape refuse is washed in water with the temperature of
50-600SC during 10 minutes (obtained extract it is used for obtaining the strong alcoholic
beverage - Chacha). Then the washed refuse were flooded with the temperature of 80-900 C
and they conducted hydrolysis- extracting pectic substances with the following parameters of
process: relationship of refuse and water 1: 3, duration - 3 hours. In the course of the process
of hydrolysis- extracting the mixture constantly was intermixed. After endurance in the hot
water for 1 hour the solution (drawing) is separated from the refuse; refuse press and liquid
obtained in this case is added to the basic solution. The blended the wines drawing contains
little pectin - 0,3 - 0,7%. They congeal it in the vacuum- apparatus 3-4 times, they spill in the
bottle and they pasteurize. pectic concentrate obtained in a described manner can be used for
the production of nonalcoholic beverages, in the baking and canning industry instead of dry
pectin.

The steady tendency of an increase in production and consumption of nonalcoholic
beverages is observed in the entire world. Thus, the consumption of nonalcoholic beverages
per year person comprises (I): in Germany - 195, including mineral waters - 80, juices - 32,
the refreshing beverages - 83; in the USA - 164, Belgium - 129, Czech Republic - 110,
Sweden - 55. Beverages on the basis of the juices, enriched by the pectic substances, which
gives them the radio-protector and detoxicated properties, are the most promising functional
products. More over, the consumers select nonalcoholic beverages with functional qualities.



Because of to their the complex- forming, gel-forming, emulsifying properties pectins
also adapt in the production of confectionery, canning articles, therapeutic preparations, in the
bread-baking.

In this respect obtaining of pectic extraxt for food using for therapeutic and
prophylactic reason can be considered as the most interesting.

In process of developing new direction in the nourishment - production and the
consumption of functional products, the role of bread in the nourishment acquire separately
important significance. Bread - this is the product of daily nourishment, they eat it repeatedly
during the day, and therefore it together with the high nourishing properties must have
therapeutic or preventive properties, which is achieved by introduction into the formula of
functional additives. The pectic substances are one of such promising additives.

It is established that the introduction of pectins in dough influences the biological,
colloidal and microbiological processes. With the introduction of pectins in dough rises its
initial acidity, fermentation process continues more activly (activation of fermentation process
it is connected with the introduction of sugar together with pectin). Also it is observed
strengthening gluten, strengthening the structural and mechanical properties of test.

Thus, the applications of pectic concentrates from crests and refuse of grapes are
analogous to the application of dry pectin and make it possible not only to improve the quality
of finished articles, but also to enlarge the assortment of the food of therapeutic and
prophylactic designation.
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ABSTRACT

Present research was focused in the developmeargveimethod
for the regulation ofSaccharomyces cerevisiae metabolism using
thermal shocks on inoculum suspension of yeass.cElbr time
intervals 10, 20 and 30 min yeast cell suspensiaa axposed to
the temperature of 45 °C. The most resistible ciléd survived
this thermal shock represented new active biontegsriclude also
a memory effect that enables decreasing ethanauptmn by
increasing for production of glycerol up to 100%reatiuction of
ethanol for 6-10 %. Present results represent a aew easy
method applicable for high glycerol productionoais large scale
wine production.

Introduction

Due to its high specific gravity and viscosity, ggyol significantly
contributes to a fullness and complexity especiallypremium
quality dry wines (Scanes, 1998; Nieuwowtital, 2000; Karasu
Yalcin, Ozbas, 2006). Extensive studies 8&hccharomyces
cerevisae metabolism proved that that glycerol biosynthesis
glycerol is related to yeast strain, process camdi&nd consistence



of fermentation substrate (Scanec, 1998; Renszeal, 1999;
Karasu Yalgin, Ozbas, 2008a) 4 to 10 % availablecage is
converted to glycerol (Jackson, 2008).

Under anaerobic conditions glycerol is formed indesr to
reoxidize NADH formed in anabolism and in the $wsis of
organic acids (Nieuwoudet al, 2000, Jackson, 2008, Karasu
Yalcin, Ozbas, 2008b). The anaerobic conversioglotose into
ethanol bySaccharomyces cerevisiae is redox neutral, i.e. NAD
consumed initially in the Embden-Meyerhof-ParnasMi
pathway and is regenerated when ethanol is produdedever,
when intermediates in the EMP pathway are withdraas
precursors for synthesis of cellular material thoalance is
distributed since the surplus of produced NADH @& converted
back into NAD (Hohmann, 1998, Karasu Yalgin, Ozbas, 2005).
This will eventually cause metabolism to stop uslesther
processes exist for the regeneration of NADuring anaerobic
growth of Saccharomyces cerevisiae NADH cannot be oxidized by
oxygen but must be disposed by formation of redunegroducts
like glycerol (Jackson, 2008, Oura, 1977, Karaslcivia Ozbas,
2004).

In glycerol biosynthesis in wine many growth andissnmental
factors have been reported to influence the amadinglycerol
produced as fermentation temperature, strain sefedhoculation
level, sulphite concentration, sugar concentratmsmotic stress,
nitrogen source and concentration, pH, aeratgnape variety and
ripeness (Ribéreau-Gayon, 2000, Carrasab, 2001).

Fermentation temperature is in many technologies oh the
most influential factors affecting process of vasometabolite
biosynthesis. Not only does temperature directig @ndirectly
influence yeast metabolism, but it is also onehef features over
which the winemaker has the greatest control (Qodtie et al,
2000, Torija Jesud al, 2003).

The effect of heat shock treatment in alcohol fertaton was
investigated in the shochu yeast BAW-6, sake y&ast wine



yeast W-3, beer yeast IF01167, and whisky yeas2368 (Omori
et al, 1996).

The main objective of this work was to study théeex of heat
shock intervals on glycerol production, appliedcatl suspension
of wine yeasBaccharomyces cerevisiae inoculum starter culture.

Materials and M ethods

Microorganism

Dry wine yeast strain Saccharomyces cerevisiae, ANCHOR
NT202 South Africa) was used in all of the experse
Reactivation of 3 g of dry yeasts was performeari2® at 30 °C in
a 20 ml of water diluted (1:1) grape juice of cudii sauvignonasse.
Suspension of wine yeast exposed for 10, 20 andhiBdites to
temperature 45 °C.

Fermentation substrate

Fermentations were carried out on a grape juicecufivar
Sauvignonasse (before Tocai Friulano ) from wineagmg region
Goriska Brda. As bioactivator to the initial sulasér 0.40 g /L
Fermaid E (Danstar Ferment AG) was added .

Fermentors

All laboratory scale experiments were performed igientical
standard type configuration 10 | working volumer®t Tank
Reactors (Bioengineering AG, Switzerland). In alf the
experiments Bioengineering AG fermentors were guetpwith :
Ingold pH and redox electrodes, Industrial Laly pl@ctrode MFG
509 and temperature control unit (Mettler ToledByr on-line
measurements SHIVA control software (BIA d.o.dgv8nia) was
applied. Fermentors head space was aerated thraitigithe inert
gas N to prevent the oxidation of fermenting grape musall of
experiments mixing of 100 rpm was applied duringnientation.
Fermentor head space was continuously aeratechititigen.
Fermentations were performed at temperatures 122n1¢€. Three
series of each experiment were performed. The o rand



Student's t test were used to determine if the kmpere
statistically significant at a 95% confidence level

Analytical methods

100 ml of samples were taken every 24 hours. Aflieation the
major extra cellular metabolites, were determingdH®LC. The
reducing sugars (glucose and fructose), glycertharel and
organic acids were analysed according to validatesthods
proposed by BIO-RAD 1997. The samples were analyssdg
300 mm x 7.8 mm Aminex HPX-87H organic acid catoni
exchange column (Bio-Rad Laboratories USA). Elutioras
performed at 65 °C. The mobile phase was 2 Mm@ in bi-
distilled water. The pump was operating at floner@té6 ml mi.
The injection volume was 24l ; the eluting compounds were
monitored by a fixed wavelength ultraviolet (UV-\fI8etector at
210 nm. Detector was connected in series with mct¥e index
(RI) detector. Samples were filtered through 0,45 pembrane.
Ethanol, glycerol, glucose and fructose were detkdly the RI
detector. Organic acids were detected by the UV-dédtector.

Results and Discussion

Various duration of heat shocks ddaccharomyces cerevisiae
inoculum where yeast cells suspension was exposed5 °C
eliminated on one side unproductive, too youngoorold cells,
from further fermentation process. Comparing préidac of
biomass higher biomass was obtained at the sameeméation
temperatures in experiments with applied heathlskttwen those in
control.

Ethanol production was the most expressed at dontro
fermentations where 104 g/L in fermentation af@2and 89 g/L
at 18 °C were produced. On the other side in fetatems where
heath shock on inoculum was made significant diffees were
observed.
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Fig. 1. Accumulation of ethanol

m temperature 18 °C; o temperature 18 °C - 20 minutes heat shock;
A temperature 22 °C; A temperature 22 °C - 20 minutes heat shock

But it was fascinated discovery that at high terapge exposure
the survival cells created a memory effect thay tiwere exposed
to high temperature, so the survived cells in fertfermentation
process protected themselves with expressed pioduadf
glycerol. In both control at 18 °C , 6.3 g/L and2& °C , 7.8 ¢
glycerol /L was detected. The highest glyceroldoiciion was
detected at 10 min heath shock and fermentatiopdesture 22
°C. The results in fermentation showed that theatlom of the
heath shock interval reasonable increase the Uiossis of
glycerol, while higher initial fermentation temptrne promotes
the rate of kinetic processes in biosynthesis afoua organic
acids.

For effective monitoring ofaccharomyces cerevisiae microbial
activity during the fermentationon-line redox potential
measurement was used as main monitoring pararnmegdr of the
experiments. Through fermentation, yeast cells sadjloeir redox
balance to the conditions in the must producinggadte amounts



of ATP, maintaining favourable redox and ionic lbakes, and
synthesize the necessary metabolic intermediateggdn, 2008)
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Fig. 2. Accumulation of glycerol

m temperature 18 °C; o temperature 18 °C - 20 minutes heat shock;
A temperature 22 °C; A temperature 22 °C - 20 minutes heat shock

Conclusions

From our experiments it was found that productibglgcerol is
temperature dependent process. Higher fermentatimperatures
initiated faster production of glycerol as the masmoregulator
and redox balancing substance. On the redox patentive profile
faster and expressive decrease was detected icadgof higher
temperatures. The duration of the lag phase andi¢tey before
the initiation of fermentation become shorter wittcreasing
temperatures.

Application of heat shock during active fermentatjgrocess is
an effective and simple method of increasing thecegol
concentration in wine. Due to its relatively higpesific gravity
and viscosity, glycerol may remarkably contributethe overall



sensory perception of body, as well as impressioluliness and
sweetness especially in dry white wines.
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SUMMARY

The climatic conditions of these last years, probably linked to global warning climate lead to
modifications in the sugar-acid balance in wine. Better conditions of maturation are detected
in the Loire Valley, and lead the elaboration of wines richer in flavor but with a more
important whealth in alcohol. For the base wine of Chenin, these changes lead to degrees with
excessive natural alcohol, wich has consequence on good realization of the second in-bottle
fermentation. An earlier harvest is not satisfactory for the aromatic quality and lead to the
development of wine too acid.

Innovative techniques have been tested: reduce the sugar content of must (RTS) and wine by
partial desalcoholisation. These practices have been very satisfactory, allowing more
successfully second in-bottle fermentation, while controlling the final degree of the wine. The
sparkling wines produced from base wines with reduced level of alcohol present a very good
olfactory and gustatory balance. The physicochemical analysis of wine confirms sensory
observations.

KEY WORDS : base wine, innovation, alcohol reduction

RESUME

Les conditions climatiques de ces derniéres années, sans doute lié au réchauffement global du
climat, entrainent des modifications dans les équilibres sucre-acide des vins. De meilleures
conditions de maturations sont constatées sur la région Vallée de la Loire et entrainent
I’élaboration de vins plus riches en ardbmes mais avec une richesse en alcool plus importante.
Pour les vins de base de chenin, ces modifications conduisent a des degrés alcooliques
naturels excessifs avec une conséquence sur la mauvaise maitrise des prises de mousse. Une
récolte plus précoce n’est pas satisfaisant au niveau aromatique et conduit a 1’¢laboration de
vins trop acide.

Des techniques innovantes ont été testées sur mo(Qt : réduction de la teneur en sucre des modts
(RTS) et sur vin par une désalcoolisation partielle. Ces pratiques ont donné des résultats tres
satisfaisants, en permettant des prises de mousse réussies, tout en maitrisant le degré final du
vin. Les vins effervescents élaborés issus des vins de base a teneur réduite en alcool sont de
trées bonne qualit¢ au niveau de leur équilibre gustatif et olfactif. Les analyses
physicochimiques des vins confirment les observations organoleptiques.

MOTS CLES : Vinde bhase, innovation, réduction alcool
INTRODUCTION

Les politiques de qualité suivies au vignoble permettent 1’élaboration de vins plus
concentres, aux ardmes plus expressifs, mais souvent plus riches en alcool et parfois de
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maniére excessive. L’évolution des conditions climatiques favorisent, y compris dans les
régions septentrionales, de meilleures conditions de maturation, qui permettent d’obtenir des
vins avec un profil répondant au marché. D’un point de vue qualitatif, la solution consistant a
avancer la date de récolte n’est pas envisageable. Aussi, la baisse de la teneur en alcool (1)des
vins a été abordée sous les deux aspects techniques proposés par les nouvelles
technologies(2) : réduction de la teneur en sucres des modts (procédé REDUX associant
ultrafiltration et nanofiltration) et désalcoolisation partielle du vin (couplage Osmose Inverse
et distillation)(4). Dans le cadre de I’essai  mené sur Chenin, le désucrage et la
désalcoolisation peuvent amener des réponses aux producteurs de vins issus de méthode
traditionnelle, confrontés ces dernieres années a des richesses en sucres importantes. Ces
richesses en alcool des vins de base posent probléeme pour la réalisation de la prise de
mousse. Le fait de pouvoir baisser la richesse initiale du moQt ou le degré alcoolique du vin
de base peut permettre une approche plus qualitative par une recherche de profil aromatique
plus intéressant. Le producteur recherche un meilleur compromis entre un potentiel
aromatique maximum et une richesse en alcool modérée permettant une prise de mousse dans
les meilleures conditions(3).

La nouvelle OCM se traduit par une nouvelle réglementation vitivinicole ou de nouvelles
pratiques cenologiques sont autorisées. La désalcoolisation partielle en fait partie mais la
diminution alcoolique sera limitée a -2%vol (réglement europeen n° 606 du 10 juillet 2009
applicable au 1" aout 2009). Des références ont été obtenues sur les trois derniers
millésimes(5).

MATERIELS ET METHODES
La réduction de la teneur en sucre (RTS) est réalisée par ’association de 2 techniques
membranaires judicieusement choisies (UF — ultrafiltration - suivie de NF — nanofiltration)
(Schéma 1). C’est une alternative intéressante a la désalcoolisation des vins en permettant une
réduction de la teneur en sucre des molts de raisin. Cette technique permet de vinifier des
mouts moins riches en sucres (éventuellement éviter des problemes fermentaires) sans
Mise en oeuvre de REDUX BUCHER éliminer les arbmes acquis sur
@ V3siin les vins comme on peut le
craindre avec la
désalcoolisation.
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Schéma 1 : Principe de la réduction de la teneur en sucre des modts



Le principe de la méthode repose sur une premicre ultrafiltration permettant d’extraire un
« moat incolore » de méme concentration en sucre que le modt initial. Ce « modt » est ensuite
concentré par nanofiltration et le perméat récupéré, essentiellement constitué d’eau et
d’acides, est réincorporé dans le mofit traité. Le volume de modt concentré par nanofiltration
est calculé en fonction du besoin de diminution du degré probable souhaité.

Pour I’opération de désalcoolisation (Schéma 2), le vin est traité par nanofiltration afin de
séparer un perméat essenticllement constitué d’eau, d’alcool, d’acides et de minéraux, ainsi
que quelques arémes. Ce perméat, représentant environ 18% du volume total pour une baisse
de 2 degrés, est distillé sous vide poussé afin d’en extraire 1’alcool. L’eau « native »
récupérée, contenant I’eau et les éléments non volatils, est ensuite réintroduite dans le vin
traité pour abaisser son degré.

Perméat désalcoolisé
Vin désalcoolisé 0,5 % vol

Alcool
| a90-95% vol

Colonne
a
distiller

Rétentat

I |

Vin (14% vol) Perméat (13 % vol)

Schéma 2 : Principe de la désalcoolisation du vin

Les vinifications sont réalisées en cuve inox de 6 hl, dans des conditions identiques
(maitrise température, levurage).

Pour réaliser le lot RTS en vinification en blanc, du moQt de Chenin enzymé (KZYM a
2¢g/hl) et débourbé est réparti en deux cuves d’une contenance de 6 hl, a raison de 550 L par
cuve. Compte-tenu du volume de la cuve et de la réduction de la teneur en sucres recherchée
(-1,5a -2% en TAP), 157L (25%du volume total + 20L correspondant au volume « mort » de
I’appareil) de cette fraction de moQt débourbé (10 -15NTU) sont ultrafiltrés. Le perméat d’UF
est concentré par NF, jusqu’a obtenir le volume voulu (concentré riche d’au moins 300 g/L
de sucre). Pour chacune des dates de vendanges manuelles, un cycle de pressurage d’une
durée de 3 heures est appliqué. Le sulfitage de la vendange est réalisé au pressoir, par un
apport de 5 g/hL en SO,.

Sur une partie du vin témoin de la méme date de récolte que le lot RTS, la désalcoolisation
est réalisée sur le vin déja clarifié (2 soutirages), pour obtenir un vin de base « désalcoolisé »
et ramené & un TAP de I’ordre de 11,5%vol. Les levains sont lancés pour I’ensemble des 8
modalités de prise de mousse. La levure choisie est la Levure Seche Active « Actiflore
Bayanus ». Deux levains différents de par 1’origine du sucre sont élaborés en fonction de
I’origine du sucre : un levain élaboré a base de saccharose du commerce et un autre élaboreé a
partir du semi-concentré issu de 1’opération RTS sur mo(t.

L’ensemencement de chaque modalité est réalisé quand le levain descend sous une valeur de
densité¢ de 1000. L’apport du levain se fait par bouteille, par un ensemencement a 3% en
volume (soit 22,5 ml de levain pour 750 ml de vin de base). Pour éviter un éventuel



démarrage de Fermentation MaloLactique, chaque bouteille est additionnée de lysosyme, a
raison de 250 mg/l. Pour une des modalités, la prise de mousse est réalisée avec les sucres
résiduels ; pour cela, le vin est muté au froid en cours de fermentation.

RESULTATS ET DISCUSSION

Incidence de la date de récolte

L’objectif est de procéder, sur une méme parcelle, a deux récoltes afin d’obtenir, pour la
premiere date, un degré potentiel proche de celui recherché habituellement (10,5 a 11%vol)
et, pour la deuxiéme date, un degré potentiel significativement plus élevé (12 a 13%vol).

Caractéristiques de la vendange

Une différence de maturité significative existe entre les deux dates de vendange ; elle est
surtout marquée par une augmentation du taux de sucres et une baisse d’acidité pour la
vendange plus tardive. Les conditions climatiques (chaleur et absence plus ou moins marquée
de précipitations) ont favorisé cette concentration assez importante en sucres en une dizaine
de jours et une baisse relative de 1’acidité du mott.

Incidence de la technique de réduction de la teneur en sucres

Analyses des produits intermédiaires des process de désucrage appliqués

Le rétentat d’UF est réincorporé sur la cuvée initiale. Le perméat d’UF est nanofiltré et le
perméat de NF est réintroduit dans la cuvée initiale. Le retentat de NF est éliminé. Le
sulfitage assez important de la vendange entraine des concentrations assez fortes de SO, sur
les fractions réintroduites sur la cuve initiale. Ces fractions étant de petit volume par rapport
au volume total, cela n’a pas d’impact sur la fermentation alcoolique (tableau 1).

Tableau 1 : Analyse des produits intermédiaires — RTS- Chenin 2008, IFV37

Modalités Perméat UF |Concentrat UF |Concentrat NF |Perméat NF
'Volume L 155 16 44 58,4

Sucres g/L 193 233 342 62

pH 3,05 3,01 3,07 2,98

AT gH,SO,/L 6,65 7,76 6,45 6,46
Tartrique g/L 4,66 5,61 4,74 3,64
Malique g/L 8,21 8,21 7,96 8,46

K g/L 0,92 1,15 0,95 1,12
Turbidité NTU 1 34 1 0,7

SO2 total mg/L 31 46 40 21

DO 320 sous 1em 3,09 3,52 321 1076 Photo 1 : Modules de nanofiltration
DO 420 sous 1cm [0,020 0,398 0,037 0,003

Pour I'ultrafiltration, les taux de rétention (retenu par la membrane) sont faibles a nuls pour
les molécules de trés faibles poids moléculaire comme le sucre, les acides tartrique ou
malique, le potassium. La nanofiltration (photo 1) a des taux de réetention naturellement



beaucoup plus élevés, mais ils restent relativement faibles pour les acides et le potassium
(I’acide malique passe plus facilement a travers la membrane que 1’acide tartrique).

La rétention en sucre est importante (c’est 1’objectif) et la teneur en sucres du Concentrat
NF (concentré récupéré pour la prise de mousse) conforme aux prévisions.

Analyses des produits obtenus apres le process de désalcoolisation

Le but est de désalcooliser (completement en théorie) une partie de ce volume (26L pour un
volume total de 153L de vin) : I’eau native récupérée (environ 22,5L a 0,5% éthanol) est
assemblé aux 127L (153-26) de rétentat pour obtenir un vin a environ 11,6% d’éthanol.
L’alcool ¢éliminé par distillation sous vide est trés concentré (3,21L a 93%). Les
caractéristiques des différents produits obtenus (notamment le perméat avant distillation)
confirment I’obtention du degré recherché apres 1’opération.

Caractéristigues des vins avant Prise de mousse

Les degres alcooliques sont conformes aux analyses fin FA. Le vin issu de la modalite
Témoin présente une acidité plus importante, ainsi que des teneurs en acide malique et
tartrique plus €élevée que les vins issus de la deuxieme récolte .Comme en fin de FA, le vin
issu de la premiére récolte est moins coloré (DO420).

Les opérations de désucrage (sur moQt) et de désalcoolisation (sur vin) ménent a des vins
trés proches ; ces opérations, par rapport au vin Témoin non traité, provoquent une tres légere
augmentation de 1’acidité totale, résultat d’une trés légere modification du rapport acide
malique/acide tartrique. Cela était attendu.

Les bouteilles ensemencées avec les levains et additionnées ou non de sucres sont fermées
(capsules a vis) et stockées a 15°C pour la prise de mousse. Le séjour sur lattes est d’environ
6 mois. A la fin de cette période, les bouteilles sont installées sur le pupitre (I’équivalent d’un
remuage automatique) et le dégorgement est réalisé juste avant I’analyse sensorielle ; il est
suivi du tirage et du bouchage avec une capsule sans ajout de liqueur de tirage.

Profil sensoriel des vins de base

L’analyse de variance (Tastel) met en évidence de nombreuses différences significatives
entre les vins .

Ainsi, le vin issu de la modalité « datel » est noté plus végétal, moins fruité (et fruit moins
frais), moins qualitatif au niveau des arémes, moins alcooleux, et globalement moins apprécié
que les vins issus des trois autres modalités (tous les trois issus de la deuxiéme date).

Pour ce qui est des trois vins issus de la deuxiéme date de récolte : le Témoin est noté plus
sucré (le « désucré » noté le moins fruité des 3). Le vin issu du désucrage sur modt est noté le
plus acide des trois, le moins alcooleux des trois ; au niveau appréciation globale il est le
moins bien noté des trois (non significatif).

Interprétation de I’Analyse en Composantes Principales

Le premier axe principal représente plus de 75% et est constitué de maniére positive des
attributs suivants : végétale, acidité, amertume, et de maniére négative des attributs suivants :
fruité, fraicheur du fruit, note florale, qualité des ardbmes, sucrosité, gras, chaleur-alcool,
équilibre en bouche, qualité globale. Le deuxieéme axe principal représente environ 18% et est



constitue positivement des attributs suivants : fraicheur du fruit, et négativement des attributs
suivants : intensité olfactive, longueur en bouche.

Ainsi, on peut estimer que la modalité 2 Désucrage est plutot végétale, plus acide, amere avec
plus de fraicheur du fruit ; la modalité 1 est plutdt végétale, acide, amére et une plus grande
intensité olfactive. A ’opposé, la modalité 2 Désalcoolisation est plutdt fruitée (et fruit plus
frais), florale, avec plus de sucrosité, de gras, de chaleur, un meilleur équilibre en bouche, une
qualité aromatique et globale supérieures, la modalité 2 Témoin est plutdt fruitée, avec un
fruit frais, florale, une bonne qualité aromatique et globale, une bonne intensité olfactive et
longueur en bouche.

Caractéristiques des vins aprés Prise de mousse

Bilan analytique et aromatique des vins apres prise de mousse

L’incidence de la date de récolte et des deux techniques de réduction du taux d’alcool est
évaluée sur les vins aprés prise de mousse, par le dosage des composes fermentaires (esters
éthyliques et acétates fermentaires) et des composés marqueurs d’évolution (tableau 2), en
méme temps que les caractéristiques physico-chimiques.

Les différences notées au niveau du degré alcoolique sont attendues et confirment la
maitrise des techniques de désucrage et désalcoolisation sur la teneur finale en alcool.

L’opération de désucrage mene a une légere acidification du mott que 1’on retrouve sur le
vin. L’opération de désalcoolisation partielle a un effet semblable.

Tableau 2 : caractéristiques analytiques des vins apres prise de mousse — IFV 2008

Modalités
Date 2 Date 2 issue du | Date 2 issue de la
Date 1 Témoin désucrage désalcoolisation
Ethanol %vol. 13,07 14,62 13,12 12,89
pH 2,98 3,22 3,18 3,19
AT gH,SO,4/L 7,34 6,49 6,59 6,57
Sucres g/L <1 15 2 2
Malique g/L 8,08 7,07 7,20 7,16
Composés fermentaires en pg/L
Hexanoate d’éthyle 440,2 1275,0 1124,0 833,3
|Acétate d’hexyle 2255 2484 2425 236,4
Octanoate d’éthyle 371,0 980,8 741,1 592,0
IDécanoate d’éthyle 77,8 211,3 139,6 133,4
IAcétate de b-phenylethyl 130,3 326,2 268,5 227,2
|Acétate d’isoamyle en mg/L 1,592 1,993 1,925 1,701
IComposés de vieillissement en pg €q.de 4-nona./L)
Glycosides de composés d’ardmes totaux 158 111 138 135
dont C13 94 53 67 74
Norisoprénoides libres en pg/L
TDN 0,160 0,208 0,186 0,202
[3-damascénone 1,889 2,309 2,055 2,369
B-ionone 0,195 0,059 0,046 0,064

D’un point de vue aromatique, la date de récolte, comme prévu, a une incidence sur le
potentiel du moit que I’on retrouve sur le vin au niveau des composés fermentaires. La



différence entre les deux dates de récolte D1 et D2 est significative et devrait apparaitre a
I’analyse sensorielle. Il apparait que la technique du désucrage, pour ces composés, SOit a
I’origine d’une baisse plus importante que celle obtenue par la désalcoolisation partielle.

Pour ce qui est des glycosides, la différence la plus importante apparait pour les C13,
paradoxalement plus importants pour le vin issu de la premiere date. Les écarts observes au
total de ces composés ne sont pas susceptibles de mener a des différences perceptibles a
I’analyse sensorielle.

La composition en norisoprénoides libres de type C13 fait apparaitre une premiére
différence entre les deux dates de récolte, au niveau du TDN et la B-damascénone. Toutefois,
cette différence — attendue — est faible, notamment pour la damascénone, exhausteur
d’arémes, pour laquelle la différence entre les deux dates est a la limite de la significativité.

Il est demandé aux membres du jury de caractériser les vins effervescents au niveau olfactif,
gustatif et d’évaluer la qualité de la mousse. Les données sont traitées en analyse de variance
et les résultats statistiques sont présentés sur le graphique 1 ci-dessous.

Qualité des bulles

Dates 2 désucrage

- Intensité Olfactive
Dars 2 Témoin -
Daie ! vy L.
végétal
Daie 2 désalcoolization
CQualité globale - fruité
Equilibre en Bouche — - ~ note florale
Intensité aromatigue Qualité des ardmes
Chaleur - alcool acidité
gras

Graphique 1 : Profils étoiles des prises de mousse 2008 aprés 10 mois sur
lattes [ Analyse de variance sur Tastel ) déc 2009 - IFV Tours

L’analyse statistique met en évidence de facon significative les différences suivantes ;

e le vin issu de la premiere date de récolte (Date 1) est noté plus végétal et moins fruité,
plus acide, moins alcooleux, moins intense et équilibré en bouche que les trois autres
vins. Il est globalement le moins bien apprecié,

e ce méme vin présente une qualité de bulles supérieure. Ce dernier critére est également
apparu discriminant pour les prises de mousse issues du millésime 2007.

D’une fagon non significative, le vin issu de la modalité 2°™ date + désalcoolisation
(Date 2 désalcoolisation) est le plus fruité et végetal.



D’une fagon générale, comme pour les vins de base, la modalité issue de la 1% date est
moins appréciée au niveau gustatif surtout, a cause d’un déséquilibre, d’une plus grande
acidité et d’'une moindre intensité aromatique.

Apres prise de mousse, les vins de base issus des autres modalités sont assez proches. Sans
étre significatif, la richesse en alcool du témoin semble étre retrouvée par une partie du jury.

Les analyses des ardmes semblent confirmer la proximité des trois produits issus de la
méme date de récolte, avec un impact des technologies trés faible sur les caractéristiques
aromatiques. La diminution de degré ne semble pas modifier de maniere significative les
équilibres organoleptiques en bouche.

CONCLUSION

Le procédé RTS appliqué a un modt de Chenin permet d’obtenir un vin a teneur réduite en
alcool, avec un volume de « modt semi-concentré » de 1’ordre de 8% par degré probable
retiré. Le calcul pour déterminer le volume a traiter s’avére relativement précis ; la baisse du
degré potentiel correspond aux attentes. Ce volume n’est pas perdu puisque ce sucre est
réutilisé pour la prise de mousse.

La valorisation de cette fraction pour d’autres prises de mousse au sein d’une méme
propriété ou non peut également étre envisagée.

Le procédé de couplage NF + distillation sous vide mis en ceuvre pour la désalcoolisation du
vin a permis de réduire le titre alcoométrique conformément aux prévisions.

D’un point de vue «qualité de la vendange », le gain de maturité se traduit par des vins
fortement plus riches en arémes avec un équilibre sucrosité/acidité nettement supérieur et plus
qualitatif.

L’opération de désucrage du mott entraine une légeére augmentation de I’acidité, confirmée
a la dégustation du vin de base mais pas sur le vin apres prise de mousse.

L’opération de désalcoolisation sur vin n’a pas entrainé de perte aromatique comme on
pouvait le craindre. Le jury a méme constaté un peu plus de fruit et d’équilibre, ainsi que
moins d’amertume (non significatif a 5%).

Comme pour les millésimes précédents, le vin le moins apprécié est toujours celui issu de la
premiére récolte. Les vins désucres ou désalcoolisés effervescents sont tres proches du témoin
de la méme date de récolte. Par contre, une meilleure qualité des bulles est constatée sur
plusieurs millésimes pour le vin issu de la premiére date de récolte.
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ABSTRACT

In recent years the demand for reduced alcohol beverages has increased, as a result of health
and social concerns about the risks related to the consumption of alcohol. The aim of a
dealcoholization process should be the reduction of ethanol content by preserving as much as
possible the organoleptic properties of the product. In the present study, two red wines (cv.
Aglianico) with different initial alcohol contents (15.46% and 13.81% v/v), have been
partially dealcoholized at three levels (-2%, -3%, -5% v/v). Triangle tests have been
performed in order to evaluate if dealcoholized wines differred from the untreated ones.
Sensory profiles have been obtained for the studied wines by a selected and trained panel.
Results show that great differences exist for a dealcoholization of 5% v/v. The most decreased
olfactory notes were those of red fruits, cherry and spicy, very important for the sensory
quality of Aglianico red wine. Both -5% dealcoholized wines were more astringent than the
correspondent untreated ones. Slighter differences were found for the other degrees of
dealcoholization.

RIASSUNTO

Negli ultimi anni la domanda di bevande a ridotto contenuto alcolico € cresciuta in seguito
ad una maggiore attenzione ai rischi sociali e sanitari legati al consumo di alcol. L’ obiettivo di
un processo di dealcolizzazione parziale dovrebbe essere la riduzione del contenuto alcolico
preservando al massimo le caratteristiche organolettiche del prodotto. Nel presente studio, due
vini rossi (cv Aglianico) con un diverso grado alcolico di partenza (15.46% e 13.81% v/v),
sono stati parzialmente dealcolizzati a tre livelli (-2%, -3%, -5% v/v). Al fine di valutare
I’esistenza di differenze sensorialmente percepibili tra i vini parzialmente dealcolizzati ed il
corrispondente vino di partenza, sono stati effettuati dei test triangolari. Utilizzando una giuria
selezionata ed addestrata sono stati ottenuti i profili sensoriali dei vini studiati. Le maggiori
differenze sensoriali sono state riscontrate per i vini dealcolizzati del 5% v/v. Le note odorose
che hanno mostrato una maggiore riduzione di intensita sono risultate essere quelle di frutti
rossi, ciliegia e spezie, molto importanti per la qualita sensoriale del vino Aglianico. Entrambi
i vini dealcolizzati del 5% v/v hanno mostrato una maggiore astringenza rispetto ai vini non
trattati. Per gli altri livelli di dealcolizzazione sono state riscontrate differenze di minore
entita.

INTRODUCTION
Global warming, viticultural progress and customer demand in flavourful wines have led to

the production of wines with a high alcohol content. Otherwise, in recent years the demand
for reduced alcohol beverages has increased, as a result of health and social concerns about



the risks related to the consumption of alcohol. Among the methods employed for removing
or reducing alcohol in wines, reverse osmosis and spinning cone column are the most
employed. However the application of the membrane technique called osmotic distillation,
seems to be particularly promising. Wine is a complex alcoholic beverage as it contains
several hundreds of organic compounds that contribute to its taste, flavor and mouthfeel. The
sensory quality of a wine depends on the complex equilibrium among them. In many cases the
dealcoholization could negatively affect the organoleptic quality of wine, leading in the worst
cases to the unacceptability of the product. The changes in the organoleptic characteristics of
wine can be due both to the reduction in ethanol content and to the losses in sensory active
compounds such as volatile and polyphenolic compounds (Diban et al., 2008). It is well
known that ethanol content affects several taste and mouthfeel sensations such as sweetness
(Martin, Pangborn, 1970), bitterness (Martin, Pangborn, 1970; Fischer, Noble, 1994),
sourness (Martin and Pangborn, 1970), astringency (Fontoin et al.,, 2008) and fullness
(Pickering et al., 1998). Moreover, the volatility of some aroma compounds is reduced by the
ethanol and some modifications in olfactory perception occur (Le Berre et al., 2007).

Currently, very few studies on the sensory modifications of wine following a partial
dealcoholization treatment are available.

In the present study, two red wines (cv Aglianico) with different initial alcohol contents
(15.37% and 13.28% v/v), were partially dealcoholized at three levels (-2%, -3%, -5% V/v).
Base chemical characterization and polyphenol analyses were performed. Sensory triangle
tests were performed in order to evaluate if dealcoholized wines differred from the untreated
ones. Moreover, sensory profiles were obtained by a selected and trained panel.

MATERIAL AND METHODS

Wines: two red wines (cv Aglianico) from 2007 and 2008 harvests (TQ) were partially
dealcoholized at three levels (-2%, -3%, -5% v/v) by osmotic distillation process, using a
polypropylene (PP) hollow fiber membrane contactor. Tab. 1 reports the alcohol content of
the studied wines, before and after partial dealcoholization.

Tab. 1 Ethanol content (% vol.) of the studied wines.

Wines Ethanol content (% vol)
Aglianico 2007 Aglianico 2008
Standard 15.46 13.81
-2% 13.54 11.65
-3% 12.40 10.52
-5% 10.84 8.83

Base chemical analyses: sugars, extract, pH, total acidity, volatile acidity were determined
according to the “OIV Compendium of international methods of wine and must analysis”.
Each analysis was performed in triplicate.

Polyphenol analysis: Total polyphenol analysis was carried out by Folin Ciocalteau
colorimetric analysis as described by Singleton and Rossi (1965); Ads 420, Ads 520, Ads 620
and colour intensity (CI) were determined as described by Glories (1984); tannins content was
determined according to Ribereau-Gayon & Stonestreet (1966). Each analysis was performed
in triplicate.

Sensory analysis: Each partially dealcoholized wine was compared to the correspondent not
dealcoholized one by triangle test. The triangle test was performed by 30 judges (16 females
and 14 males), aged between 22-65. Moreover, for each wine the sensory profile was obtained



by a selected and trained panel of 12 judges (5 females and 7 males), aged between 22-61.
Odour descriptors were determined by panel consensus, the intensity of all the descriptors
(odour and taste) was evaluated on an unstructured, 10 cm scale. Sensory profile analysis was
performed in duplicate. In all sensory analyses, 30 mL of wine were served in three-digit
coded, tulip-shaped, black glasses at 18°C. The wine samples were served according to a
complete randomized design, water and unsalted crackers were provided to judges to rinse
mouth.

Data analysis: Individual analyses of variance (AOV) were run on chemical and sensory
data. Sensory profile data were also analysed by Principal Component Analysis (PCA). All
statistical analyses were performed using the Statgraphics plus (5-PC) statistical packet
(Manugistics Group Inc., USA).

RESULTS AND DISCUSSION

Among the existing dealcoholization techniques, the osmotic distillation presents some
advantages that make it particularly promising: work temperature between 10 and 20°C
(cellar room temperature), low energy consumption due to low operating pressure and the use
of water as ethanol stripping agent. Moreover, it should avoid the thermal damage of volatile
compounds and flavour loss (Varavuth et al., 2009). Tab. 2 reports the base chemical
parameters of the analysed wines. Statistical analysis of variance showed no significant
differences in each set of samples.

Tab. 2 Base chemical parameters of wines

Sample Sugars (g/L) Extract (g/L) pH TA (g/L) VA (g/L)
Aglianico 07 3,60 35,56 3,89 5,20 0,62
Aglianico 07 -2% 4,06 35,09 3,86 531 0,59
Aglianico 07 -3% 3,78 35,01 3,86 531 0,58
Aglianico 07 -5% 3,84 35,69 3,83 5,33 0,55
Aglianico 08 2,90 32,59 3,85 5,22 0,47
Aglianico 08 -2% 2,88 32,38 3,84 5,20 0,45
Aglianico 08 -3% 2,85 33,00 3,83 525 0,44
Aglianico 08 -5% 2,81 33,62 3,80 5,36 0,44

(mean values n=3, no significant differences «=0.01)

Also Colorant Intensity (CI) (Fig. 1) and Ads 420-520-620 nm (Fig. 2) were not
significantly different after the partial dealcoholization process.
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Fig. 1 Colorant Intensity (CI) of the untreated and partially delcoholized wines
(n=3, no significant differences a=0.01).



Total polyphenols, expressed as Folin-Ciocalteau index, and tannins content did not show
significant differences after the partial dealcoholization of both wines.
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Fig. 2 Ads 420-520-620 nm of the untreated and partially delcoholized wines
(n=3, no significant differences a=0.01).

As concern the existence of sensory differences among standard and partially dealcoholized
wines, the results of the triangle tests (Tab. 3) were different for the two studied wines.

Tab. 3 Results of triangle test

Test Significacy
Agl 07 TQ vs Agl 07 -2% ns
Agl 07 TQ vs Agl 07 -3% ns
Agl 07 TQ vs Agl 07 -5% o =0.01
Test Significacy
Agl 08 TQ vs Agl 08 -2% ns
Agl 08 TQ vs Agl 08 -3% o =0.05
Agl 08 TQ vs Agl 08 -5% o =0.01

The wines dealcoholized of 2%, the actual limit for the dealcoholization of wine imposed in
Europe by the Reg. (CE) 606/2009, were never perceived significantly different from the
respective standard wines. On the contrary, the wines dealcoholized of 5% were in both cases
perceived as significant different from the standard wines. Concerning the wines
dealcoholized of 3%, for Aglianico 2007 wine there were no significant differences, while for
Aglianico 2008 the dealcoholized wine was different from the standard one. Sensory profiling
allowed to understand the olfactory and gustative modification due to partial dealcoholization
of the two wines. Fig. 3 compares the sensory profiles of the two standard wines.

—— Agl07 TQ —=— Aglo8 TQ

Cherry

Cooked

Fig.3 Sensory profiles of the two standard wines
(*=descriptors significantly different «=0.05).



Aglianico 2007 was more acid and with a more intense flowers odour, while Aglianico 2008
was more astringent, as espected being more young, and with a more intense olfactory note of
black pepper. Fig. 4 and 5 reports the sensory profiles of the two standard wines before and
after the partial dealcoholization at three levels. For Aglianico 2007 wine (Fig. 4), the most
decreased olfactory notes after dealcoholization were cherry, red fruits and flowers. Agl07 -5
presented the lowest intensity for cherry odour and an odour described as “cooked” appeared.
Agl07 -5 was the most astringent, this could be due to the lowest ethanol content (Fontoin et
al., 2008).

——AgI07 TQ =#=Agl07 -2 Agl07 -3 —=—Agl07 -5

Cherry*
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* Astringency Flowers™

Bitter
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*Acid Black pepper

Cooked™

Fig. 4 Sensory profiles of Aglianico 2007 before and after
partial  dealcoholization  (*=descriptors  significantly
different a=0.05).

For Aglianico 2008 the results were slight different, but with the same tendencies of
Aglianico 2007.

——Agl08 TQ ==—Agl08 -2 Agl08 -3 —— Agl08 -5

Cherry*
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Cooked*

Fig. 5 Sensory profiles of Aglianico 2008 before and after
partial  dealcoholization  (*=descriptors  significantly
different a=0.05).

The most reduced olfactory notes were those of cherry and red fruits, particularly in Agl08 -5.
Also black pepper and spice odour were decreased and the cooked note appears after the
treatment. The decreased olfactory notes are particularly important in the olfactory profile of
Aglianico wine. Partial delacoholization increased the intensity of astringency in Agl08 -5,
and of bitterness and acidity, in Agl 08 -3 and -5.



In order to better understand the effect of partial dealcoholization on the sensory profile of the
studied wines, a Principal Component Analysis (PCA) was performed on the sensory
quantitative data (Fig. 6 and 7). It is very interesting to note that the first component separated
in both cases descriptors that we can consider as positive, such as fruity, floral, spicy olfactory
notes along with sweetness and viscosity, and sensory characteristics that can be considered
negative for red wine especially if present with a too high intensity (bitterness, acidity,
astringency and the olfactory note of cooked).

Biplot (PC1 and PC2: 91,38 %)
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Fig. 6 Principal Component Analysis of sensory quantitative data of Aglianico 2007
standard and partially dealcoholized wines.
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Fig. 7 Principal Component Analysis of sensory quantitative data of Aglianico 2008
standard and partially dealcoholized wines.

For both wines (Agl07 and Agl08), the correlation of the standard and partially dealcoholized
wines with the variables is the same. The first component (PC1) separate standard and -2
dealcoholized wines from -3 and -5 dealcoholized ones. Standard and -2 wines were



correlated to those we have defined as “positive descriptors”, in particular standard wine was
always more correlated to cherry and red fruit odours and to viscosity. On the contrary, -3 and
-5 dealcoholized wines were correlated to the “negative descriptors”, particularly the -5 wines
that were always more astringent and with a cooked odour.

CONCLUSION

These preliminary results give a contribution to the comprehension of the effect of partial
delacoholization of wine on its sensory characteristics. No significant differences in base
chemical and polyphenol parameters were found, for both the studied wine. With the triangle
test, -2 dealcoholized wines were never significantly distinguished from the untreated ones,
while -5 dealcoholized wines were significantly different from the untreated ones in both
cases. In the case of -3 dealcoholized wines, it seems that the sensory effect of partial
dealcoholization depends on the standard wine. Sensory profiles showed a significant
reduction of the fruity odours in all dealcoholized wines, but with an higher extent at the
increasing of the dealcoholization level. The other modifications of the sensory profiles were
different for the two studied wines. PCA analysis clearly showed that, with the increase of
dealcoholization level, both wines became more and more different from the respective
standard ones, with an increasing correlation with astringency, bitterness, acidity and cooked
odour.

BIBLIOGRAPHY

Diban N., Athes V., Bes M., Souchon 1., 2008. Ethanol and aroma compounds transfer study
for partial dealcoholization of wine using membrane contactor. Journal of Membrane
Science, 311: 136-146.

Fisher U., Noble A. C., 1994. The effect of ethanol, catechin concentration, and pH on
sourness and bitterness of wine. American Journal of Enology and Viticulture, 45: 6-10.
Fontoin H., Saucier C., Teissedre P. L., Glories Y., 2008. Effect of pH, ethanol and acidity on
astringency and bitterness of grape seed tannin oligomers in model wine solution. Food

Quality and Preference, 19: 286-291.

Glories Y. 1984. La couleur des vins rouges. 1° et 2° partie. Connaisance Vigne Vin 18: 253-
271.

Le Berre E., Atanasova B., Langlois D., Etiévant P., Thomas-Danguin P., 2007. Impact of
ethanol on the perception of wine odorant mixtures. Food Quality and Preference, 18: 901-
908.

Martin S., Pangborn R. M., 1970. Taste interaction of ethyl alcohol with sweet, salty, sour and
bitter compounds. Journal of the Science of Food and Agriculture, 21: 653-655.

Pickering G. J., Heatherbell D. A., Vanhanen L. P., Barnes M. F., 1998. The effect of ethanol
concentration on the temporal perception of viscosity and density in white wine. American
Journal of Enology and Viticulture, 49: 306-318.

Ribereau-Gayon P., Stonestreet E., 1966. Le dosage des tanins du vin rouge et la
determination de leur structure. Chimie Analytique, 48:188-192.

Singleton V. L., Rossi J. A., 1965. Colorimetry of total phenolics with phosphomolybdic-
phosphotungstic acid reagent. American Journal of Enology and Viticulture 16: 144-158.
Varavuth S., Jiraratananon R., Atchariyawut S., 2009. Experimental study on dealcoholization
of wine by osmotic distillation process. Separation and Purification Technology, 66: 313-

321.



GENETICALLY MODIFIED WINE YEASTS: ACTUAL SITUATION AND RISK
ASSESSMENT

Manfred Grossmannl*, Falk KieBlingz, Julian Singerz, Heidi Schoeman3, Max-Bernd
Schroder' and Christian von Wallbrunn'

!Geisenheim Research Center,
Von-Lade-Strasse 1, D-65366 Geisenheim, Germany
Email: Manfred. Grossmann@fa-gm.de
*Hochschule RheinMain, University of Applied Sciences Wiesbaden Riisselsheim
Geisenheim, Fachbereich Geisenheim, Von-Lade-Strasse 1, D-65366 Geisenheim, Germany
3The Institute for Wine Biotechnology, University of Stellenbosch
7600 Stellenbosch, South Africa

ABSTRACT
By using gene technology genetically modified (gm) wine yeasts (Saccharomyces cerevisiae)

are now available which cover more or less all stages of the wine making process where
microorganisms or commercial enzymes play a key role. Despite this availability, their usage
is hampered by two important issues: firstly the legal regulations concerning the
dissemination of genetically modified organisms and secondly the still existing doubts or even
refuse of engineered food by the people worldwide. Only two engineered wine strains are
legally on the market in the USA and Canada.

In this article, we present a short survey about existing gm wine yeast strains, the changing
consumer’s perception and comprehensive risk assessment studies that were performed under
safety class 1 conditions in green house experiments and simulations in lab scale. The results
show that also the gm yeasts persist after dissemination on winery equipment and in natural
environment like other non-modified yeasts also do. The eventual problem of using multiple
modified yeast strains will be discussed.

ABSTRAKT

Durch den Einsatz gentechnischer Verfahren wurden Weinhefen konstruiert, die in fast allen
Bereichen der Weinbereitung eingesetzt werden konnen, wo Mikroorganismen oder
kommerziell erhiltliche Enzympréparate eine Rolle spielen. Trotz ihrer Verfiigbarkeit ist der
Einsatz gentechnisch modifizierter Hefen noch sehr eingeschrinkt. Die Griinde hierfiir liegen
erstens in den zu erfiillenden gesetzlichen Vorschriften und zweitens in der immer noch
existierenden Zuriickhaltung der Konsumenten gegeniiber Lebensmittel, die mit Hilfe der
Gentechnik produziert wurden.

Der vorliegende Artikel gibt einen kurzen Uberblick iiber die in der Literatur bereits
beschriebenen modifizierten Weinhefen, den Verdnderungen in der Einschitzung von
Gentechnik durch den Konsumenten und umfassenden Studien iiber das Verhalten von
gentechnisch modifizierten Weinhefen bei Freisetzungsexperimenten. Diese wurden
unternommen in S1-klassifizierten Gewéchshdusern und in S1 Laboren, wo Ablidufe der
Weinbereitung simuliert wurden. Die Ergebnisse zeigen, dass auch gentechnisch verdnderte
Hefen nach der Freisetzung sich auf Kellereigerdten und in der natiirlichen Umgebung
etablieren konnen. Insofern verhalten sie sich genau so wie andere nicht gentechnisch
verdnderte Weinhefen. Die mogliche Problematik mehrfach modifizierter Hefestimme wird
diskutiert.



INTRODUCTION

Wine production and wine consumption can be addressed as early companions of human
civilization. With Georgia as place of birth, wine came via the Egyptian and Roman Empires
into a number of countries which are still today addicted to wine culture.

The identification of yeasts as the wine causing agents and fundamental aspects of the
alcoholic fermentation are tightly linked with the name Louis Pasteur and a couple of other
European chemists and biologists of that era (review by Barnett, 2000). Wine quality
increased continuously since Pasteur’s findings by increasing knowledge about yeast
physiology and yeast genetics. Choice of wine yeast strains was early realised to have a major
impact on wine quality and different flavour expressions (Kunkee and Amerine, 1970) which
induced extensive yeast selection programs (for review see Fleet, 1993).

In addition to that, researchers tried to improve and combine positive attributes, mediated by
different yeast strains, by using methods like hybridisation, rare-mating and spheroplast
fusion. Especially hybridisation is still the mostly applied procedure to combine genetic
material of yeast strains from the same species or very closely to Saccharomyces cerevisiae
related species (Pretorius and van der Westhuizen, 1991; Querol and Ramon, 1996).

However, these classical methods lack the precision and capability of gene cloning. A
continuous improvement in genetic engineering procedures took place using now a wide
variety of integrating, autonomously replicating or other specialised vectors (Pretorius et al.,
2003). A large amount of engineered wine yeasts which have been constructed so far
(Schuller and Casal, 2005, Cebollero et al., 2007).

Table 1 displays some early as well as recent examples of genetically modified (gm) yeasts
and the respective steps within the wine making process where these strains might be used for
practical applications. Even physical treatments and fining of grape must or wine could be
replaced by usage of engineered yeasts as well as new properties introduced..

Table 1: Effects of gm yeasts used at different steps within the wine making process

Wine aroma

fermentation bouquet enhancement of esterase more fruitiness Lilly et al., 2000
activity (ATF1)

varietal aroma enhancement of glycosides more varietal character Perez-Gonzalez et al.,
splitting hydrolases 1993;

Ganga et al.1999
taste enhancement of GPD1-enzyme | more glycerol, extract and full- Michnik et al., 1997
body
malate degradation; balanced acidity Volschenk et al., 1997,
lactate production 2001;
Dequin et al., 1999

Must/wine treatment

grape must enhancement of pectinase improved filtration Gonzalez-Candelas et al.
activity alternative for bentonite 1995
enhancement of protease
activity

young wine enhancement of glucanase improved filtration Perez-Gonzalez et al.
activity 1993

Wine and human health

wine hygiene production of bacteria inhibiting | lower SO,-requirement Schoeman et al. 1999
proteins

health promotion enhancement of existing hydrolyses of bound resveratrol; Gonzalez-Candelaz et al.
enzymes and/or introduction of | formation of vitamins and 2000;
external enzymes unsaturated fatty acids Pretorius 2000 (review)

Despite the availability of a broad range of gm yeasts, only two strains are permitted to be
used in the USA and Canada, although the yeast species Saccharomyces cerevisiae as such
has the GRAS label which means Generally Recognized As Safe.




Gm strain MLO1 (degradation of malic acid) and gm strain ECMo01 (degradation of urea)
have in common that they are advertised under the aspect of improving healthiness of wine
consumption as they significantly reduce the risk of the production of biogenic amines
(allergenic metabolites of lactic acid bacteria) as well as of the production of ethyl carbamate
(mutagenic and possibly also carcinogenic substance).

Many consumers are worried of eating gm food. While a consumer survey in Germany,
done in 1994, (Menrad 1996) showed that nearly 80 % completely rejected usage of gene
technology, a more detailed opinion within the population became visible in 2002, when 80 %
accepted gene technology as useful tool to defeat severe human diseases (Allensbach 2002).
However, yet in 2006 the rejection quota for gm food was still at 75 % (GfK-Study 2007).

The implementation of international regulations should not only cover risk assessment
studies before decisions can be made allowing the marketing of GMOs but should also
identity preservation systems which are claimed to be established to preserve and guarantee
purity of non-GMO food (Varzakas et al. 2007).

Risk assessment studies concerning gm wine yeasts were hardly done so far. Schoeman et
al. (2009) used sand columns and sand cells to demonstrate the behaviour of yeasts in a nature
simulating scenario. It was shown that the gm yeast strain formed biofilms and became part of
the microbial population in the sand but never dominated the yeast flora.

To broaden the view of gm yeast behaviour during the wine making process in the winery
but also outside in the vineyard, we investigated the potential impact of these yeasts on
natural yeast flora in a vineyard, the impact on winery flora, furthermore the behaviour of gm
yeasts during waste water treatment and also in bottled wines simulating the marketing of so
called unfiltered or non-filtered wines.

MATERIAL AND METHODS
Strains and culture conditions

All strains (Table 2) were cultured in (on) YEPD (agar) (1 % yeast extract, 2 % glucose, 2
% peptone adjusted to pH 6.5) or malt medium (3 % malt, adjusted to pH 6.5). In case of
plates 2 % agar was added.

Table 2: Strains used in this study

Strain Description Reference

S.c. VIN13 commercial available wine yeast strain Anchor Yeast, SA

S.c. VIN13-lkal | genetically modified strain based on VIN13 Gundllapalli Moses et al., 2002
contains a gene coding for an a-amylase of Lipomyces
kononkoae

S.c. VIN13-endl | genetically modified strain based on VIN13 Strauss, 2003

contains genes coding for an endo-1,4-glucanase of
Butyrivibrio  fibrisolvens and an endo-B-xylanase of
Aspergillus niger

S.c. S92- MLO1 genetically modified strain based on S92 Husnik et al., 2006
contains genes coding for a malate permease of
Schizosaccharomyces pombe and a malolactic enzyme of
Oenococcus oeni

Detection of genetically modified yeast strains
Phenotypic characterisation

It was possible to detect the S.c. VIN13-lkal strain by growing on Phadebas medium plates
(6.7 g DIFCO™ Yeast Nitrogen Base (w/o amino acids and ammonium sulfate), 1 g glucose,
20 Phadebas pills and 20 g agar solved in 1 1 A. dest. at pH 6.5 to 7). S. cerevisiae strains
were inoculated 48 h on these plates to detect bright, clear halos around genetically modified
VIN13-lkal strains.




Strain S.c. VIN13-end1 was detected by growing on CMC medium plates (10 g yeast extract,
20 g glucose, 20 g peptone, 3.0 g viscose carboxymethyl cellulose and 20 g agar solved in 11
A. dest. at pH 6.5 to 7). S. cerevisiae strains were cultivated 48 h on these plates. After this
the plates were washed with TE buffer (150 mM Tris, 20 mM EDTA, pH 7) and a Congo Red
solution (0.1 %) was used for 10 to 15 min to show bright, clear halos around the colonies in
case of genetically modified yeast strains.

Genotypic detection
The genotypic detection of the different genetically modified S. cerevisiae strains was done
by PCR. For details see Grossmann et al. (submitted)

DNA extraction

Yeast isolates were cultured in 8 ml liquid YEPD medium for 48 h. 1.5 ml samples were
taken and DNA was isolated based on the protocol of Rose et al. 1990. The DNA was
dissolved in 50 pl TE buffer containing 2 U RNase.

Yeast species identification
PCR amplification and RFLP analysis of the rDNA-5.8S-ITS region

To identify isolated yeast the 5.8S-ITS region was amplified in an Eppendorf Mastercycler
epgradient (Eppendorf, Hamburg, Germany) using the primers ITS1 and ITS4 previously
described (White et al. 1990). Amplified PCR products were digested with the restriction
enzymes Hin6I (isoschizomer to Cfol), BSURI (isoschizomer to Haelll) and Hinfl (Fermentas).
RFLP analysis was done after separation by electrophoresis using a 2 % agarose gel. The
identification of the yeast species was performed according to the restriction patterns
published by Guillamon et al. (1998), Esteve-Zarzoso et al. (1999), Granchi et al. (1999), Las
Heras-Vasquez et al. (2003) and Sturm (2005).

Identification by amplification of the D1/D2 domain and sequencing

Another way to identify isolated yeast species was amplification and sequencing of the
D1/D2 domain of the 26S rDNA-gene (Kurtzman & Robnett 1998). After cleaning up, the
PCR product was sent to a company with a customer sequencing service (SRD, Oberursel,
Germany).

Characterisation of Saccharomyces cerevisiae on strain level

A method to distinguish between different strains of the species Saccharomyces cerevisiae
is the 3-PCR described by Ness et al. (1993) and Legras & Karst (2003). Using the primers d-
12 and 3-2 (it is possible to get special patterns of DNA bands for each isolated strain).

Differentiation of yeast isolates
Saccharomyces vs. Non-Saccharomyces

Pre-identification of yeast belonging to the genus Saccharomyces was performed on lysine
agar selective medium (0.67 % Difco™ Yeast Nitrogen Base (w/o amino acids and
ammonium sulfate), 0.089 % L-lysine monohydrochloride, 5 % glucose and 1.8 % agar).
Only yeast not belonging to the genus Saccharomyces could grow on this selective medium.

Effects of genetically modified yeast in a vineyard
Experimental vineyard

GM yeast risk experiments were done in a greenhouse under genetic safety level S1. The
greenhouse was subdivided in four blocks. In each block 20 Vitis vinifera “Riesling” root
stocks were planted in flower pots. The root stocks were treated with fertilizers and plant
pesticides over the whole experimental time according to good manufacturing practice in
viticulture. Typically 1.5 1 of a solution with 2x10° cells/ml of genetically modified yeast




strains were released at several times. Block 1 was the control without any release of yeast
strains. In block 2, the strains S.c. VIN13-lkal and S.c.VIN13-end1 were released in several
years. Only in the last year the strain S.c. S92 ML01 was released. Block 3 was also a control.
The commercial wine strain S.c. VIN13 was released several times. In block 4, the genetically
modified yeast S.c.VIN13-lkal was applied at several time points.

Sampling of yeast

Bark, leaves, berries from grapes and soil were used to isolate yeasts and to detect gm yeast.
This material was washed with NaCl solution (0.9 % NacCl, 0.1 % Triton X-100 and diluted in
decadic steps to plate aliquots on malt or YEPD plates. After two days incubation (25°C),
colonies were counted and colonies were isolated for further differentiation.

Enrichment cultures

In some cases enrichment cultures were necessary to isolate yeasts. 250 ml Erlenmeyer
flasks were prepared with 200 ml grape juice and different sample material was added directly
and incubated at RT. Samples were taken to be sprayed on YEPD or malt plates for isolation.

Microvinifications

For spontaneous fermentation experiments, grapes of the different greenhouse blocks were
harvested under sterile conditions. Grapes were pressed in sterile plastic bags by hand and 150
or 200 ml of settled must were filled in flasks for vinification at RT. Fermentation activities
were shown by loss of CO, and weighing the flasks. Samples were taken to determine total
cell counts and also to detect genetically modified yeasts.

Survival of gm yeast in bottled wine

To test the survival rate of S.c. VIN13-lkal in bottled wine, bottles were spiked. Defined
amounts of yeast cells were added to the filled wine before closing the bottles. Filtrations
were done directly, after two months and 17 months using a filtration system of Sartorius,
Gottingen, Germany. Filters (pore sizes 0.45 um and 0.2 pm) were incubated for 3 to 6 days
at 25°C on malt medium and growing colonies were counted. Growing colonies were also
checked for genetically modified yeast.

Simulations of a sewage plant

To do risk experiments in the field of waste water, it was necessary to construct a model
system to simulate the environmental conditions of a local sewage plant under laboratory
conditions. Simulations were done by taking sewage sludge of a local sewage plant
(Communal sewage plant Riidesheim, Riidesheim, Germany). The sludge was used in a flask
with a magnetic stirrer for aerobic simulation and in an OxiTop IS12 system (WTW,
Weilheim, Germany) as anaerobic simulation considering the COD (chemical oxygen
demand) of the respective sludge sample. In the simulations 2.2 x 10" to 1 x 10® yeast cells/ml
were inoculated and incubated for five days at 25°C. In a first experiment the simulations
were treated with the commercial wine yeast S.c. VIN13 later with the genetically modified
yeast S.c. VIN13-lkal. Chloramphenicol (30 pg/ml final conc.) was used to reduce bacterial
growth and to ease the isolation of yeast. Isolated yeast strains were differentiated and
identified as described before.

RESULTS
Behaviour of genetically modified yeasts in vineyard experiments
Effects on natural yeast flora in an artificial vineyard in greenhouse
One of the topics was to test the possible influence of gm yeast on the natural yeast flora of
a vineyard. It was necessary to isolate yeasts in the artificial vineyard before and after




dissemination of the gm test microorganisms. In the first year of experiments the status quo of
encountered yeast species was determined using D1/D2 domain sequencing after isolating
yeasts from soil, bark, leaves and berries at several time points. In the second and third year of
experiment genetically modified yeast strains and the commercial wine yeast strain S.c.
VIN13 were released into different blocks of the greenhouse as described under Material and
Methods. The occurrence of the natural yeast flora was tested as in the first year. Only
identification of yeast species was now done by analysis of RFLP patterns of the 5.8S rRNA
gene and internal transcribed spacer regions.

Over the whole period of examination, several yeast species typically for the winemaking
environment could be detected. They belong to the genera of Candida, Cryptococcus,
Debaryomyces, Hanseniaspora, Kluyveromyces, Pichia, Rhodutorula, Saccharomyces,
Saccharomycodes and Torulaspora. Also Yarrowia lipolytica was detectable in samples from
the greenhouse. Only minor fluctuations of the species composition were observed. In the first
year Cryptococcus species, Pichia anomala and Torulaspora delbrueckii were not detected. In
the second year Cryptococcus species, Pichia anomala were identified but Kluyveromyces
lactis and Saccharomycodes ludwigii were absent. Aureobasidium pullulans, a fungi growing
in some growth stages like yeast, was present, too.

In the third year Candida lambica, Debaryomyces hansenii, Hanseniaspora uvarum and
Pichia kluyveri were not detectable but Torulaspora delbrueckii was present. Over the three
years of this experiment a fluctuation range like in natural habitats was observed.

Detection of genetically modified yeast strains in an artificial vineyard

Over a period of three years the presence of genetically modified yeasts disseminated in
different blocks of the experimental vineyard was detected. Releasing of yeast took place only
in the first year. Block P1 was the control without yeast release. In block P2, S.c. VIN13-lkal
(GMY1) and S.c. VINI3-endl (GMY2) were sprayed. The commercial, genetically not
modified wine yeast strain S.c. VIN13 was used in block P3 also as a control. The only gm
yeast released in block P4 was S.c. VIN13-lkal. Yeasts were isolated and identified as gmy at
several time points over the three years by the protocol described above. During this period no
genetically modified yeast strains could be detected in blocks P1 and P3 (control and
commercial wine yeast). A detection of both liberated genetically modified yeast strains was
possible during the first year in block P2 with 88 % of GMY1 and 12 % GMY2 within all
isolated Saccharomyces yeasts. The yeast strain S.c. VIN13-lkal became non-detectable after
winter and resulting vegetation break after the first year. Also in the third year this yeast
wasn’t present anymore. Only S.c. VIN13-endl could be found over the whole experimental
period of three years in this block (8.5 % second year and 15 % third year). S.c. VIN13-lkal
was present in the first year in block P4 (83 % of isolated Saccharomyces) but felt below
detection level in the second year. In the third year only the other genetically modified yeast
S.c. VIN13-endl was isolated from sample material of this block (3 % of isolated
Saccharomyces). This finding gave a strong evidence for cross contamination.

To point out as a result at this stage, the possibility to survive in the environment of an
artificial vineyard plus the four seasons of a year depends on each single yeast strain and was
not calculable a priori: one genetically modified yeast strain was always detectable in contrast
to the other over the three years period.

Genetically modified yeast in fermentations and wine
Influence of genetically modified yeast on fermentations

The gm yeasts could be detected in different amounts depending on the yeast strain on
grapes from rootstocks growing in blocks after dissemination of GMOs in the artificial
vineyard. To prove that the gm yeast of this study could have an influence on vinifications,
spontaneous fermentations were done with grape juice prepared from the four different blocks




of the experimental vineyard. Big differences of the fermentation courses and activities could
not be observed, which means that no dominance of the genetically modified yeast strains was
present.

Survival of S.c. VIN13-lkal in bottled wines

Bottles filled with a dry white wine (Riesling) were spiked with different amounts of S.c.
VIN13-lkal and stored for two and seventeen months at cellar temperature to test the survival
of the yeasts. These wines were filtered to recover and determine the rate of surviving and
genetically modified yeast. After two months an average of about 94 % surviving yeasts was
detected. 17 months after spiking and bottling of the wines a survival rate of still 77 % could
be observed. All isolated strains were attributed to strain S.c. VIN13-lkal by growth test on
Phadebas medium. These results show definitely the possibility of this genetically modified
strain to survive in bottled wines.

Genetically modified yeast in waste water
Survival of genetically modified yeast in sewage simulations

This part of the study was focused on the possible risks of dissemination of genetically
modified yeast by waste water of wine cellars.

The simulations were inoculated with defined amounts of the non-modified commercial wine
yeast S.c. VIN13. About 80 % of the Saccharomyces isolated by differentiation on malt and
lysine and characterized by 5-PCR belonged to this strain.

Then the experiments were repeated using the genetically modified yeast S.c. VIN13-lkal.
Amounts of 1 x 10 to 2.5 x 10® cells were inoculated. After isolating and differentiation on
lysine medium in the anaerobic simulation about 99 % and in the aerobic simulation around
93 % of the yeasts were related to Saccharomyces. About 92 % of the yeast in the anaerobic
simulation and about 85 % of the yeast under aerobic conditions showed clear halos around
the colonies in a growth test on Phadebas medium (Figure 1).
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Figure 1: Percentage distribution of yeast surviving aerobic and anaerobic simulations of a sewage plant
treatment. In each simulation 300 yeasts were isolated and tested phenotypically by growth on
Phadebas medium and genotypically by PCR.

The results present a good demonstration for the genetically modified yeast strain which
could survive in sewage plants and will be disseminated with purified effluents of the sewage
plant into the environment.

DISCUSSION
Although the public perception of gm food and especially beverages is gradually becoming
more positive, the overall acceptance is only given for human health related (pharmaceutical)



products, i.e. for diagnosis and therapy of severe diseases. The commercialization of two gm
strains in the USA and Canada since 2003 and 2006, in conjunction with differences of legal
strength to demonstrate potential risks by gm products, especially between the USA and the
European Union, asked for more information about the effects of long term usage of gm
yeasts.

Schoeman and co-workers published in 2009 one of the first studies about the behaviour of
gm yeasts in a natural but artificially constructed habitate (sandy soil). Their results clearly
indicate that under these conditions gm yeasts did not interfere with other microorganisms in
a way that they became dominant partners in these mini-cosms.

We elaborated over the last years test systems which demonstrate the behaviour of gm
yeasts at different stages of the vinification process (vineyard, spontaneous alcoholic
fermentation, cellar equipment and bottled wines).

The vineyard trials, where gm yeasts were also sprayed onto leaves and grapes to generate a
“worst case scenario”, clearly showed that over the years and vintages the gm yeasts did not
dominate the endogenous yeast flora. But on the other hand they also did not disappear
completely but became part of the natural population. Investigations about spreading of
commercial yeast strains around wineries and in vineyards came to the same results (Pretorius
et al. 1999; Schuller et al. 2005). Spontaneous fermentations done with musts from grapes
formerly infected with gm yeasts showed the participation of gm yeasts with the alcoholic
fermentation but also no dominance.

Simulating treatments of gm yeasts containing winery effluents, revealed the same
behaviour for these yeasts as for all other yeasts: reduction of cell counts but no complete
elimination.

Although the tested gm yeast strains behaved more or less like other non-engineered wine
yeasts, these findings should not be addressed and used as a general rule. Yeast strains which
combine in their genome several enzymatic activities like pectinase, glucanase and protease
activities (Rensburg et al., 1997) would be useful for the wine makers and ease the wine
making process but potential side effects on grape vines or other plant material must be taken
into consideration. In order to avoid the introduction of new, maybe plant pathogenic
organisms precisely conducted case-by-case studies should become a prerequisite in
worldwide legislation governing the usage and commercialization of gm wine yeasts.
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ABSTRACT

As a result of authors' 40 years of investigations by applying of radioactive (**C) compounds,
transformation products of ethanol, carbon dioxide, glycerin, acetadehyde, organic acids and
amino acids have been established during the process of secondary a coholic fermentation both in
the yeast cell and fermented wine. The fermentation of wine material was conducted by classical
method. Yeast strain of S.cerevisiae-39 for secondary fermentation was isolated from one of the
wineriesin Eastern Georgia. The incorporation pathways of certain carbon atoms from the carbon
skeletons of glycerin, ethanol, acetic acid and succinic acid into the yeast cell and wine
compounds have been revealed. It has been established that modified Krebs cycle takes place
under unusual conditions of secondary fermentation (CO; pressure, low temperature, existence of
ethyl alcohol and volatile acids in the fermenting medium, etc.) during of which, reducing
transformations are preferable. At the same time, all the studied compounds are partialy oxidized
to CO..

RESUMEE

Infolge der 40-jahrigen Forschung der Autoren unter Verwendung der (**C) Verbindung wurden
Produkte der Konvertierung des Athanols, Kohlendioxids, Glyzerins, Athylaldehyds, organischer
und Aminosduren wahrend der zweiten Spiritusgarung sowohl in Hefenzellen als auch im
Stillwein festegstellt. Fir Nachgdrung wurde in der Weinkellerei Ostgeorgiens ausgeschi edener
Stamm Saccharomyces cerevisiae-39 verwendet. Die Garung der Weinmaterialien erfolgte nach
dem Kklassischen Verfahren. Es wurden EinschluRBwege einzelner Kohlenstoffatome des
Kohlenstoffskeletts des Glyzerins, Athanols, der Essig- und Bernsteinsiuren in Hefen-und
Weinverbindungen festgestellt. Es wurde festgestellt, dass unter extremalen Bedingungen der
zweiten Spiritusgarung (CO,, Druck, Vorhandensein des Athylalkohols und fliichtiger Sauren im
Géarungsmedium) Krebsscher modifizierte Zyklen funktioniert, in dem Reduktionskonvertionen
bevorzugt werden. Alle erforschten Verbindungen oxidieren gleichzeitig wahrend der zweiten
Spiritusgédrung teilweise bis COs.



INTRODUCTION

Secondary acoholic fermentation being a biotechnological base for sparkling wine production
essentialy differs from natural alcoholic fermentation by its unusual conditions; carbon dioxide
high pressure, alcoholic environment, availability of volatile acids, low temperature of
fermentation and other factors affect the intensity of yeast metabolic activity. Thus, the
fermenting environment and behavior of yeasts under the conditions of secondary fermentation
does not correspond to the normal fermentation process and presents revelation of yeasts
potential under the extreme conditions (Rose, Harrsion, 1971; Riberau-Gayon’ et al., 2006).

MATERIALS AND METHODS

In Georgia, the amount of vine varieties suitable for production of sparkling wines equals
approximately to 20. Among them, the most widespread are cultivars of Vitis vinifera: cv TsSitska,
cv Chinuri, cv Pinot, and cv Aliogote. Wine materials obtained from the above-mentioned
varieties were blended according to the following ratio: cv Tsitska— 60%, cv Chinuri — 15%, cv
Pinot — 5%, cv Aliogote — 5%, 3-year aged wine (cv Chinuri) — 15%. Blended wine material was
fermentation medium for yeasts. The following radioactive compounds were applied in the
experiments: 1**C-glucose, 1**C-ethy! alcohol, 2'C-ethyl alcohol, 1*C-glicerine, 2C-glicerine,
KH¥CO;, 1,2"C-acetaldehyde, 1'*C-acetic acid, 2'*C-acetic acid, 1,4'*C-succinic acid, 2,3*C-
succinic acid, 1*C-lactic acid, 1*C-malic acid, 1*C-citric acid, 1'*C-glycine, 2**C-glycine,
1*C-alanine, 3""C-serine, 4**C-aspartic acid, 5C-glutamic acid, and 1**C-lisine.

The radioactivities of **C compounds introduced into the fermentation medium were
approximately equal to 23 MBq per litre. The radioactive compounds with high specific activities
(25-35 MBq per ml and 2.0-3.5 MBq per mg of isotope) were applied in the experiments;
therefore, pH of the fermentative medium did not vary and the amount of **C compound did not
change the ranges of their normal content in wine.

The most widespread pure cultures of Saccharomyces cerevisiae traditionally employed in
Georgia, namely Kakhuri-42, Manavi-86, Chinuri-74, and Rkatsiteli-61 were used for
fermentation, qualitative and quantitative analysis of formed compounds.

Secondary alcoholic fermentation was performed by classical method under the temperature
conditions — 14°C-16°C (exposure time — 15-20 days). In order to capture released CO,, a special
aerometer, gas outlet pipe of which was connected with absorption system of 30% KOH was
used. The radioactivity of *CO, was determined by formed Ba™*COs. The volatile acids were
determined by the water steam distillation method. The amount of ethyl alcohol was estimated by
the density of distillate. In order to obtain aminoacids of yeast proteins, protein fraction
hydrolysis was carried out by 6N HCI at102-105C° for 24 hours. The fraction of free aminoacids
was performed by threefold extraction of 80% ethyl alcohol for 90 minutes. The methods of
chromatography and autoradiography were used to identify organic acids and aminoacids of wine
and yeast aminoacids. The radioactivity of isolated fractions and identified compounds were
determined on LKB scintillation spectrophotometer Rackbeta SL-30.



RESULTS AND DISCUSSION

Revelation of yeast metabolic potential, study of transformation pathways of low molecular wine
compounds has an essential importance to control biotechnological processes of secondary
alcoholic fermentation (Cebollero, Gonzalez, 2006).

As aresult of many years research, statistically treated significant data on wine components
transformation dealing with the study of main, secondary and side products of fermentation, were
obtained. One of the serial experimentsis presented in the work.

Tab. 1. Assimilation and conversion of **C compounds during
secondary alcoholic fermentation

1 Assimilated Distribution of radioactivity, (%)
C-compounds YC-radioactivity, (%) | yeasts wine components
1-6"“C-glucose 98.0 25 97.5
1*C-malic acid 92.0 0.2 99.8
1*C-citric acid 91.0 0.01 99.9
1**C-glycine 90.0 16.3 83.7
3"C-serine 90.0 1.7 98.3
1*C-alanine 76.0 2.7 97.3
2C-glycine 76.0 11.1 88.9
5C-glutamic acid 75.0 3.9 96.1
1*C-lysine 60.0 24.8 75.2
2'C-acetic acid 52.0 34 96.6
1*C-acetic acid 40.0 3.3 96.7
1*C-lactic acid 36.0 2.4 97.6
4" C-aspartic acid 35.0 9.2 90.8
2,3"C-siccine acid 35.0 2.6 97.4
1,4"*C-siccine acid 26.0 35 96.5
1,2**C-acetaldehyde 23.0 5.2 94.8
1*C-glycerine 22.0 0.3 99.7
2"C-glycerine 19.0 0.9 99.1
14C-carbon dioxide 6.0 3.2 96.8
2'%C-ethyl acohol 0.7 05 99.5
1*C-ethyl alcohol 0.6 0.4 99.6

The results of transformations have shown that the yeast cells take an active part in the
metabolism of investigated compounds during the acute fermentation period, before the
beginning of lysis.

In the process of secondary acoholic fermentation, the industrial strain of Saccharomyces
cerevisiae-39 assimilates carbon skeletons of ethanol, carbon dioxide, acetaldehyde, acetic acid,
succinic acid, glycerin, and glycine. 1*C-lactic acid, 1'*C-malic acid, 1**C-citric acid, 1*‘C-
alanine, 3'*C-serine, 1'*C-lysine, 4"*C-aspartic acid and 5*C-glutamic acid are actually involved
in the metabolic processes. The results of yeast and wine analysis indicate that fermentation of



major, secondary and side products are characterized by different levels of transformation (Tab.
1). In our experiments, yeasts maximally assimilate and convert glucose (98.0%), malic acid
(92.0%), citric acid (91.0%), glycine (90.0%), and serine (90.0%). Ethyl acohol (0.7%) is
dightly assimilated and converted. The same data show that during the fermentation for 15-20
days, the most part of investigated metabolites transferred into the wine, in spite of yeasts short
contact with wine components. At the same time, the carbon skeleton of the studied compounds
was partialy oxidized to carbon dioxide (Tab. 2).

Tab. 2. Formation of carbon dioxide from wine components during the process
of secondary alcoholic fermentation

14C. compounds Amourllgs ofliniti al substances | Radi oacﬂviti es of released

(C+C™) mg/400 ml CO,, (%)
1*C-citric acid 168.8 65.0
1**C-malic acid 661.0 53.0
1*C-alanine 49.1 50.0
1**C-glycine 13.1 38.0
1-6"*C-glucose 8892.5 25.0
4"*C-aspartic acid 179.5 18.0
2"C-glycine 41.4 10.0
1*C-lactic acid 396.7 8.0
1*C-lysine 19.8 4.0
1*C-ethyl alcohol 42014.6 4.0
1,4*C-siccine acid 519.4 2.0
1*C-acetic acid 4255 2.0
5"C-glutamic acid 118.2 .5
3"C-serine 134.0 0.4
1,2"*C-acetaldehyde 143.0 0.3
2'*C-acetic acid 345.0 0.2
2,3"C-siccinic acid 540.4 0.1
1*C-glycerine 1623.1 0.1
2'C-ethyl alcohol 32834.3 0.1
2"C-glycerine 1709.1 0

More than 50% of radioactivities of 1**C-cirtric acid, 1**C-malic acid, as well as 1**C-alanine
assimilated by yeasts are released in the form of **CO, (N. Nutsubidze et al., 2008). Different
indices of radioactivity of CO, indicate the complexity of carbon skeleton oxidative
conversions during transformations of 1**C- and 2**C-glycine, 1**C- and 2*C-acetic acid, 1**C-
and 2C-ethyl alcohol.

The results of chromatographic and autoradiographic analysis show that transformation
products of the investigated compounds, both in yeast cells and wine components, acids and
aminoacids from Krebs and glyoxalate cycles, genesis of which is associated with the
conversions of relevant ketoacids are essential (Aplakov et al., 2006).



The above-mentioned results allowed suggesting that yeast metabolic potential is revealed in
spite of the limiting extreme factors in the process of secondary alcoholic fermentation (Kirtadze,
Kvesitadze, 2008).

Autoradiographic analysis has shown that during fermentation, the main sources for succinic
acid formation are carbon dioxide, 2'*C-ethyl alcohol, 1'*C- and 2C-acetic acid, 1**C-malic
acid, 1,2"C-acetaldehyde, 1*C-glycine, and 5*C-glutamic acid. Carbon skeletons of succinic
acid and 4*C-aspartic acid are involved in the process of synthesis of malic acid. The principal
sources for citric acid formation are 1,4**C- and 2,3"*C-succinic acid and 2**C-ethyl alcohol.
1**C-alanine and carbon dioxide create the base for lactic acid synthesis. Glyoxal acid is yielded
mainly by 1**C-glycerine, 1**C-acetic acid, 1**C- and 2**C-glycine, and 1**C-lysine.

The following aminoacids — valine, leucine, and glutamic acid were identified in wine as a
result of conversions of 1**C- and 2'C-acetic acid, 1,4**C-succinic acid, 1**C-malic acid, 1*C-
citric acid. 2'C-acetic acid and 1,4**C-succinic acid primarily participate in the synthesis of
glycine, serine and tryptophan. Synthesis of glutamic acid is connected with 1**C-acetic and
1*C-citric acid conversion.

CONCLUSIONS

e The principal metabolic pathways of the compounds of different classes have been
established. Partia refixation of carbon dioxide and ethyl alcohol takes place in the
process of fermentation. Their carbon atoms mainly participate in the synthesis of wine
organic acids and yeasts protein aminoacids.

e Therole of glycerin, an important product of fermentation is revealed in the process of
yeast metabolism that indicates that this triatomic carbon acohol, similar to triose
participate in the entire process of metabolism.

e The modified Krebs cycle accomplishes the transformation of large part of organic acids
under the conditions of anabiosis, by oxidative transformations to a-ketoglutarate and
reductive transformations from oxal oacetate to succinate.
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ABSTRACT

Nowadays, there is a growing concern about the presence of potential toxic compounds
in wine, such as biogenic amines that could affect wine safety, and besides, could cause
marketing troubles. Some lactic acid bacteria (LAB) isolated from cheese and other foods
are able to degrade biogenic amines, through the action of amino oxidase enzymes.
Because of the scarce knowledge about this theme in relation to wine microorganims, and
with the final aim of avoiding the accumulation of biogenic amine during winemaking, this
study evaluates the capacity of different LAB stains, isolated from wines and other related
enological sources, to degrade histamine, tyramine and putrescine. A total of 50 LAB
strains isolated from musts, wines and fermentation lees, and belong to the genera
Lactobacillus and Pediococcus and the species Oenococcus oeni, have been selected for
this study. The biogenic amine-degrading capacity of the strains has been evaluated by RP-
HPLC in culture medium, cells free extracts and whole cells. Among the strains analysed,
25% are able to degrade histamine, 18% tyramine and 18% putrescine, although at
different extend. The majority of the strains with this amino oxidase capacity belong to the
Lactobacillus and Pediococcus groups, and some of them are able to simultaneously
degrade more than one biogenic amine. The biogenic amine-degrading capacity of the
selected LAB seems not to be associated to their amine-producing capacity, since most of
the strains with amine-metabolizing capacity did not show descarboxilase activity
implicated in the production of these compounds in wine.

RESUMEN

En la actualidad, existe una inquietud creciente por evitar la presencia de compuestos
potencialmente toxicos, como las aminas bidgenas, que pueden afectar a la seguridad del
vino, y ademas, causar trabas comerciales. Algunas bacterias lacticas (BAL) aisladas del
gueso y otros alimentos, son capaces de degradar estos compuestos, mediante la accion de
enzimas amino oxidasas. Debido al escaso conocimiento sobre este tema respecto a los
microorganismos del vino, y con el objetivo de evitar la acumulacion de aminas bidgenas
durante la vinificacion, este trabajo evalua la capacidad de distintas cepas de BAL aisladas
de vinos y otros nichos ecoldgicos relacionados, de degradar histamina, tiramina y
putrescina. Se han seleccionado 50 cepas de BAL aisladas de mostos, vinos y lias de
fermentacion, pertenecientes a los géneros Lactobacillus y Pediococcus y a la especie
Oenococcus oeni. La capacidad de degradar aminas bidgenas se ha evaluado en medio de
cultivo, extractos libres de células y células enteras, mediante RP-HPLC. De las cepas
ensayadas, 25% degradan histamina, 18% tiramina y 18% putrescina, aunque con diferente
capacidad de degradacion. La mayoria de las cepas con actividad amino oxidasa
pertenecen al grupo de los Lactobacillus y Pediococcus, y algunas de ellas son capaces de



degradar simultdneamente mas de una amina bidgena. La capacidad de degradacion de
aminas bidgenas por las BAL no parece asociarse con la de su produccion, ya que la
mayoria de las cepas con capacidad de metabolizarlas no mostraron actividad
descarboxilasa implicada en la produccién de estas aminas en el vino.

INTRODUCCION

En el vino, la formacién de aminas bidgenas (i.e. histamine, tiramina y putrescina)
se debe fundamentalmente a la presencia de cepas de bacterias lacticas capaces de
descarboxilar los aminoacidos precursores. En trabajos realizados en nuestro laboratorio
(Marcobal et al., 2006; Martin-Alvarez et al., 2006; Alcalde-Hidalgo et al., 2007) y por
otros grupos de investigacion (Landete et al., 2005), durante la elaboracién industrial del
vino, se ha comprobado que la formacién de aminas bidgenas tiene lugar durante al
fermentacion malolactica por accién de la microbiota lactica indigena del vino. Sin
embargo, también se ha comprobado en algunas vinificaciones, que durante las etapas de
envejecimiento y crianza, tiene lugar un descenso en la concentracion de algunas aminas
bidgenas que podria ser debida a la accion de enzimas amino oxidasas presentes en algunas
bacterias lacticas, que mediante una reaccion de degradacion oxidativa, degradan las
aminas bidgenas para generar un aldehido, peréxido de heidrégeno y amonio. Dependiendo
del sustrato de partida, es decir de la amina bidgena, estas enzimas se clasifican en diamino
oxidasas (si se trata de histamina y putrescina) y monoamino oxidas (si el sustrato de
partida es la tiramina).

Las enzimas amino oxidasas estan presentes en organismos superiores, incluido el
hombre, y de hecho estas enzimas se localizan en el tracto gastrointestinal y son las
encargadas de la eliminacion de aminas bidgenas en el organismo, pero también se han
descrito en hongos filamentosos (i.e. Aspergillus niger) (Frébort et al., 1999) y algunas
bacterias aisladas de alimentos, como queso, embutidos y pescados (Leuschner et al., 1998;
Enes-Dapkevicius et al., 2000). Debido a la falta de informacion sobre este tema entre los
microorganismos del vino, y con el objetivo de desarrollar procedimientos que eviten la
acumulacion de aminas bidgenas durante la vinificacion, en este trabajo se ha evaluado la
capacidad de distintas cepas de bacterias lacticas aisladas de vinos y otros ecosistemas
relacionados, de degradar histamina, tiramina y putrescina.

MATERIALES Y METODOS

Bacterias lacticas y condiciones de cultivo. La capacidad de degradar aminas
bidgenas (histamina, tiramina y putrescina) se ha estudiado en 85 cepas de bacterias
lacticas pertenecientes a las distintas especies que pueden aislarse en mostos y vino, y que
incluyen Oenococcus oeni (42 cepas), Pediococcus parvulus (7 cepas), P. pentosaceus (4
cepas), L. plantarum (6 cepas), L. hilgardii (9 cepas), L. zeae (3 cepas), L. casei (7 cepas),
L. paracasei (5 cepas) y Leuconostoc mesenteroides (2 cepas). Estas cepas pertenecen a la
Coleccion de bacterias lacticas del Instituto de Fermentaciones Industriales del CSIC.
Adicionalmente, se han evaluado cuatro cepas de O. oeni previamente aisladas de
preparaciones malolacticas comerciales. Las cepas de Oenococcus oeni se crecieron en
medio para Leuconostoc oenos (MLO) suplementado con 100 ml.L™ de zumo de tomate.
Las otras especies de bacterias lacticas se incubaron en el medio MRS. Todas las cepas se
incubaron a 30°C.



Determinacion de la capacidad de las bacterias lacticas de degradar aminas
biégenas. La capacidad de las cepas bacterianas de degradar las aminas bidgenas
histamina, tiramina y putrescina se ha estudiado en un medio modelo similar al propuesto
previamente por Enes-Dapkevicius et al., (2000), suplementado con 0.05 g I* de cada
amina bidgena (dihidrocloruro de histamina , tiramina y dihidrocloruro de 1,4-
diaminobutano o putrescina), separadamente a pH 5.5. Las cepas de bacterias lacticas se
incubaron a 30° C por duplicado en este sistema modelo en al menos dos dias diferentes, y
las muestras se tomaron a tiempo 0, y después de 30-72 horas de incubacion. La
degradacion de aminas bidgenas se evalu6 mediante determinacion de la concentracion de
estos compuestos por HPLC.

Produccion de aminas bidgenas por las bacterias lacticas. Las cepas de
bacterias lacticas se han cultivado a 30°C en el medio MRS en el caso de Lactobacillus sp.,
Pediococcus y Leuconostoc, y en el medio MLO en el caso de O. oeni, en ambos casos,
conteniendo 0.1 % de los correspondientes aminoacidos precursores (L-histidina, tirosina y
ornitina), piridoxal-5’-fosfato y otros factores de crecimiento, previamente descritos en
Moreno-Arribas et al., (2003). Ademas, también se ha estudiado la capacidad de las cepas
bacterianas de producir aminas biégenas mediante la determinacion de la concentracion de
aminas por HPLC, como se indica a continuacion, y la deteccion de los genes responsables
por PCR Multiple segun las condiciones descritas por Marcobal et al., (2005a).

Analisis de aminas bidgenas. Las aminas bidgenas se analizaron por duplicado,
mediante HPLC en fase inversa (RP-HPLC) segun el método descrito por Marcobal et al.,
(2005b), mediante una derivatizacion precolumna de las aminas de forma automatica con
el rectivo derivatizante ortoftaldialdehido (OPA) en presencia de B-mercaptoetanol. La
deteccion de las aminas derivatizadas se realizO mediante un detector de fluorescencia
(longitud de onda de excitacion 340 nm y longitud de onda de emision 425nm).

RESUTADOS Y DISCUSION

Con el objetivo de evaluar qué nichos ecolégicos son mas atractivos para la
presencia de cepas bacterianas con capacidad de degradacion de aminas biogenas, en una
primera fase, se ha llevado a cabo el aislamiento de bacterias lacticas a partir de distintas
muestras de vinos blancos y tintos, en distintas etapas de la elaboracion, especialmente
estadios proximos a la fermentacion malolactica en el caso de los vinos tintos. También se
partié de heces y lias de fermentacion procedentes de diferentes elaboraciones, y muestras
de vinos de ‘sherry’ durante la crianza bioldgica y velos de flor. La seleccion de estas
muestras se realizo en base a que presentan una microbiota hetereogenea y abundante, y a
gue presentaban elevados niveles de aminas bidgenas.

A partir de estas muestras, se llevaron a cabo los aislamientos de bacterias lacticas
en las que se estudio la posible degradacion de aminas bidgenas. Para ello, se
seleccionaron en una primera fase, cepas capaces de crecer en medios con histamina,
tiramina y putrescina, como Unica fuente de nitrogeno y carbono. A continuacion, se
evalué la capacidad de degradar aminas bidgenas de las cepas seleccionadas en medios de
cultivo especificos de crecimiento, como son el medio MRS y MLO, y en medios vinicos,
en los que se determind la influencia de distintos factores enoldgicos de interés (pH, %
etanol y presencia de compuestos fendlicos).



Se han seleccionado un total de 85 cepas de bacterias lacticas pertenecientes a los
géneros Lactobacillus y Pediococcus, y a la especie Oenococcus oeni, que fueron aisladas
previamente de mostos, vinos y otros nichos enologicos, durante un periodo total de 8
afnos. En estas bacterias, se ha evaluado mediante RP-HPLC la capacidad de degradar las
aminas mayoritariamente presentes en vinos (histamina, tiramina y putrescina), mediante
determinacion del porcentaje de desaparicion de cada una de estas aminas en los medios
inoculados, con respecto al medio control. De las cepas de bacterias lacticas ensayadas, un
25% mostraron capacidad de degradar histamina, mientras que la degradacion de tiramina
0 putrescina se observd en un 18% de las cepas estudiadas. La mayoria de las cepas
bacterianas con capacidad de eliminar aminas bidgenas de los medios de cultivo
pertenecen al grupo de los Lactobacillus y Pediococcus, especialmente L. hilgardii, L.
plantarum, L. casei, P. parvulus y P. pentosaceus, mientras que solo se ha detectado una
cepa de O. oeni capaz de degradar histamina, aunque con baja actividad. Entre las bacterias
examinadas, se ha comprobado que algunas son capaces de degradar simultaneamente mas
de una amina bidgena,

Con respecto al origen de las bacterias que mostraron actividad en la eliminacion de
aminas bidgenas, no se encontr6 ninguna cepa bacteriana con capacidad de degradar
aminas procedente de vinos blancos, mientras que a partir de las otras muestras estudiadas,
se aislaron cepas potencialmente activas, con un mayor porcentaje de bacterias positivas
procedentes de lias de fermentacion, y especialmente, a partir de los vinos de crianza
bioldgica, lo que sugiere que en ambos casos, se trata de nichos ecoldgicos muy atractivos
para el crecimiento de bacterias lacticas con potencial de degradar aminas bidgenas
(Figura 1).
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Figura 1. Porcentaje de cepas de bacterias lacticas con capacidad de degradar las aminas
bidgenas histamina, tiramina y putrescina segun el tipo de vino del que proceden

En la Tabla 1 se muestran de forma pormenorizada los porcentajes de degradacion
de histamina, tiramina y putrescina, por las bacterias lacticas mas interesantes. Los
resultados corresponden a valores medios de al menos 2 experimentos en dias diferentes, y
también los anélisis cromatograficos se realizaron por duplicado. La mayoria de las cepas
bacterianas con actividad amino oxidasa pertenecen al grupo de los Lactobacillus y
Pediococcus, especialmente L. hilgardii, L. plantarum, P. parvulus y P. pentosaceus,



mientras que solo se ha detectado una cepa de O. oeni capaz de degradar histamina, aunque
con baja actividad. Entre las bacterias examinadas, se ha comprobado que algunas son
capaces de degradar simultdneamente mas de una amina bidgena, como por ejemplo la
cepa de Lactobacillus casei IFI-CA 52, que mostro capacidad de degradar las 3 aminas
bidgenas en estudio en elevada proporcién (Tabla 1).

Tabla 1. Porcentaje de degradacion de las aminas bidgenas histamina, tiramina y
putrescina por las cepas de bacterias lacticas en medios de cultivo

Degradacion (%)*

Cepas Histamina Tiramina Putrescina
L. plantarum IFI-CA 26 33 n.e. 24
P. pentosaceus IFI-CA 30 10 12 49
P. parvulus IFI-CA 31 21 15 53
O. oeni IFI-CA 