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ABSTRACT

The aromatic compounds coming from grapes play a decisive role on the quality and
regional character of wines. The varietal aroma consists of free aroma compounds and bound
aromas or precursors. The different types and quantities of aromatic precursors in grapes are
the main source of aromas which differentiate the diverse varieties. It is known that these
precursors are synthesized during grape ripening. However, the effect of the irrigation
techniques during this process and the optimal moment for harvest are not accurately known.

In this work, the changes in the concentration of glycosidic precursors of Syrah grapes
exposed to different irrigation strategies were monitored during ripening in two consecutive
years. It has been found that ripening has a significant effect (p<0.05) on the concentration of
17-23 compounds out of 64 analyzed, while the irrigation affects the concentration of 4-26
compounds, depending on the year.

RESUMEN

Los compuestos aromaticos procedentes de las uvas juegan un papel decisivo en la calidad y
el caracter regional de los vinos. El aroma varietal esta formado por aromas libres y por
precursores. Los diferentes tipos y cantidades de precursores aromaticos en la uva son la
mayor fuente de los aromas que distinguen las distintas variedades. Estos precursores se van
sintetizando durante la maduracion. El efecto del riego durante este proceso y cual es el
momento Optimo de la vendimia para conseguir una mayor concentracion de estos
compuestos no se conoce con exactitud.

En este trabajo se han estudiado los cambios producidos en la concentracion de precursores
glicosidicos en uvas de la variedad Shiraz sometidas a distintos aportes hidricos durante su
maduracion en dos anadas consecutivas. La maduracion afecta significativamente (p<<0.05) a
la concentracion de 17-33 compuestos de 64 analizados, mientras el riego lo hace a la
concentracion de 4-26 compuestos, en funcion de la afiada.

1. INTRODUCTION

The characteristic aroma of a wine is the result of the simultaneous action of a certain
number of compounds present in a combination of concentrations relatively specific of the
grape variety from which the wine has made.

It can be differentiate between aromatic varieties, such as Muscat, Riesling or
Gewlirztraminer, whose musts present a characteristic aroma similar to that found in wines;



and non-aromatic or non-floral varieties, whose musts do not present a characteristic aroma.
In these last varieties, the varietal aroma is present as odorless precursors. Therefore, varietal
aroma consists of (1): odorous molecules or free aromas and precursors, which themselves
can be divided into non-volatile precursors (odorless) and volatile precursors. The different
types and quantities of aromatic precursors in grapes are the main source of aromas which
differentiate the diverse varieties.

Glycosidic precursors have been extensively studied after their discovery in the sixties.
These compounds are mainly monosacharides or disaccharides, and in all cases the aromatic
molecule is linked to a glucose molecule through a B-O-glycoside bound. Among the
aglycones, important wine aroma compounds have been identified, including terpenes,
norisoprenoids, C6 alcohols, benzenes, volatile phenols, vanillin derivatives, and lactones (2-
4). These aromas can be released by acid or enzymatic hydrolysis of the B-O-glycoside bound.

It is known that glycosidic precursors accumulate during grape ripening. Nevertheless, the
optimal moment for harvest and the effect of the irrigation to achieve a higher concentration
of these compounds are not accurately known. The information available in literature about
the evolution of the aroma compounds and their precursors during the developing of grapes
only concerns the changes in norisoprenoids, terpenes, and methoxypyrazines. A little
information is found about the evolution of the precursors of vanillin compounds, volatile
phenols, or lactones.

The aims of this work are to study the changes in the glycosidic precursor composition of
some of the most important wine aromas during the ripening of Syrah grapes, as well as, to
study the effect of the irrigation on the synthesis of these compounds. With this work, it is
expected to determine with more accuracy the moment of the highest aromatic quality of
grapes to carry out harvest.

2. METHODS

Preparation and analysis of the precursor extract

Glycosidic precursors were extracted from Syrah grapes collected at three different ripening
times and one at over-ripening during 2008 vintage, and at two ripening times and one at
over-ripening during 2009 vintage. Sampling has carried out in a vineyard split in two parts;
each one of them underwent a different irrigation strategy (“up” and “down”). “Down”
samples had a higher water supply (50-60 mm), since they were submitted to an additional
irrigation process at mid-veraison.

Three replicates of 200 g were collected in each part at every time. Grapes were stored
frozen in the winery until their analysis. 100 g of grapes from each sample were destemmed
and homogenised, and then juice and skins were separated by centrifugation and filtration.
The precursors coming from must were extracted using LiChrolut EN resins. After
percolating the sample, resins were first washed with water to remove highly polar
compounds and then with dichloromethane to remove free aroma compounds.

After drying the cartridge, the precursors were eluted with ethyl acetate. The ethyl acetate
extract was evaporated under vacuum to dryness, then reconstituted in the hydrolysis tampon
following the procedure reported by Loscos et al. (5). The released aroma compounds were
extracted by SPE using LiChrolut EN and determined by GC-MS (5). Data were treated using



analysis of the variance (ANOVA) to determine the existence of significant differences
between samples. Factors were ripening and irrigation procedure.

3. RESULTS AND DISCUSSION

In both years, the amount of rainwater collected during ripening was very similar, less than
25 mm (data from the National Institute of Meteorology). So, the hydric conditions were
similar in both years. On the other hand, the average temperatures were significantly different.
In 2008, the average temperature was 26.36°C, while in 2009 the average has higher, 29.6°C.
This fact involved a higher over-ripening in 2009, even with a loss in the berry weight.

In 2008, the °Brix values (average of 3 replicates) were the following: “up” (23.2, 23.8, and
25) and “down” (21.6, 21.6, and 25.2). In 2009, the values were: “up” (24.5, 26.4, and 28.1)
and “down” (23, 26.2, and 28.3). In 2008, 11 days passed between the first and the last
sampling, while in 2009, the difference was only 6 days. The fast accumulation of sugar in
2009 forced to harvest 20 days before than in 2008.

Regarding the glycosidic precursors, as can be seen in Table 1, the behavior is quite
different depending on the year. In 2008, only 17 compounds presented significant differences
for the ripening factor, while in 2009 differences were found in the double of compounds, 34.
Moreover, only 10 compounds had significant differences in both years. Differences are even
higher if the irrigation factor is considered.

Table 1. Significant differences (p<0.05) of the aroma compounds released from precursors coming from Syrah grapes
harvest in 2008 and 2009, depending on the factors: ripening, irrigation, and their interaction.

2008 2009

Ripening Irrigation Interaction Ripening Irrigation Interaction
Terpenes
a-terpinolene 0,0007 0,0017
(Z)-linalool oxide <0.0001 <0.0001
(E)-linalool oxide 0,0002 0,0002
Linalool 0.0307 0.0006
a-Terpineol 0,0006 0,0496 0,0451
B-citronellol 0.0501
Geraniol 0.0006
Linalool acetate* 0.0001 0.0061 0,0001 0,0018
Terpinen-4-ol* 0,0004 0,0248
d-terpineol® 0,0002 0,0059
Neric acid* 0,0004 0,0001
Nerol oxide* 0.0358
Norisoprenoids
[-damascenone 0,0004 <0.0001
[3-ionone <0.0001 0,0005 0,0402
Vitispirane A* 0.0364 0.0304 0,0468 0,0121
Vitispirane B* 0.0462 0,0467 0,0151
Riesling acetal*
TDN* 0,0199
TPB* 0,0005 <0.0001
3-Oxo-fB-ionone* 0.050 <0.0001 0,0001 <0.0001

Actinidols* <0.0001 0,0001 <0.0001



Norisoprenoid 1* 0.0023 0,0008 <0.0001

Benzenes

Benzaldehyde 0.0388 0,0124

Phenylacetaldehyde <0.0001 0,0319

Benzyl alcohol <0.0001 <0.0001 0,0099
B-phenylethanol 0,0005 <0.0001 0,0079
2-phenoxyethanol 0.055 0,0001

Benzoic acid

Phenylacetic acid 0,0277 0,0031

Volatile phenols

Guaiacol <0.0001 <0.0001
4-ethylguaiacol 0,01 0,01

eugenol 0,0014

4-vinylguaiacol 0,0001
2,6-dimethoxyphenol 0,0134
(E)-isoeugenol 0,0071 0,0013 0,0003
4-vinylphenol 0,0373 0,0085 0,0019
4-allyl-2,6-dimethoxyphenol 0,0002 0,0229

Dihydromethyl-eugenol*
Vanillin compounds

Vanillin

Methyl vanillate 0.0149 0,0001

Ethyl vanillate 0,0003 0,0109
Acetovanillone 0,0002
Zingerone 0,0001
Syringaldehyde 0,0413
Acetosyringone 0,0684 0,0471 0,0001
Homovanillyl alcohol* 0,02

Miscellaneus

(Z)-3-Hexen-1-ol <0.0001 0.0106 0,0089

(E)-2-Hexen-1-ol 0,0009 0,0135
Ethyl decanoate 0.0342 0.0396

3-methylbutyric acid 0.0185 0,0103
2-methylbutyric acid 0.0357 0,0134 <0.0001
2ethylhexanoic acid <0.0001 0.0217 0,0386

Pantolactone 0.0049 0,0336 0,0005

*Data are the relative areas.

In 2008, only 5 compounds presented p values < 0.05, while in 2009 the number of
compounds was 25, of which only Vitispiranes A and B presented significant differences in
both years.

The evolutions of the impact compounds or the sum of the main groups of compounds in
table 1 depending on the irrigation during ripening are plotted in figures 1, 2, 3, 4, and 5 for
both years.
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Figure 1. Evolution of the released terpenes during ripening of the Syrah grapes harvest in 2008 and 2009 with two
different irrigation strategies (“down” more irrigation than “up”)

As the figure 1 shows, the behavior is quite different depending on the year and even the
evolution of the amount of terpenes is different depending on the irrigation strategy in the
same year. In 2008, linalool increased significantly during ripening and decreased during
over-ripening for the most irrigated grapes, while it remained more or less constant during
ripening and increased during over-ripening for the less irrigated grapes. On the other hand,
the variations between both types of irrigation were lower in 2009, increasing the
concentration of this compound during ripening in both cases. The sum of terpenes in



concentration (a-terpinolene, linalool oxides, linalool, a-terpineol, B-citronellol, and geraniol)
increased during ripening in both years and the higher values were found with less irrigation.
In 2009, the sum of terpenes in area (linalool acetate, terpinen-4-ol, d-terpineol, neric acid,
and nerol oxide) followed the same evolution, but in 2008 a higher concentration of terpenes
was found with more irrigation.
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Figure 2. Evolution of the released norisoprenoids during ripening of the Syrah grapes harvest in 2008 and 2009 with two
different irrigation strategies (“down” more irrigation than “up”)

The norisoprenoids evolution can be seen in figure 2. The concentration of f-damascenone
is higher with less irrigation in both years, but the evolution is different depending on the
irrigation strategy, especially in 2009, when the concentration decreased during ripening with
more irrigation and increased with less irrigation. Regarding p-ionone, the results are more
inconsistent from year to year. As can be seen in figure 2, the sum of norisoprenoids in area
(all norisoprenoids except f-ionone and B-damascenone) decreases at first, then increases, and
after that decreases again. The lot with less irrigation accumulated higher concentration.
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Figure 3. Evolution of the released volatile phenols during ripening of the Syrah grapes harvest in 2008 and 2009 with two
different irrigation strategies (“down” more irrigation than “up”)

As for the volatile phenols, as shown in figure 3, they tend to increase during ripening,
being more abundant with more irrigation in 2008 and the opposite in 2009. In general, they
tend to decrease during over-ripening.
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Figure 4. Evolution of the released vanillin compounds during ripening of the Syrah grapes harvest in 2008 and 2009 with
two different irrigation strategies (“down” more irrigation than “up”)

Figure 4 shows the different evolution of the sum of vanillin compounds depending on the
irrigation and the year.
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Figure 5. Evolution of the released hexenols during ripening of the Syrah grapes harvest in 2008 and 2009 with two
different irrigation strategies (“down” more irrigation than “up”)

Z-3-hexen-ol (figure 5) decreases during ripening in 2008 and increases in 2008, but
decreases during over-ripening in both years. With respect to the irrigation, nothing can be
affirmed. The concentration reached for this compound in 2008 was two times higher than in
2009.

4. CONCLUSIONS

The results of this study suggest continuing monitoring the concentration of the glycosidic
precursors during the next seasons to be able to determine the influence of the different
factors in the synthesis of these compounds, since it has been found that the evolution during
ripening varies very differently depending on the year and the amount of irrigation water.
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ABSTRACT

Grapes harvested from Thracian Vineyards are utilized by marketing to vine factories,
table grape varieties by transporting to Istanbul market and rest in family as fresh berry or
processed products such as pekmez (grape molasses), bulama (solid molasses), hardaliye
(grape juice flavored and protected with mustard) and salamura yaprak (brined leaf).
Despite lowest protein level, the main traditional food Pekmez, is a good diet food with its
high carbonhydrate and mineral content. “Bulama” is a solid molasses produced by
bleaching the settling juice and foam added likid molasses with airing. “Hardaliye” is
grape juice flavored with mustard is an alcohol free beverage produced by lactic acid
fermentation of grinded mustard seed added grape must. Brined leaf is the main ingredient
of Turkish traditional meal “’Sarma’’. Yapincak grape variety leaves are most used as
brined leaf in Thracian Region.

Molasses, Bulama, Hardaliye and Brined leaf of Thracian Region and production
technics is surveyed in this study.

INTRODUCTION

Viticulture is one of the most important activity among other agricultural activities. This
agricultural activity affects directly social and commercial life of the area. So it is a culture.
Grapes can usually be classified as table grape, wine/must grape and dried grape. Becides
these common classification styles, local traditional products have also been developed.
These products, known in different names and they were earlier as viticulture and have
been consumed by people for centuries. Particularly in late years according to the demand
for natural products increase of interest on traditional products has been seen (Gilcii et al.
2009).

Thrace, gateway of Turkey to Europe, also has an important position with its agricultural
potential. Vineyards of the local cities (Tekirdag, Edirne and Kirklareli) constitutes % 0,87
of the total cultivated agricultural lands. According to the data of the Local Agricultural
Departments, vineyard are of the region in 2006 was 9321 ha and grape production in the
same year was 80.000 - 100.000 tons.(Semerci 2006, Kiraci et al 2007)

Wine grape production is common in the Tekirdag and these grapes are marketed to wine
factories. On the other hand grapes produced in small family enterprises (<2000 m2
vineyard) are used to supply the consumption of the family as form of fresh grape, pekmez
and bulama. Grape production of Kirklareli and Edirne consists of table grape growth and
produced grapes are marketed in the local markets or used for the production fresh grape,
molasses and hardaliye (Durgut and Arin 2005, Kiraci et al 2007).



In this study the production methods of the traditional grape products of Thrace Region
including pekmez (grape molasses), bulama (solid molasses), hardaliye (grape juice
flavored with mustard) and salamura yaprak (brined leaf) were examined.

TRADTIONAL GRAPE RPODUCTS AND OF THRACIAN REGION

Pekmez (Grape molasses)

Although containing lower level of protein pekmez is a good diet food that can be
consumed by person at any age with its higher carbonhydrate and mineral content. The
sugar in the pekmez are in the form of glucose and fruktose and they don’t need to be
decomposed in the digestive system. These sugars can diffused into blood easly without
consuming energy and thus produces energy for human body rapidly (Taneli 1990). All
fruit containing lower level of sugar can be used to produce pekmez but today the
production of pekmez from grape is common (Batu 2006).

Pekmez in Thrace region is produced generally from grape but production from sugar
cane is also seen in Kirklareli. Home made molasses produced by using local production
methods is consumed by family members or marketed in the local markets.

Classical method is also used in the production of pekmez. First of all grapes were
crashed by human power to obtain must. This must is boiled in the oven for a while and
then by adding pekmez earth "kestirme" process (acid reduction) is applied. This earthl is
collected from different locations of the region, crumbled, sieved and used by appliying to
grapes before squeezing or after boiling the must in the oven. Pekmez earth contains 50-
90% CaCOs3 and the amount added to must varies due to acidity level of must. 1-5 kg
pekmez earth is generally used for 100 liter must. After kestirme process must is kept for
one night to cool and deposition of residues. The liquid must is absorbed with tube after
the duration period. This liquid must is boiled in open boilers in the higher temperatured
oven for a while and thickened. During boiling this must is mixed and foams were taken
out by spoon. While boiling continues must and foams starts to redden. Colour becomes
darker and bubbling decreases. When a small amount of pekmez is taken by spoon and
dropped on to plate and stayed like bead or when last drops dropped by the two sided of
the spoon on to plate it can be understood that pekmez is ready and no need to be boiled.
Due to boiling in the oper boilers these molasses are darker.

Bulama (Solid molasses)

Bulama (solid molasses) varies from region to region in the point of production method
and variety of production materials. Bulama is a solid molasses colouring light yellow to
light brown. This product, produced in Thrace for years, is nowadays produced by grape
growers at home conditions to sell on the local market. Tekirdag is the main city on region
that producing bulama mostly. Bulama is commonly produced from grape and grape
molasses but sugar cane bulama is also available on the market. C6gen (Gypsophila L. )
roots were boiled and this ¢6gen juice is added to bulama to open the colour and hardening
of molasses.

Bulama is produced in Tekirdag in this way; firstly pekmez earth was added to must and
boiled in 70-80 °C for for acid reduction. Cégen roots and 20 It water is boiled for 10-15
min in another boiler. This water is throw away because it is bitter. 30-40 It water is added
to ¢6gen and boiled till half of the water evaporate. This process repeated 3 times. Then 30
It must, 15 1t ¢oven, 2 kg sucrose are boiled till it becomes like pekmez. Cogen foams was
prepared in another pot and added to this pekmez. Pekmez is mixed with wood spoon and



the addition of foam is continued. At this point the temperature of the oven must be
decreased. After 30 min mixture the colour of pekmez becomes lighter and after becoming
thicker the the addition of foam stops and boiler is removed from cooker (Giilcii and
Demirci 2009)

Hardaliye (Grape juice flavored and protected with mustard)

Hardaliye is a traditional product of Thrace produced from dark coloured aromatic grapes
through lactic acid fermentation (Coskun 2001). Crushed mustard seed used fort he
production of hardaliye contains isothiochytanate volatile oil and this chemical prevents
the formation of product to wine by prohibiting fermentation with its antimicrobial content.
Hardaliye is known as vitamine source, blood pressure and immune system regulator,
papazkarasi grape variety is generally used in the production of the hardaliye (Anonim
2009). Hardaliye has been produced in Trace cities such as Kirklareli, Edirne, Tekirdag
and Gelibolu since 1839.

Grapes are washed, cruched and placing into barrel, having a tap. 10 cm from bottom.
One time crushed grape (1 kg), one time crushed black mustard seeds + potassium benzoat
(2+1 g) mixture and cherry leaf was filled. Mustard seed and potassium benzoat benzoat is
used to prevent alcohol fermentation through prohibiting yeast activity. Also
isothiochytanates oil prevents formation of some microorganisms and helps for the storage
of product. Aroma is given with addition on black mustard seed and cherry leaf. The
barrels are closed and incubated at room temperature for 15-20 days. After incubation, the
mixture is filtered and stored at cold place (Coskun at al 2009, Anonymous 2010).

Yaprak salamura (Brined leaf)

The storage and protection of leaves by making salamura after collection of leaves on
spring is a common method used for years. This method is consists of the storage after
fermenting. Carbonhydrates, proteins and other organic matter is processed to biochemical
differentiation by microorganisms and lactic acid bacterias.

Yapincak grape variety is preferred production of salamura yaprak in Thrace, because it
have thin, hairless and entire leaves. Leaves are collected washed and seperated. in spring
Then filled to plastic or glass pots. Brine (salamura) is added to this pots and kept 4-5
weeks for fermentation. If salamura level decreases salamura is added to pots.

CONCLUSIONS

Grapes and grape products are very important among the Thrace region eating and
drinking culture and traditional products because of the region which is centrally located in
vineyards. Although traditional foods have been forgotten now, in recent years, to revive
and to keep alive these products is very important for the regions’s socio-economic
development and local culture presentation if it is considered that consumer demand for
natural and functional traditional foods.
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RESUMEN

Evaluaron la influencia de los portainjertos ‘IAC 766°, ‘IAC 572°, ‘IAC 31’3 y ‘IAC 571-6’
en el indice relativo de clorofila (IRC) y en los tenores de nitrato y potasio en la savia de los
peciolos de la vid Niagara Rosada. El experimento estaba ubicado en Votuporanga, 20°15'S. y
50°30'W., Estado de Sdo Paulo, Brasil. La poda de las vides fue en 18/08/2009/, y el muestreo
de las hojas cuando las vides estaban en pleno florecimiento al 20/09/2009. Efectuose las
mediciones del IRC de las hojas empleando el clorofilémetro. A seguir extrajeron la savia de
los peciolos para leer los tenores de NO;™ e de K, con el medidor portitil Cardy Meter.
Injertada en el patron IAC 766, la vid presenté mayores valores del IRC en las hojas (43) y en
los tenores de NOj en el peciolo (2710ppm), difiriendo de manera significativa de los demas
patrones. Los menores valores fueran obtenidos con las vides injertadas en el portainjerto IAC
571-6 con IRC de 38,7 y tenor de NO3™ de 1108ppm. Injertada en los patrones IAC 572 y IAC
313 las vides presentaron tenores de K" en la savia del peciolo de, respectivamente, 3080 y
2790 ppm.

ABSTRACT

This study evaluated the influence of the rootstocks IAC 766, IAC 572, IAC 313 and IAC
571-6 in the relative chlorophyll index (IRC) and contents of the nitrate (NO;’) and potassium
(K") in the sap of petioles of the grapevine Niagara Rosada. The experimental area is located
in Votuporanga, 20°15'S. y 50°30'W, Sao Paulo State, Brazil. The pruning of the vineyards
was performed in 18/08/2009, being the sampling of leaves accomplished in the full bloom of
the grapevine, in 20/09/2009. The measurement of IRC in the leaves was performed being
used the chlorophyll meter. Later, in the removed petioles of the leaves, the sap was extracted
for the reading of the contents of NO3” and of K, being used the portable meters Cardy Meter.
The rootstock IAC 766 provided larger values in IRC in the leaves (43) and in the contents of
NOs™ in the petiole (2710ppm), differing significantly of the other rootstocks. The rootstocks
IAC 572 and IAC 313 presented contents of K in the sap of the petiole, of, respectively, 3080
and 2790ppm.



INTRODUCCION

En Brasil, el Estado de Sao Paulo sobresale como el mayor productor nacional de uvas para
mesa, con 33,8 millones de pies y produccion de 189,7 mil toneladas, con la variedad Niagara
Rosada correspondiendo por 48,2% de la produccion (Instituto de Economia Agricola, 2010).
La region noroeste tiene actualmente 200ha, o sea 2,0% de la produccion de esta variedad,
con fuerte tendencia de ampliacion en la superficie de cultivo debido al menor costo de
produccion cuando comparado con el cultivo de Vitis vinifera. Ademas, la cosecha es
efectuada entre los meses de agosto hasta octubre, periodo entre las cosechas de las mas
importantes regiones viticolas ubicadas en la parte sureste del Estado.

Como en otras regiones viticolas, el uso de patrones es obligatorio, teniendo como objetivos
principales el control de las plagas de suelo, como filoxera (Daktulosphaira vitifoliae Fitch,
1856), la perla de la tierra (Eurhizococcus brasiliensis, Hempel, 1922) y nematodos;
adaptacion los diversos tipos de suelo; la resistencia a la sequia y/o el exceso de la humedad;
aumento en vigor, precocidad de la produccion y productividad de la vid. Aunque haya
disponibilidad de innumerables variedades de portainjertos, cada cual tiene su limitacion, y
solamente la experimentacion regional podrd determinarse cudl se ajusta segun cada
condicion de la cultura. Braga (1988) sugirio para la region de Jundiai el uso del patron 106-
8Mgt y de ‘IAC 766°, pero actualmente la preferencia es por el ‘IAC 766°.

Algunos trabajos habian sido llevados a cabo con objetivo de evaluar el comportamiento de
la vid ‘Niagara’ injertada en distintos portainjertos, demostrando la influencia en el
crecimiento vegetativo, la productividad, la fenologia y las caracteristicas de los racimos y de
las bayas. Cuanto a los aspectos nutricionales, el método tradicional para la evaluacion del
estado nutricional de las plantas es la andlisis foliar. Trabajos en la literatura retrataran la
variacion en los tenores de nutrientes en funcion del patron (Albuquerque, Dechen, 2000;
Tecchio et al., 2007; Csikasz-krizsics, Diofasi; 2008; Miele et al., 2009). Tecchio et al.
(2007), en examen sobre la nutricion de la vid ‘Niagara Rosada’, han evidenciado que, con el
portainjerto ‘IAC 766°, los tenores foliares de N y K fueran mayores cuando comparados con
el patron 106-8Mgt. Miele et al. (2009) evaluaron el efecto de portainjertos en los tenores de
nutrientes en tejidos de la vid “Cabernet Sauvignon”; obtuvieran variaciones de la cantidad de
N, P, K, CA y Mg en el limbo, peciolo, escobajo y baya de la vid 'Cabernet-Sauvignon',
siendo que tal efecto varié en funcion del 6rgano y nutriente en estudio. De acuerdo con
Wolpert (2005), los ensayos con asociacion entre nutricion mineral y patrones son
importantes para obtener informaciones consistentes debido a las interacciones complejas
entre las combinaciones copa y portainjertos, el tipo de suelo, el tipo de clima y la tecnologia
de la produccion.

Sin embargo, otros recursos se pueden emplear para ayudar a la evaluacion del estado
nutricional de las vides, sobresaliendo el clorofilometro SPAD-502 para la determinacion del
indice relativo de clorofila (IRC) y el medidor portatil Cardy Meter para la lectura de los
tenores de NO;" y de K" de la savia de los peciolos.

El clorofilometro (SPAD-502, Minolta) es un aparato portatil con que se puede obtener el
indice relativo de la clorofila en la hoja (IRC), siendo basado en la intensidad de la coloracion
verde de las hojas, que hace la correlacion de la clorofila con el nitrogeno de la hoja. Es un
aparato rapido, sencillo, con ventaja de ser un método no destructivo (Godoy et al., 2008).
Los valores obtenidos por el clorofilémetro son calculados por la lectura que distingue de la
cantidad de luz transmitida por la hoja en dos regiones de longitud de onda (650 nanémetro y
940 nandmetro), y la absorcion de luz por la clorofila, que ocurre en la primera longitud de
onda (Swiader, Moore, 2002). En los cultivos de tomate (Guimaraes et al., 1999), de frijol



(Carvalho et al., 2003) vy de café¢ (Godoy et al., 2008), hubieron correlacion positiva y
significativa entre el IRC y la concentracion del nitrogeno de las hojas. En la cultura de la vid
hay pocos trabajos en la literatura empleandose los medidores portatil (Porro et al., 2001;
Amarante et al., 2009). Porro et al. (2001) lograron correlaciones significativas entre el indice
relativo de clorofila con los tenores en las hojas de N y P en la cultura de la vid y, con los
tenores en las hojas de N, Ca, K y Mg en el cultivo del manzanero, probando la posibilidad
del uso de este equipo en optimizar el uso del abono.

En relacion a los medidores portatiles de NO; y de K en la savia de los peciolos, Nagarajah
(1999) obtuve correlacion significativa entre los tenores de nitrégeno y potasio obtenidos por
el andlisis quimico convencional.

Para el cv Niagara Rosada, no hay datos en la literatura usandose los medidores portatiles
del IRC y de los tenores de NOs™ y de K en la savia de los peciolos.

Como hay grandes posibilidades de la region de Jales llegar a ser un importante sitio
productor de la vid ‘Niagara Rosada’ y de la importancia en se obtener los métodos
alternativos para la evaluacion del estado nutricional de las vides, este trabajo tuvo el
propésito de evaluar el efecto del portainjerto en el indice relativo del clorofila (IRC) y en los
tenores del nitrato y del potasio de la savia del peciolo de la vid ‘Niagara Rosada’. Otro
propdsito es también correlacionar el IRC de la hoja con los tenores del nitrato de la savia del
peciolo.

MATERIAL Y METODOS

Este experimento fue realizado en un vifiedo ubicado en Votuporanga, a 20°15'S. y
50°30'W., precipitacion pluvial de 1312mm, temperatura media mensual de 23,6°C, noroeste
del Estado de Sdo Paulo, Brasil.. Suelo tipo Argisolo Vermelho Amarelo (Embrapa, 1999), y
clima tipo Aw (Koéppen).

El vifiedo estaba sostenido en sistema de parral alto, las vides plantadas en un espacio de
2,0m x 2,0m. Los tratamientos fueran una combinacion del cv. Niagara Rosada injertada en
los portainjertos ‘IAC 766°, ‘IAC 572°, ‘IAC 313’ e ‘IAC 571-6’. La analisis estadistica fue
en bloques enteramente al azar, con 4 tratamientos, representados por los portainjertos y 10
bloques.

Las vides fueran podadas con 6 a 8 yemas en 18 de agosto de 2009. El muestreo de las hojas
fue llevado a cabo en la plena floracion de la vid, en 20/09/2009, recogiendo 16 hojas por
parcela experimental. Fue medida el IRC de las hojas usandose el clorofilometro (SPAD-502,
Minolta). Mas adelante, en los peciolos quitados de las hojas, extrajeron la savia para la
lectura de los tenores textos de NOs” y de K, usandose el dosificador portatil Cardy Meter
(Horiba, Inc.) equipado con microelectrodos sensibles al nitrato y al potasio, respectivamente.

Con los datos obtenidos, la prueba de normalidad fue verificada con el paquete estadistico
MINITAB, para averiguar si los datos presentaban distribucion normal. Las medias se
compararon por la prueba de Tukey (P<0,05).

RESULTADOS Y DISCUSION

Hubo efecto significativo de los patrones en el IRC y en los tenores de nitrato y de potasio
en la savia del peciolo de la vid ‘Niagara Rosada’ (Cuadro 1). La vid injertada en el
portainjerto ‘IAC 766’ tuvo mayor IRC en las hojas con indice 43 y en los tenores de NO;™ en
el peciolo con 2710ppm, diferenciando de modo significativo con los demas portainjertos



(Cuadro 2). Los valores menores fueron obtenidos cuando injertada sobre el portainjerto ‘IAC
571-6’, siendo el IRC 38.7 y el e o tenor de NOs™ de 1108ppm.

Injertadas sobre los portainjertos ‘IAC 572’ e ‘IAC 313’ presentaron tenores de K' en la
savia del peciolo, de respectivamente 3080 y 2790ppm, siendo superior a los valores
obtenidos con los demas patrones.

Trabajos relacionados con las variaciones en el IRC y los tenores de NO3 de K en la savia
del peciolo de una variedad en funcion de la combinacion con el no se encuentran en
literatura. Sin embargo, se deduce que las variaciones encontradas pueden ser debidas a la
absorcion diferenciada de los nutrientes por los portainjertos. De acuerdo con lannini (1984)
los portainjertos indujeron gran variacion en el vigor, en consecuencia de los diversos
requisitos nutricionales y capacidad de la absorcion de agua y nutrientes; por lo tanto sus
raices en funcion de las variedades presentan una selectividad en la absorcion de los ions de la
solucion del suelo. Albuquerque, Dechen (2000), Tecchio et al. (2007), Csikasz-krizsics,
Diofasi (2008) e Miele et al. (2009) obtuvieran variaciones significativas en los tenores
foliares de nutrientes en funcion de los portainjertos. Mas alla del vigor del patrén, Vercesi
(1987) caracterizo la capacidad de la absorcion mineral del portainjerto en funcion del origen
genético del material vegetativo usado.

Cuadro 1 Resultado del test F de analisis de varianza del indice relativo de clorofila (IRC),
del tenor de nitrato y de potasio en la savia del peciolo de hojas amostrados en
pleno florecimiento de la vid ‘Niagara Rosada’ injertada en diferentes portainjertos.
Votuporanga, SP, 2009.

Fuentes de Variacion IRC [enor de Nitrato Tenor de Potasio
(ppm) (ppm)
Bloque 1,46 NS 0,56 NS 1,26 NS
Portainjerto 45,3%* 17,8%* 13,1%*

NS — no significativo; * - significativo al 5% por el test F; ** - significativo al 1%; por el test
F.

Cuadro 2 Resultados promedios del indice relativo de clorofila (IRC), del tenor de nitrato y
de potasio en la savia del peciolo de hojas amostrados en pleno florecimiento de la
vid ‘Niagara Rosada’ injertada en diferentes portainjertos. Votuporanga, SP, 2009.

Portainjerto IRC Tenor de Nitratc Tenor de Potésio
(ppm) (ppm)
‘TAC 313° 41,0 B 2230 AB 2790 A
‘IAC 572° 38,2C 2047 B 3080 A
‘IAC 571-6° 37,8 C 1108 C 2230 B
‘TAC 766’ 43,0 A 2710 A 2250 B
CV (%) 2,90 24,84 14,11
DMS 1,42 615,5 447,05

Médias con la misma letra, en la columna, no presentan diferencia significativa entre si
(Tukey < 0,05).



Hubo correlacion positiva y significativa entre el IRC de la hoja con el tenor de NOs'en la
savia del peciolo de la vid “Niagara rosada”, con coeficiente de correlacion 0.61 ** (Figura
1), evidenciando la relacion entre el IRC y el nitrogeno foliar. Estos resultados estan de
acuerdo con los obtenidos por Guimaraes et al. (1999), Carvalho et al. (2003) y Godoy y et al.
(2008) que también obtuvieron una correlacion positiva entre el IRC y la concentracion de N
foliar en las culturas del tomate, del frijol y del cafe, respectivamente.

Esta correlacion se debe a la participacion del N en la composicion estructural de la
molécula de clorofila, que, de acuerdo con Taiz, Zeiger (1991) y Marschner (1995), esta
presente en la porcion del porfirina de anillos de los tetrapirrolicos.

3500 A
3000 -
2500 -
2000 A
1500 -
1000 -
500 -

Tenor de nitrato (ppm)

34 36 38 40 42 44
indice Relativo de Clorofila (IRC)

Fig. 1 Correlacion entre el indice relativo de Clorofila (IRC) con el tenor del nitrato de la
savia del peciolo de las hojas muestreadas en la plena floracion de la vid ‘Niagara
Rosada’ injertada en diferentes portainjertos. Votuporanga, SP, 2009

CONCLUSIONES

Fue evidenciado un comportamiento nutricional de la vid ‘Niagara Rosada’ en funcion del
portainjerto y la posibilidad del uso de estos equipos para asistir al diagnostico nutricional de
la vid. Sin embargo, hay necesidad de experimentaciones que tengan por objetivo la
calibracion del clorofilometro y de los medidores portatiles de NO; e K' de la savia del
peciolo para el cultivo de la vid.
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RESUMEN

La protedmica se ha revelado como una importante tecnologia emergente, no
obstante, aun son escasas las aportaciones de estas técnicas a la biologia de los hongos
fitopatdgenos. Entre estos organismos cabe destacar Botrytis cinerea, patdgeno
responsable de la podredumbre gris en el cultivo de vid. Nuestro grupo viene
desarrollando distintas aproximaciones protedmicas para dilucidar las proteinas
implicadas en el ciclo infectivo de B. cinerea. Se ha determinado el proteoma en
distintas condiciones de induccion de patogenicidad, asi como su secretoma. Estos
estudios han aportado pruebas de la validez de la proteébmica para determinar nuevos
factores de patogenicidad. Los resultados obtenidos han puesto de manifiesto la utilidad
de esta técnica para estudiar la biologia basica del hongo, asi como determinar los
mecanismos de patogenicidad empleados por estos organismos para causar
enfermedades en los cultivos.

PROTEOMICS APPROACHES AS A TOOL TO STUDY AND
CHARACTERIZE THE GRAPEVINE PHYTOPATHOGENIC
FUNGUS Botrytis cinerea

SUMMARY

Proteomics techniques have revealed as an emerging technology in molecular
biology. However, at present, the number of papers applying these technologies to the
biology of fungal phytopathogen is still low. Among these organisms, should be
empathized Botrytis cinerea. This phytopathogenic fungus is the responsible of grape
putrefaction in the grapevine cultivation. Our group has been developing several
proteomics approaches to this fungus trying to elucidate the proteins implicated in the
infective cycle of B cinerea. We had followed the changes in the 2-DE profiles varying
the culture conditions to induce the pathogenic response. Moreover, we had followed
the variations in fungal secretome. These studies have contributed to establish the
validity of proteomics approaches to determine new pathogenicity factors. The obtained
results have confirm too, the utility of this techniques to study the basic biology of the
fungi, as well as determining the mechanisms of pathogenicity used by these organisms
to cause diseases grape crops.



INTRODUCCION

La agricultura es histéricamente una de las principales actividades del hombre.
La comunidad autonoma andaluza es la primera region agricola de Espafia gracias a su
clima favorable, a la fertilidad de sus tierras, asi como al continuo esfuerzo de mejora
llevado a cabo en los ultimos afios por todas las partes implicadas en el sector,
incluyendo a las administraciones central, autonémica y sobre todo a los agricultores y
empresarios agricolas, cada vez mas orientados a la innovacion en el sector. En
Andalucia, esta innovacion se ha puesto de manifiesto con la aparicion de polos
agricolas de desarrollo, tales como el sector fresero de Huelva, las destacadas zonas
vitivinicolas andaluzas, el cultivo de tropicales en la costa mediterrdnea asi como, el
desarrollo del cultivo bajo plastico en Almeria. Se ha conseguido con ello evitar el
abandono del campo por la ciudad, asi como una innegable produccion de riqueza. No
obstante, las reformas de la politica agraria comun de la Union Europea (UE), el
descenso de los precios de comercializacion, asi como, un aumento en los gastos de
produccidn, estd poniendo en peligro el hasta ahora boyante sector.

Este enorme desarrollo agricola estd siendo continuamente amenazado por
distintas enfermedades, especialmente aquellos cultivos desarrollados en intensivo y en
agricultura sostenible. Entre los patdgenos mas importantes esta Botrytis cinerea. Este
patdgeno es el responsable de la “podredumbre gris” en vifiedos, fresa y tomate, siendo
capaz de atacar a cualquier 6rgano de la planta, en cualquiera de sus fases de desarrollo,
y tanto “in planta” como durante el almacenaje y distribucién del fruto. El coste anual
de los tratamientos contra este patdégeno asciende a 540 millones de euros, lo que
constituye un 10% del mercado mundial de fungicidas (UIPP, 2002). En Espafia, como
media anual, el consumo en fungicidas contra Botrytis, es alrededor de 3 millones de
euros en tomate, 2 millones en fresa y 3 millones en vifia (BASF, comunicacion
personal). Por otro lado, Colletotrichum spp. es el responsable de la antracnosis en vid,
fresa y tomate. Se estima que las pérdidas en los cultivos producidas por este hongo
oscilan en torno a los 100 millones de euros anuales, a lo que habria que sumar el gasto
que estos realizan en fungicidas. Segun los ultimos datos, procedentes de la Red de
Alerta e Informacién Fitosanitaria (www.juntadeandalucia.es/agriculturaypesca), en este
momento, Botrytis afecta al 8°2% de los racimos de la zona de Sanlucar de Barrameda.
En la zona fresera de Huelva, se mantienen unos niveles de incidencia leve-moderado.
Y en Almeria, Botrytis afecta al 8’5% de los invernaderos que estin en plena
recoleccion.

En los ultimos afos, con el desarrollo de las técnicas de biologia molecular, ha
sido posible profundizar en el conocimiento de los mecanismos moleculares empleados
por estos organismos durante su ciclo infectivo. El estudio del Proteoma se ha
convertido en una técnica extremadamente 0til para desentrafiar la biologia de un
impresionante numero de plantas, tejidos y microorganismos. Pero a pesar de estos
avances, aun son pocos los estudios sobre distintos hongos fitopatogenos de interes en
la agricultura. Ademas, la protedmica como herramienta para la descripcién de procesos
bioldgicos, metabolicos, fisiologicos o patologicos, estd alcanzando un gran desarrollo
en los ultimos afios. Algunos autores describen el periodo actual como “la era
postgendmica” (Fernandez-Acero et al., 2007a). Los trabajos realizados con estos
organismos se refieren fundamentalmente a especies de interés industrial o agricola.
Para arrojar luz sobre este campo, se realizo una aproximacion al proteoma del hongo
fitopatdgeno Botrytis cinerea. Este hongo posee un amplio y complicado arsenal de



factores de patogenicidad y virulencia. Descubrir estos factores y establecer su
implicacion en los procesos de infeccion permitira entender el funcionamiento del
proceso infectivo, asi como proporcionar nuevas dianas terapéuticas que posibiliten el
disefio de fungicidas racionales para el control del fitopatdgeno.

Como un primer objetivo de esta estrategia de estudio, nos propusimos la
optimizacion del protocolo para la obtencién y estudio del proteoma de B. cinerea. El
disefio experimental planteado en nuestro grupo tiene como objetivos determinar un
perfil protedbmico de referencia que nos permita (i) caracterizar las proteinas
mayoritarias presentes en el hongo en condiciones de cultivo estandar, (ii) determinar si
alguna de estas proteinas estan relacionadas con los procesos de patogenicidad y (iii)
buscar entre estas proteinas aquéllas susceptibles de convertirse en dianas terapéuticas
para el disefio de nuevos fungicidas. Existen otros estudios en los que se intentan buscar
aquellos factores implicados en los procesos infectivos de distintos organismos. En la
mayoria de éstos se realiza una criba previa, en la que se elige un gen candidato y se ve
su influencia en dichos procesos, mediante el estudio de su expresion o mediante
mutagénesis dirigida. A diferencia de estos estudios, un acercamiento proteémico
implica la no existencia de genes candidatos a priori, estudiandose la totalidad de las
proteinas expresadas bajo unas condiciones determinadas.

Con este horizonte, nuestro grupo de investigacion ha venido realizando distintas
aproximaciones al proteoma de B. cinerea. Este hongo es capaz de infectar a mas de
200 plantas distintas, entre las que se incluyen, el tomate, la fresa y la vid, cultivos de
una gran importancia econémica en nuestra comunidad andaluza. En el 2006 realizamos
la primera aproximacion al proteoma del hongo mediante la aplicacion de la
electroforesis bidimensional (Fernandez-Acero et al., 2006), dicho estudio se ha
continuado con el estudio diferencial entre proteomas de cepas de B. cinerea con
distinta virulencia (Fernandez-Acero et al., 2007b) y la realizacion del primer estudio en
profundidad que permitiera el establecimiento del primer mapa proteébmico de B.
cinerea, con la identificacion de mas de 300 proteinas(Fernandez-Acero et al., 2009).

B. cinerea utiliza un amplio arsenal para completar su ciclo infectivo. Entre los
recursos de los que dispone el hongo se incluyen la produccion de toxinas, las cuales
parecen modular la distinta virulencia entre cepas; y la produccion de especies activas
de oxigeno. Pero el principal mecanismo de infeccidn utilizado por el hongo consiste en
la produccion y secrecion de un complejo conjunto de proteinas (secretoma) capaz de
transformar la biomasa vegetal en biomasa fungica, jugando un papel crucial durante la
penetracion y maceracion de los tejidos vegetales.

Distintos estudios moleculares han estudiado estas proteinas. Es conocido que B.
cinerea expresa un conjunto de genes que codifican para distintas enzimas degradadoras
de la pared celular (cell wall degrading enzymes, CWDE). La inactivacion de algunos
de estos genes, mediante mutagenesis dirigida, parece reducir la virulencia de los
mutantes, por ejemplo polygalacturonase BcPG1, pectin methyl-esterase Bcpmel, endo-
B-1,4-xylanase Xyn11lA (Van Kan, 2006). Sin embargo, la inactivacion de otros genes
que codifican para las mismas “CWDE” parecen no afectar la virulencia de los
mutantes, por ejemplo cel5A que codifica para una endo-p—1,4-glucanasa, cutinasa A o
lipasa (Van Kan, 2006). Estos datos demuestran que no es posible establecer una
relacion directa entre gene codificantes para CWDE y factores de
patogenicidad/virulencia, ya que la mayoria de estos genes estan codificados por



familias multigénicas con funciones redundantes, que explicarian los diferentes
fenotipos mutantes. El presente trabajo describe el primer estudio, basado en el uso
combinado de 2-DE/ MALDI TOF/TOF, sobre el secretoma de B. cinerea. Los distintos
perfiles electroforéticos has sido obtenidos mediante el uso de glucosa, pectina,
almidon, celulosa y paredes celulares de tomate desproteinizadas como fuentes de
carbono para inducir el mecanismo de infeccion.

MATERIAL Y METODOS

2.1.- Cultivo y extraccion de proteinas de B. cinerea. Electroforesis
bidimensional (2-DE)

La cepa B. cinerea 2100 fue obtenida de la Coleccién Espafiola De Cultivos Tipo
(www.cect.org). El procedimiento de cultivo se realizd segun Fernandez-Acero et
al.(Fernandez-Acero et al., 2009). En resumen, se preparé medio minimo salino (MSM)
que fue suplementado con 1% de la fuente de carbono a ensayar glucosa, pectina,
almidon, celulosa (CMC) y paredes celulares de tomate (TCW) desproteinizadas, en tres
replicas independientes. Después de 5 dias de cultivo (22°C, 180 rpm), el caldo fue
filtrado y centrifugado para retirar el micelio. El extracto proteico fue obtenido
mediante un método mejorado de precipitacion con TCA/DOC, seguido de otra
precipitacion con fenol. La separacion mediante 2-DE se realiz6 segin Fernandez-
Acero et al. (Fernandez-Acero et al., 2009; Fernandez-Acero et al., 2010).

2.2.- Analisis e identificacion de las proteinas

Después de la electroforesis, los geles se tifieron con SYPRO Ruby (Invitrogen,
Karlsruhe, Germany) y fueron visualizados mediante un Fuji FLA 3000 Fluorescence
Laser Scanner (Fuji, Photofilm Co. Ltd., Tokyo, Japan). Los spots de interés fueron
digeridos e identificados segun Fernandez-Acero et al.(Fernandez-Acero et al., 2009).

RESULTADOS Y DISCUSION

Desde el 2004 el grupo de Microbiologia de la Universidad de Cadiz ha venido
realizando aportaciones en el campo de la protedmica fungica, trabajando con B.
cinerea. Se realizé y publico la primera descripcion del proteoma de B. cinerea. La
naturaleza inédita del trabajo hizo necesaria la optimizacion de todo el proceso, desde la
extraccion de las proteinas hasta la identificacion de las mismas (Fernandez-Acero et
al., 2006). Poco tiempo despues, se realizo el primer estudio de protedmica diferencial
con B. cinerea (Fernandez-Acero et al., 2007a). En dicho estudio se planteé la
comparacion de los proteomas de dos cepas de B. cinerea con distinta virulencia, una de
ellas muy virulenta y productora de toxinas (botridial y dihidrobotridial), mientras que
la otra presentaba una menor virulencia, asi como una nula produccion de dichas
toxinas. De esta primera comparacion entre ambos proteomas, se seleccionaron aquéllas
proteinas especificamente representadas en cada una de las cepas candidatas asi como
aquellas sobreexpresadas en la cepa de mayor virulencia.

Estos estudios han aportado pruebas de la validez de la proteémica para
determinar nuevos factores de patogenicidad. Entre las proteinas que podrian tener un
papel relevante durante el ciclo infectivo destacan: (i) la malato dehidrogenasa (MDH)



dependiente de NADPH, presente en tres clusters y sobreexpresada en la cepa mas
virulenta. La MDH cataliza la transformacion de malato a oxalacetato, principal
precursor del acido oxalico, descrito como factor de patogenicidad. Una alta produccion
de acido oxalico provoca un descenso del pH de los cultivos, necesario para la
produccion de las toxinas del hongo (botridial y dihidrobotridial). Todos estos datos
indican el nuevo papel que la MDH podria tener en la patogenicidad del hongo.
Recientemente, se ha demostrado el papel que estas oxidasas dependientes de NADPH
juegan en la diferenciacién y patogenicidad de B. cinerea (Segmuller et al., 2008) lo que
parece coincidir con nuestras observaciones. (ii) La gliceraldehido 3-fosfato
deshidrogenasa (GAPDH) encontrada de forma exclusiva en la cepa de mayor
virulencia. El papel de esta enzima en la patogenicidad de distintos organismos ha sido
ampliamente descrito en bibliografia (Alderete et al., 2001), por lo que aparte de su
funcion metabdlica podria tener un papel durante el ciclo infectivo tal y como ha sido
descrito recientemente para la hexokinase Hxk1l de B. cinerea (Rui and Hahn, 2007).
(iii) El regulador transcripcional metE/metH, sobreexpresada o especifica de la cepa de
mayor virulencia. Esta proteina estd implicada en la sintesis de metionina, ruta que ha
sido ampliamente utilizada para el disefio de fungicidas. La variabilidad encontrada
entre las cepas de B cinerea podria ser la base molecular de los distintos fenotipos de
resistencia a fungicidas descritos para el fitopatdgeno. (iv) La ciclofilina ha sido
observada de forma exclusiva en la cepa mas virulenta y esta relacionada con el
ensamblaje y regulacion de las proteinas. Su papel como factor de virulencia ha sido
descrito en distintos hongos incluido B. cinerea, (Viaud et al., 2002; Viaud et al., 2003)
relacionado con los procesos de invasion y colonizacion de los tejidos. Estos datos nos
confirman la utilidad de la protedmica para detectar componentes implicados en el
mecanismo de infeccion de los hongos fitopatdgenos. Ademas, esta proteina forma un
complejo con la calmodulina, que a su vez esta implicada en distintas cascadas de
sefializacion celular, por lo que podria realizar funciones también a este nivel.

Recientemente, en colaboracion con el grupo de proteémica (MS Group) del
Instituto Max Planck “for plant breeding research” (MPIZ) de Colonia, Alemania se
desarroll6 el primer mapa protedmico de B. cinerea durante la degradacién de la
celulosa. Se identificaron por primera vez un numero significativo de proteinas,
realizandose la clasificacion funcional (PANTHER: Protein ANalysis THrough
Evolutionary Relationships; www.pantherdb.org) de las mismas utilizando dos criterios,
el proceso bioldgico y su funcién molecular. Debido a que la celulosa es uno de los
principales componentes de la pared celular de las plantas, muchas de las proteinas
identificadas juegan un papel crucial durante la patogénesis del hongo (Fernandez-
Acero et al.,, 2009). Ademas, también en colaboracion con el Instituto Max Planck
(MP1Z) de Colonia, se ha desarrollado el analisis del secretoma de B. cinerea
(Fernandez-Acero et al., 2010). En este trabajo, se optimizé la induccién de la
patogenicidad fungica mediante la adicion de distintos elicitores vegetales. Esta
induccion vario entre la treintena de spots proteicos detectados en estado de reposo
(usando glucosa) hasta el centenar en estado de patogenicidad inducida (utilizando
extractos vegetales) (Fernandez-Acero et al., 2010). En este estudio se identificaron mas
de 70 proteinas, describiéndose la mayoria de las actividades que para este tipo de
proteinas estan descritas en la base de datos de factores de virulencia y patogenicidad
“phi-pathogen”. A partir de este trabajo se han identificado aquéllas proteinas
implicadas en los estadios iniciales del ciclo infectivo, las cuales estan siendo estudiadas
para comprobar su uso como herramienta de diagndstico y posterior patente.



Los resultados obtenidos han puesto de manifiesto la utilidad de esta técnica para
estudiar la biologia basica del hongo, asi como, determinar los mecanismos de
patogenicidad empleados por estos organismos para causar las enfermedades en los
cultivos. Un estudio sistematico del proteoma de aquéllos hongos fitopatdgenos que
mas duramente afecten a la agricultura (B. cinerea, Colletotrichum spp., etc.), aparte de
aclarar su funcionamiento vegetativo, nos permitird conocer con detalle las proteinas

causantes de los sintomas de

patogenicidad/virulencia. Aprovechando

la enfermedad,

la experiencia previa del

conocidas como factores de
grupo, esta

informacion sera de utilidad para disefiar nuevas estrategias de control que permitan la
inhibicion selectiva de estos factores, impidiendo el desarrollo de la enfermedad.
Ademaés, también serd de aplicabilidad para el disefio y posterior patente de nuevas
estrategias de diagnostico, que permitan un control exhaustivo del material vegetal
utilizado, asi como un correcto estudio de la epidemiologia, origen y fuentes de in6culo

en estos patdgenos.

Recientemente nuestro grupo ha comenzado el estudio de los proteomas asociados
a las estructuras de resistencia del hongo, conidios y esclerocios (figura 1). Estas
estructuras son responsables del mantenimiento del inoculo en el campo entre las
camparias agricolas. Hemos conseguido obtener los perfiles proteicos mediante 2-DE.
La mayoria de los spots proteicos se encuentran localizados entre 5y 8 de pl y entre 14
y 105 kDa de peso molecular. En estos momentos las proteinas estan siendo
identificadas por MALDI TOF/TOF, donde esperamos encontrar aquellas proteinas
implicadas en los estadios iniciales de la infeccion.
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Figura 1: Geles bidimensionales de los conidios (izquierda) y esclerocios
(derecha) de B. cinerea, mostrando la separacion en IPG 3-10 (arriba) y el definitivo

IPG 5-8 (abajo).



Una vez separadas las proteinas, aquellos spots presentes en todas y cada una de
las tres replicas fueron usadas para el calculo de la variabilidad analitica del
experimento. Ciento ocho spots fueron utilizados obteniendo un promedio de CV% de
42.05%, promedio similar a los obtenidos en estudios previos. El perfil proteico de los
esclerocios fue algo mas diverso, aunque mostré aproximadamente la misma
distribucion, sus espectro de pesos moleculares fue algo mas amplio (3.1 to 158.8 kDa).
Usando 205 spots presentes en todas las replicas se determino su CV% analitico que fue
de 44.61% (Gonzalez-Rodriguez et al., 2010). Estos resultados son muy parecidos a los
encontrados al estudiar el proteoma de Sclerotinia sclerotiorum (Russo et al., 1985) que
presentd una proteina mayoritaria de 34-36 kDa y 3 isoformas con un pl de 6.2, 6 y 5.8.
Nuestros geles mostraron 6 isoformas con un peso molecular de 41 kDa, y un pl de
5.23,5.51, 5.65, 5.81, 5.94 and 6.19. A pesar de que tenemos que esperar los resultados
de la identificacion proteica, podemos presuponer que es la misma proteina, Sspl,
involucrada en el desarrollo de los esclerocios de ambos hongos.
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ABSTRACT

18 Georgian and 4 West-European cultivars of V. vinifera, 31 individuals of wild V. vinifera
subsp. sylvestris from different regions of Georgia and 2 samples of V. riparia were
genotyped at eight nuclear microsatellite loci to investigate genetic relationships between
cultivated and wild grapevines. This study showed strong genetic similarities between
cultivated Georgian grapes and wild grapevine. Oldest Georgian cultivars — ‘Krikina’,
‘Saperavi’ and ‘Uchakhardani’ were unified in one cluster with local wild grapes. Very high
value of genetic similarity (0.9) was detected between the old Georgian cultivar ‘Rkatsiteli’
and wild grapevine from the Lekhura gorge in Shida Kartli. Consequently, the admixture
found among local Georgian cultivars and wild grapevine indicates the possibility that these
cultivars are derived from ancestral domestication events of local wild grapevine.

ZUSAMMENFASSUNG

18 Georgische und 4 westeuropdische Sorten von Vitis vinifera, 31 Individen von wildem V.
vinifera subsp. sylvestris aus verschiedenen Gebieten Georgiens und 2 Proben von V. riparia
wurden an acht nuclearen Mikrosatelliten genotypisiert, um genetische Beziehungen zwischen
kultivierten und wilden Weinreben zu untersuchen. Die in dieser Studie durchgefiihrten
Analysen haben starke genetische Ahnlichkeiten zwischen einheimischen Sorten und wilden
Weinreben gezeigt. Die éltesten georgischen Sorten, 'Krikina', 'Saperavi' und 'Uchakhardani’
zeigten eine starke Ahnlichkeit zu lokalen Populationen wilder Weinreben. Sehr hoch wurde
der Wert der genetischen Ahnlichkeit (0.9) zwischen der alten georgischen Sorte Rkatsiteli
und wilder Weinrebe von Shida Kartli entdeckt. Folglich zeigen die unter lokalen georgischen
Sorten und wilder Weinrebe gefundenen genetischen Ahnlichkeiten die Mdglichkeit an, dass
diese Sorten aus Domestizierungsereignissen der lokalen wilden Weinrebe abgeleitet worden
sind.



INTRODUCTION

The Caucasus region is considered to be the primary centre of origin of cultivated grapevine
(Vitis vinifera L.), with high relevance for the further distribution of the crop towards the
Mediterranean basin and for the development of European modern cultivars (De Candolle,
1855; Negrul, 1946; Damania et al., 1997; Sefc et al., 2003; Constantini, 2004, This at al.,
2006; Vouillamoz et al., 2006). Grapevine is among the first fruits to be cultivated in Georgia
(Javakhishvili, 1930). Confirmations for long lasting cultivation of grapevine in Georgia are
archaeological remains of berries and seeds of domesticated grapes dated ~6000 BC (vicinity
of v. Shulaveri, Southeast Georgia; Ramishvili, 1988). Other archaeological evidences of
prehistoric winemaking are found in near proximity of the Caucasian region in northern Iran
at the Hajji Firuz Tepe site in the northern Zagros Mountains dated to about 5400-5000 BC
(McGovern, 2003) and in the Levant where archaeological findings are dated from 4000 BC
(Zohary, Hopf, 2000).

Another indicator of a possible origin of cultivated grapevine in the Caucasus region is high
genetic and morphological diversity of both wild and cultivated grapes in this area (Grassi,
2006; Ekhvaia, Akhalkatsi, 2010). About 500 names of autochthonous grapevine varieties,
including centuries-old cultivars like ‘Rkatsiteli’, ‘Ojaleshi’, ‘Saperavi’ are known from
Georgia (Javakhishvili, 1930; Ketskhoveli et al., 1960). They are characterized by a wide
range of colours and shapes of berries and pips, which led already Vavilov (1931) to postulate
an evolutionary centre of grape in this region. These cultivars showed great ampelometric
variability and broad adaptability to different climates and soils (Negrul, 1946; Ketskhoveli et
al., 1960; Ramishvili, 1970; Tsertsvadze, 1989). However, only half of these cultivars have
been conserved in some national collections, and today only a small number of local varieties
are still cultivated (Chkhartishvili, Tsertsvadze, 2004). This causes genetic erosion on this
rich ampelographic heritage, involving loss of a valuable gene pool before it could be
evaluated.

Furthermore, at present, wild grapevine [V. vinifera L. subsp. sylvestris (C.C.Gmel.) Hegi]
occurs on the territory of Georgia mainly in riparian forests and reaches upper vegetation
zones such as oak-hornbeam, beech and spruce forests up to 900 m a.s.l. (Ramishvili, 1988).
It is an endangered species in its natural habitat. In recent years, preservation of genetic
variability within wild grapevine populations has become a priority, mainly because of
increased human activities and the spread of new pests (Grassi et al., 2003). Therefore it is
necessary to conserve wild forms of the crop wild relatives for the maintenance of genetic
variability and to avoid genetic erosion (Arnold et al., 1998).

Nowadays, attention is paid to elucidate the diversity of the wild grapevine gene pool to
identify the place and period of the original domestication and whether secondary
independent domestications also occurred (Grassi et al., 2003; Sefc et al., 2003; Arroyo-
Garcia et al., 2006). The place and time-frame of grapevine domestication is still an open
issue, as most investigations focused on West European cultivars and include just few
autochthonous varieties from the Caucasus area (Tsvetkov et al., 2005; Grassi et al., 2006;
Imazio et al., 2006; Vouillamoz et al., 2006; Walker et al., 2007), most of which are obtained
from collections kept abroad in Bulgaria, Russia and Germany and represent commercial
modern cultivars. Especially little is known on genetic diversity of wild grape in Georgia.
Therefore, it is of high importance to study aboriginal grape varieties in the place of its
supposed domestication and to determine genetic relations among native grapevine cultivars
and local wild populations.

In this work we use nuclear microsatellite (SSR) markers as a tool for study genetic



relationships among Georgian autochthonous cultivars kept in the national living collections
and wild grapevine populations to shed light on the origin of cultivars in this region.

MATERIALS AND METHODS

A total of 102 samples representing 55 accessions were included in this study: 18 Georgian
autochthonous and 4 West European reference grapevine cultivars (Vitis vinifera), 31
individuals of wild V. vinifera subsp. sylvestris and two accessions of the American species V.
riparia Michx. naturalized in Georgia were analyzed at eight microsatellite loci. Wild
accessions were collected from nine locations from different regions of Georgia. All
individuals within the studied populations of wild grape were identified as dioecious plants
with male or female flowers. Names, sources, and distinctive features of the accessions are
given in Table 1.

Tab.1 List of cultivated and wild accessions including codes (first two letters of the codes means: CV-
cultivar, W-wild grapevine, VRP- Vitis riparia, the number belong to accessions and last 4 letters
displays name of cultivar or location of wild populations); colour of berries (R-red, W-white), sex of
individuals (F-female, M-male), location and source institution name (MSEM-Martvili State
Ethnographical Museum collection, Martvili, Georgia; PG-private ground; ITHVO- Institute of
Horticulture, Viticulture and Oenology Institute, Tbilisi, Georgia; INRA- National Institute of
Agricultural Research, Montpellier, France).

Cultivated group

Code Variety and synonymy Color  Origin Source
CV1ALDS Aladasturi R Georgia IHVO
CV2AVSH Avshiluri R Georgia IHVO
CV3CHDI Chodi R Georgia MSEM
CV4CHVT Chvitiluri R Georgia THVO
CVSEGRD Egurdzuli W Georgia MSEM
CV6KCHI Kachichi R Georgia IHVO
CV7KCHI Kachichi R Unknown PG
CVS8KMRT Kamuri Tetri w Georgia MSEM
CVI9KHIS Khojishtoli, Kharistvala Kolkhuri R Georgia MSEM
CVI10KRKN Krikina R Georgia PG
CV110ILS Ojaleshi R Georgia MSEM
CVI12PNSH Paneshi R Georgia MSEM
CVI3RKTS Rkatsiteli W Georgia THVO
CV14SPRV Saperavi R Georgia HVO
CV15SKHS Shkhucheshi w Georgia MSEM
CV16SHNR Shonuri, Svanuri R Georgia MSEM
CVI7TVKV Tavkveri R Georgia IHVO
CV18UCHK Uchakhardani R Georgia THVO
CVI9MSCT Muscat Blancs a Petits Grains B w Greece INRA
CV20CHRD Chardonnay B w France INRA
CV21CBRS Cabernet-Sauvignon N R France INRA
CV22CBRF Cabernet Franc N R France INRA
Wild group

Code Population Sex Location

WI1GRDB Gardabanil M Gardabani forest-park, Gardabani distr., Kvemo Kartli, Georgia
W2GRDB Gardabani2 M Gardabani forest-park,Gardabani distr., Kvemo Kartli, Georgia
W3GRDB Gardabani3 M Gardabani forest-park, Gardabani distr., Kvemo Kartli, Georgia
W4GRDB Gardabani4 F Gardabani forest-park, Gardabani distr., Kvemo Kartli, Georgia




WS5BRIM Borjomil F Between vv. Atskuri and Likani, Borjomi distr., Georgia
W6BRIM Borjomi2 F Between vv. Atskuri and Likani, Borjomi distr., Georgia
W7BRIM Borjomi3 F Between vv. Atskuri and Likani, Borjomi distr., Georgia
WEBRIM Borjomi4 M  Between vv. Atskuri and Likani, Borjomi distr., Georgia
WOKSPI Kaspil F Near vil. Sakorintlo, Kaspi distr., Georgia

WI10KSPI Kaspi2 F Near vil. Sakorintlo, Kaspi distr., Georgia

WI11DSHT Dushetil F Near vil. Zhinvali, Dusheti, Georgia

WI2DSHT Dusheti2 M Near vil. Ananuri, Dusheti, Georgia

WI3DSHT Dusheti3 F Near vil. Ananuri, Dusheti, Georgia

WI14DSHT Dusheti4 F Near vil. Ananuri, Dusheti, Georgia

WI5DSHT Dusheti5 F Near vil. Meneso, Dusheti, Georgia

WI16DSHT Dusheti6 F Near vil. Meneso, Dusheti, Georgia

WI17TBLS Thilisil M Suburb of Tbilisi, Georgia

WI18TBLS Thilisi2 M Suburb of Tbilisi, Georgia

WI19TBLS Thilisi3 M Suburb of Tbilisi, Georgia

W20IORI Toril M  Iori Nature Preserve, Sagarejo distr., Georgia

W21IORI Tori2 M  Iori Nature Preserve, Sagarejo distr., Georgia

W22I0RI Iori3 M Tori Nature Preserve, Sagarejo distr., Georgia
W23JMKR Jumas Kurel F Jumas Kure Nature preserve, Dedoplis Tskaro distr., Georgia
W24JMKR Jumas Kure2 F Jumas Kure Nature preserve, Dedoplis Tskaro distr., Georgia
W25AJRA Ajaral M Near vil. Godgadzeebi, Khulo distr., Georgia
W26AJRA Ajara2 F Near vil. Godgadzeebi, Khulo distr., Georgia
W27AJRA Ajara3 F Near vil. Godgadzeebi, Khulo distr., Georgia
W28AJRA Ajara4 M Near vil. Godgadzeebi, Khulo distr., Georgia
W29AJRA Ajara5 M Near vil. Godgadzeebi, Khulo distr., Georgia
W30AJRA Ajarab M Near vil. Godgadzeebi, Khulo distr., Georgia
W31SLSA Slesas Tsikhe F Near ruins of Slesas Tsikhe, Akhaltsikhe distr., Georgia
Vitis riparia

Code Sex Location

VRP1 Vitis riparia F Near vil. Martvili, Martvili distr., Georgia
VRP2 Vitis riparia F Near vil. Sakorintlo, Kaspi distr., Georgia

Genomic DNA was extracted with Qiagen DNeasy Plant Mini Kit according to the manual
provided by the manufacturer or according to Lodhi et al., (1994) from silica-dried leaves.
Eight microsatellite loci, well characterized in previous studies, were used: VVS4 (Thomas,
Scott, 1993); VVMD14, VVMD32 (Bowers et al., 1996); scu04vv and scul4vv (Scott et al.,
2000) used in studies on V. vinifera, and ssrVrZAG21, ssrVrZAG62 and ssrVrZAGS83,
originally identified in V. riparia (Sefc et al., 1999). Some of these markers had been
previously selected by the European GENRES consortium as the core set for genotyping
grapevine collections. PCR amplification were performed in 10 pl final volume containing
about 10 ng template DNA, 200 uM of each dNTP, 0.1 uM of each primer (one primer from
each pair was fluorescently labelled), 0.2 mM MgCl, and 0.2 U TAG DNA polymerase in 1X
reaction buffer (QIAGEN). The thermocycler (PE Biosystems, Gene Amp 9700) was
programmed for an initial step of 2 min at 94° C followed by 40 cycles at 92° C for 30 s, 50-
56° C for 1 min, and 70° C for 2 min, and a final extension step at 72° C for 10 min.

Polymorphisms of the amplified products were detected in an automated DNA sequencer
MegaBASE model 1000 (Amersham Biosciences). Fragment lengths were estimated in
relation to an internal size standard (Amersham Biosciences). In each run, we have included
four reference cultivars, approved by the projects GENRES-081 (2001) and GrapeGen06



(OIV, 2007). They served as standards in order to have consistent allele sizes over all runs
and they allowed allele size comparison of our study with other published data.

Genetic structure of studied groups was examined by analysis of molecular variance
(AMOVA) using the Arlequin software package (Schneider et al., 2000). The Fy coefficient,
as a measure of genetic differentiation among samples, was calculated with 1023 random
permutations of the distance matrix used to generate a null distribution of correlation
coefficients. Data matrix with the results of the analysis was converted in a binary (0 and 1)
matrix based on the presence or absence of each specific allele for each studied accession.
From this matrix a dendrogram was obtained by applying the UPGMA method with Dice’s
coefficient in NTSYS (Rohlf, 2000).

RESULTS AND DISCUSSION

Genetic structure of cultivated and wild groups was analyzed using F statistics. The low
level of genetic differentiation (Fs = 0,05; P <0.0001) indicated between Georgian cultivated
and wild grapevines clearly indicating gene flow between wild and Georgian domesticated
grapevines and/or that in situ domestication of wild germplasm took place within local
populations. This means that autochthonous Georgian grape varieties might stem from local
wild grapevine. The fact that the three ancient Georgian cultivars ‘Krikina’, ‘Saperavi’ and
‘Uchakhardani’ fall within cluster B (Fig. 1), which mainly contains wild accessions allowed
us to suppose that these cultivars were derived from the earliest local domestication events.
Moreover, ‘Krikina’ is considered to be the oldest and an almost half-wild variety, which
according to indigenous knowledge of the local population is until today growing near
abandoned settlements and from there transplanted to peasants vineyards. ‘Saperavi’ is a very
old Georgian cultivar since, which currently is highly commercialized in Kakheti (Eastern
Georgia) for production of the famous red wines Saperavi and Kindzmarauli. ‘Uchakhardani’
is an old Colchic variety with black berries. The low heterozygosity of aboriginal cultivars
obtained in this study might be considered as indication of their close relationship to local
wild grapevine. The confirmation of this suggestion might come from three loci showing an
observed heterozygosity (H,=0.77 VVMDI14; H,=0.63 VrZAG83 and H,=0.63 VVS4) lower
than Hardy-Weinberg conditions as expected for closely related cultivars. Similar results were
shown in studies of Croatian, Spanish, and Portuguese cultivars (Maletic et al., 1999; Ibafiez
et al., 2003; Cunha et al., 2009; Lopes et al., 2009).

Another example confirming the genetic linkage between Georgian cultivars and local wild
grapevine is placement of the famous Georgian white cultivar ‘Rkatsiteli’ in cluster C, where
it is closely linked to the wild accession WT19KSPI (GS value 0.90; Fig. 1) due to identical
alleles at 11 out of 12 alleles. Thus, the hypothesis that this cultivar could have been selected
from local wild grape in the Lekhura gorge can be considered.

Cluster C also contains the West European reference cultivars ‘Muscat Blancs a Petits
Grains B’ (CTI9MSCT), ‘Chardonnay B’ (CT20CHRD), ‘Cabernet-Sauvignon N’
(CT21CBRS), and ‘Cabernet Franc N’ (CT22CBRF), which clustered with old Georgian
cultivated grapes (Fig. 1). This might be considered as indication that these West European
and Georgian cultivars had common ancestors, which is consistent with data obtained by
Vouillamoz (2006), who showed that some West European cultivars, such as ‘Chasselas’,
‘Nebbiolo’, ‘Pinot Noir’ and ‘Syrah’ were closely related to a group of exclusively Georgian
cultivars. Moreover, the cluster with western European cultivars in this study contains wild
grapevine accessions from different regions of Georgia as well, which supports the hypothesis
of common ancestry.
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Fig.1 Dendrogram of 18 Georgian and 4 West European cultivars of V. vinifera, 31
Georgian wild grapevine accessions and the American species V. riparia constructed by
Unweighted Pair Group Method with Arithmetic Average cluster analysis based on Dice’s
coefficient of shared SSR polymorphisms.

CONCLUSION

In conclusion, it should be mentioned that the Georgian cultivated and wild grapevines
represent a unique and interesting genetic resource that is characterized by a high similarity
level between wild and cultivated grapevines. The admixture found among local Georgian
cultivars and wild grapevine indicates the possibility that these cultivars are derived from
ancestral domestication of local wild types and/or cross hybridization with native wild
populations, thus, either supporting Georgia as one of the oldest centres of domestication of
grapevine or at least harbouring valuable genetic resources for grape breeding. However, wild
grapevine populations occurring nowadays on the territory of Georgia are threatened by
different impacts in their natural habitats and need to be protected. The confirmation of
threatened status of the Georgian wild grapevine might be detected low level of heterozygous
individuals found for the most of the studied loci, which reflects the isolated status and the
reduced number of individuals in the wild populations. Therefore, it is necessary to conserve
wild forms and aboriginal cultivars of grape for the maintenance of genetic variability and to
avoid genetic erosion of valuable genetic resources for grape breeding in Georgia.
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RIASSUNTO

Queste articolate ricerche sono state condotte sui modelli produttivi globali molto espansi (ad
esempio:Raggi, Pergole, Tendoni), mediamente espansi (ad esempio:Sylvoz, Casarsa,
NiofCasarsa), poco espansi (ad esempio: Guyot , Cordon de Royat, Cordone Speronato di
Conegliano) ed in questo lavoro verranno esposti solo i risultati ottenuti sulla Pergola di Soave
Storica, sul Sylvoz, sul Guyot e sul Cordon de Royat. Dalle ricerche &€ emersa la possibilita di
salvaguardare o addirittura aumentare il “profitto per I’ impresa” pur nel contempo mantenendo o
addirittura aumentando i livelli occupazionali e I’'impiego di risorse impiegando la “Pergola di
Soave Storica” anziché il Sylvoz, il Guyot e soprattutto il Cordon de Royat pur avendo,
quest’ultimo dato la piu alta qualita enochimica dell’uva ed organolettica classica del vino.Queste
ricerche in questo particolare momento storico della realta locale nazionale europea e soprattutto
internazionale sono risultate di grande attualita ed interesse tecnico, socio-economico ed etico.
Parole chiave: viticoltura, sostenibile, solidale, equo, etica

GUARANTEEING FARM PROFIT WHILE MAINTAINING OR INCREASING BOTH
PERSONNEL AND RESOURCE USE

SUMMARY

Dhis research was conducted on the training systems that follow: highly expansive (ex. Raggi,
Pergole, Tendoni), expansive (Sylvoz, Casarsa, NiofCasarsa) and mildly expansive ( Guyot |,
Cordon de Royat, Cordone Speronato di Conegliano).

We present the results on the trained to Pergola di Soave Storica, Sylvoz, Guyot and Cordon de
Royat. The results reveal that is possible to preserve or increase profit while maintaining or
increasing personnel and the use of resources by adopting the Pergola di Soave Storica trening
system instead of Sylvoz or Guyot or Cordon de Royat, even though the latter yields enologically
superior grapes.

Results are interesting from a technical, socio-economic and ethical point of view, especially given
the current historical moment at the local, national, European, and international level.

Key word: sustainable, solidarity, fair, ethics, viticultur, wine, grape growing

INTRODUZIONE

Nel lavoro presentato al Convegno GIESCO di Davis- 2009 (California-USA) dal titolo : “Great
Chain: urgent necessity the focusing on the “MetaEthical” viticulture or “Great” viticulture:
research and various considerations (Cargnello G. 2009), scrivevo che molto, molto tempo fa: 1-
sono passato da una “forma mentis” e da un’ attivita scientifica settoriale, nonché svolta solo per
risolvere problemi strettamente tecnici (“PICCOLA” FILIERA) senza collegare queste ricerche agli
obiettivi per i quali si fa in questo caso specifico viticoltura ad una indispensabile “forma mentis”
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ed attivita piu interdisciplinare, piu interattiva, piu innovativa, “piu valida” in quanto condotta,
(come sempre, alla fine, dovrebbero essere condotta), collegando le ricerche sui mezzi (es. costi,
prezzi, quantitd unitarie delle produzioni, “qualitda” e preferenze varie, mano d’opera,
meccanizzazione, studio degli ambienti, “zonazione”, delimitazione delle zone,  forme
d’allevamento, gestioni: del terroir (clima e terreno) e delle unita di base di territoir (territorio) e
non terroir: viticolo, enologico, economico, socio-ambientale, esistenziale, metaetico, del
paesaggio, del vigneto, della pianta (radici, fusto, branche, tralci, chioma), della produzione, degli
zuccheri dell’uva, dei polifenoli, degli aromi, degli stress, ecc., alcool e salute, vino e salute, vino-
acqua e salute, spritz, ecc.), agli obiettivi. Ai veri obiettivi (“Grandi” Obiettivi secondo la “Grande”
Filiera (Gruppo Internazionale Etico e “MetaEtico” di Conegliano 2004) della nostra attivita, e non
solo di questa, i quali dal basso verso I’alto sono rappresentati dalla "qualita” o "profitto™:
economico, ambientale, sociale, esistenziale, etico in modo sostenibile solidale ed equo per tutto e
per tutti: "qualita" o "profitto"” “MetaEtico” seguendo la “GRANDE” FILIERA, cioe al di fuori e al
di sopra delle varie etiche e quindi al di fuori e al di sopra delle varie inaccettabili realta
settorialmente corporative di “potere” siano esse confessionali e non confessionali, sociali,
politiche, partitiche, economiche, ambientali, scientifiche, tecniche, ecc., anche perché nessuno, e
neanche I'uomo, ha il diritto di prevaricare sugli altri fattori della “Grande Filiera” (Gruppo
Internazionale Etico e “MetaEtico” di Conegliano 2004 Ic; Cargnello G. 1986, 1994, 1996, 1999,
2005, 2006a-b, 2007, 2008a-b-c-d, 2009a-b-c, 2010a- b-c; Cargnello G. e col., 1988, 1999, 2009,
2°10a- b; Cargnello G. et Carbonneau A., 2007; Boatto V., e col., 2009; Carbonneau A. et col.,
2008, 20010).

E sin dall’inizio su questo modo di lavorare, di fare ricerca, di fare viticoltura, di fare didattica, ecc.
illustri personaggi, non solo italiani, relativi al mondo etico, morale, filosofico, politico,
amministrativo, sociale, economico, imprenditoriale, scientifico, tecnico, coinvolti da sempre in
queste “ricerche” hanno dato pienamente la loro condivisione e collaborazione, ed il nostro
contributo in tal senso &€ ampiamente noto, storico ed intensificato nel tempo (Lc: Gruppo
Internazionale Etico e “MetaEtico” di Conegliano 2004; Cargnello G.; Cargnello G. e col;
Cargnello G. et Carbonneau A.; Boatto V., e col.; Carbonneau A. et col.).

Colgo I’occasione di questo importante “Congresso Mondiale OIV”, per onorare I’insistente invito
rivoltomi da parte di stimati colleghi di dar seguito, in modo ancor piu incisivo rispetto al passato a
quanto sto scrivendo da molto tempo (Lc: Cargnello G.; Cargnello G. e col.; Cargnello G. et
Carbonneau A.; Boatto V., e col.; Carbonneau A. et col.) ai quali lavori si rimanda nei quali si
diceva e si portavano esempi sulla necessita di salvaguardare certamente il “profitto per I’impresa”
ma nel contempo di aumentare I’ impiego di risorse, compresa la mano d’opera.

Ed in questo lavoro si vuole esporre i risultati di una ricerca condotta in tal senso.

A tale proposito, in epoche non sospette ed ancor molto prima previste dalla nostra metodologia
della “Grande” Filiera, abbiamo condotto ricerche che dimostrano quanto auspicato purtroppo solo
recentemente da tutti, compresi famosi economisti, politici e famosi colleghi con le note
drammatiche ripercussioni mondiali economiche, sociali ed esistenziali agli occhi di tutti, cioe: 1-
sin dal 1986 e successivamente giustamente invertendo subito le finalita delle nostre precedenti
ricerche, abbiamo scritto che piu che contenere i costi dovevamo e dobbiamo cercare di aumentare
il profitto quanto meno d’impresa intervenendo in modo particolare sulla “Produzione Lorda
Vendibile” (PLV) agendo, nel caso dei vini e non solo di questi, non sulla qualita sensoriale classica
ma su quella economica, e meglio ancora su quella socio-economica-etica (Lc:Cargnello G. 1986,
1994, 1996, 1999, 2005, 2006a-b, 2007, 2008a-b-c-d, 2009a-b-c, 2010a- b-c), 2- sin dal 1986 e
successivamente e soprattutto dal 1992 la nostra metodologia di base secondo la “Grande Filiera”
prevedeva e prevede: piu un modello produttivo impiegava ed impiega risorse, compresa la
manodopera, pit tale modello produttivo veniva e viene giudicato positivamente, beninteso qualora
venga salvaguardato un “equo” profitto per I'impresa, 3- sin dal 1986 e successivamente
scrivevamo che “non” dovevamo e “non” dobbiamo puntare ad aumentare la qualita zuccherina
dell’'uva e quella organolettica classica del vino, ma quanto meno la qualita percepita

2



dall’acquirente e la cosi detta da noi “Qualita Salutistica” (Salute: dell’uomo, dell’ambiente, del
portafoglio, dei punti della patente, ecc., e perché no quella dell’’anima”) e meglio ancora quella
socio-economica-etica. (Lc:Cargnello G. 1986, 1994, 1996, 1999, 2005, 2006a-b, 2007, 2008a-b-c-
d, 2009a-b-c, 2010a- b-c),

E scrivevamo allora che I’aumento dello zucchero dell’uva, della qualita organolettica classica del
vino, il contenimento dei costi hanno ragione di essere solo se questi mezzi permettono di
migliorare, quanto meno la qualitd o il profitto economico, meglio se anche quello sociale,
ambientale, esistenziale e soprattutto quello “MetaEtico” come previsto della “Grande Filiera” e
pertanto la “diminuzione” dello zucchero dell'uva, della qualita organolettica classica del vino e
I’aumento dei costi anche attraverso I’impiego di maggiore manodopera possono addirittura far
giudicare positivamente, secondo la “Grande Filiera”, il modello produttivo che li determina, e si
risottolinea: beninteso qualora venga salvaguardato un “equo” profitto per I'impresa. E si
proseguiva illustrando che piu della maturita zuccherina dell’uva ci interessava e ci interessa quella
salutistica, quella fenolica, quella aromatica, quella acida, ecc.

Inoltre in questo lavoro si vorrebbe apportare un contributo per dimostrare I’'urgente necessita: 1- di
distinguere adeguatamente i mezzi dagli obiettivi impiegati per raggiungere pienamente i veri
obiettivi, (“Grandi Obiettivi” secondo la “Grande Filiera”), della nostra attivita, e non solo di
questa, 2- di collegare necessariamente i mezzi agli obiettivi, 3- di andare urgentemente e in filiera
(“Grande Filiera”) oltre la “qualita o profitto” tecnico, economico ed a quello relativo al
paesaggio puntando urgentemente e necessariamente su quell’attivita che permetta di concretare in
tempo utile una VITICOLTURA “METAETICA” o “GRANDE VITICOLTURA” secondo la
“Grande Filiera”, la quale, come noto, rappresenta il massimo, il meglio, il top, la meta migliore.

MATERIALI E METODI

Queste ricerche inedite sono state condotte nella zona dei vini “Soave” (Verona) (1) per un
quindicennio (dal 1973 al 1987), riprese dal 1993 al 1998 ed aggiornate al 2009 su viti di cv
Garganega in piena produzione ed allevate con i modelli produttivi “Pargola di Soave Storica”
(PSS) (Cargnello G., 1978, 1986; Carbonneau A, et Cargnello G., 2003), “Sylvoz”, “Guyot” e
“Cordon de Royat” (Carbonneau A, et Cargnello G., 2003 Ic). Queste ricerche si riferiscono a
modelli e a situazioni ordinarie medie cosi come per i dati riportati i quali sono stati aggiornati al
2009. Per le metodologie e quant’altro, anche per motivi di spazio, si rimanda alla bibliografia
dell’autore ed in particolare a Lc: Cargnello G., 1986, 1988, 1996, 1999, 2005, 2006a-b, 2007,
2008a-b-c-d, 2009a-b-c, 2010a- b-c; Cargnello G. et Carbonneau A., 2007.

RISULTATI E DISCUSSIONI

Risultati (Tabella A): rispettivamente nei modelli produttivi “Pergola di Soave Storica” Sylvoz,
Guyot e Cordone speronato di Royat: produzione di uva (t/ettaro) 35,7a (1), 24.9b, 16.8c, 8.3d;
zucchero contenuto nell’uva (Brix): 15.9d, 16.4c, 17.3b, 19.1a; produzione di zucchero (t/ettaro):
5.676a, 4.084b, 2.906¢c, 1.585d; analisi sensoriale del vino (max. 100 punti): 74c, 78c, 85h, 96a;
mano d’opera impiegata (ore/anno/ettaro): 525, 457, 398, 221; costo totale di produzione dell’'uva
(€lettaro): 10160, 8445, 9285, 9086 e €/t di uva prodotta: 284.6, 339.2, 552.7, 1094.7; prezzo
dell’uva (€/t): 335, 359, 510, 749; prodotto lordo vendibile (PLV) (€/ettaro): 11960, 8939, 8568,
6217; profitto d’impresa (€/ettaro): +1800, +494, -717, -2869; profitto d’impresa (€/t di uva
prodotta): +50.41, +19.48, -42.68, -345.70; “Grande Filiera”: “qualita o profitto (max. 100 punti):
imprenditoriale 89a, 68b, 49c, 38d; paesistico: 87a, 67c, 79b, 75b; ambientale: 52d, 73c, 91a, 84b;
sociale: 78a, 67b, 62c, 60d; esistenziale: 76a, 71b, 68b, 59c; “MetaEtico™: 79a, 69b, 62c, 56d.



Table A: 1- PRODUCTION (A-t /104 m2 OF GRAPE, B- t /104 m2 OF SUGAR), 2- SOLUBLE SOLID (°BRIX), 3- WINE
SENSORIAL ANALYSES (MAX. 100), 4- HUMAN LABOR (hours/ years/ 10* m?2), 5- TOTAL PRODUCTION GRAPE COSTS (A-
€/10* m2, B- € /t of PRODUCED GRAPE), 6- GRAPE PRICE (€ /t), 7- TOTAL OUTPUT (€/104 m?2), 8- FARM
NET/INCOME/ENTREPRISE PROFIT (A- € /10* m2, B- € /t of PRODUCED GRAPE), 9- "GRANDE FILIERA" ("GREAT CHAIN")
ASPECTS: A- ENTREPRENEURIAL, B- LANDSCAPE, C- ENVIRONMENTAL, D- SOCIAL, E- EXISTENTIAL AND F-

"METAETHICAL" (MAX. 100) IN FOUR PRODUCTIVE MODELS.

PERGOLA ROYAT SPUR
RELIEF PRODUCTIVE MODELS DI SOAVE SYLVOZ | GUYOT CORDON
1 - PRODUCTION (t/10* m?)
A - GRAPE 357a* | 249b 16,8 C 8,3 d
B - SUGAR 5676a | 4084b | 2,906c 1,585 d
2 - SOLUBLE SOLID (°BRIX) 159d | 164 c 17,3 b 19,1 a
3 - WINE SENSORIAL ANALYSES (MAX. 100) 74 ¢ 78 ¢ 85 b 9 a
4 - HUMAN LABOR (h/y/10* m?) 525 457 398 221
5 - TOTAL PRODUCTION GRAPE COSTS
A- €/10°m? 10160 8445 9285 9086
B - €/t OF PRODUCED GRAPE 2846 339,2 552,7 1094,7
6 - GRAPE PRICE (€ /t) 335 359 510 749
7 - TOTAL OUTPUT (€/10* m? 11960 8939 8568 6217
8 - ENTREPRISE PROFIT
A- €/10°m? 1800 494 717 -2869
B - €/t OF PRODUCED GRAPE 50,41 19,84 -42,68 -345,70
9 - "GREAT CHAIN" (G.F.) (MAX. 100)
A - ENTREPRENEURIAL 89 a 68 b 49 ¢ 38d
B - LANDSCAPE 87 a 67 C 79 b 75 b
C - ENVIRONMENTAL 52 d 73 ¢ 91 a 84 b
D - SOCIAL 78 a 67 b 62 C 60 d
E - EXISTENTIAL 76 a 71b 68 b 59 c
F-"METAEHTICAL" 79 a 69 b 62 C 56 d

* - Treatments with no letter in common differ significantly at the p= 0,05 significance level. BY CARGNELLO G. et al. 2010

Nell’ambito della ricerca essenzialmente emerge nella “Pargola di Soave Storica” (PSS) rispetto al
“Sylvoz”, al “Guyot” e al “Cordon de Royat™: 1- il modello produttivo “Pergola di Soave Storica” &
quello che pur impiegando piu risorse (+20%, +9%, +12% rispettivamente rispetto al “Sylvoz”, al
“Guyot” e al “Cordon de Royat”) e mano d’opera (+15%, +32%, +138% sempre rispetto al
“Sylvoz”, al “Guyot” e al “Cordon de Royat”) per unita di superficie ha determinato il maggior
profitto per I’impresa per ettaro (+73%, +140%, +229% sempre rispetto al “Sylvoz”, al “Guyot” e
al “Cordon de Royat”) e per tonnellata di uva prodotta (+61%, +185%, +786% sempre rispetto al
“Sylvoz”, al “Guyot” e al “Cordon de Royat”), 2- il modello produttivo Cordon de Royat & quello
che pur avendo dato la maggiore qualita zuccherina del mosto (19.1 Brix, cioé +3.2, +2.7, +1.8
gradi Brix di differenza rispetto alla “Pergola di Soave Storica”, al Sylvoz e al Guyot) e la migliore
qualita sensoriale del vino (sottolineiamo: sono mezzi) (96 punti su 100 rispetto a 74, 78, 85 dalla
“Pergola di Soave Storica”, del Sylvoz e del Guyot) ha fornito il minor (molto negativo) profitto
(sottolineiamo: € I’ obiettivo piu in basso della “Grande Filiera”) per I'impresa ad ettaro (-2869 €
rispetto a +1800, +494, -717 dalla “Pergola di Soave Storica”, del Sylvoz e del Guyot) e per
tonnellata di uva prodotta (-346 € rispetto a +50, +20, -43 dalla “Pergola di Soave Storica”, del
Sylvoz e del Guyot), 3- secondo la “Grande Filiera” il modello produttivo Pergola di Soave Storica
rispetto al Sylvoz, Guyot e Cordon de Royat & quello che ha determinato la minor “qualita o
profitto” ambientale (solo 52 punti/100 rispetto a 73, 91 e 84 del Sylvoz, del Guyot e del “Cordon
de Royat”), ma ha determinato il maggior “profitto” paesaggistico (87 punti/100 rispetto ai 67, 79 e
75 del Sylvoz, del Guyot e del “Cordon de Royat”) imprenditoriale (89 punti/100 rispetto ai 68, 49
e 38 sempre del Sylvoz, del Guyot e del “Cordon de Royat”), sociale (78 punti/100 rispetto ai 67,
62 e 60 sempre del Sylvoz, del Guyot e del “Cordon de Royat”), esistenziale (76 punti/100 rispetto
ai 71, 68 e 59 sempre del Sylvoz, del Guyot e del “Cordon de Royat”) e soprattutto quello

4



“MetaEtico” (79 punti/100 rispetto ai 69, 62 e 56 sempre del Sylvoz, del Guyot e del “Cordon de
Royat”).

Beninteso per I’impresa viticola trasformatrice, ma anche per quella non trasformatrice, questi
positivi risultati, e non solo questi, potrebbero addirittura aumentare considerevolmente, ma anche
capovolgersi completamente in funzione della realtad operativa dell’impresa e in particolare
relativamente, ad esempio, al grado di creativita e soprattutto di valorizzazione delle qualita
peculiari specifiche ed aggiuntive a quella tradizionale possedute da tale impresa.

Pertanto per progettare, realizzare, condurre, giudicare, scegliere, valorizzare esaustivamente un
modello produttivo, e non solo un modello produttivo ma qualsiasi altra cosa ed attivita, compresa
la nostra, e per evitare non esaustive e/o addirittura errate impostazioni delle ricerche e/o
interpretazione e/o comunicazione dei suoi risultati, con ripercussioni applicative anche
catastrofiche, bisogna necessariamente andare certamente oltre, ad esempio, la “qualita o profitto”
tecnico (risottolineiamo: rappresenta un mezzo), ma anche oltre alla “qualita o profitto” economico
classico (risottolineiamo: rappresenta I’obiettivo piu in basso della scala della “Grande Filiera™),
ma anche, come lo documentiamo da molto tempo, di considerare tutti gli aspetti socio-ambientali
esistenziali etici in modo sostenibile solidale ed equo per tutto e per tutti e quindi in modo
“MetaEtico”, come esposto nella premessa.

Ed allora per fare Viticoltura, (con la VV maiuscola), dobbiamo puntare immediatamente e senza
indugi e inaccettabili scuse, quanto meno a livello di impostazione mentale e di base, sulla
“Metaetica” o “Grande Etica”, sulla “Viticoltura Metaetica” o “Grande Viticoltura” secondo la
“Grande Filiera”.

Quindi si risottolinea che € quanto meno auspicabile non fermarci solo alla qualita o profitto tecnico
(mezzo) o a quello dell’imprenditore, del paesaggio, del biologico, ecc., ma dobbiamo
necessariamente e urgentemente andare oltre ad essi puntando sulla “VITICOLTURA
METAETICA” 0 “GRANDE VITICOLTURA” secondo la “GRANDE FILIERA”.

Questi risultati confermano quelli pubblicati in un’ altro lavoro sul modello produttivo “Bellussi”
(Cargnello G., 2009) e con gli eventuali distinguo possono essere estesi a tutte le altre similari
situazioni e quindi non necessariamente espanse viticolture italiane, impostate ad esempio sui
Tendoni, su altre Pergole, su altri modelli a Raggi, sui GDC-Casarsa, sui GDC- NiofCasarsa, sul
“Cordone Tridimensionale di Conegliano”, sui modelli che sviluppano molti metri di fasce e/o di
“cordoni” lineari o meclio cubici per ettaro determinati o da fasce e/o da “cordoni” divisi e/o
sovrapposti, da sesti di impianto stretti, ecc. tempo (Lc: Cargnello G.; Cargnello G. e col;
Cargnello G. et Carbonneau A.; Boatto V., e col.; Carbonneau A. et col.).

Pertanto al fine di apportare un contributo per disporre di modelli di viticoltura che possano
sommare in se “tutti” i pregi senza i difetti del Bellussi ed in questo caso specifico della Pergola di
Soave Storica, del Sylvoz, del Guyot, del Cordon de Royat e di altri "tradizionali” e non
"tradizionali" modelli produttivi e quindi nella globalita migliorativi rispetto a tali attuali modelli
produttivi e per cercare di avvicinarsi il piu possibile alla “Viticoltura MetaEtica” o “Grande
Viticoltura”, sono in corso interessanti ricerche su promettenti “nuovi” modelli produttivi globali
quali il Sylvoz Moderno, il Macon Moderno, il NiofCasarsa , il Cordone Speronato di Conegliano e
soprattutto sui “Vertical Tridimensional Minimal Pruning” (VTMP). (Cargnello G. 2007; 2008;
2009; 2010).

(1) 1 dati contrassegnati con la stessa lettera non sono diversi tra loro, mentre quelli contrassegnati
con lettere diverse sono diversi tra loro per p < 0,05 al test di Duncan.

CONCLUSIONI

Da questo lavoro, le cui radici risalgono a meta degli anni settanta, eseguito nel soavese sulla cv
Garganega e condotte utilizzando i modelli produttivi Pergola di Soave Storica, Sylvoz, Guyot e
Cordone “speronato” di Royat essenzialmente € emerso: 1- la possibilita di aumentare il profitto per
I’impresa pur aumentando I’ impiego di risorse, compresa la mano d’opera, 2- il modello produttivo
che ha dato la maggiore “qualita” (qualita zuccherina) del mosto ed organolettica del vino (mezzi)
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ha fornito il minor (molto negativo) profitto per I’impresa (obiettivo), 3 — il modello produttivo che
ha fornito il piu positivo profitto d’impresa (molto elevato), ha fatto registrare i piu negativo profitto
“ambientale”, ma ha determinato il maggior “profitto” paesaggistico, imprenditoriale, sociale,
esistenziale e soprattutto “MetaEtico” secondo la “Grande Filiera”, 4- la necessita inderogabile: a)
di adeguati attuali approfondimenti per quanto riguarda la semantica, il vero "senso"” ed importanza
da attribuire nella scala dei valori, dei “Grandi Valori secondo la“Grande Filiera””, anche in
prospettiva ad esempio ai vari mezzi, [es. costi, prezzi, quantita unitarie delle produzioni, qualita e
preferenze varie: es. complessiva per il produttore, il tecnico, il ricercatore, I' ambiente, il territorio,
I’acquirente, il consumatore ecc., ad es. a: mano d’opera, “consumo” ed “investimento” di suolo, di
territorio, di terra, di universo, ad es: meccanizzazione, studio degli ambienti, “zonazione”,
delimitazione delle zone, forme di allevamento, gestioni: del terroir (0 “unita de terroir de base”) e
delle unita di base di territoir (territorio) e non terroir: viticolo, enologico, economico, socio-
ambientale, esistenziale, “MetaEtico”, del paesaggio, del vigneto, della pianta (radici, fusto,
branche, tralci, chioma), della produzione, degli zuccheri dell’'uva, dei polifenoli, degli aromi, dell’
acidita, degli stress, ecc., ad es: alcool e salute, vino e salute, vino e acqua e salute, acqua e vino e
salute, spritz storico, ecc.], ed agli obiettivi (“Grandi Obiettivi secondo la“Grande Filiera”
rappresentati in filiera dall’alto verso il basso dalla qualita o profitto “MetaEtico”, da quello
esistenziale, da quello socio-ambientale e da quello imprenditoriale), b) di un necessario adeguato
collegamento tra gli obiettivi ed i mezzi utilizzati per raggiungere al meglio gli obiettivi (“Grandi
Obiettivi), 5 — I"interesse di ricerche su “nuovi-vecchi” modelli produttivi che meglio della Pergola
di Soave Storica, del Sylvoz, del Guyot e del Cordon de Royat possano avvicinarsi in modo
dinamico al modello ideale relativo alla cosi detta “Grande Viticoltura”, o “Viticoltura MetaEtica”
secondo la“Grande Filiera”, 6- dulcis in fundo I’urgente necessita di andare oltre alla “qualita o
profitto” tecnico, economico, paesaggistico e di considerare anche quello “ambientale”, quello
sociale, quello esistenziale, quello etico in modo sostenibile, solidale ed equa per tutto e per tutti e
quindi in modo “MetaEtico” secondo la “Grande Filiera”.

E tutto cio va inquadrato relativamente alla cosi detta piramide dell’acquirente, del consumatore,
del mercato e non a quella della qualita classica tanto di moda inaccettabile, quindi orientando la
produzione in modo diverso rispetto al passato spostandola in modo equilibrato dal prodotto al
mercato.

Pertanto relativamente agli aspetti sopra esposti, all’ attivita di ricerca ed a questa attivita, e non
solo, per progettare, realizzare, condurre, valutare e valorizzare al meglio ogni cosa, attivita e
ricerca riteniamo opportuno ed inderogabile, (guadagnando urgentemente il tempo perso), si debba
operare in modo “diverso” dal passato mirando sin dall’inizio ed in filiera (“Grande Filiera”) al
raggiungimento dell’obiettivo massimo, della “meta massima” ed in modo tale da concretare
un’attivita sostenibile non solo dal punto di vista tecnico (mezzo), ma anche e soprattutto ed in
filiera dal punto di vista economico, ambientale, sociale, esistenziale, etico (obiettivi) in modo
solidale ed equo per tutto e per tutti (“MetaEtico” secondo la “Grande Filiera”) e questo, nel nostro
caso specifico, per realizzare pienamente una “Viticoltura MetaEtica” o “Grande Viticoltura”.
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ABSTRACT

Trunk diseases caused by fungi are considerable diseases in all grape growing regions
worldwide. In 2008-2009 a survey of fungal grapevine trunk pathogens was conducted.
Totally, 301 samples from grape-growing areas of Slovakia was examined, in 77,7 % of these
samples was detected some of fungal trunk pathogen — esca syndrome (from this amount
47,2 % was positive for Petri disease) and 22,3 % samples was negative to pathogenic fungi.
Fungal genera reported as pathogenic to grapevine in other countries (Botryosphaeria,
Cryptovalsa, Fusarium) was observed. It seems that occurence of grapevine pathogens that
has not been economically important before is rising. Seeing that these pathogens can spread
through the grapevine propagation material, its better controlment is needed.

INTRODUCTION

The expansion of wine-growing territory, and mainly vegetative propagation method led to
the spread of viral, bacterial and fungal diseases of grapevines. This can result in a significant
economic losses, particularly significant reducing of crop, affecting fruit quality and reducing
the viability of the infected plants in vineyards. Currently, trunk diseases caused by fungi are
considerable diseases in all grape growing regions worldwide. In the years 2008-2009 was
carried out the monitoring of grapevine health status in different areas of Slovakia, focused on
quantity and severity of fungal trunk diseases in young plantations and older vineyards.

MATERIAL AND METHODS

Grapevine samples of different cultivars was collected from vineyards at various maturity
stages and from various grape-growing areas of Slovakia. From all samples, three wood
segments were cutted with a length of approximately 25 mm (from base, middle part and
under the graft union), from which the bark was removed and surface sterilized with sodium
hypochlorite, then rinsed three times in sterile distilled water. Wood segments were then dried
on sterile filter paper, dipped in 96% ethanol, flamed and placed on solidified malt agar in a
Petri dish. Cultivation took place 30 days at 25 + 2 ° C in the dark. Isolated pure cultures of
fungi were identified based on morphological and cultural characteristics.

RESULTS AND DISCUSSION

Totally, 301 samples of grapevine was examined, in 77,7 % of these samples was detected
some of fungal trunk pathogen — esca syndrome (from this amount 47,2 % was positive for
Petri disease) and 22,3 % samples was negative to pathogenic fungi. These pathogenic fungi
were observed: Phaeomoniella chlamydopora, Botryospaheria obtusa, Cryptovalsa ampelina
and Fusarium sp. Phaeomoniella chlamydopora is main causal agent of Petri disease. It is a



serious disease that reduces sustainability and productivity of the grapevines, increases failure
rate of grapevine plants, makes difficulties in establishing new vineyards and causes
premature decline and death of young vines. Fungi Botryospaheria obtusa, Cryptovalsa
ampelina and Fusarium sp. belong to a group of fungi causing deterioration (wilting) wood
tissues, arms, shoots and cause premature declining of grapevines (esca syndrome). They
usually occur on older grapevines, except of Fusarium sp. which was also often observed in
young plants. It was also recorded the concurrent incidence of pathogenic fungi in tested
samples.

CONCLUSIONS

The monitoring of grapevines healh status in Slovakia shows that occurence of grapevine
pathogens that has not been economically important before is rising. Above three-quarters of
all samples tested were affected by fungal pathohen. As the grapevine trunk diseases are
serious diseases that practically can not be cured, prevention remains the most important
agrotechnical measures to prevent the spread of diseases in new plantings. Better controlment
of grapevine propagation material is needed. Legislative changes are prepared with stricter
rules for the marketing of vine propagating material to prevent the sale of infected grafts.

ACKNOWLEDGMENTS

This work is co-financed by Ministry of Agriculture SR, contract number 353/2009-940-K.



Maping a health state of vine in Slovakia

I. Dokupilova, V. Repka, V. Friedlandirova, J. Kanuchovéa Patkova

The Plant Production Research Centre, Institute of Viticulture and Enology

Mattskova 25, 831 01 Bratislava, Slovakia

dokupilova@vurv.sk

ABSTRACT

The work analysis the stage of virus occurence in grape vines in Slovakia. The vines
were obtained directly from vineyards as well from vine reproducers to maping their health
state. We were testing five virus diseases, Arabic Mosaic, Grapevine fanleaf virus,
Grapevine Leafroll virus | and Il1. The vines, which were tested on Arabic Mosaic showed
shocked results, all vines were positive, vine tested in Grapevine fanleaf virus were positiv
in 72,6% in 2008 respectively 50% in 2009. Vine with Grapevine Leafroll virus | was

positive in 55,2% and Grapevine Leafroll virus 111 was figured in 45,7% cases.

Introduction:

Slovakia as a member of Europen union has to follow legislation of this community. It is
important to respect legislative acts and amending acts, which was appointed by Europen
union. Slovak government will have to ensure building virulencefree glashouse. for
preparing plants material without virus. The health state of plans has increasing

movements in Slovakia.

A biological material used in Slovakia, nowdays do not have conditions for the European
market. Slovakia will have to certify plant material likes a member of Europen union, it is
technolgy for preparing virus-free vines. A program for health state of vines needed to test
and keep will prepar following European’s Plant Protection Organisation for safe plants

method, which is accepting in each state of Europen union.



Materials and Methods:

The analyses were accomplished by complete kits (BIOREBA). 480 complete Kits
consist of 0,1 ml IgG, 0,1 ml conjugate, 2,5 ml positive control, 2,5 ml negative control,
extraction buffer (10*/5*) 250/500ml, coating buffer 1 tablet (0,1 I), conjugate buffer (10%*)
10 ml, substrate buffer (5*) 20 ml, washing buffer 1 pouch (5 I), substrate (p NPP) 5 tablets
(0,1 1), egg albumin 25 g, urea 150 g, microtiter plates 5*F96 plates.

DAS-ELISA was used as an analytical method to identify 5 viruses, these are Arabic
Mosaic, Grapevine fanleaf virus, Grapevine Leafroll virus | and Grapevine Leafroll virus
[11. It consist of 4 phases, the first is catch a coating, when the specific antibody adsorbed
to surface of microtiter wells. Cover plates were placed in a humid box and incubated at
30°C for 4 h or at 4°C overnight. The empty wells were washed 3-4 times with washing
buffer.

After that were followed with antigen (incubation of plant extract). Different extraction
buffers were added 200pul per well. Cover plates were placed in a humid box and incubated

at 4°C overnight. It washed as in the first step.

The third step was added in conjugate (incubation of enzyme — labeled antibody). The
conjugate enzyme was diluted 1000 times in conjugate buffer and added 200ul per well.
Cover plates were placed in a humid box and incubated at 30°C for 5 h. It washed as in

first step.

The substrate was added in the last step and was brought a color reaction indicated
infected samples. 1mg/ml of p-nitrophenyl phosphate was dissolved in substrate buffer.
This buffer was added 200ul per well. It was incubated at 18-25 °C in the dark. Yellow

color reaction could read after 30-120 min visually with photometer at 405 nm.

Results and Discussion:

All the samples were analyzed by bio-analytical method, DAS-ELISA, which is an
authentic method for analyze viruses in plants. A biological material used in Slovakia,

nowdays do not have conditions for the European market. Slovakia will have to certify



plant material likes a member of Europen union, it is technology for preparing virus-free

vines.

Wine grafts were tested on 5 virus diseases, these are Arabic Mosaic, Grapevine fanleaf
virus, Grapevine Leafroll virus 1 and Ill. Grapevine fanleaf virus is widespread virus
disease of grapevine. It spread in all regions. This virus see above grade parts of plants.
Grapevine Leafroll virus, consist of four serotyps (I-1V). Symptoms of Grapevine Leafroll
virus appear after early autumn. The older leafs roll firs and later this disease attack
younger leafs. ArMV infects many plants, for example grapevine, raspberry, strawberry,
cucumber and so on. This diseas bring deformation leafs. Testing of vine on virus diseases
show, that the number of infected vineyards is increase. More than half of the tested
samples were infected by at least one of the mentioned diseases. Fig.1-5 show a number of
infected grafts to five tested viruses.

Fig.1 shows a number of infected grafts to Grapevine fanleaf virus, which were tested in
2008. The low positive grafts were represented in 45,3 %, medium positive grafts were
represented in 6,8 %, high positive grafts were represented in 20,5% and the number of

negative grafts was 27,4 %.

Grapevine fanleaf virus 2008

L R

+45,3%

Fig 1 Number of infected grafts to Grapevine fanleaf virus in 2008, + - low infectedness,
++ - medium infectedness, +++ - high infectedness, - graft without viruses

Fig.2 shows a number of infected grafts to Grapevine Leafroll virus, which were tested in

2008. The low positive grafts were represented in 45,3 %, medium positive grafts were
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represented in 6,8 %, high positive grafts were represented in 20,5% and the number of
negative grafts was 27,4 %.

Grapevine Leafroll virus 1 -2008
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++8,2%

+++6,7%

Fig 2 Number of infected grafts to Grapevine Leafroll virus in 2008, + - low infectedness,
++ - medium infectedness, +++ - high infectedness, - graft without

Fig.3 shows a number of infected grafts to Grapevine fanleaf virus, which were tested in
2008. The low positive grafts were represented in 45,3 %, medium positive grafts were
represented in 6,8 %, high positive grafts were represented in 20,5% and the number of

negative grafts was 27,4 %.

Grapevine Leafroll virus 111 -
2008
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Fig. 3 Number of infected grafts to Grapevine Leafroll virus in 2008, + - low
infectedness, ++ - medium infectedness, +++ - high infectedness, - graft without



Fig.4 shows a number of infected grafts to Grapevine fanleaf virus, which were tested in
2008. The low positive grafts were represented in 45,3 %, medium positive grafts were
represented in 6,8 %, high positive grafts were represented in 20,5% and the number of
negative grafts was 27,4 %.

Grapevine fanleaf virus 2009

.
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Fig. 4 Number of infected grafts to Grapevine fanleaf virus in 2008, + - low infectedness,
++ - medium infectedness, +++ - high infectedness, - graft without

Fig.5 shows a number of infected grafts to Arabic mosaic, which were tested in 2009.
Arabic Mosaic showed shocked results, all vines were positive The differences are just in
low, medium and high infectedness. The biggest number is in low positive grafts, which
were represented 86,7%, medium positive grafts were represented in 12%, high positive

grafts were represented in 1,3%.

Arabic Mosaic- 2009

+++1,3%

+86,7%




Fig. 5 Number of infected grafts to Arabic Mosaic in 2008, + - low infectedness, ++ -
medium infectedness, +++ - high infectedness, - graft without

Conclusions

The number of infected vineyards in Slovakia is increase. The target for the future is to
prevent of speading diseases in new planting and providing for the viniculturism the
opportunity of pre-testing of their own plants of vine as well as the possibility of their
recovery. The targets of this work were maped the health state of vine in Slovakia,
diagnozed virus diseases. We prepared virulencefree glashouse to sanify the vineyards and
to prepare certify materials.
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RESUME

L'encépagement historique frangais est un patrimoine unique par sa richesse et sa diversite.
A ce jour, on estime a prés de 450 le nombre de cépages autochtones. Les différentes
mutations que le vignoble a subies (invasion phylloxérique, maladies, crises sociales et
économiques, influences commerciales...) ont généré un appauvrissement de la diversité au
sein des régions viticoles francaises. Conscients de ce probleme, les organismes techniques
chargeés de la sélection, I’Institut National de la Recherche Agronomique (INRA) et I’Institut
Francais de la Vigne et du Vin (IFV), féderés autour de leurs partenaires par la Commission
Technique Nationale de Sélection et de Participation (CTNSP) ont mis en place une démarche
organisée et cohérente de sauvegarde et de valorisation de ces variétés autochtones. En effet
dans le respect de la Charte Nationale pour la gestion des ressources génétiques de la vigne,
les techniciens régionaux, appuyés par les ampélographes de I'INRA et de I'I[FV ont prospecté
les vieilles parcelles dans la plupart des vignobles francais et mis en place des conservatoires.
Cette réserve génétique constitue donc un patrimoine considérable, grace auquel la viticulture
frangaise pourra continuer a innover.
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ABSTRACT

The French varietal heritage is unique by its richness and diversity. We estimate that
approximately 450 grapevine varieties are native of France. These varieties are described and
maintained in the main collection, INRA Vassal. Since the middle 18th, the French vineyard
went through several crisis such as phylloxera and pests invasions, also social and economical
crisis or development of new trends in the wine consumption,... Then, numerous varieties
have today almost disappeared.

The French selection organizations led by INRA and IFV, in association with their partners,
were sensitive about this loss, considering that preservation is a priority for the scientific
community and the wine industry.

They have been developing a partnership (CTNSP) in order to give every vineyard the
possibility to maintain, evaluate and develop its specific varieties.

The National Protocol for repository brings harmonization through ampelography expertise,
DNA and virus testings,...

Then, winegrowers have now the opportunity to renew their vineyard and develop their
local patrimony.

For instance, cultivars such as Trousseau gris, Mollard, Prunelard, Rivairenc are thus
rehabilitated and, for some, vinified and marketed. These “niche” products are required by
consumers in search of authenticity and of innovation.

Introduction

Le vignoble francais, un des plus anciens au monde, recele une diversité variétale historique
parmi les plus importantes. Cette richesse trouve son expression notamment dans le cadre des
AOP et des terroirs francais. Au fil du temps, I'encépagement a progressivement évolué, au
gré des différentes mutations que le vignoble a pu connaitre (crise phylloxérique, crises
économiques, évolution du go(t des consommateurs...) conduisant a une perte de diversité
incontestable. Depuis plusieurs années, les techniciens de la filiere, conscients de la situation
et organisés dans le cadre de la Commission Technique Nationale de Sélection et de
Participation (CTNSP), ont mis en place différents programmes de sauvegarde et de
valorisation. Le présent article ne constitue pas un inventaire exhaustif des démarches mais
rend compte de certaines initiatives régionales exemplaires.

Rappel du contexte :

400 a 450 cépages peuvent étre considérés comme originaires de France (Lacombe, 2002).
Seuls 294 variétés (cuve et table) sont inscrites au Catalogue Officiel National (source CTPS,
section vigne 2010). Depuis 1958 (cadastre viticole francais, IVCC), la part des 20 a 40
cépages majoritaires n'a cessé de croitre (figure 1).
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Figure 1 : évolution de la part des cépages majoritaires du vignoble de cuve frangais de 1958 a 2000.

Parallelement & cette perte de diversité variétale, une structuration de la conservation
viticole francaise s'est organisée, et ce, a différents niveaux :

- Collection internationale des cépages et Vitacées de I'INRA de Vassal (34340
Marseillan-France), comprenant environ 5 500 accessions de Vitis vinifera originaires de 54

(Boursiquot, communication personnelle)

pays, ainsi que des porte-greffes, des hybrides interspécifiques et des especes de Vitacées.

- Collection de I'Institut Francais de la Vigne et du Vin, Pble National Matériel
Végétal au domaine de I'Espiguette (30240 Le Grau du Roi - France), conservatoire des

clones sélectionnés (environ 4 000 clones, dont plus d’un millier agréés et diffuses).

- Conservatoires génétiques régionaux (diversité inter et intra-variétale) (figure 2)
Ces conservatoires sont gérés par des structures consulaires, des interprofessions ou des

associations chargées d'assurer la sauvegarde du patrimoine variétal de leur région.
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Figure 2 : Effectifs cumulés des conservatoires de clones de vignes en France (IFV, 2010)




Ce réseau de partenaires est fédéré autour de I'IFV et de I'INRA de Montpellier dans le
cadre de la Commission Technique Nationale de Sélection et de Participation, qui regroupe 33
structures (figure 3). La base de données de ce réseau est consultable a I'adresse suivante :
http://bioweb.ensam.inra.fr/collections_vigne.
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Figure 3 : Carte des partenaires de la sélection vigne frangaise

C'est dans ce contexte que I'IFV, I'INRA et leurs partenaires ont élaboré un cadre technique
permettant une cohérence et une rigueur dans les différentes actions de conservation de la
vigne en France. Ces actions sont réalisées dans le respect de la Charte Nationale pour la
gestion des ressources génétiques de la vigne, consultable a I’adresse suivante :

http://bioweb.supagro.inra.fr/collection_vigne/Charte.html.

Ce document (Méthode d'installation, de gestion et d'étude des conservatoires de
clones de vigne, section Vigne du CTPS, 2005), précise notamment :
- les régles a suivre durant la phase de prospection des ressources génétiques :
* caractériser la variété et sa diversité
* privilégier les parcelles agées
* privilégier le nombre de parcelles au nombre de souches par parcelle

- |'état sanitaire et les tests a réaliser :
* GFLV et ArMV
* GLRaV-1, 2 et 3
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- les modalités liées a la realisation des plants de vigne :
* traitement a I'eau chaude vis-a-vis des phytoplasmes
* utilisation de porte-greffe de catégorie base

- I'implantation du conservatoire :
* choix du site
* dispositif

- le suivi technique et I'entretien du conservatoire :
* remplacements
* suivi sanitaire

- I'étude des accessions conservees :
* caractéristiques morphologiques
* caractéristiques agronomiques voire génétiques
* sensibilités diverses

Sauvegarde de variétés non inscrites au Catalogue Officiel francais

Parmi les variétes historiques francaises non inscrites au Catalogue Officiel, plusieurs font
I'objet de travaux de sauvegarde en vue de leur éventuelle inscription, nous pouvons citer les
travaux sur les cépages suivants (liste non exhaustive) :

- cv. Trousseau gris G : forme grise du Trousseau N du Jura, connu dans les Charentes
sous le nom de "Chauché gris", il a été I'un des cépages les plus cultivés dans cette région
entre le 13°™ et le 18°™ siécle. 6 accessions saines (indemnes des virus GFLV, ArMV,
GLRaV-1, GLRaV-2 et GLRaV-3) ont été retrouvées dans le cadre de travaux menés par le
Conservatoire du Vignoble Charentais. Deux programmes d'essais sont en cours depuis 2005,
I'un pour I'élaboration de Pineau des Charentes, l'autre pour la production de vins de pays
charentais.

- Cépages autochtones du Gers : suite a des prospections dans les plus anciennes
vignes de ce département, une parcelle a été implantée en 2002, qui comprend 39 cépages
représentés par 113 clones. 20 de ces variétés ne figurent pas au Catalogue Officiel, et 12
étaient absentes jusqu’alors des collections (dont 9 sans dénomination connue). Des
répétitions et des cepages témoins permettent d’exploiter cette parcelle dans le cadre de
travaux d’évaluation, fruits d’un partenariat entre les Producteurs de Plaimont (union de
coopératives, initiatrice du projet) et I’IFV Sud-Ouest. Deux années de mesures et de
vinifications ont été effectuées a ce jour, et des résultats prometteurs pourraient déboucher sur
une expérimentation plus large centrée sur deux ou trois variétés qualitatives.

- Cépages autochtones du nord Aveyron: plusieurs années de recherches
bibliographiques et de prospections dans ce petit vignoble, autrefois beaucoup plus
développé, ont permis I’implantation de 6 conservatoires (Fer N, Négret de Banhars N,
Mouyssagues N, Chenin B, Saint-Céme B, Fel B), et I’inscription de deux variétés au
Catalogue Officiel (Negret de Banhars N et Saint-Come B). Actuellement, les travaux
d’évaluation se poursuivent sur le cépage Fel B, et deux parcelles vont étre installées en vue
d’une inscription dans un futur proche.




- Cépages autochtones des Pyrenées-Atlantiques : La Chambre d'Agriculture des
Pyrénées-Atlantiques réalise depuis plusieurs années des travaux de prospection et de
sauvegarde des vieilles variétés pyrénéennes. Ces prospections ont conduit a lI'implantation
d'un conservatoire de 21 variétés blanches en 2010 et un conservatoire de 14 variétés noires
est prévu pour lI'année 2011.

- Cépages autochtones de la région Corse : Le CIVAM de la région Corse mene depuis
plus de 20 ans un travail sur le patrimoine ampélographique de I7le, avec comme objectif la
valorisation des cépages anciens. Ce travail a permis la redécouverte de 23 variétés qui ont
fait I'objet d'une mise en conservatoire et en évaluation pour 154 clones. La part des cépages
corses atteint désormais plus de la moitié de I'encépagement local. 6 variétés anciennes ont eté
introduites dans les décrets AOP en plus des 3 cépages principaux. 14 variétés insulaires sont
inscrites au Catalogue Officiel et 3 font I'objet d'une demande d'inscription (Cualtacciu B,
Brustianu B, Rossula bianca B)

- cv. Mornen N : ce cépage rencontre en Savoie, dans la Vallée du Rhone a eté décrit
vers la fin du 19°™ siécle par Mas et Pulliat (Boursiquot et Lacombe, 2009). Cultivé a I’état
de traces dans le vignoble de la Vallée du Gier, il a récemment été reconsidéré par les
vignerons locaux, et I’Association pour le développement des Coteaux du Gier a initié une
démarche afin de I’inscrire au Catalogue Officiel. Ces travaux s’inscrivent dans une volonté
d’identification d’un vignoble local et de développement de ses variétes les plus anciennes.

-_Cépages autochtones de Franche-Comteé : depuis 2004, la Société de Viticulture du
Jura et la Chambre d'Agriculture du Jura ont mené des prospections dans le vignoble
jurassien. Ce travail important de sauvegarde va permettre des 2011 la réalisation d'un
conservatoire sur la commune du Vernois (39210 - France). 130 accessions représentant 55
variétés seront regroupées dont certaines considérées comme trés rares dans le vignoble
(Peurion B, Béclan N, Mezi N, Gueuche noir....)

Au dela de ces actions menées dans le cadre du réseau de partenaires de la CTNSP, on peut
également citer :

- la sauvegarde des cépages auvergnats (dont notamment le Noir Fleurien N, le
Limberger N, ..) par la Fedération Viticole du Puy-de-Dome et la Sicarex du
Beaujolais,
- les travaux de conservation menés par le Centre d'Ampélographie Alpine pour les
cépages savoyards a Villard d'Héry (73800 - France) en complément des travaux
initiés par la Chambre d’Agriculture de Savoie sur les cépages autochtones majeurs
(Mondeuse N, Jacquere N...).



Valorisation de variétés inscrites au Catalogue Officiel francais

Plusieurs cépages secondaires, pourtant déja inscrits au Catalogue Officiel francais, ne font
I'objet d'une valorisation, notamment par la sélection clonale, que depuis peu de temps :

- cv. Claverie B : originaire du bassin de I'Adour, le Claverie B n'est plus cultivé dans
son vignoble d'origine : les Landes. Un conservatoire de 32 accessions a €té mis en place en
2003 sur la commune d'Eugénie-les-Bains par la Chambre d'Agriculture des Landes. A ce
jour, il n'y a pas encore de clone agréé.

- cv. Durif N : Connu aux Etats-Unis sous le nom errone de "Petite Syrah", il était
répandu dans le sud-ouest de la France au 19°™ siécle. Actuellement, ce cépage a
pratiquement disparu du territoire national, avec une surface cultivée inférieure a un hectare
(IFV, 2007). L'IFV Sud-Ouest a mené des travaux qui ont récemment permis I'agrément du
clone 1130.

-_cv. Knipperlé B : non reconnu en AOP Alsace, il est pourtant tres ancien dans cette
région ou sa surface cultivée a pu atteindre les 5 000 ha (Schneider, communication
personnelle). 1l s'agit d'un cépage issu d'un croisement de Gouais B x Pinot. A ce jour, il n'y a
pas de clones agréés de ce cépage, mais un conservatoire de 65 accessions a été implanté en
2003 suite aux travaux menés par le CIVA et I’INRA.

- cv. Mollard N : originaire des Hautes-Alpes, il serait probablement un des nombreux
descendants du Gouais B. Suite a des prospections menées dans la haute vallée de la Durance
a la fin des années 80, une vingtaine d’accessions sont conservées au domaine de I’Espiguette
et 2 clones ont été agréés en 2003 (clones 993 et 996). Considéré comme un cépage de
« niche », le Mollard gagne en popularité, permet I’élaboration de vins roses de bonne qualité
et fait désormais I’objet d’un intérét particulier dans la communauté viticole locale.

- cv. Prunelard N : cet ancien cépage du sud-ouest, dont une étude récente a démontré
gu’il était le pére du Cot N ou Malbec (Boursiquot et al, 2008), I’autre parent étant la
Magdeleine noire des Charentes, n’était plus cultivé que de facon anecdotique a Gaillac.
Apres I’implantation d’un conservatoire riche de 20 origines et plusieurs années d’évaluations
agronomiques et cenologiques, le cépage a intéegré deux AOP (Gaillac et Marcillac).
Actuellement, des travaux de sélection clonale sont en cours, et le cépage suscite un réel
engouement (20 ha de nouvelles plantations a Gaillac ces trois dernieres annees).

- cv. Rivairenc : cépage trés ancien du Languedoc, dénomme "Aspiran™ jusqu'en 2006,
le Rivairenc N est un cépage rustique qui existe dans le vignoble a I'état de souches éparses.
Une forme blanche et une forme grise existent également. Des travaux de prospections ont été
menés dans le Minervois a l'initiative de la Chambre d'Agriculture de I'Aude. A ce jour, il n'y
pas encore de clone agréé.

- cv. Romorantin B : originaire du Centre de la France et issu d’un croisement entre
Pinot teinturier N x Gouais B, le Romorantin B possede déja 4 clones agréés (clones 466, 873,
928 et 929). Des travaux menes par I'lFV Val-de-Loire et la Chambre d’Agriculture du Loir-
et-Cher ont permis la réalisation d'un conservatoire d'une cinquantaine de clones en 2007 dans
le Loir-et-Cher.




- cv. Savagnin rose Rs: il s'agit de la forme rose non aromatique du Savagnin blanc B.
Il était cultivé en Alsace avant 1900 ou il est nommé "Klevener de Heiligenstein”. Des
prospections dans les vignobles d'Alsace et du Jura ont permis la création d'un conservatoire
d'une quinzaine d'accessions implanté en Alsace. A ce jour, il existe un clone agréé de
Savagnin rose Rs (clone 763).

Conclusion

Face a l'érosion variétale mesurée depuis 1958, les partenaires de la sélection viticole
francaise (CTNSP) ont réagi de maniére cohérente et structurée. A ce jour, il existe 120
conservatoires implantés dans les régions viticoles, maintenant la diversité des principaux
cépages frangais, mais aussi de certaines variétés secondaires. Cependant, méme si un travail
considérable a déja été réalisé, de nombreux cépages restent encore sans conservatoires ni
clones agreés. Des actions urgentes de prospection et de sauvegarde doivent donc étre
poursuivies afin de conserver dans les meilleures conditions possibles le patrimoine viticole
francais. La valorisation du matériel végétal reste un des leviers majeurs d’une viticulture
dynamique et ouverte a I’innovation.

Remerciements a I'ensemble des partenaires de la CTNSP.
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ABSTRACT

Genetic diversity geographically diverse group of Georgian wild grape samples Vitis vinifera
subsp. sylvestris was studied. Sample analysis at four polymorphic microsatellite loci (VVMD?7,
VVMD27, VVS2, ZAG62) revealed high level of polymorphism, detecting at the same time their
individual, unique allelic profile. Genetic polymorphism in wild grape population is slightly high-
er from what has been observed in cultural varieties. The obtained results confirm strong evolu-
tionary links between the wild and cultivated grapes.

Es wurde die genetische Vielfalt geographisch unterschiedlicher Gruppen von georgischen
Traubesorten Vitis Vinifera subsp. sylvestris studiert. Durch die Untersuchung von vier polymor-
phischen Mikrosatelite Orten (VVMD7, VVMD27, VVS2, ZAG62) wurde entdeckt ein hohes Ni-
veau von Polymorphie, das auf die individuelle, unikale alelische Gestalt von der erforschten Ex-
emplaren hinweist. Genetisches Polymorphismus der wilden Traubesorten ist etwa hoher, als das
Niveau der Variation der schon beobachteten kulturellen Sorten. Daher die erzielten Ergebnisse
hinweisen auf den engeren evolutionaeren Zusammenhang zwischen den wilden und kulturellen
Traubensorten.

INTRODUCTION

The Eurasian grape (Vitis vinifera L.) is one of the most widely cultivated and economically
important agricultural crop in the world. The cultivated subspecies, Vitis vinifera subsp. vinifera
includes thousands of cultivars (5000 to 7000) and have been domesticated from the wild subspe-
cies - Vitis vinifera subsp. sylvestris, which is widespread Eurasian species, occurring as a climb-
ing vine in forests from Spain to Turkmenistan (Fig.1) [Alleweldt; Dettweiler,1994, Levadoux,
1956, Zohary; Hopf, 2000]. Subspecies sylvestris is dioecious, with female and male flowers oc-
curring in roughly the same proportion in populations and exhibit small, acidic berries relative to
cultivated grapes. According to the most researchers [Negrul, 1946, Zhukovski, 1971, Zohary;
Speigel-Roy, 1975, Jackson, 1994, Zohary; Hopf, 2000, Sauer, 1993], the South Caucasus is the
area where grapes were most likely first domesticated.
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Fig. 1. Current distribution of Vitis vinifera subsp. sylvestris (adapted from Zohary; Hopf 2000).
Isolated occurences to the east (Tajikistan, Turkmenistan) do not appear in this map.

Wild varieties of Vitis vinifera subsp. sylvestris are very abundant in the South Caucasus,
where many intermediate wild forms were observed, including those with characters associated
with cultivated forms such as white fruits, hermaphroditic flowers, and larger sized seeds [Zohary;
Hopf, 2000, Zohary; Spiegel-Roy, 1975]. Specific climatic conditions in this area were favorable
for the diversification of the wild varieties from which cultivated grapes could be chosen for do-
mestication [Jackson, 1994].

This report represents the first attempt to investigate genetic diversity of Georgian wild grape
samples.

MATERIALS AND METHODS

The wild grape samples were collected from different geographic zones of Georgia.
Table 1 represents list of investigated wild grapevine samples, with the indication of their
geographic locations.

Tab. 1. List of studied wild grapevine samples, with the indication of their geographic locations.

Vitis vinifera subsp. Geographic location of Vitis vinifera subsp. sylvestris specimens
sylvestris specimens
G-6 Gardabani reserve, Gardabani district 41° 22. 554’N, 45° 03.70’E
Q- Village Qsovrisi, Mtskheta district 41°59.17°N,  44°30.56’E
B-1 Likani, Borjomi district 41°47.51,5°N, 43°20.462°E
B-3 Chobiskhevi, Borjomi district 41°47.441°N, 43°18.149°E
S-8 Korugi forest reserve, Sagaredjo district 41937.48°'N,  4527.11'E
Qiz.-1 Vashlovani reserve, Dedoplistskaro district -
Seva Village Ruispiri, Telavi district -




Trueness to wild accessions were based on ampelographical analysis of collected grape
leaves, which were confirmed by comparing with the morphological descriptions of typical Vi-
tis vinifera subsp. sylvestris. In most cases the flowers were also investigated.

Total genomic DNA was isolated from young grape leaves. The leaves were ground in
liquid nitrogen. For DNA isolation the CTAB based extraction procedure was used [Lodhi et
al.;1994]. When necessary, extracted DNAs were purified with GenElute columns (Sigma-
Aldrich, St. Louis, MO). In the case of silica dried leaves DNA was isolated by Plant genomic
DNA extraction miniprep system (VIOGENE,USA). DNA were analyzed at four: ssrVrZAG62,
VVMD7, VVMD27 and VVS2 loci.

For the microsatellite analysis three step PCR was performed in 25 pl of reaction volumes
using Promega PCR Master Mix System: PCR Master Mix solution containing Taqg DNA Po-
lymerase, dNTPs, MgCl, and reaction buffers at optimal concentrations for efficient amplifica-
tion of DNA template by PCR. 20 pmol primers were used in each reaction (Primers were syn-
thesized by Sigma Genosys Company). Amplification were carried out by using Techne PCR
amplifier. Three step PCR protocol included 7 min denaturing at 95°C, 30 cycles of 94°C de-
naturing during 45 seconds, 50°C annealing (30 second) and 72°C extension (90 seconds),
followed by a final extension process at 72°C (7 minutes). For the electrophoresis 2,5 pl of
each PCR product was loaded on a 8% polyacrylamide/urea sequencing gel, electrophoresed by
2117 Multiphor 11 LKB Electrophoretic system and visualized by silver staining technique ac-
cording to Promega Manual. Allele sizes were determined using defined size markers. As a
control, DNA of two French cultivars (Cabernet Sauvignon and Pinot Noire) and our earlier-
studied two Georgian cultivars (Rkatsiteli and Saperavi) were used [This et al.; 2004, Tabidze
et al.; 2006].

RESULTS AND DISCUSSION

For the genetic diversity studies of Vitis vinifera subsp. sylvestris nuclear DNA microsa-
tellite analysis at four VVMD7, VVMD27, VVS2, ZAG62 polymorphic microsatellite loci
were used. Microsatellite profiles of these specimens are given in Table 2.

Tab. 2. Genetic profiles of Georgian wild grapevine populations at 4 microsatellite loci.
Allele sizes are given in base pairs (bp).

Vitis vinifera s_ubsp. sylvestris ZAG 62 VVMD 27 VVS 2 VVMD 7
specimens
G-6 196 —-192 189 - 177 139-131 254 - 235
Q- 190 -190 227 -201 145 -129 259 - 247
B-1 206 — 202 191 -191 139 - 135 249 - 243
B-3 198 -198 227 - 217 141 - 135 252 - 240
S-8 204 -198 187 -181 143 - 133 245 - 235
Qiz.-1 200 — 188 195 -175 139 -137 246 - 240
Seva 202 —-196 185 -179 143 - 141 -




Seven studied grape samples at four VVMD7, VVMD27, VVS2, ZAG62 polymorphic mi-
crosatellite loci generates 39 alleles and observed heterozygosity (Ho) are ranged from 0.857 to
1.0 with mean value 0.897. Number of alleles varied between 9-12, with a mean value 9.75
and an expected heterozygosity is also high: ranged from 0.856 at locus VVMD7 to 0.906 at
VVMD27 loci, with mean value 0.874 (Table 3).

Tab. 3. Genetic variability of Georgian wild grapevine populations at 4 microsatellite loci.

ZAG 62 | VVMD 27 VVS2 | VWMD7 Mean

Number of alleles 9 12 9 9 9.75
Observed heterozygosity (Ho) 0.857 0.875 1.0 0.857 0.897
Expected heterozygosity (He) 0.867 0.906 0.867 0.856 0.874

Mean value of genetic variability of Georgian wild grape is much higher compared to
wild grape samples from Tunisia and France [Aradhya et al.; 2003]. The most heterogeneous
locus for Georgian wild grapes is VVMD?27. It contains 12 alleles ranged from 175 to 227 bp.
227 bp long allele was outside the size range represented in the literature: In our experiments
two such alleles in specimens Q-1 and B-3 were detected [This et al.; 2004].

Our previous study revealed, that Georgian grape cultivars are characterized with high
level of genetic variability: seven studied varieties at six microsatellite loci generates 50 alleles,
with 0.833 average observed heterozygosity, which is much higher than already available data
of analyzed Vitis vinifera accessions of European countries [Tabidze et al.; 2006, Vouillamoz
et al.; 2006]. Comparison of genetic variability of cultivated and wild grape revealed high lev-
el of genetic diversity in both group of plant. Extent of genetic polymorphism in wild acces-
sions is only slightly higher, than in cultural varieties, which confirms the idea, that the wild
subspecies sylvestris has easily crossed with the cultivated subspecies vinifera, producing an ar-
ray of intermediate forms [Negrul, 1946]. Obviously, specific climatically conditions for this
region were more favorable for the natural selection of wild varieties forms, which gave rise to
multitude of new grape varieties adapted to these specific area, where they have been selected
by the human activities.

CONCLUSION

Genetic diversity analysis of wild grape samples Vitis vinifera subsp. sylvestris from
different geographic locations of Georgia at four polymorphic microsatellite loci (VVMD?7,
VVMD?27, VVS2, ZAG62) revealed high level of polymorphism, detecting at the same time
their individual, unique allelic profile. Genetic polymorphism in wild grape population is
slightly higher from what has been observed in cultural varieties. The obtained results confirm
strong relationships between the wild and cultivated grapes, also detecting the same evolutio-
nary links between them. Genetic diversity study of wild grape samples is very important from
an ethno-botanical standpoint. It helps understanding evolutionary origin of grapevine, geo-
graphical origin among wild relatives and process of its diversification. Identification of ance-
stral grape wild populations can be further applied for the selection and improvement of grape-
vine varieties.
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ABSTRACT

The study aims to analyze the effect of delaying the irrigation over the cycle on grape
quality of cv. Tempranillo, head trained, as well as the productive response, in the Duero
river Valley. The trial was carried out in 2005-2008 with the following irrigation
experimental treatments: P20 (20% ETo, from the vegetative growth stopping) and E20
(20% ETo, from veraison), both irrigated until the week before harvest. The delay of
irrigation apply until veraison slightly reduced vegetative growth, while significantly
reduced yield (27%) through out its components. The advancement of irrigation apply has
favoured total acidity and reduced soluble solids content (°Brix). The different vine water
stress slightly modified berry size, but hardly affected the ratio Fresh skin weight/Berry
weight. However, skin of P20 was more hydrated, i.e., had a higher proportion of water.
The delay of the application of irrigation has reduced the phenolic substances contained in
skins, except of proanthocyanidins, but their effects assessed in relation to each kg of fresh
grape, have favoured the amount of phenolic substances tested, due to dilution in berry of
the treatment more irrigated.

RESUMEN

El objetivo del trabajo es analizar el efecto del retraso de la época de riego en la calidad
de la uva del cv. Tempranillo, asi como en la respuesta productiva, en cepas conducidas en
vaso en el valle del rio Duero. El ensayo se ha llevado a cabo en 2005-2008, con los
tratamientos experimentales de época de riego: P20 (20% ETo, a partir de la parada de
crecimiento) y E20 (20% ETo, a partir del envero), en ambos casos hasta la semana
anterior a la vendimia. El retraso de la aplicacion del riego hasta el envero apenas ha
reducido el desarrollo vegetativo, mientras que ha reducido apreciablemente el rendimiento
a través de sus diversos componentes. El adelanto del riego ha favorecido la acidez total y
ha reducido el contenido en solidos solubles (°Brix) del mosto. El diferente grado de estrés
hidrico de las cepas modifico ligeramente el tamafio de baya, pero apenas incidié en la
relacion peso de hollejo fresco/peso de baya. Sin embargo, el hollejo de P20 estuvo més
hidratado, es decir, mostr6 mayor proporcion de agua. El retraso en la aplicacion del riego
ha reducido las sustancias fendlicas contenidas en el hollejo, excepto de las
proantocianidinas, pero sus efectos, estimados en relacion a cada kg de uva fresca, han
favorecido la cantidad de las sustancias fendlicas analizadas, debido a la dilucion en la
baya del tratamiento més regado.

INTRODUCCION

La calidad de la uva tinta viene determinada en gran medida por los compuestos
fenolicos existentes en el hollejo y las semillas de la baya, ya que estas sustancias son las
responsables del color, en el caso de los antocianos, y la astringencia, el amargor y el
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cuerpo, en el caso de las catequinas y las proantocianidinas, de los vinos. Tanto la cantidad
global como la distribucion de estas sustancias se ven modificadas por una gran variedad
de factores edafocliméticos y de cultivo (Downey et al. 2006). Entre estos factores, la
disponibilidad de agua en los diferentes estados fenoldgicos de la vifia ocupa un lugar
primordial (Garcia Escudero 1991; Nadal y Arola 1995; Dry et al. 2000; Ojeda et al. 2002;
Roby et al. 2004).

Los efectos de la carga de cosecha en la calidad del vino resultan controvertidos, pues
parecen estar mas relacionados con la capacidad del vifiedo (Yuste et al. 2002) que con la
propia carga de uva (Bravdo 1984, en Mendez et al. 2009). En relacién con este aspecto, lo
que es evidente es que el riego favorece, en mayor o menor medida, la respuesta fructifera
del vifiedo (Prichard 2007, en Mendez et al. 2009), a través de los distintos procesos y
componentes del mismo, que pueden verse alterados en funcion de la fase del ciclo
vegetativo en que se aplique el riego y de la intensidad del mismo (Ojeda et al. 2001).

Diferentes estudios han hallado que la incidencia de la disponibilidad hidrica del vifiedo
es diferente segun la familia fendlica de que se trate (Stoll et al. 2000; Kennedy et al. 2001,
2002). Se ha sugerido que los cambios en la concentracion de antocianos y taninos se
deben principalmente a efectos relacionados con el tamafio de la baya (Roby et al. 2004),
pues el riego puede modificar la relacion hollejo-pulpa de la baya, alterando la
concentracion de los compuestos fendlicos, responsables en gran medida de la calidad de
los vinos tintos (Ojeda et al. 2002; Roby et al. 2004). Un tamafio de baya menor favorece
la relacion hollejo/pulpa, aspecto fundamental, ya que la mayor parte de las sustancias que
determinan el color, el sabor y el aroma de los vinos se encuentra en la piel de la baya
(Singleton 1972; Esteban et al. 2001; Kennedy et al. 2001; Peterlunger et al. 2002). Por
otro lado, también se ha comprobado que el déficit hidrico incide en la biosintesis de estos
compuestos en la baya ( Roby et al. 2004).

De lo anterior se deduce que el efecto del riego en la composicidn fendlica de la baya
depende en gran medida, ademas de la dosis, del momento en que se aplique (Jordao et al.
1998; Ojeda et al. 2002; Roby et al. 2004; Santos et al. 2005), pues el estado hidrico de la
planta en los distintos estados fenoldgicos puede llegar a ser mas importante para la calidad
del mosto que la cantidad total de agua aportada (Matthews et al. 1988, 1990). Asi, antes
del envero, el estrés hidrico reduce el tamafio potencial de la baya, con lo que aumenta la
proporcidn de hollejo y, por tanto, la de compuestos presentes en el mismo, mientras que el
déficit hidrico después del envero puede actuar como estimulo en la sintesis de compuestos
fenolicos y, finalmente, durante la maduracién influye en la cantidad de azlcares y muy
especialmente en la de compuestos fenoélicos acumulados durante dicho periodo.

Dado que son pocos los estudios que existen sobre la incidencia del riego en vifiedos
conducidos en vaso y que gran parte del vifiedo espafiol esta conducido con este sistema, el
cual esta comenzando a ser regado en muchos casos, se considera necesario un trabajo de
investigacion de este tipo. Asi, el trabajo, englobado dentro de un amplio estudio sobre la
incidencia de dosis y época de riego en el cv. Tempranillo, analiza el efecto de la época de
riego en la calidad de la uva, asi como en la respuesta productiva, en cepas conducidas en
vaso en el valle del rio Duero.

MATERIAL Y METODOS

El ensayo se ha llevado a cabo en el periodo 2005-2008 en Valladolid, en el valle del rio
Duero (Espafia). Sobre la base de una dosis moderada de riego, se han aplicado los
siguientes tratamientos experimentales de época de riego: P20 (20% ETo, a partir de la
parada de crecimiento) y E20 (20% ETo, a partir del envero), en ambos casos hasta la
semana anterior a la vendimia. La cantidad total de agua aplicada en el verano, a través de



una aportacion semanal de riego por goteo, asi como la pluviometria de cada afio de
estudio, esta reflejada en la tabla 1. El disefio experimental fue en bloques al azar con 4
repeticiones y una parcela elemental de 9 cepas de control. En el suelo del vifiedo
experimental, plantado en 1993, se distinguen tres horizontes cuyas principales
caracteristicas se detallan en la tabla 2. La mayor parte del sistema radicular del vifiedo se
sitla en los 60 cm mas superficiales. Las cepas de Tempranillo/110R, con un marco de
plantacién de 2,7 m x 1,4 m, se han conducido en espaldera, con una poda corta en cordén
Royat bilateral de 12 yemas por cepa. La temperatura media de los meses de junio, julio,
agosto y septiembre del periodo 2005-2008 fue respectivamente de 19,2 °C, 21,9 °C, 20,6
°Cy17,3°C.

Tabla 1. Riego total (mm) aplicado en los tratamientos E20 y P20 y 2005 | 2006 | 2007 | 2008
pluviometria anual (mm) en 2005, 2006, 2007 y 2008. E20 503 | 375 | 258 | 335
P20 778 | 662 | 635 | 783
P 301 | 454 | 550 | 490

Las determinaciones experimentales se han orientado hacia la medida del desarrollo
vegetativo, la produccion y la calidad de la uva. El desarrollo vegetativo se determino a
través del peso de la madera de poda y del conteo de los sarmientos de cada cepa. El
rendimiento en uva se determino en el momento de la vendimia mediante conteo y peso de
los racimos de cada cepa. En la fecha de vendimia se realiz6 un muestreo de bayas para el
analisis de los componentes del mosto (concentracion de azucares, acidez total, pH y
compuestos fendlicos). La concentracion de solidos solubles (°Brix) se midid mediante
refractometria. La acidez total (g ac. Tartarico/L) y el pH se determinaron segun la
metodologia oficial CEE.

Los hollejos de las bayas se pesaron, antes y despues de ser liofilizados, a fin de
determinar su contenido en agua. La extraccion de compuestos del hollejo se realizo
afiadiendo 4 mL de Metanol/Férmico (95:5) a 0,5 g de una muestra homogeneizada en
tubos de ensayo color topacio. Tras agitar en vortex y dejar 5 minutos en la oscuridad, se
centrifugé a 2.500 rpm durante 5 minutos. La operacion se repitié hasta conseguir un
sobrenadante casi incoloro. Todos los sobrenadantes se reunieron en un matraz y se
completd el volumen hasta 50 mL con Metanol/Formico (95:5). En el extracto se
determinaron compuestos polifendlicos totales (expresados en mg éacido galico/L),
antocianos totales (en mg de cloruro de malvidina), catequinas (en mg de catequina) y
proantocianidinas (en mg de cloruro de cianidina) mediante los correspondientes métodos
espectrofotométricos (Riberéau-Gayon et al. 1999). Se llevaron a cabo 3 extracciones de
cada repeticion y se efectu6é un andlisis duplicado de cada una de ellas. La biosintesis de
compuestos fenolicos se ha estimado a través de la sustancia contenida en cada g de hollejo
liofilizado, asi como indirectamente a través de la concentracion referida a cada kg de uva.

Los resultados se han sometido a andlisis estadistico ANOVA-2 mediante el programa de
andlisis estadistico MSTAT-C (version 2.0).

Tabla 2. Caracteristicas fisicas de los horizontes

i ; Profundidad Elementos  Textura U.S.D.A.
presentes en el suelo del vifiedo experimental. Clase textural

(cm) gruesos (%) Arena Limo Arcilla
0-20 70,7 453 194 353 AcAr
20-45 68,8 474 195 331 FrAcAr

45-100 74,8 614 95 29,1 FrAcAr




RESULTADOS Y DISCUSION
a. Desarrollo vegetativo

El peso de madera de poda se ha visto ligeramente beneficiado por el adelanto del inicio
del riego, pues el tratamiento P20 ha mostrado valores ligeramente superiores al E20 en 3
de los 4 afios de estudio (excepto en 2008), alrededor de un 5,5% de incremento medio,
aunque sin diferencias estadisticamente significativas (tabla 3). EI nUmero de sarmientos
totales por cepa s6lo ha mostrado diferencias estadisticamente significativas, favorables al
tratamiento P20, en 2006, debidas a la mayor proliferacion de chupones, mientras que el
resto de afios el numero de sarmientos fue similar en ambos tratamientos. El peso del
sarmiento no ha mostrado diferencias constantes entre tratamientos, en ningdn caso
significativas, aunque P20 supero6 en un 15% a E20 en 2006.

En definitiva, el desarrollo vegetativo apenas ha sido levemente sensible a la época
de aplicacién del riego y, consecuentemente, al déficit hidrico inducido en E20 hasta el
envero, con una tendencia ligeramente favorable al tratamiento cuyo riego se inicia antes,
el P20.

Tabla 3. Madera de poda (kg/cepa); nimero de sarmientos totales; peso del sarmiento (g), de los tratamientos: P20 (riego
de 20% ETo desde Parada de crecimiento) y E20 (riego de 20% ETo desde Envero), en 2005, 2006, 2007 y 2008. Nivel
de significacion estadistica (Sig.): * = p < 5%; ** = p < 1%.

2005 2006 2007 2008
E20 P20 |E20 P20 |E20 P20 |E20 P20

Madera poda 0,89 094|086 091 [1,88 198|177 1,74

Sarmientos | 15,8 15,6 | 14,2 16,1**|17,6 17,7|14,7 14,0

Peso sarmiento | 56 61 | 61 59 106 122 | 122 119

b. Rendimiento

Los tratamientos aplicados han provocado diferencias en el rendimiento aunque no hayan
resultado estadisticamente significativas ningin afio de estudio (tabla 4). El rendimiento
alcanzado por P20 fue mayor que el de E20, con un aumento del 28%, 15%, 48% y 70% en
2005, 2006, 2007 y 2008 respectivamente. El rendimiento claramente inferior en 2007 y
2008 con respecto a 2005 y 2006 se debio6 a algunos problemas sanitarios ocurridos en las
cepas en dichos afos, que afectaron bastante a su rendimiento. El rendimiento de P20 se
debi6 tanto al numero de racimos como, sobre todo, al peso del racimo, aunque las
diferencias en el numero de racimos no han sido estadisticamente significativas. Las
diferencias en el peso del racimo han sido estadisticamente significativas en 2007 y 2008.
El mayor tamafio del racimo del tratamiento P20 se ha debido, en ambos afios, al mayor
nimero de bayas por racimo, ya que el incremento del peso de la baya en P20 ha sido
menos notable. EI peso de la baya ha mostrado la misma tendencia que el peso del racimo,
mayor en el tratamiento P20, aunque las diferencias no hayan sido estadisticamente
significativas ninguno de los 4 afios, como consecuencia directa del estrés hidrico sufrido
por el tratamiento E20 en julio y parte de agosto.

En definitiva, la modificacion de la fecha de comienzo del riego ha supuesto una
variacion apreciable del rendimiento y de sus componentes.




Tabla 4. Rendimiento (t/ha), nimero de racimos por cepa, peso del racimo (g) y peso de la baya (g), de los tratamientos:
P20 (riego de 20% ETo desde Parada de crecimiento) y E20 (riego de 20% ETo desde Envero), en 2005, 2006, 2007 y
2008. Nivel de significacion estadistica (Sig.): * = p < 5%; ** = p < 1%.

2005 2006 2007 2008

E20 P20 E20 P20 E20 P20 E20 P20
Rendimiento |[11,0 14,2 154 17,7 41 60 44 75
Racimos/cepa | 18,4 19,5 19,2 23,1 16,7 165 145 17,1
Peso Racimo |[ 216 268 204 206 92 137* 113 163*

PesoBaya || 1,4 15 18 17 21 23 19 22

c. Calidad de la uva

c.1. Composicidn béasica del mosto

La época de aplicacion del riego ha afectado de forma variable a diversos aspectos de la
composicion basica de la uva (tabla 5). La concentracion de sélidos solubles fue
ligeramente superior en E20 que en P20, la mayoria de los afios, excepto en 2005, sin que
las diferencias fueran estadisticamente significativas. Este resultado parece estar
relacionado con el menor rendimiento del tratamiento regado desde el envero (E20) en
comparacion con el regado desde la parada de crecimiento (P20), que también se
corresponde con una reduccién de tamafo de la baya, en general. La acidez total alcanz6
un valor ligeramente mayor en el tratamiento P20, a la inversa que el pH, sin diferencias
estadisticamente significativas en ninguno de los 4 afios.

Tabla 5. Concentracion de sélidos solubles (°Brix), acidez total (g ac. tartarico/l) y pH, de los tratamientos: E20 (riego de
20% ETo desde Envero) y P20 (riego de 20% ETo desde Parada de crecimiento), en 2005, 2006, 2007 y 2008. Nivel de
significacion estadistica (Sig.): * = p < 5%; ** = p< 1%.

2005 2006 2007 2008

E20 P20 |E20 P20 |E20 P20 |E20 P20

Solidos solubles || 21,4 22,4|23,7 22,3(22,7 22,4|23,7 23,2
Acidez total |[4,53 4,63 (4,96 503|598 6,05(599 6,16
pH 3,45 3,46(3,80 3,71(3,38 3,33(3,45 3,37

c.2. Constitucion de la baya

El estres hidrico puede alterar en diferente medida tanto la proporcion de los diferentes
constituyentes de la baya como la composicion de éstos segun han observado diversos
autores. En este sentido, el diferente grado de estrés hidrico al que se vieron sometidas las
cepas de los tratamientos aplicados apenas incidieron en la relacion Peso de hollejo
fresco/Peso de baya, como también se habia visto en estudios realizados por nuestro grupo
de investigacion cuando se aplicaron los mismos tratamientos a cepas conducidas en
espaldera (Valdés et al. 2008). Sin embargo, se ha observado un grado diferente de
hidratacién de los hollejos, de manera que en general los hollejos de las bayas de P20 (mas
riego) contienen mayor proporcion de agua, derivada de que, en todas las campafas
estudiadas, el peso de hollejo liofilizado fue mayor en E20 que en P20 (tabla 6). Este
resultado es la causa de las diferencias de tendencia encontradas en la composicion
fenolica de los hollejos segun se analicen los resultados en gramos de sustancia/gramo de
hollejo liofilizado o en gramos de sustancia/kg de uva, como se puede ver a continuacion.




c.3. Composicion fendlica

Los resultados referidos a gramo de hollejo liofilizado muestran que el retraso en la
aplicacion del riego ha supuesto en todas las campafias una reduccion de la cantidad de
sustancias fendlicas totales (IPT en mg de géalico) contenidas en el hollejo. La cantidad de
antocianos sintetizados en 2006, sobre todo, y 2007 fue mayor en el tratamiento méas
regado, P20, mientras que en 2008 fue similar en ambos tratamientos. La cantidad de
catequinas sintetizadas por el tratamiento mas regado fue mayor en todos los afios de
estudio. Contrariamente a las sustancias fendlicas citadas, y en concordancia con lo hallado
por Jordao et al. (1998), la cantidad de proantocianidinas sintetizadas por el tratamiento
méas regado fue menor. Con excepcion de las proantocianidinas y considerando las
particularidades de cada campafia, los resultados parecen confirmar que la biosintesis de
sustancias fenolicas puede verse limitada por un fuerte estrés en el periodo de preenvero
(Ojeda et al. 2002), aunque también aparece en 2007 y 2008 la relacion positiva entre la
biosintesis de sustancias fendlicas y el tamafio de baya (Roby et al. 2004; Tarter y Keuter
2005), lo que, sin embargo, ha contribuido a una mayor dilucién de dichas sustancias del
hollejo en el conjunto de la baya.

Asi, los resultados expresados en mg de sustancia/kg de uva fresca, debido a la dilucion
en el conjunto de la baya, muestran que el tratamiento méas regado (P20) presenta un
contenido de polifenoles totales claramente inferior, incluso en 2006, afio en que el peso de
baya fue menor que el de E20, dado que el hollejo de P20 esta mucho mas hidratado. Por la
misma razén, la cantidad de compuestos antocianicos referidos a kg de uva ha sido
claramente menor en el tratamiento mas regado. Asimismo, el contenido de catequinas ha
sido mayor en E20 que en P20, debido a la diferente proporcién de agua de los hollejos,
aunque en el Gltimo afio la diferencia en dicha proporcién fue menor y consecuentemente
el contenido de catequinas/kg de uva resulté muy similar en ambos tratamientos.
Finalmente, el contenido de proantocianidinas, que ya resulté mayor al referirlo a gramo de
hollejo liofilizado, aumenta claramente la diferencia entre tratamientos a favor del menos
regado, E20, al referirlo a kg de uva.

Tabla 6. Peso fresco de la baya (g), Peso seco del hollejo (g), indice de polifenoles totales (IPT) (mg &cido galico/g de
hollejo seco), Indice de polifenoles totales (IPT) (mg &cido galico/kg de uva), Antocianos (mg/g de hollejo seco),
Antocianos (mg/kg uva), Catequinas (mg/g hollejo seco), Catequinas (mg/kg uva), Proantocianidinas (mg/g hollejo seco),
Proantocianidinas (mg/kg uva), de los tratamientos: E20 (riego de 20% ETo desde Envero) y P20 (riego de 20% ETo
desde Parada de crecimiento), en 2006, 2007 y 2008. Nivel de significacion estadistica (Sig.): * = p < 5%; ** =p < 1%.

2006 2007 2008

E20 P20 E20 P20 E20 P20
Peso Fresco Baya ( g) 1,95 1,88 2,10 222 225 2,37
Peso Seco Hollejo (g) 0,121* 0,072 0,174** 0,060 0,179* 0,155
IPT (mg &c. galico/g hollejo seco) 102,7 1223 824 93,9 64,0 70,4
IPT (mg ac. galico/kg uva) 6231* 4759 6834** 2554 5077 4614
Antocianos (mg/g hollejo seco) 14,46 19,04* 14,95 15,94 12,57 11,48
Antocianos (mg/kg uva) 876* 739 1240** 434 1001* 745
Catequinas (mg/g hollejo seco) 1,72 230 152 154 106 1,32
Catequinas (mg/kg uva) 1053 876 1231 419 844 857
Proantocianidinas (mg/g hollejo seco) 8,78 5,08 5,75 534 7,09 6,42
Proantocianidinas (mg/kg uva) 5473* 1929 4962 1452 5643 4161




CONCLUSIONES

El retraso de la aplicacion del riego hasta el envero apenas ha reducido el desarrollo
vegetativo del vifiedo de Tempranillo, mientras que ha provocado una reduccion apreciable
del rendimiento (27%) a través de sus diversos componentes. El adelanto del riego ha
favorecido la acidez total del mosto, pero ha tendido a reducir el contenido en solidos
solubles (°Brix) en la mayoria de los afios. El diferente grado de estrés hidrico al que se
vieron sometidas las cepas de los tratamientos aplicados modifico ligeramente el tamafio
de la baya, pero apenas incidio en la relacion peso de hollejo fresco/peso de baya, sin
embargo, el hollejo del tratamiento regado desde més temprano estuvo méas hidratado, es
decir, mostr6 una mayor proporcion de agua.

El retraso en la aplicacion del riego ha supuesto en general una reduccion de las
sustancias fendlicas contenidas en el hollejo, excepto de las proantocianidinas, pero sus
efectos, estimados en relacion a cada kg de uva fresca, han favorecido la cantidad de las
sustancias fendlicas analizadas, debido a la dilucion de las mismas en el conjunto de la
baya que sufre el tratamiento més regado.
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ABSTRACT

The study is focused on understanding the behavior of Tempranillo cv grown with different
soil management alternatives. The trial was conducted under non irrigation conditions, during
the period 2006-2009, with the following treatments: TIL: traditional tillage; BAR: barley
(Hordeum vulgare); LEG: locust bean (Vicia monanthos) (2006) and vetch (Vicia sativa) (2007 to
2009); PER: natural grassing (2006) and fescue (Festuca orundinacea) with Ray-gras (Lolium
perenne) 50% (2007 to 2009). The cultivation of cover crop species in the space between rows
has variably affected vine water status and physiological activity, reducing leaf development
and grape yield with respect to traditional tillage cultivation. The effects have been more
pronounced with the cover crop of legume species and permanent grassing than with barley.
The influence of cover crop on grape quality has depended on the cover crop species, as well
as the annual conditions and level of yield reached.

RESUMEN

El objetivo del trabajo es conocer la respuesta del cv Tempranillo sometido a diversas
alternativas de manejo del suelo. El ensayo se ha llevado a cabo en secano, en 2006-2009, con
los siguientes tratamientos experimentales: TIL: laboreo tradicional; BAR: cebada (Hordeum
vulgare); LEG: algarroba parda (Vicia monanthos) y veza (Vicia sativa); PER: enyerbado
natural y Festuca (Festuca arundinacea) con Ray-gras (Lolium perenne) al 50 %. EIl cultivo
de cubierta vegetal en la calle ha afectado de forma variable al estado hidrico y a la actividad
fisioldgica del vifiedo, reduciendo su desarrollo foliar y el rendimiento en uva respecto al
cultivo mediante laboreo. Los efectos han sido mas pronunciados con la cubierta de especies
leguminosas y la de enyerbado permanente que con la de cebada. La influencia de la cubierta
vegetal en la calidad de la uva ha dependido de la especie cultivada, asi como de las
condiciones anuales y del nivel de rendimiento alcanzado.

INTRODUCTION

Soils in wood crops, as the vineyard, suffer severe erosion problems, especially in drought
conditions, so that the use of grass is employed as a method to combat erosion (Jimenez et al.
2007). In addition, problems of change and resistant emergence of flora, as well as the growing
ecological pressure, bring into question the use of chemical herbicides (Morlat et al. 1993).
That is why the vineyard soil maintenance is changing in recent years and the use of plant
species covering the soil between the rows of vines is increasing. On the other hand,
excessive vigor and yield are enhanced by both tillage and soil maintenance by herbicides.
The beneficial effects of the use of cover crop (Ludvigsen 2002) include improvement of soil
characteristics, limiting of water runoff and erosion (Coulon and Prud'homme 2003, Murisier 1986),
vigor and yield reduction, reduction of Botrytis attack and microclimate improvement of vineyard
(Lopes et al. 2004), which can help to improve quality and increase biodiversity. Also, the cover
crop growing in the space between rows promotes biological activity and important effects on
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the terroir (Doledec et al. 2003). The interaction between vines and cover crop in relation with
the water demand as well as with nitrogen and nutrients demand, and the physiological
activity that vines can develop influenced by competition from other growing species, are still
not well known and there are a lack of quantitative data of the effects in many areas and
environmental conditions.

Thus, the purpose of the trial carried out has been to know the physiological and agronomic
performance of Tempranillo variety subjected to different soil management alternatives. In
particular, it aims to analyze photosynthetic potential, water stress, leaf development and the
productive response of vines, as affected by different cover crops, and their impact on grape
quality in the Appelation of Origin Rueda, in the Duero river valley region, in Spain.

MATERIAL AND METHODS

The trial, located in the town of Nieva (Segovia province), belonging to the Appelation of
Origin Rueda, was carried out with Tempranillo/110R. The planting was done in 2000, at a
distance of 3.0 m between rows and 1.25 m between vines. The vineyard has been growing
without irrigation, with rainfall of 443, 469, 421 and 252 mm in 2006, 2007, 2008 and 2009
respectively. The soil where the trial is established has sandy structure fairly homogeneous
from the surface to 110 cm deep. From this depth the emergence of the water table can be
found. The training has been bilateral Royat cordon with vertical positioning of the
vegetation. The bud load was the same in all treatments, maintaining after green pruning about 1
shoot every 10 cm of cordon.

The treatments tested were as follows: TIL: traditional tillage; BAR: barley (Hordeum
vulgare); LEG: carob bean (Vicia monanthos) (2006) and vetch (Vicia sativa) (2007-2009);
ENY: perennial vegetation or natural grassy (2006) and fescue (Festuca orundinacea) with
Ray-gras (Lolium perenne) 50% (2007-2009). The data were collected during the years 2006,
2007, 2008 and 2009. The ground cover crops were planted in prior October of each year. The line
of vines remained without vegetative competition, by means of mechanical labour between vines. In
the second half of May green operations of pruning were applied on vines, removing shoots that come
from old wood buds and secondary shoots of regular pruning buds. The experimental design consisted
of randomized blocks with 4 replication per treatment, being the elemental plot of 150 vines, with 50
control vines per replication. Experimental determinations have been made to estimate
photosynthetic activity of vines at 9 and 12 hours of sunlight, vine water status (through leaf
water potential measured at 9, 12 and 15 h), leaf development (by leaf area index, LAI), grape
production, global productivity (through dry matter of the renewable parts of the vine) and
grape composition.

RESULTS AND DISCUSSION
Leaf water potential at 9:00

Leaf water potential measured at 9:00 (solar time) in 2006, 2007 and 2008 has shown a
steady decline throughout the cycle ending with values close to -1.6 MPa, depending on the
year (table 1). Legume treatment (LEG) has shown unfavorable differences with other
treatments that have been statistically significant in June 2007 and July 2008, although the
treatment PER has shown values close to LEG, or even higher, with some frequency.
Definitely, water status of individual leaf at 9:00 has not be very different between treatments,
although treatments TIL and BAR have shown, in general, less negative values than LEG and
PER, so, lower water stress than the vines of these latter treatments.



Table 1. Leaf water potential (-MPa) measured at 9:00, for treatments TIL, BAR, LEG and PER, in 2006, 2007 and 2008.
Statistical significance level (Sig): ** p < 1%, * p < 5%, - not significant.

2006 2007 2008

24 Jul 19Jun | 24Jul | 4Sep 4 Jul 21 Jul | 20 Aug | 15 Sep
TIL 1.29 0.54% 0.99 1.50 0.60 0.71° 1.28 1.61
BAR 1.26 0.51° 1.03 1.44 0.66 0.86" 1.32 1.59
LEG 1.32 0.58° 1.06 1.47 0.69 1.08% 1.30 1.62
PER 1.34 0.49° 1.13 1.48 0.53 0.86" 1.24 1.56
Slg - * - _ - *%* - -

Leaf water potential at 12:00

The leaf water potential was measured at 12 hours (solar time) in 2006, 2007 and 2008. In
2006, potential values were very similar for all treatments, being the grassing treatment (PER)
which showed more negative values in July and August. In September, water stress was
intensified, becoming similar in all treatments (table 2). The observed differences were not
statistically significant. Water potential in 2007 was down from -0.55 in June, to about -2.0
MPa in September similarly in all treatments. Treatments LEG and PER quite often showed
more negative values than the other treatments, although the differences were not statistically
significant at any time of the cycle. In 2008, the differences between treatments were higher
in early summer, showing treatment LEG more negative values than the rest, with statistically
significant differences in the two measurements made in July. Definitely, the potential
measured at 12 hours has shown, in general, a tendency of higher water stress for treatments
LEG and PER, and better leaf water status of treatment TIL, mostly, and BAR.

Table 2. Leaf water potential (-MPa) measured at 12:00, for treatments TIL, BAR, LEG and PER, in 2006, 2007 and 2008.
Statistical significance level (Sig): ** p <1%, * p <5% - not significant.

2006 2007 2008
22 24 14 31 19 19 4 24 13 4 24 4 21 20 15
Jun Jul Aug | Aug Sep Jun Jul Jul Aug | Sep | Sep Jul Jul Aug Sep
TiL | 102 [ 127 | 140 | 153 | 174 059 |075 | 1.08 | 1.28 | 157 | 1.94 | 0.65° | 0.86° | 1.31 | 1.82
BAR | 112 [ 131 [ 139 [ 153 [ 171 | 057 [073 | 113 [ 133 [ 152 [ 198 | 0.69° | 0.99° | 1.39 | 1.88
LEG | 110 [ 131 [ 143 [ 149 [ 174 064 [076 | 118 [ 132 | 157 | 205 | 0792 | 1.25¢0 | 1.37 | 1.82
PER | 111 [ 136 [ 155 | 159 | 164 | 055 [ 076 | 1.19 [ 135 [ 160 | 1.96 | 0.64° | 097° | 139 | 1.78

sig. | - - - - - - 1 -

Leaf water potential at 15:00

The treatments applied did not affect leaf water potential measured at 15:00 hours (solar
time) in 2007 and 2008 (table 3). Potential values were very similar in all four treatments, not
having noticed, of course, statistically significant differences between them none of the two
years.

Table 3. Leaf water potential (-MPa) measured at 15:00, for treatments TIL, BAR, LEG and PER, in 2007 (4 September) and
2008 (15 September). Statistical significance level (Sig): ** p < 1%, * p < 5%, - not significant.
TIL BAR LEG PER Sig. TIL | BAR | LEG | PER  Sig.

2008
1.50 1.49 1.48 1.49 - 170 | 176 |175 |1.73 -

2007

Photosynthesis at 9:00
Net photosynthesis measured at 9:00 (solar time) in 2006, 2007 and 2008, showed
differences between treatments, with higher values, in general, in treatment TIL than in the



other treatments (table 4). In both years, 2006 and 2007, treatments BAR and TIL showed
higher photosynthesis rates in July than PER and LEG, with statistically significant
differences in 2006. In 2008, the evolution of photosynthesis throughout the cycle showed
that treatment TIL reached higher rates in July than the other treatments, with statistically
significant differences on July 21% with respect to LEG and PER (table 4). In August and
September, when the level of photosynthesis is lower in general, treatments TIL and BAR
approach their photosynthesis rates to those of LEG and PER.

Photosynthesis at 12:00

Photosynthesis was measured at 12 hours (solar time) in July 2007 and throughout the
summer of 2008 (table 4). In general, treatment TIL showed the highest rate of photosynthesis
at this time, with greater differences in the month of July compared to other treatments, being
statistically significant the differences between treatments on July 21%, 2008. The evolution of
photosynthesis has shown, in 2008, a clear decrease in the months of the 2" half of summer,
resulting all treatments with a similar photosynthesis rate in August and September.

Table 4. Net photosynthesis measured at 9:00 and 12:00 (solar time) of treatments TIL, BAR, LEG and PER, in 2006 (July
24), 2007 (July 24) and 2008 (July 4 and 21, August 20 and September 15). Statistical significance level (Sig): ** p < 1%, *
p < 5%, - not significant.

2006 2007 2008

9hs 9hs | 12hs 9 hs 12 hs

24 Jul 24 Jul 4 Jul 21 Jul 20 Aug | 15 Sep 4 Jul 21 Jul 20 Aug | 15 Sep
TIL 9,02 14,1 11,0 21,5 18,22 7.2 6,1 16,5 17,12 6,1 4.2
BAR| 92 12,2 9,3 20,0 17,28 8,9 5,9 16,2 | 145 5,2 4.2
LEG | 6,5® 10,8 9,1 20,0 10,6° 8,1 5,2 16,2 10,8" 6,2 41
PER | 44° 9,6 8,0 204 | 14,7® 8,4 5,6 154 | 15,0® 6,4 39
Slg ** - - - * - - - * - -

Leaf development

The total leaf area (LAI) was measured in 2007 and 2008. In general, leaf development was
higher in 2008 than in 2007, reaching 2.5 m*m? in treatment TIL (table 5). The competition
carried out by the soil maintenance treatment to the vines was lower in treatments TIL and
BAR than in LEG and PER, in 2007 as well as in 2008. Otherwise, treatment PER got a leaf
development at the end of the cycle of only 1.7 m? and 2.0 m? per each m? of soil, in 2007 and
2008, below, increasingly, of treatments LEG, BAR and TIL, which has shown greater
development correspondent to a lower leaf water stress of the vines. The differences were not
statistically significant neither in 2007 nor in 2008.

Table 5. Leaf area index (LAI) (m?/m?) of treatments TIL, BAR, LEG and PER, 2007 2008
: S N .
Innotzgi(g);i?incir?tw& Level of statistical significance (Sig): ** p < 1%, * p < 5%, - Jul Sep Aug
' TIL 1,69 2,11 2,53
BAR 1,85 2,00 2,42
LEG 1,88 1,93 2,22
PER 1,74 1,72 2,01
Sig. - - -

Yield

The use of cover crops between rows of vines has provoked significant differences in yield
among treatments, so that vines with Tillage had higher production, with some proximity of
treatment BAR, except in 2008 when Tillage was slightly exceeded by this treatment (BAR).
Treatment TIL caused an average increase of yield, in overall years, of 7%, 31% and 34%,



compared to treatments BAR, PER and LEG respectively, with significant differences in 2006
and 2007 (figure 1). This yield increase was mainly due to cluster weight, which was
significantly higher in TIL and BAR than in PER and LEG. Berry weight was also higher in
TIL and BAR than in LEG and PER, although the differences were statistically significant
only in 2006 and 2009. With regard to fertility, expressed as number of clusters per vine,
treatment LEG has resulted less fertile while BAR and TIL have been more fertile, with
statistically significant differences in 2007 and 2008. to sum up, the cultivation of a cover
crop of any of the species tested, as opposed to the tilled soil, has caused a decrease in yield
more evident with a legume species or with grassy cover than with a barley one.
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Figure 1. Yield (t/ha), number of clusters per vine, cluster weight (g) and berry weight (g) of treatments TIL, BAR, LEG and
PER, in 2006, 2007, 2008 and 2009. Statistical significance level (p < 5%): different letters indicate significant differences
between means.

Dry matter of vines

Dry matter of vines was evaluated in 2007 and 2008. The use of cover crops between rows
of vines has resulted in significant differences of productivity between treatments, so that the
vines of treatment TIL had higher productivity, with a certain proximity of treatment BAR,
than the vines with treatments LEG and PER. Treatment TIL caused an average increase in
productivity, as average value of 2007 and 2008, of 3%, 25% and 30% with respect to
treatments BAR, LEG and PER respectively, whereas treatment BAR provoked an average
increase of 21% and 26% with respect to the previous treatments, with statistically significant
differences in both years (table 6).

2 .
Table 6. Dry matter (g/m°) of treatments TIL, BAR, LEG and PER, in 2007 and 2008. 2007 2008

Statistical significance level (Sig): ** p < 1%, * p < 5%, - not significant.
TIL 4342 4322

BAR 4222 4228

LEG 352° 343P

PER 327" 340°

Slg **% *

Grape quality

Sugar concentration has been slightly affected by the type of soil maintenance applied. The
tendency has not been the same every year, possibly due to the different environmental
conditions, and the annual yield level achieved. In 2006, treatment LEG showed a
concentration greater than the other three treatments (1.5 °Brix more than BAR and PER and




2.7 °Brix more than TIL), being these differences statistically significant. In 2007 and 2008
the sugar concentration was very similar in all four treatments applied, as well as in 2009,
even with the sugar concentration higher in LEG and lower in TIL that year. On the other
hand, the titratable acidity has maintained a similar tendency each year, showing the treatment
TIL significantly higher values than the other treatments (except in 2008), while treatment
PER presented the lowest values.

Regarding the pH, the tendency has been similar all four years. Treatment LEG showed
slightly higher values than the other three treatments, which reached similar values of pH.
This difference between treatments was statistically significant in 2006 and 2007. The total
phenolic content (IPT) has not shown a constant tendency all four years, possibly due to the
annual environmental conditions and yield. Treatments PER and LEG have shown, in general,
a higher level of polyphenols that TIL and BAR, being the differences statistically significant
in 2008 (figure 2). In 2006 and 2008 treatment PER exceeded treatment LEG in phenolic
content, while in 2007 and 2009 PER outperformed the treatment LEG in phenolic content,
although these differences were not statistically significant. The total phenolic content was
much higher in 2007 than in the other three years in all treatments tested, although the yield
was not significantly lower in that year than in other years.
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Figure 2. Sugar concentration (°Brix), Titratable acidity (g tartaric acid/L), pH and total polyphenols index (TPI) of
treatments TIL, BAR, LEG and PER, in 2006, 2007, 2008 and 2009. Statistical significance (p < 5%): different letters
indicate significant differences between means.

CONCLUSIONS

Water status and physiological activity of vines have been clearly affected by the use of soil
cover crop, so that the vines of treatments TIL and BAR had higher rates of photosynthesis, at
the same time that showed, in general, lower water stress at different times of the day, than
treatments PER and LEG. This allowed the plants, mainly of treatment TIL, achieve greater
leaf development and a higher final yield. Legume cover and Permanent cover have led to
greater competition with vines than Barley cover, clearly reducing the productivity and leaf
development with respect of this treatment. The influence of the type of soil maintenance in
grape quality has not been decisive, with a tendency of Legume cover to show greater
concentration of sugars and Tillage to have higher level of acidity, as well as a tendency of
LEG and PER to show higher phenolic content, so that the effect of vegetation cover and the
competition against vines has depended substantially on annual conditions and level of yield,
as well as on the crop species grown.
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ABSTRACT

The varietal character of wine deriving from nooraatic grapes originate mainly from the
transformation of odourless precursors, such asoglgically bound volatile compounds, into
odour-active compounds during winemaking. The useeveral training systems involves
changes in different conditions including expostwelight, intervine distance and vine
density. All these factors affect the content ofievimetabolites, including the ones that
constitute the volatile profile of grape. The objee of this work was to evaluate the
influence of different training systems such agelitree, trellis, and four rays training, on the
volatile composition oPrimitivo grape and the corresponding wine in Apulia regieree
and bound volatile fractions have been evaluatedjdsrchromatography coupled to mass
spectrometry. Results have shown that little tred a&ellis training sistems improve the
accumulation of aroma precursors and volatile camge in grape and wine.

RIASSUNTO

Il carattere varietale dei vini derivanti da uvenreyomatiche proviene principalmente dalla
trasformazione dei precursori inodori, quali i cas volatili legati, in composti odorosi
attivi durante la vinificazione. L'utilizzo di sesni di allevamento diversi comporta
cambiamenti quali I'esposizione alla luce, la diztae la densita tra i filari. Tutti questi fattori
influenzano il contenuto di metaboliti della viteclusi quelli che costituiscono il profilo
volatile dell'uva. L'obiettivo di questo lavoro &t® valutare l'influenza di differenti forme di
allevamento, come alberello, controspalliera e deed sulla composizione volatile di uve
Primitivo nella regione Puglia. Le frazioni volatili libera legata sono state analizzate
mediante gas-cromatografia accoppiata alla spettriem di massa. | risultati hanno
dimostrato che il sistema ad alberello e a conallispa migliorano I'accumulo di precursori
di aroma e di composti volatili nelle uve.

INTRODUCTION

Quality of red wine is strongly affected by volatifraction responsible for its aroma;
nevertheless, volatile wine composition dependshenaromatic potential of the grape used,
and this is in turn greatly affected by ground,cagmic techniques, climate and training
system. The use of several training systems ingot@nges in different conditions including
exposure to light, intervine distance and vine dgr{dackson, Lombard, 1993). Vine training
also influences distribution and orientation ofidgke within a canopy, and vine size (Howell



et al., 1991). All these factors affect the content ofevmetabolites, including the ones that
constitute the volatile profile of grape (Reynoktsal, 1996) and consequently the aroma
wine (Zoeckleinet al, 1998). Grape aroma compounds are present ayvdtatles, which
may contribute directly to odour, or as bound sumanjugates, which are non volatile aroma
precursors.

Investigations on the improvement of grape aromabtential and on the relationships
between grape and wine composition are of greatezordue to the growing interest in wines
with distinctive varietal character.

The objective of this work was to evaluate theueafice of different training systems such as
little tree, trellis, and four rays training, oretlvolatile composition oPrimitivo grape and
wine in Apulia region. Free and bound volatile frags of grape and wine have been
evaluated by gas-chromatography coupled to masstrepeetry, with previous sample
preparation.

MATERIAL AND METHODS

Field trials and winemaking

The experiments were carried out in 2008 Poimitivo grapes from vine planted in 1998 in
the area around Fragagnano in Apulia Region, Sautkay. Three different training systems
(little tree, four rays training, and trellis) wecempared for their effect on grape and wine
volatile composition. The vines trained on a litilee and four rays training, were grafted on
1103 Paulsen, planted 2.5 m apart in rows and dpatc2.5 m (1,600 plants/hectare), while
the vineyard with trellis training system (TW) wesaced at 1.8 m x 1.2 m. All the vines were
not irrigated. Grapes from little tree (LTG), fomys (FRG), and trellis (TG) training system
were manually harvested, placed in 20 kg plastiebcand transported to an experimental
wine-production centre. Approximately, 700 kg o&pes were processed in each assay. The
grapes were destemmed and crushed and then tradsiieto a 100 L stainless steel tank for
maceration. The juice obtained was treated witnB0L* SO, in the form of potassium
metabisulfite (KkS;0s), and inoculated withSaccharomyces cerevisig@ymasil, AEB),
previously rehydrated according to manufacturetricsions. Fermentation was carried out at
a controlled temperature (25°C). Caps were puna@gn manually twice daily. All the
tanks were emptied at same density after the emdtoholic fermentation. Finally, the wines
deriving from little tree (LTW), four rays (FRW)nd trellis (TW) trained grape were bottled
and stored at about 14°C until analysis. Each exyaat was carried out in triplicate.

Determination of volatile compounds

Free and bounded fractions of grape volatile compgeuwere recovered by solid phase
extraction (SPE), according to Di Stefano, 1991e @etermination was performed using a
gas chromatograph (Agilent Technologies 6890N) mued with a mass spectrometer
detector (Agilent Technologies 5975). The chromephic column was a capillary column
DB-WAX (60 m*0.25mm*0.25um, J&W Scientific) and tlwen temperature program was
40°C (15 min), 3°C/min up to 200°C (20 min). Thewl of carrier gas (He) was 1 mL/min.
The volume of injection was 1pL in splitless moBeee volatiles of wines were recovered by
solid phase extraction (SPE), according to the otkfbroposed by Pineiret al, 2004 and
analyzed as grape deriving ones.
The identification of the volatile compounds wasiaged by comparing mass spectra with
those of the data system library (NIST 02, P>908@) @etention indexes with published data.
Concentration of each volatile compound is expréssemg internal standard equivalents L
wine, obtained by normalizing the compound peala dcethat of the internal standard and
multiplying by concentration of the internal startig1.2 mg L'). Oneway analysis of



variance (ANOVA) using the Duncan test at level significancep<0.05 was used for
statistical analysis (Statsoft 6.0). Analysis Pipat Component (PCA) was carried out by
means of Statistica 6.0 software package.

RESULTS AND DISCUSSION

Bounded fraction of grape volatile compounds detkdty gas-chromatography coupled to
mass spectrometry have been reported in Tab.1lpgdoaccording to similarity in structure.

Tab. 1 Volatile compounds detected in bound fracté Primitivo grapes. Data are expressed as means of 3
replicates + standard deviation; nd, not detected.

Compound Retention time LTG TG* FRGY
(HgL) (HgL) (HgL)
Aldehydes
hexanal 14.73 2.1a0.5 10.6ht 1.5 10.18hkt 1.06
2-hexenal 20.60 1.9a 0.3 35bt 5 79c+ 13
benzaldehyde 34.31 74at 3 85a+t 10 88at 7
Alcohols
2-pentanol 16.31 6.5:£0.7 16+ 3 10+1.0
1-butanol 17.36 44a 4 138+ 25 75+ 13
1-Butanol-3 methyl 20.24 125a2 251ct 6 108b+ 12
3-buten-1-ol,3-methyl 22.12 4325 69b+ 13 86¢t 17
1-pentanol 22.19 5lat 2 91b+ 11 58at 5
2-heptanol 25.38 8.8a: 0.2 11.3at 1.3 9.5at0.8
2 Buten-1-0l,3 methyl 25.43 664 254b+ 40 232bt 40
1-hexanol 26.87 322ht 2 402ct 17 212at 2
3-Hexen-1-0l(E) 27.34 9.71H0.16 11.4c: 0.2 6.0at 0.2
3-Hexen-1-0l(Z) 28.27 33b2 37bt5 25at+ 3
3-penten-1-ol,4-methyl 28.46 7.9%80.19 10.2a: 0.8 1llat 3
2-hexen-1-ol(E) 29.21 33.5al.4 70ct 7 49ht 4
1-octen-3-ol 31.06 13.740.16 159c: 1.2 8.7at 1.3
1-heptanol 31.35 213k 1.7 23bt 2 l4at 2
1-hexanol,2-ethyl 32.80 7.4820.8 6.8at 1.1 7.20at 0.97
benzyl alcohol 47.93 1180a& 110 1370a: 100 1320at 16
phenyl ethyl alcohol 49.22 82240 1143ct 120 656at 30
2-methoxybenzyl alcohol 57.83 316 20b+ 3 13at 2
Terpenoids
cis-linaloloxide 30.92 4.0+0.3
2,6-octadien-1-ol 3,7-dimethyl(Z) 45.10 44ht 8 49b+ 3 30at 2
2,6-octadien-1-ol 3,7-dimethyl(E) 46.81 12941 135at 2 107at 3
2H-pyran-3-ol 42.84 25at 5 18at 2 26at 2
geranic acid 66.25 80ct 9 36at 3 52b+ 2
Acids
butanoic acid, 3-methyl 40.33 31+ 13 nd nd
3-hexenoic acid 51.55 4016 nd nd
Others
2 methoxy-4-vinylphenol 59.05 45220 83bt 8 118ct 17
methoxyphenyl ethanol 64.99 49ht 20 nd 13at 2
3-Hydroxy-beta-damascone 80.02 5730 107b+ 6 107b+ 13
methyl salicylate 44.30 34ht 14 20bt 3 7.3at 1.2




Little tree and trellis training sistems seem topiove the accumulation of some aroma
precursors, such as 2,6-octadien-1-ol 3,7-dimelyénd especially geranic acid, known to
have a positive impact odor, and cause the decrdaSé-aldehydes, known to confer wine
herbaceous odors. On the other hand, LTG showedbtirest content of 3-Hydroxy-beta-
damascon. To determine groupingsPeimitivo grapes and to evaluate relationships among
the attributes and samples, Analysis Principal Camept (PCA) was carried out. The PCA
graph is shown in Fig. 1.
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Fig. 1.PCA of bound aroma compoundsRrnimitivo varieties.

The PCA analysis oPrimitivo grapes data accounted for a total of 100% of dré&amce in
the data using two factors: factor | (64.28%) amctdr Il (35.72%). A good separation among
TG, FRG, and LTG was observed. TG samples wereactaized by alcohols; FRG by C6-
aldehydes, and other components including phenald 2-hydroxyp-damascon; LTG
samples were characterized by terpenoids and acids.

The analysis of volatile compounds of the corresjpuyn wines revealed less marked
differences between samples. A major presence ok sesters, such as esanoic, octanoic,
decanoic and lactic acid ethyl esters in LTW watected. Terpenoids were found in no
samples investigated. Further work should be addrk$o investigate how grape volatile
composition affects wine volatile composition.

CONCLUSIONS

Results have shown that little tree and trellisingd grapes seem to improve the
accumulation of some terpenoids and cause the atexid C6-aldehydes. No easy correlation
was found between grape volatile composition andesponding wine volatile composition.
Further investigations should be done in this dioec
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CIAIM

Georgia is an ancient country of viticulture andhaegy distinguished by its diversity; its
geographical sides are characterized by rare masaicture, mountainous landscapes and
very contrast climate. The relief is given pref@ein landscape division of the country; its
geo-morphological condition enables to outline sgdedlisposition of scenery types.
Harmonized microclimate, precipitation, sum of aettemperatures, exposition, mixed soils
together with technogenic factors selected for igbwal varieties condition special
characteristics of naturally semi-sweet wine.

Georgien ist ein altestes Land des Wein- und Ghaes, das sich durch die reiche Natur
unterscheidet. Seine einzelnen Regionen sind ddashseltene Mosaik der Natur, durch
Berglandschaften und ziemlich kontrastreiches Klioharakterisiert. Bei der Teilung der
Landschaften wird das Relief bevorzugt, dessen gemtngischer Zustand ermdglicht es,
die raumliche Lage der Landschaftstypen und diebMdiungsarealien dieser Typen
abzuteilen. Die Einung der ethnographischen RegioRatscha und Letskhumi, die von
einander durch Relief unterscheiden, ist zusamméndar territorialen Nahe durch die

orographischen Bedingungen, durch die Aehnlich#ter Natur- ind Wirtschaftstéatigket der
Bevoelkrung und durch die eigene Teilung der Kliakébren dieser Regionen bedingt.

Themetitle: Vitiviniculture Environment - &tection and Development

Theme subthemetitle: Viticulture - Impact of climate change in viticute

Type: Poster

L anguage: English

Title: Ecological Potential of Landscape anddueness of Specific Viticulture Zones
(Racha-Lechkhumi)

INTRODUCTION

Georgia is an ancient country of viticulture andnevimaking (area of 69,500 km
coordinates: North latitude X17and East Longitude 435). Since past times Georgians have
been familiar with grape growing and wine makingwahat is clearly demonstrated by the
wine cellar and diversity of incredible wine tabkaw of ancient times found in archeological
excavations (II-1ll millennium B.C.) as well as higjuality, distinct wine (table dry, semi-
dry, semi-sweet, sparkling, Kakhetian, Imeteriarodpiced using original technology.

Georgia is distinguished by diversity of relief arlomatic conditions, in particular there are
humid subtropical (Black Sea Coast) as well ascbatinental (East Georgia plain) and cold
(mountainous, permanently snow covered, glaciatlons) climates in the country.



Potential of landscape ecology along with aboriguagieties have a great impact on unique
identity of original wine production. Due to theesfic character of natural conditions the
agro-ethnographical (combined with natural-tradi@ib and farming economic systems)
principle of zoning has been worked out since pasds.

Almost none of the viticulture countries of the Wohas so rich aboriginal assortment of
vine as Georgia having up to 550 varieties. Over ¢lentury those varieties had been
developed and spread as endemic groups of KakKatili, Imereti, Racha-Lechkhumi,
Guria, Samegrelo, Adjara and Abkhazia in favoura&gi@ogical conditions.

In landscape zoning of the country the prefereaagven to the relief as geo-morphological
conditions enable to line out special dislocatidnlandscape types and areas of their
extrapolation. Uniting Racha and Lechkhumi - thai$ierent (in terms of relief) ethnographic
provinces was conditioned by similarity of orograptconditions and natural-farming
activities of local communities along with vicinityf territories. Peculiar distribution of
climatic factors is conditioned by the fact thag territory is surrounded by high ridges from
all sides and open to South-west side by narrowgegrof the rivers (Rioni and
Tskhenistskali).

Racha

Location. Racha region is situated in West Georgia on Sontlstopes of Caucasus
upstream of the Rioni River. Industrial vineyards mostly located on 450-750 m above the
sea level.

The micro-zone of naturally semi-sweet wine “Khetakara” subject to the place of origin
title control is located in Kvemo Racha on the tiglank of the Rioni River along with
latitudinal direction gorge over the distance ot48bkm in the cave protected with high
ridges; it covers the villages of Tsesi, Kvatskh@@hviara, Sadmeli, Khvanchkara, Tola,
Bugeuli and Chrebalo.

Soils. Humus carbonate soils established on limestone| aral carbonate sand stone
exhaustion crust (M. Alpenidze 2009) dominate i lthwer viticulture zone; the unique vine
varieties (cv) Alexandrouli and (cv) Mujuretuli ghace their best yields on these soils. Most
of locations (60%) where high quality wines aredueed are situated on strong skeletal soils.
The positive impact of skeletal soils is reflectedthe product quality linked to its thermal
features. In the daytime the skeletal soil heatpdby sun radiation energy absorption
moderates surface air temperature by night emisaimh by this positively affects vine
physiological processes (T. Turmanidze 2003). Meeeorare and dissipated elements of
skeletal soil have great importance for vine nigtnit It has been confirmed that vineyards
located on thin skeletal soils of slopes produacsp high quality wines as in this case the
merits of wine are impacted by not so much the ghyfeatures of soil but nutrition of vine
by minerals from rock.

Vine has major requirements to the quality of soit Soil oxygen is an irreplaceable
ecological factor which undergo relevant modifioas in accordance with the variety. This
fact is related to life cycle of vegetation of tp@rticular landscape region as well as to strong
emission of carbonic acid and huge consumptiorxgfien (T. Turmanidze 2003).

Climatic Peculiarities

The weather formation is conditioned by subtropmad atmospheric processes developed
in moderate latitudes and incoming from West andtEd@he region is located in sea



subtropical humid district and is characterized mpderately cold winter and hot,
comparatively dry summer. The sum of active tempees on the said elevation ranges
between 3,750-3,38@nd precipitation in vegetation period is 640-660.

Production of original wine in the region is comalited by main agro-climatic indicators
established on Southward inclined foothills of tladinal direction, in particular: sun
radiation, thermal quantity, moderate tension ommswer temperatures and moderate
moistening of location. Here skeletal soils witleithdark color create special condition of
these soils and positively impact thermal condgiaf vine aboriginal varieties what in its
turn helps accumulation of more sugar in vine \e$e of (cv) Mujuretuli and (cv)
Alexandrouli and gives the fruit a specific taste.
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Drawing 1: Distribution of summarized precipitation Drawing?2: Distribution of hydrothermal
in Racha-Lechkhumi (Ambrolauri, Tsageri) coefficient by vegetation periods in
Racha-Lechkhumi (Ambrolauri, Tsageri)

Varieties. (cv) Alexandrouli and (cv) Mujuretuli are main plection varieties of Racha
Region. They are characterized by normal growimd) @evelopment; they accumulate sugar
in big quantities (up to 28-30%) and give natura@mi-sweet red wine Khvanchkara (Tola-
Khvanchkara micro-zone) subject to place of origm;the remained locations table high
quality red wine is produced. Both varieties argtidguished by low yield but due to merits
of the product are more spread in Racha Region aoedpto the other varieties of the zone.
Notwithstanding the fact that (cv) Alexandrouli iy can freely fructify in almost any
viticulture region of Georgia it seldom goes beydRdcha borders; it is well adopted to
Racha’s droughts and slightly inclined immatureslstal, limy, clay stone soils. Harvest and
quality of vine variety (cv) Alexandrouli apart frovineyard location and soil conditions
depends on meteorological conditions i.e. how wHrenvegetation period is and how evenly
precipitation is distributed during the said perigdn the elevation of 450-800 m (cv)
Alexandrouli vine variety starts maturing in thesed part of August up to early September
(12.VII-22. VII), (warmth accumulation 2,450-2,0%C) and full fructification commences
from 25.09 to 10.10 during accumulation of 3420286 total warmth. The total period
from budbreak through full fructification consigis169-172 days. As the elevation increases
(for maturing start and full fructification) the rsuof temperatures gradually reduces what can
be explained by increase of direct sun radiatiomatds the said direction. Within the said
elevation range on Southern slope of Lechkhumi &itig sugar content in (cv) Alexandrouli
grape juice collected in late September early Gatab 20-26%, titratable acidity 6.5-9.5
g/dnt. Sugar content in (cv) Alexandrouli vineyards kechup to 600 m elevation is 24-26%,



titratable acidity — 6.5-7.5 g/dm3; on the elevatad 600-800 m sugar content is 24-20% and
acidity ranges between 7.5-9.5 gfdmlong with the above mentioned the following vine
varieties are spread in Racha Region: (cv) Tsukigidetra, (cv) Tsolikouri, (cv) Rachuli
Mtsvane (Kvishkhuri), (cv) Dzvelshavi, (cv) Sapéardcv) Rkatsiteli, (cv) Rko, (cv) Rachuli
Kapistoni, (cv) Ojaleshi, (cv) Mgaloblishvili, (cW§undza, (cv) Usakhelouri, (cv) Aligote.

In the villages Tsakhi, Baji, Ghadishi, Bugeuli, iKishi etc at the elevation of 450-800 m
the sum of active temperatures ranges between 328800C; at the elevation of 800-900 m
it reduces down to 2,900-2,7A On up to 650 m elevation the sum of temperatis&®-
12C less and on 700-900 m it is 140-1%D less compared to the other river side similar
elevations. Here the vine varieties of (cv) Tachidtra, (cv) Mtsvivani Rachuli and (cv)
Tsolikouri having white grapes produce wine witloddaste features.

Tablel
Temperature | ndicators of Main Phenological Stage of Vine Varietiesin Racha-L echkhumi
Bud Period Duration ;
Blossoming (days) Grape Quality
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Alexandrouli 10V | 12,4 | 25V | 13.VII | 2450| 28.IX| 3400 15X 171 12 25,5 7,0 630
Mujuretuli 10V | 12,4 | 25V | 15VII | 2500| 28.X| 3400 15X 171 12 26,8 5.8 630
Usakhelouri 140V | 11,2 | 1VI| 15VII | 2400| 10.X| 3450 15.X 179 21 23-25 7-8 650
Rachuli Tetra 131V | 11,0 | 25V | 25Vl | 2600| 30.X| 3200 15X 170 12 20-22 7-8 650
Orbeluri 130V | 11,0 | 25V | 25Vl | 2600| 30.X| 3300 15X 170 12 22-23 | 7,5-8,0| 650
Tsolikouri 10V | 11,7 | 26.vV| 16Vl | 2700 8X | 3800 21.X 182 225 | 22-24 | 75-95| 600
L echkhumi

Location. Lechkhumi is located on the right bank of the RiBiver in the coastline. The
coordinates are 421’ North latitude and 4#84’ of East longitude at the elevation of 435 m
above the sea level. The viticulture productionezohthe semi-sweet wine “Tvishi” subject
to the place of origin title control spreads on the West plains of Racha Ridge and East
slopes of Khvamli Massif on the right bank of them River and covers the villages of
Tvishi and Alpana. In terms of relief these locatiagepresent slightly and averagely inclined
slopes of various exposition with minor terraceelikatting. The total inclination is directed
towards South-east and East.

Soil. Humus carbonate, delluvial and black soils witirtldiversity.

Climatic Peculiarities. It is characterized by humid climate moderatedydcwinter and
long warm summer. The duration of vegetation per®d®09 days. The sum of active
temperatures is 3,700-3,8@) the annual precipitation is 1,095 mm.



Variety. (cv) Tsolikouri is a standard

H.m vine variety of local origin which is

- widely spread in viticulture zone (dry and
humid) of West Georgia; duration of its

ik vegetation period noticeably fluctuates

compared to ecological conditions of
separate districts.
700 - Vine variety of (cv) Tsolikouri
produces best quality wine yielded in
vineyards located on plains of Lechkumi,
500 - far West slopes of Racha Ridge and East
plains of Khvamli Massif as well as on

| slopes slightly and averagely inclined
SO T towards the Rioni River bank. It is

=

gE & & & 8 RE notable that apart from high sugar content

LT S (28%) this variety maintains acidity and

gives full, cheerful semi-sweet wine with

——— Racha high alcohol contents.

Tiachidiin Due to similar relief, climatic and soil

conditions vineyard lines grown on

Drawing 3: Distribution of Sum of Temperatures viticulture areas of Racha-Lechkhumi
(2T>10°C) above the sea level in region are directed from North to

Racha-Lechkhumi Southward and the flowing agri-

technological rules are maintained in
particular: planting layout (2.5X1.5), free
pruning, scheduled yield. The necessary agroteahmictivity for these varieties must be
considered removing tips before blossoming.

Conclusion. Geographical location, climatic and soil diversispread of aboriginal vine
varieties and traditional technology of wine makiafy Georgia have a great impact on
producing original, semi-sweet wines “Kvanchkaratdarlvishi” subject to place of origin
title control.

More than third of high quality, naturally semi-satevines of 15 trade names subject to
place of origin title control existing in Georgieegoroduced in Racha-Lechkhumi region and
have leading position in the country.
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RESUMEN

Se investigd el modelo de circulacion y permanencia de levaduras en los 6rganos
aéreos de la vid, con énfasis en las yemas, que asumen el rol de reservorio a lo largo del ciclo
anual. Se realizd muestreo aleatorio y sistematico en plantas de vid (Vitis vinifera var.
Malbec), cultivadas en espaldero alto en la zona vitivinicola de Mendoza (Argentina). Se
efectud la recoleccion aséptica de muestras a campo, observacion, conteo y descripcion
morfoldgica de las levaduras en los diferentes 6rganos aéreos de la vid (yema en actividad,
yema en reposo, hoja joven, hoja adulta, ritidomis, zarcillo, capullo floral, flor, fruto). Los
resultados indican que existen dos momentos de maxima poblacion de levaduras: a fines de
otofio en yema cerrada y a mediados de verano en yema axilar de hoja adulta. En invierno las
levaduras encuentran refugio protegidas por la pubescencia y la cAmara de aire debajo de las
pérulas en las yemas. La evolucion en el fruto en funcion de su superficie muestra poca
relacion entre ambas variables, infiriéndose que el valor a considerar seria la cantidad de
levaduras por baya, ya que en el momento de madurez se concentran en la region periférica
del rodete. Se procedi6 a la seleccion de levaduras autdctonas en diferentes regiones
vitivinicolas de Mendoza, utilizando bayas y jugos de vides. Esta metodologia es novedosa y
permite hacer un aporte en la seleccion y multiplicacion de levaduras enoldgicas, de las cuales
ya se estan comercializando tres cepas, una de ellas también en Francia.

LES BOURGEONS ET LEUR TRANSCENDANCE COMME REFUGE DE LEVURES
DANS LES PLANTES DE VIGNE

Resume: On a fait des recherches sur modele circulation et permanence de levures
dans les organes aériens de, avec emphase dans les bourgeons, qui assument le réle de reserve
le long du cycle annuel. On a effectue échantillonnage aléatoire et systématique dans les
plantes de vigne ((Vitis vinifera var. Malbec), cultivées dans la premiéere zone vinicole de
Mendoza (Argentine). On a effectué la récolte aseptique d'échantillons a domaine,
I'observation, le comptage et la description morphologique des levures dans les différents
organes aériens de la vigne (bourgeon en activité, bourgeon en repos, jeune feuille, feuille
adulte, ecorce, vrille, floral, fleur, fruit). Les résultats indiquent existent deux moments de
maximale population de levures: a la fin d'automne en bourgeon ferme et vers le milieu d'été
en bourgeon axilar de feuille adulte. En hiver les levures trouvent refuge protégé par la
pubescence et la chambre d'air sous les écailles dans les bourgeons. L'évolution de levures
dans le fruit en fonction de sa surface montre peu de relation entre les deux variables, en
impliquant qui la valeur a considérer serait la quantité de levures par baie, puisqu'au moment
de maturité ils se concentrent la région périphérique du bourrelet. On a procédé a I'élection de
levures autochtones dans différentes régions vinicoles de Mendoza, en utilisant des baies et
des jus de vignes. Cette méthodologie est nouvelle et permet de faire un apport dans la
sélection et la multiplication de levures oenologiques, de desquelles déja on commercialise
trois souches, une de d'elles aussi en France.
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THE IMPORTANCE OF BUDS AS SHELTER OF YEASTS IN GRAPEVINE PLANTS

Summary: The model of circulation and permanence of yeasts in aerial organs of grapevine
was investigated, with emphasis in the buds, that assume the roll of reserve throughout the
annual cycle. Random and systematic sampling was realized in grapevine plants (Vitis
vinifera var. Malbec), cultivated in the first wine producing zone of Mendoza (Argentina).
The aseptic harvesting from samples in field, observation, count and morphologic description
of yeasts in the different aerial organs of grapevine was accomplished (bud in activity, bud in
rest, young leaf, adult leaf, ritidomis, tendril, flower bud, flower, fruit). The results indicate
that exist two moments of maximum yeasts population: at end of autumn in closed buds and
in middle of summer in axillary buds of adult leaf. In winter the yeasts find refuge protected
by the pubescence and the air chamber underneath bracts in the buds. The yeasts evolution in
the fruit based on its surface shows little relation between both variables, inferring that the
value to consider would be the amount of yeasts by berry, since at the time of maturity they
are concentrated in the peripheral region of the peduncule. The election of native leavenings
in different wine producing regions from Mendoza was made, using berries and juice of
grapevines. This methodology is novel and allows to make a contribution in the selection and
multiplication of oenological yeasts, of which already three stocks are being commercialized,
one of them also in France.

INTRODUCCION

La fermentacidn alcoholica de los mostos es efectuada por las levaduras provenientes
normalmente de las uvas y se acepta cominmente que éstas viven en asociaciéon con la vid.
Las levaduras se hallan usualmente sobre la corteza, las hojas, las flores y en la pruina de la
baya de uva (Van Zyl and Du Plessis, 1961; Ribéreau-Gayon et Peynaud, 1964; Ribéreau-
Gayon et al, 2003). Su crecimiento en la superficie de las bayas de la vid esta determinado
por los diversos factores ambientales (temperatura, humedad), asi como por el grado de
madurez y el estado sanitario. Poco se ha investigado sobre la ecologia de las levaduras en las
vides argentinas y, por otra parte, su presencia como exclusivas de cada cepaje incide en las
caracteristicas distintivas de los vinos varietales. La obtencion de vinos de excelencia
contempla el proceso de fermentacion natural llevado a cabo por levaduras privativas de cada
variedad y su aislamiento e identificacion.

OBJETIVOS

Verificar el papel de las yemas de la vid como reservorio de levaduras. Correlacionar
los estados de desarrollo de los primordios de inflorescencias con la presencia de levaduras en
las yemas de vid. Exponer el modelo de circulacion y de permanencia de las levaduras en la
parte aérea de la planta de vid. Suministrar nueva evidencia acerca de la interaccion entre la
planta de vid y las levaduras a lo largo del ciclo vegetativo.

MATERIAL Y METODO

Se trabajo en plantas de vid var. Malbec, cultivadas en espaldero alto en Mendoza
(Argentina: 33° 00 38,23°" S; 68° 52°37,58’ Q). En una primera etapa se realizd un
muestreo aséptico y sistematico de diferentes drganos aéreos, a intervalos regulares durante
12 meses. Se extrajeron al azar todos los 6rganos de cada punto de muestreo: yema terminal,
yema lateral, hojita joven (junto al meristema apical), hoja adulta, inflorescencias con
capullos y con flores en antesis (sin caliptra), baya en distintos estados de madurez, zarcillo y




ritidomis. Se evitd el uso de tests con medios de cultivo discriminatorios, privilegiando
cultivos en jugo de uva estéril (pH=3,5) y a 25°C, un medio de cultivo natural acorde con las
condiciones normales de vinificacion, que previene el desarrollo de bacterias, y con elevado
contenido de azucares fermentables por las especies de levaduras asociadas con la
vinificacion. Los resultados se refirieron a 1 cm2 de superficie de los érganos considerados.
En una segunda etapa se extrajeron yemas de vid en el periodo previo a la brotacion y se
realizaron cortes longitudinales para su observacion microscopica. Se efectuaron cortes con
microtomo rotativo tipo Minot, previa deshidratacion e inclusion en parafina. Los cortes se
coloraron con safranina-fastgreen y safranina-hematoxilina y se conservaron en preparados
permanentes con balsamo de Canada. En preparados para observacion directa al microscopio
se aprecid la presencia de levaduras protegidas por los tricomas de los primordios foliares.

RESULTADOS

La variacion de la presencia de levaduras en los 6rganos aéreos de la planta de vid, a
todo lo largo del ciclo vegetativo (fig. 1), muestra que se dan dos momentos de maxima
cantidad de levaduras: en yema cerrada a fines de otofio (16/junio/04) con 38,75 10° lev/cm?
en yema terminal abierta con 43,75 x 10° lev/cm?, asi como en yema axilar a la hoja adulta
con 38,25 x 10° lev/cm?, a mediados de verano. Sélo durante el periodo primaveral, cuando se
produce la brotacion de las yemas para proveer a la planta de pAmpanos, hojas y flores, las
yemas son superadas por la ritidomis en cuanto a cantidad de levaduras/cm?. Estos datos,
evidencian la importancia de las yemas como reservorios de levaduras a todo lo largo del
ciclo vegetativo, excepto en el momento de transicion de yema del afio anterior a las nuevas
del ciclo siguiente. A medida que avanza la brotacion en primavera, las yemas abiertas (en
brotacion) que poseian valores muy bajos en cuanto a levaduras presentes, sufren un
incremento uniforme alcanzando su punto maximo a mediados de verano. Esta fecha
concuerda con la estabilizacion de la expresion vegetativa de la planta y la maduracion de los
frutos. Durante los meses invernales las levaduras encontrarian refugio en las yemas,
protegidas por la pubescencia que forma una camara de aire debajo de las pérulas. Si se
analiza la curva correspondiente a yema cerrada de invierno, se observa una continuidad con
las yemas apicales en brotacion y las yemas axilares a las hojas que se forman en los nuevos
brotes en primavera, uniéndose a ambas en una linea de tendencia que sigue una curva
polinomial de 2do grado, con un minimo en el momento de la brotacién, coincidiendo con el
aumento de la masa vegetativa de la planta durante la primavera.

La planta de vid presenta crecimiento acropeto, con yemas axilares protegidas por
pérulas. Las yemas presentan una estructura compleja (fig. 4), formada por un cono
vegetativo principal, acompafiado por dos conos vegetativos secundarios. Este sistema esta
protegido externamente por dos escamas o “perulas”, de color pardo y disposicion imbricada.
Una tercer pérula acompafia a la yema pronta. EI meristema apical esta rodeado por
primordios foliares; cada uno de los cuales estd acompafiado y protegido por dos estipulas
cubiertas de abundante lanosidad denominada “borra”. Es en esta borra, que consiste de
tricomas, simples unicelulares (epidermis principalmente abaxial de las escamas estipulares)
donde se observa la presencia de abundante cantidad de células de levaduras que conviven en
asociacion con la planta de vid (fig. 3).



Figura 1:

Distribucién de las levaduras en las Yemas
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Figura 2: Yema de vid en el
momento previo a su brotacién
(“desborre”).

Figura 3: Células de levaduras

conviviendo en los tricomas de la \
“borra” en yemas de vid (x400).




Figura 4: Corte longitudinal de una yema de vid (vista al microscopio optico, x100)
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CONCLUSIONES
Se ha verificado la importancia de las yemas de la vid como reservorio de levaduras. Este
hallazgo permitird seleccionar levaduras especificas de cada variedad de vid para la obtencion
de vinos de alta diferenciacion. Se dan dos momentos de maxima cantidad de levaduras: en
yema cerrada a fines de otofio y en yema terminal abierta asi como en yema axilar a la hoja
adulta a mediados de verano. Estos datos evidencian la importancia de las yemas como
reservorios de levaduras, a las cuales brindan refugio debajo de las pérulas durante los meses
invernales. La presencia de elevada cantidad de idioblastos de oxalato de calcio, en las células
de las perulas de las yemas, podria relacionarse con una funcién estructural de proteccion.
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ABSTRACT

It has been shown that Georgian variety of grapevine — Asuretuli Shavi — in conditions of the
Kvemo Kartli region of Georgia manifests fairly good resistance against the environmental
factors. It withstands extreme temperatures, well tolerates the spring-time frosts.
Although the variety is functionally female, partial possibility of its fertilization with its own
pollen has been determined. Therefore within the orchards it is feasible to search for such new
clones, the flowers of which contain many bisexual flowers. The variety is high-yielding and,
considering quality of itsfruits, it could be implemented for production of naturally-pink wines.

ZUSAMMENFASSUNG

Von deutschen Siedler wurde in den Jahren 1825 -1845 in den Wadern von Siidgeorgien, eine

Rotweinsorte ,,Assuretuli Schawi® gefunden. Sie ist eine wenig verbreitete Sorte, aber ihre
Herkunftsgeschichte und die Originalitét der Produktion haben das Interesse fir ihre Forschung
erweckt.
Die Bllte ist funktionell weiblich. Die absolute Mehrheit der Staubkorner ( 96,6% ) sind
porenlos und steril, die anderen dreiporigen aber — fertil; Die Fertilitdt - 1,6%; Relative
Frostwiderstandsfahigkeit ,,Assuretuli Schawi* ist mehr as ,,Saperawi” und , Tawkweri“. Sie
ist auch relativ frostbesténdig im Fruhling.

In der Arbeit ist die Schlussfolgerung gezogen, dass ,,Assuretuli Schawi“ ausgehend von der
Erntequalitdt und von der Widerstandsfahigkeit gegen die Umweltfaktoren zwecks der
Herstellung von natirlichen Rosa — Weinen fur die Verbereitung in der Weinbau — Zone von
Kwemo Kartli gut geeignet ist.

INTRODUCTION

In 1825-1845, in Kvemo Kartli, in the woodlands of village Asureti, a German colonist Schall
found wildly growing red-fruiting high-yielding variety of grapevine, which was named as
Schalltraube. It was widely disseminated in the colonies inhabited by Germans and in 30s of X1X
century it was described and entered into ampel ography under the name of Asuretuli Shavi.

Following expulsion of the German colonists to the Central Asiain 1941, areas of cultivated
Asuretuli Shavi decreased significantly, although a revived interest to this variety and its overall
investigation according to current requirements did occur recently.

In order to successfully implement Asuretuli Shavi, as required by theoretical and practical
views, and to polish existing information, under regulations of international institutes of plant
genetic resources (OIV, Biodiversity International, UPQOV), according to the grapevine
descriptors, at the cellular and organism levels the following was investigated: cariology,
processes for development of generation sphere, morpho-physiology of pollen; type of flower,



processes of pollination-fertilization and of fruit-bearing, resistance to abiotic factors; a new
technology of wine making from this grapes has been elaborated, etc.

MATERIAL AND METHODS

The studies have been carried out according to the methods adopted in viticulture, cytology,
biophysics, and biochemistry (Negrul, 1934; Pausheva, 1988; IPGRI, 1997; Kimura et a., 2006;
Schreiber, 2005; Compendium , 2006), as well as according to the methods developed by us
(Vashakidze, 2006; Ortoidze et a., 1990; Duering et al.,1990). The data obtained experimentally
was processed by statistical methods (Lakin, 1990).

RESULTS AND DISCUSSION

Cytological investigation of the Asuretuli Shavi has shown that the meristem tissue of roots
consists of small (length 16.2um , width 10.0um; nucleus diameter 4.9+0.1 um) cells;
chromosomal set of somatic cells is diploid (2n=38), number of the aberrant cells is within
permitted range, Mitosis proceeds normally and is fairly active (7.0+£0.3%), which, respective to
general state of an organism, points at vigorous growth and high resistance against to the
environmental factors (Vashakidze, 2007).

The flower of Asuretuli Shavi isfemale, although by other investigators (Cholokashvili, 1939;
Ramishvili, 1970) on organism level in natural conditions, as well as by us (Vashakidze, 2006) in
natural and on rooted canes in the laboratory conditions have shown developing of
morphologicaly be-sexual flowers for many years; in conditions of flower isolation and self-
pollination, some cases of normal berry set was noted along with small parthenocarpous ones; in
castrated isolated inflorescences an apomixes did occur.

Pollino-morphological studies revealed that because of anemophily of the plant, pollen grains
of Asuretuli Shavi are small. Their parameters (in air-dry condition) are: length 29.0+0.5um ,
width 22.3+0.4um , and diameter (colored in acetocarmine) 25.4+0.4um. The pollen grainin air-
dry condition has pointed shape and being moistened attains round shape. An absolute majority
of pollen grain have no pores and keep sterile, unable thus to fertilize; however, they can
produce a stimulating influence on formation of small, seedless grains. In the latter case aso
occasionally fertile, three-pore pollen (1.6+£0.3%) have been found, germination of which on the
glucose-agar medium nutrient attains 1.5%. The pollen retains viability for 7-10 days.

The above described experimental data excluded an absolute sterility of Asuretuli Shavi's
pollen; it was determined that partial fertilization with its own pollen was possible. Therefore it
was determined a feasibility of searching for such clones within the vineyards, that contain high
amount of bisexual flowers, which could be cultivated in mono cultivar vineyards and
cumbersome and costly artificial pollination procedure could be hence avoided, as well as the
problems linked with planting of multi cultivar vineyards (V ashakidze, 2008).

In order to assess relative frost-resistance of the grapevine varieties distributed in Kvemo
Kartli — Rkatsiteli, Saperavi, Tavkveri, and Asuretuli Shavi — method of rapid and delayed
fluorescence has been used. Experiments were carried out according to the following scheme: at
the end of January (when the phase of quenching is already passed), the canes were cut off and
placed into the deep-freeze chamber at -20°C temperature, for different time spans. Afterwards
changes of the chlorophyll fluorescence indices were evaluated in the apparatus of the cane
pheloderm.



The results obtained are shown in the Tab. 1. It was found that stationary value of delayed
fluorescence in the photosynthesis apparatus within the pheloderm of al varieties — S, decreases
with time, although deceleration velocity in different varietiesis different — it decreases relatively
slowly in Rkatsiteli and Asuretuli Shavi, then in Saperavi and, finaly, in Tavkveri. Nearly the
same results have been obtained in a case of variable fluorescence Fv (Tab. 1). According to the
experimental material obtained in our earlier studies (Ortoidze et al., 1990; Duering et al., 1990),
at low temperature, as slower delayed fluorescence value decreases, as higher is the plant’s
frost-resistance. Therefore, the results obtained indicate that according to their frost resistance the
varieties investigated should be arrange in the following sequence: Rkatsiteli, Asuretuli Shavi,
Saperavi and Tavkveri — so, Asuretuli Shavi has equal to Rkatsiteli frost-resistance and higher
than Saperavi and Tavkveri.

Table 1. Changes of the rapid and delayed fluorescence characteristics
in yearly shoots of grapevine, incubated at -20°C temperature

Grape Fv variable fluorescence S delayed fluorescence
# varietie

s Cont. 1h 2h 4 h 6h Cont. 1h 2h 4h 6h
y | Reassitel |0 o | 0610 | 0580 | 0540 |0528| 36 | 30 | 28 | 28 | 28

2 | Saperavi | 0,713 | 0,658 | 0,612 | 0,540 | 0,510 3,2 2,2 2,3 2,0 2,5

3 | Tavkveri | 0,686 | 0,560 | 0,510 | 0,460 | 0,443 34 2,3 21 18 15

4 ?;E:\)/tiu' 0,719 | 0,680 | 0580 | 0,510 | 0,480 3,0 2,5 2,5 2,1 1,8

Asuretuli Shavi manifested significantly higher spring frost resistance relativly to other
varieties, including Rkatsiteli. In late April of 2006, in the village of Asureti a sharp decrease of
temperature did occur (-2°C at night). As a result, a yield of Asuretuli Shavi decreased only by
30%, while that of Rkatsiteli and other varieties — by 46%.

Considering the global warming trends during last years, a high importance attained a tolerance
of grapevine against extremely high temperatures. Investigation of the grapevine resistance
against high temperature was performed according to the following scheme: in a period of July-
August (which is characterized with significantly high temperatures), sampled grapevine leaves
were placed for 15 min at various temperatures. Then, the changes of delayed fluorescence
stationary values— S, were evaluated in the leaves.

As shown in the Fig. 1, the delayed fluorescence value initially decreases rapidly, and then
decrease velocity slows down. Fast decrease of the delayed fluorescence is concerned with
inhibition of ATP synthesis and CO, binding process, while slow part of its decrease is concerned
with decreased intensity of electrons, between the photosystems (Ortoidze et a., 1990).
Meanwhile, as is evident from the figure, in Tavkveri stationary value of the delayed



fluorescence decreases more rapidly than in Rkatsiteli. This could be explained by the fact that
Rkatsiteli is more resistant against high temperature than Tavkveri. Asuretuli Shavi holds a
middle position in resistance against to high temperatures.

1,0 |

05|

+30°¢ +40°C +50°C +60°C 0
Temperature, "C

Fig. 1. Dependence of the stationary values of delayed fluorescence — S, on temperature.
1 —Rkatsiteli; 2 — Asuretuli Shavi; 3 — Saperavi; 4 — Tavkveri.

Coming from here the frost-resistance of tested cultivars is rank in the following order:
Rkatsiteli, Asuretuli Shavi, Saperavi and Tavkveri. So Asuretuli Shavi has equaled to Rkatsiteli
frost-resistance and higher than Saperavi and Tavkveri. As to its resistance against high
temperatures, in our opinion it is at the same level of Saperavi. Asuretuli Shavi is sufficiently
resistant against the spring frost bouts.

Above mentioned indices of Asuretuli Shavi reflect in the biochemical properties of a wine
produced from this variety: @) the wines contain diglicoside of malvidine, although like
representatives of Vitis vinifera, the malvidine monoglicoside is dominating among the
anthocyanes (Bezhuashvili et al., 2007). Besides, unlike the Euro — American hybrids, in these
wines no color ateration and misting has been reported; b) Similarly to representatives of Vitis
vinifera, in the wines of Asuretuli Shavi, 76-87% of total phenol compounds are the polymer
pro-anthocyanes; ¢) the juice of Asuretuli Shavi is of relatively low acid — 6.4 g/I, out of which
3.0 g/l is represented as potassium bitartrate and deposits in a sediment form in wine, which
results decreasing of titratable acidity. Likewise, interrelation between the wine acid and apple
acid does deteriorate.

Considering to mentioned peculiarities, Asuretuli Shavi should be proposed for production of
naturally pink wine and addition of wine acid during technological processis advisable.



CONCLUSIONS

The results obtained allow concluding that Asuretuli Shavi, in conditions of Kvemo Kartli,
demonstrates fairly high resistance against the environmental factors. It is resistant against
extreme temperatures, well tolerates to the spring-time frosts.

Notwithstanding the fact that the variety is female, it was determined that its fertilization with
own pollen is partially possible. As a result it becomes possible to search such clones in the
vineyards, the flowers of which contain many bisexual flowers.

The variety is high-yielding and, considering its peculiarities, it is expedient to implement it for
production of the pink wines.
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ABSTRACT

Grape variety identification is of great significance for resource statistics, new specie
detection and protection of genetic resources. Based on the classical ampelographic grape
identification method combined with machine learning and pattern recognition techniques in
computer science, we proposed a new cheap and fast identification method via leaf image
processing. We demonstrated its feasibility via the implementation of a prototype which could
classify 354 leaf images belonging to 20 varieties with an accuracy rate of 87%. Our
techniques can be applied to computer aided diagnosis of grape leaf diseases and new variety
discovery, as well as to quantify the classical ampelographic identification method. We
propose further work to transform this new method from a prototype into a practical software
product.

Keywords: Grape variety identification; Ampelography; Pattern recognition; Image
processing; Hu's moment invariants

RESUME

L’identification des cépages est trés importante pour les statistiques de ressources, la
déection des nouvelles espéses et la protection des ressources généiques. Basé& sur la
méthode classique de I’identification ampélographique et grice aux récents progres en
informatique, notamment la reconnaissance des formes et I’apprentissage automatique, nous
proposons une nouvelle méthode efficace et automatique par ordinateur pour 1’identification
des cépages. Nous démontrons sa faisabilité via la réalisation d’un prototype qui a pu
classifier 354 fichiers de feuilles, appartenant 220 cépages avec une preeision de 87%. Notre
technique peut s’appliquer au diagnostic des maladies de vigne, a la découverte de nouvelles
espeses et ala quantification de la mé&hode classique de I’identification ampélographique.
Nous suggé&ons des directions de recherche future afin de transformer notre prototype en
produit logiciel.
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|. Introduction

There are over 10,000 grape varieties throughout the world. About 3000 of them are widely
cultivated in production and many are wine varieties [Zhai, 2001]. Grape variety
identification is of great significance for resource statistics, new specie detection and
protection of genetic resources. OIV’s Strategic Framework includes the task for recognising
new viticultural varieties [OIV, 2005].

The classical identification method is based on ampelography [Galet, 1990; Tassie and
Blieschke, 2008]. Some new methods have been also developed recently, using different
approaches such as DNA molecular genetic marker [Bower et al., 1993; Zhang et al., 1996;
Testier et al., 1999], pollen morphology [Wang and Li, 2000], anthocyanin analysis
[Wendelin and Barna, 1994], etc. All these methods need expert intervention and are hence
quite expensive. Some of them need special devices and take a long time. Today, computer
technologies have a wide range of applications in many fields including grape production.
There are many successful examples where the computer has been used for image processing
[Li et al., 2007; Barbu, 2009] and identification of plant species [Ye et al., 2004] based on
pattern recognition. We look for a new method for identifying grape varieties combining the
computer techniques and the classical ampelography. Based on the processing of digital grape
leaf image, this new method would be rapid, efficient and nearly automatic with little or even
no human intervention. Our research objective is to develop a software product, available on
web, which will be able to tell a browser the variety of the grape leaf image that s/he uploads.

The ampelographic identification of grape varieties is based on the observation of features
on some organs of a grape, such as flower, berry, shoot and leaf. OIV has produced 2 editions
[OlV, 1983; OIV, 2009] of the document “OIV descriptor list for grape varieties and Vitis
species” which defines as a standard the ampelographic characteristics for the identification of
Vitis varieties and species. Using the 128 characteristics selected by [OIV, 1983] where each
characteristics is signed a code and may take values from 1 to 9 for all grapes, [OIV, 2000]
describes 250 wine grape varieties of its member states, by assigning a values to descriptor
codes for each variety . For a given grape sample, if each its code has the same value as the
variety V of the 250 in [OIV, 2000], this grape’s variety is classified as V. All ampelographic
experts agreed that the features of mature leaf are the most determinate for the varieties
identification. For the 128 codes, 35 of them are for leaf and 29 for mature leaf. [OIV, 2009]
adds another 18 codes from 601 to 618 on mature leaf. On the “Primary descriptor priority list”
of 14 codes, there are 9 on leaf.

In our new approach based, the main idea is to let computer calculate all the code values
instead of measuring them by a human being. Then the computer can compare these values
against the known ones as in [O1V, 2000] to find the right variety. However, on one hand, it’s
not easy to calculate some code values and on the other hand, it is not necessary to know all
these values for the identification purpose. Furthermore, some features not selected by [O1V,
2009] may also contribute to distinguish or identify varieties, for example, Hu's moment
invariants for an image [Hu, 1962].
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A digital image is composed of a pixel f(x, y) matrix where (X, y) is the index or coordinator
of the matrix. Each pixel f(x, y) represents an image dot and is described by a series of
numbers. For a binary image like a photo in an old news paper, a pixel f(x, y) is either O for
white or 1 for black. For a colour image taken by a digital camera, a pixel may be a
combination of three basic colours with different densities. Hu defined 7 moment invariants
for any digital image. Each invariant can be easily calculated as the function of its pixels f(x,
y). The 7 invariants’ values are nearly independent of the rotation, position or size of the
image of the matrix. They have been successfully used in computer pattern recognition
applications such as car registration number [Liu and Lu, 2008], static hand gesture [Liu et al.,
2008], tiger variety [Xu and Qi, 2009], human face [Gan and Zhang, 2002] and corn leaf
disease recognition [Shen et al., 2008]. Yanhua YE and Chun CHEN of Hong Kong
Polytechnic University have developed a Computer Plant Species Recognition System,
CPSRS [Ye et al., 2004] which could provide a convenient and efficient way to search and
identify plant species from a digital image file.

Departing from the works mentioned above, which consist of the cornerstone of our method,
we present our method in detail and experiment it by the implementing a software prototype
on an ordinary personal computer. We then analyze our experiment results and discuss on
some choices that have been made, the remaining problems and possible improvements as
well as applications. We conclude on the feasibility of our new method and point out the
future work.

Il. Materials and Methods

Our identification method is constructed on 4 steps: 1) collect typical mature grape sample
leaves for the varieties we want to identify, 2) scan the leaves into digital image files, 3) select
a set of characteristics or features useful for identification and computable by computer from
the images, 4) build a software classifier based on the features calculated from the sample
files.

1) Collect mature sample leaves

Following the requirements of OIV [OIV, 2009], for each variety, we collected about 10
mature leaves from different shoots at the third middle level, between berry set and veraison
time. These leaves were collected from the grape variety culture field of College of Oenology,
Northwest A&F University in Yangling, Shaanxi, China. There are a total of 500 leaves
belonging to 3 wild local varieties and 47 cultured ones including Sauvignon, Riesling,
Traminer, Sémillon, Chenin Blanc, Ugni Blanc, Muler-Thurgau, Cabernet Sauvignon,
Carignan, Gamay, Syrah, Muscat, etc.

2) Obtain digital leaf files

For each leaf, we scanned both leaf sides with the default parameters of 3 A4 size ordinary
scanners. We got a total of 1073 colour leaf image files at the resolution of 300 DPI (Dot Per
Inch). In our software prototype, we used 354 leaf files of 20 varieties.



3) Select features for identification

Naturally, the 47 features on mature leaves, coded by OIV [OIV, 2009] have been
considered. More researches have to be done for calculating some features, e.g. “density of
prostrate hairs between the main veins on lower side of blade”, OIV code 84. We have found
a way to calculate some of them, including size and circumference of blade, length of petiole,
length of wveins, etc. We select also some features, neither considered by OIV nor
ampelography, which are easy to calculate and useful for identification, e.g. Hu’s 7 moment
invariants. In order to quickly build our prototype, with the criteria of both computable and
useful, we finally selected the size and circumference of blade and Hu’s 7 moment invariants
to form the feature set or vector of 9 dimensions.

4) Build a software classifier

Let’s explain the mathematical basis of our method. Each leaf image is represented by a
feature vector L;= (fy, ... ,fs) where f;; is a real number. Such vector L; is a point in the 9
dimension feature space in mathematics. We imagine the Euclidean distance D(L4,L;) =

\/(f11 —f15)% + -+ + (fj9 — f39)% between 2 grape leaves L, and L. of the same variety should

be in average smaller than that of 2 different varieties. For the variety i, its mass centre
Ci=(cu, ..., Cis) Where cim=2}1:1ijm , fu is the m-th feature of the j-th leaf sample Lji of the

variety Vi, and its radius R;=maximum of D(C;, Lji) for j=1 to n. For a given leaf j’s vector
L;, if we only find one variety S which can satisfy D(Lj, Cs) < Rg, we can conclude that the
leaf L; belongs to the variety S.

Unfortunately, for the 354 vectors of 20 varieties, their mass centres are so close and their
radiuses are so big that the 9 dimension sphere of a variety S; at centre C; with radius R;
has intersection with the spheres of other varieties. To reduce the space occupied by each
variety, we improve the above method by detecting the 9 dimension cube which inscribed the
sphere. This can be done by finding the value range of the vector’s each dimension for every
variety. Some of leaves still cannot be distinguished. For this case, based on the fact that the
values of each dimension for each variety should satisfy the normal distribution, we introduce
the probability of a leaf L belonging to a variety S by the following formula:

P(LS) =1 -3, 5P+, dLG) = [LO) =5+ r(SD|, (S, D=max(f.)-min(f.)
where max/min(f.;) means the maximum/minimum value of j-th dimension for all samples
of the variety S.
Finally, we build our classifier with the following algorithm:



1) Find the vector L; of a leaf image i and compare L; (f;;) with the value range max/min(f.;)
of all varieties S (S=1to 20 and j=1t0 9).

2) If max(f.;)>=fi;>=min(f.;) holds for only one variety S with j=1 to 9, then the leaf L:
belongs to the variety S.

3) Else, leaf L; satisfies the relation in step 2) for m varieties S; ---,S;, . We find out all the

probabilities P(L;,S;). L belongs to the variety S; with the probability P(L; S;) which

is the maximum of P(L;S;)for j=1 to m.

I11. Results and Discussion

We developed a software prototype in Matlab implementing the above algorithm to verify
our method. The following figure 1 shows an execution of our prototype under Matlab
environment. The user selects a leaf image and then asks for the classification. The prototype
displays the image in 3 modes and prints out the variety name:

) matlab_gui_ |1

File Help

1) |

q
! i :
’ \ { ’ \ (

Color Image | Gray Image

Click to select leaf image The selected image belongs to the
grape variety Carignan

Click to clagsify the leaf image
Figure 1. Execution of classification prototype
We have tested our algorithm to classify the 354 images files belonging to 20 varieties. The

correct classification rate is of 87%. This rate is obtained by calling the classifier on all the
354 files and count the present of corrected classified ones.



The accuracy decreases when the number of varieties increases. We may resolve this
problem by increasing the feature vector’s dimensions, i.e. to find more features, and use
better classification algorithm such as SVM [Wu et al., 2008]. The latter is a well known
machine learning method for classification. It is in fact the capacity of computer to learn from
examples. After having trained it by giving many leaf samples belonging to each grape
variety, the software can decide to which variety a new leaf belongs to.

Our prototype can only classify scanned images. In order to classify digital camera images,
we have to consider factors such as photography distance and focus. On the other hand, a
camera may take photos from different angles. This may allow us to distinguish the prostrate
hairs of a leaf from the erect hairs. However, this problem can be better resolved by a 3
dimensions camera or scanner. Based on the 3D image technique, we can more easily
calculate other leaf features such as the profile of leaf (OIV code 74 [OIV, 2009]). Light wave
lengths other than visible ones, such as infrared, microwave and terahertz [Lu, 2002; Xing
and Baerdemaeker, 2005] etc. can also be used to obtain digital leaf images. These images
should supply complementary features, useful for the variety identification. By combining
these mentioned techniques, we are expected to be able to calculate all the 45 codes selected
by OIV and hence to identify all grape varieties based on digital image processing by
computer.

This new identification method may not only simplify the identification procedure, but its
techniques can also improve the classical ampelographic identification method. The current
OIV Descriptor List [OIV, 2009] uses the code values in a qualitative way. For example, the
code 65 for the size of blade takes values 1, 3, 5, 7 and 9 which means respectively, very
small, small, medium, large and very large. Our method can calculate the size of blade in
inch? or cm? effectively and automatically. We may do this for all quantifiable codes of all
known varieties. With these quantitive values, we may give a value range for each current
qualitative value on one hand, and check if the code values for the 250 varieties in [OIV, 2000]
are coherent. These techniques can be used to detect new variety and guess the parent
varieties of a new hybrid variety. In fact, the feature vector of a new variety will not belong to
any known varieties, but a hybrid one should be close to its parents’ ones. Computers
software can easily find out all the similar varieties and sort them according to the similitude.

1. Conclusions

Based on the classical ampelographic grape identification method combined with machine
learning and pattern recognition techniques in computer science, we proposed a new cheap
and fast identification method via leaf image processing. We demonstrated its feasibility by
implementing a software prototype which could classify 354 leaf images belonging to 20
varieties with an accuracy of 87%.

We are continuing our research to increase both the number of grape varieties and the
accuracy by calculating more features from digital images and improving the classification
algorithms.
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RIASSUNTO

I vitigni di varieta Bombino e Falanghina coltivati in vigneti situati nella regione Puglia,
Italia meridionale, sono stati diradati a due livelli (0% e 30%) per due anni consecutivi (2007
e 2008). I diradamento ¢ stato effettuato prima dell’invaiatura (fine luglio) eliminando 1
grappoli distali. Le proteine solubili delle bacche mature sono state estratte con acetone, acido
tricloroacetico ed frazionate in elettroforesi bidimensionale. Circa 300 spot sono stati rivelati
per le due varieta al livello 0% (tp) e circa 200 spot per quelle al livello del 30% (tso). Il
volume totale degli spot per le due varieta era molto simile a typ, nel Bombino tuttavia si
registrava un volume leggermente superiore, mentre a livello t3g il volume totale degli spot
rimaneva piu alto nella Falaghina. Questi risultati hanno dimostrato che, a livello t, il
Bombino pur avendo un minor numero di spot rispetto alla Falanghina I'espressione proteica ¢
stata maggiore mentre si riduceva il numero di proteine al livello t3. In conclusione la
gestione agronomica influenza fortemente 1'espressione delle proteine nelle due varieta.

ABSTRACT

Vines of cultivars Bombino and Falanghina grown in vineyards located in the Apulian
region, Southern Italy, were thinned at two levels (0%, and 30%) for two consecutive years
(2007 and 2008). The cluster thinning was done just before veraison (end of July) eliminating
the distal clusters. Major soluble proteins of grapevine ripe berries were extracted with
trichloroacetic acid acetone and resolved in two dimensional electrophoresis. About 300 spots
were detected for the two cultivars thinned at 0% level (typ) and about 200 spots for those
thinned at 30% level (t30). Total spot volume was similar at ty level for the two cultivars, but
slightly higher in Bombino, whereas at t3y level spot volume remained higher in Falaghina
than in Bombino. These results demonstrated that, at t, level, this latter cultivar also having a
lower number of spot with respect to Falanghina the protein expression was higher whereas
reduced the number of protein expressed t3p level. In conclusion agronomic management
strongly influence the protein expression in the two cultivars.

INTRODUCTION

Grapevine (Vitis vinifera L.) is a perennial woody vine that produces the most economically
important fruit crop in the world. Grapes contain naturally a wide range of different proteins.
They are not high in protein compared with some other fruits. However, they assume a
considerable technological and economical importance because they greatly affect the clarity
and stability of wines. Most notably, these proteins include chitinases, thaumatin-like proteins



and osmotins (Monteiro et al., 2001; Waters, et al., 1998), which are particularly stable under
winemaking conditions (low pH, proteolysis), passing selectively using to the wine. Several
authors (Koch and Ajak, 1959; Moretti and Berg, 1965; Baily and Berg, 1967) indicated that
the proteins found in grapes or must prior to fermentation may be dictated by factors such as
grape cultivar, viticultural practices, soil, climate or year, in a complex manner. Among
viticultural practices cluster thinning aims to adjust crop load so grape maturation may be
advanced and potential wine quality improved. This may be especially important in vines that
are overcopped and thus out of balance. Naor et al. (2002) reported a negative correlation
between crop load (varied by shoot and cluster thinning) and wine sensory score despite no
consistent differences in fruit composition of field-grown Sauvignon blanc studied in Israel
over three years. In a field study with Nebbiolo in the Italian Piedmont region, also conducted
over three years, removing half of the clusters at the pea-size stage (one month after bloom)
reduced yield by 43% and increased berry soluble solids by 7% and anthocyanin
concentration by 18% (Guidoni et al., 2002). In contrast, another three-year field study with
Cabernet Sauvignon in Napa Valley, California, where either one-third or two third of clusters
were removed two weeks after bloom, found that although yield was reduced by about 20%
and 33%, respectively, juice composition and wine quality were very little affected by cluster
thinning (Oughg and Nagaoka, 1984).

Grapevine protein profiles have been characterized by proteomic studies (Tesnierres and
Robin, 1992; Sarry et al., 2004; Carvlho et al., 2005; Vincent et al., 2006). Although powerful
mass spectrometry-based techniques have emerged recently, such as isotope-coded affinity
tagging (ICAT; Gygi et al., 1999), mass-coded abundance tagging strategies (MCAT; Cagney
and Emili, 202), stable isotope labelling by amino acids in cell culture (SILAC; Ong et al.,
2002), or isobaric tags for relative and absolute quantitation (iTRAQ; Ross et al., 2004), as
well as direct isotopic labelling methods using '*O (Rao et al., 2005) or D,O (Che and
Fricker, 2005), two dimensional electrophoresis (2-DE) remains one of the most efficient
strategies to isolate proteins showing quantitative variation in response to a treatment
(Rabilloud, 2002; Gorg et al., 2004). The reproducibility of 2-DE and the accuracy of sample
comparison were recently improved with the introduction of difference gel electrophoresis
(DIGE; Unlu et al ., 1997) technique.

Here, a proteomic approach to the effect of the cluster thinning on protein expression on
Bombino and Falanghina grapes, is presented. Quantitative analysis of two-dimensional gels
from grapes showed that this viticultural practice strongly influence the protein expression in
the two cultivars.

MATERIALS AND METHODS

Preparation of total protein extract from grapevine berries

The berries of two Vitis vinifera L. (cv. Bombino and Falanghina) were harvested at ripe
stage in the experimental vineyard (CRA, Apulia, Italy). The reproducibility of the whole
protocol was evaluated upon conducting three independent extractions on ripe Bombino
berries. Fresh berries were washed in tap water and weighed before extraction. All procedures
described below were carried out at 4°C. Fresh grapevine berries berries were homogenized
by manual crushing in cold 12.5% TCA-acetone solution containing 28 mM mercaptoethanol
in a ratio of 1/10 w/v, which allows the skin and seeds to stay intact. After filtration on a 40
microM Miracloth mesh, the homogenate wasincubate at — 20 °C for 60 min and the proteins
were precipitated by centrifugation at 10 000 x g for 15 min. After two washes with 85%
ethanol, the pellet was resuspended in ImL of IEF solubilisation buffer containing 2M



thiourea, 7 M urea, 4% CHAPS, 0.5% Triton X-100, 0.2 % Ampholine pH 3-10, 0.1 %
Ampholine pH 4-7 and 65mM DTT. The resulting mix was frozen and thawed, and
centrifuged at 100 000 x g for 45 min in order to remove insoluble polymers. The protein
concentration was determined according to Bradford’s method (Bradford, 1976) using bovine
serum albumin as standard.

Isoelectric focusing with immobilized pH gradient and second-dimensional gel

Proteins (700 ug) dissolved in IEF solubilisation buffer were loaded by passive overnight
rehydratation on Immobiline gradient pH 3-10 NL drystrip (GE Healthcare Bio-Sciences,
Piscataway, NJ, USA). Isoelectric focusing was conducted at 120 kVh in a Multiphor II
(LKB, Amersham Biosciencence) tank at 15 °C according to the following program of
migration:active rehydratation at 50V during 9H, ramping at 1.5 kV for 9H, and focusing at
3.5 kV for 30 h. Strips were then equilibrated in 50 mM Tris-HCI (pH 8.8) containing 6M
urea, 30% glycerol, 2% SDS, and 2% DTT in order to reduce disulfide bridges ( 20 min upon
gentle stirring) followed by alkylation upon addition of 2.5% iodoacetamide for 20 min.
Second-dimensional SDS-PAGE was performed in 10% acrylamide gels using an Isodalt
apparatus. Running was first conducted at 40V for 12 h then at 150 V for 6 h. The spots were
stained with colloidal Coomassie Brilliant Blue G-250 (GE Healthcare Bio-Sciences,
Piscataway, NJ, USA) and the gels were scanned and analyzed with ImageMaster 2D
Platinum (GE Healthcare Bio-Sciences, Piscataway, NJ, USA).

RESULTS AND DISCUSSION

2-DE and Image analysis

2-DE analysis was performed on ripe grape berries of Bombino and Falanghina cultivars. 2-
DE gels of the cultivars are shown in Figure 1.The average number of detected spots was
about 300 for both Bombino and Falanghina thinned at 0% level (ty) (Fig 1 A) and about 200
spots for those thinned at 30 % level (t30) (Fig 1B). In particular, at t; level Falanghina showed
363 spots, most of that concentrated in the zone 1; whereas Bombino showed 303 spots, most
of that concentrated in the zone 3; at t3¢ level the two cultivar decreased the spot number: 233
for Falanghina, equally distributed in three zones (Fig. 1B), and 184 for Bombino, which tend
to express more protein at low molecular weight (zone 3) (Fig. 2B). Zhang et al. (2008)
demonstrated that the most berry plasma proteins (PM), which was resolved by two-
dimensional gel electrophoresis, were involved in metabolic and cellular processes, and that
during berry ripening the PM is a vigorous system in signal transduction and transportation of
metabolites; dynamic for energy metabolism, protein trafficking, and proteolysis. Moreover
they found that during grape berry ripening process, total PM protein content gradually
decreased. Among all identified proteins, 12 showed significant differences in terms of their
relative abundance. Increasing ubiquitin proteolysis and cytoskeleton proteins were observed
from pre-véraison to post-véraison. Zeatin Oglucosyltransferase peaked at véraison, while
ubiquitinconjugating enzyme E2-21 was down-regulated at this stage. Therefore we suppose
that the increase of protein at low molecular weight and differential expression in the two cvs
is due to proteome evolution during berry grape ripening process, gene expression of cv
constitutive proteins and interaction between genotype and environmental condition as
response to agronomic managements.



34 »10

Zone 1

Zone 2

Zone 3

Zone 1

Zone 2

Zone 3

B

Figure 1. 2-DE maps of Bombino and Falanghina grape berries thinned at 0% level
(to) A and thinned at 30 % level (t30) B. Zone 1, Zone 2 and Zone 3 indicate
respectively high, medium and low molecular weight area.

To ascertain the quantitative changes in the proteomics maps, their relative spot volumes
(%Vol) were evaluated by software-assisted analysis. In Figure 2 is reported the Falanghina
(Fig. 2A) and Bombino (Fig. 2B) spot total volume. As can be inferred from Figure 2 A, the
Falanghina ty spot area total volume is larger than tsy, showing that the expression of the
protein at higher molecular weight are those that differentiate more the two types of
viticulture practice. Also in Bombino cultivar is possible to observe that the t, spot area total
volume is larger than t3p, while a larger volume in all three zone of the ty is shown. It is
interesting to note that spot volume was similar at t, level for the two cultivars (Fig. 3 A), but
slightly higher in Bombino, whereas at t3o level spot volume remained higher in Falanghina
than in Bombino.
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Figure 2. Spot area total volume of Falanghina (A) and Bombino (B) cultivars
thinned at 0% level (t,) and thinned at 30 % level (t,).
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Results demonstrated that, at ty and t3o level, this latter cultivar also having a lower number
of spot with respect to Falanghina (Fig. 3B). So, it can be deduced that for the same expressed
proteins the Falanghina cultivar produces more protein species than Bombino, highlighted in
the higher molecular weight zone of the 2-D map.

CONCLUSION

The proteomic analysis proved a powerful tool in the revealing the influence of agronomic
management on the protein expression in Bombino and Falanghina cv. On the other hand the
increase of wine quality in thanned grape is well assessed and the diminution of protein
expression can reduce the risk of protein precipitation concurring to increase wine quality.

ACKNOWLEDGEMENTS

This work was financially supported by Ministero dell’Economia e delle Finanze, Ministero
dell’Istruzione, dell’Universita e delle Ricerca Scientifica e Tecnologica e 1’Assessorato
Bilancio e Programmazione Regione Puglia by the program ‘‘Accordo di Programma Quadro
in Materia di Ricerca Scientifica della Regione Puglia — Progetto Strategico — Title:
“‘Improvement and of variety expression of Apulian oenological production’’

REFERENCE

Bayly F.C., Berg H.W., 1967. Grape and wine proteins of white wine varietals. American
Journal of Enology and Viticulture, 24: 18-32.

Bradford M.M., 1976. A rapid and sensitive method for the quantification of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical Biochemistry,
72: 248-554.

Cagney G., Emili A., 2002. De novo peptide sequencing and quantitative profiling of complex
protein mixtures using mass-coded abundance tagging. Nature Biotechnology, 20: 163-
170.

Carvalho L.C., Esquivel M.G., Martins 1., Ricardo C.P., Amancio S., 2005. Monitoring the
stability of Rubisco in micropropagated grapevine (Vitis Vinifera L.) by two-dimensional
electrophoresis. Journal of Plant Physiology, 162: 365-374.

Che F.Y., Fricker L.D., 2005. Quantitative peptidomics of mouse pituitary: comparison of
different stable isotopic tags. Journal of Mass Spectrometry, 40: 238-249.

Gorg A., Weiss W., Dunn M.J., 2004. Current two dimensional electrophoresis technology for
proteomics. Proteomics, 4: 3665-3685.

Guidoni S., Allara P., Schubert A., 2002. Effect of Cluster Thinning on Berry Skin
Anthocyanin Composition of Vitis Vinifera cv. Nebbiolo. American Journal of Enology
and Viticulture, 53:3: 224-226.

Gygi S.P., Rist B., Gerber S.A., Turecek F., Gelb M.H., Aebersold R., 1999. Quantitative
analysis of complex protein mixtures using isotope-coded affinity tags. Nature
Biotechnology, 17: 994-999.



Koch J., Sajak E., 1959. A review and some studies on grape protein. American Journal of
Enology and Viticulture, 10: 114-123.

Monteiro S., Picarra-Pereira M.A., Mesquita P.R., Loureiro V.B., Teixeira A., Ferreira R.B.,
2001. The wide diversity of the structurally similar wine proteins. Journal of Agiculture
and Food Chemistry, 49: 3999-4010.

Moretti R.H., Berg H-W., 1965. Variability among wines to protein clouding. American
Journal of Enology and Viticulture, 16: 69-78.

Naor A., Gal Y., Bravdo B., 2002. Shoot and cluster thinning influence vegetative growth,
fruit yield, and wine quality of 'Sauvignon blanc' grapevines. Journal of the American
Society for Horticultural Scence, 127: 628—634.

Ong S.E., Blagoev B., Kratchmarova I., Kristensen D.B., Steen H., Pandey A., Mann M.,
2002. Stable isotope labeling by amino acids in cell culture, SILAC, as a simple and
accurate approach to expression proteomics. Molecular and Cellular Proteomics, 1: 376-
386.

Ough C.S., Nagaoka R., 1984. Effect of Cluster Thinning and Vineyard Yields on Grape and
Wine Composition and Wine Quality of Cabernet Sauvignon. American Journal of
Enology and Viticulture, 35: 1: 30-34.

Rabilloud T., 2002. Two-dimensional gel electrophoresis in proteomics: old, old fashioned,
but it still climbs up the mountains. Proteomics, 2: 3-10.

Rao K.C., Carruth R.T., Miyagi M., 2005. Proteolytic '® O labeling by peptidyl-Lys
metalloendopeptidase for comparative proteomics. Journal of Proteome Research, 4: 507-
514.

Ross P.L., Huang Y.N., Marchese J.N., et al., 2004. Multiplexed protein quantitation in
Saccharomyces cerevisiae using amine reactive isobaric tagging reagents. Molecular and
Cellular Proteomics, 3: 1154-1169.

Sarry J.E., Sommerer N., Sauvage F.X., Bergoin A., Rossignol M., Albagnac G., Romieu C.,
2004. Grape berry biochemistry revisited upon proteomic analysis of the mesocarp.
Proteomics, 4: 201-215.

Tesnieres C., Robin J.-P., 1992. Two-dimensional electrophoresis of the total polypeptides in
ripe red grape berries. Electrophoresis, 13: 93-96.

Unlu M., Morgan M.E., Minden J.S., 1997. Difference gel electrophoresis: a single gel
method for detecting changes in protein extracts. Electrophoresis, 18: 2071-2077.

Vincent D., Wheatley M.D., Cramer G.R., 2006. Optimization of protein extraction and
solubilization for mature grape berry clusters. Electrophoresis, 27: 1853-1865.

Waters E.J., Hayasaka Y., Tattersall D.B., Adams K.S., Williams P.J., 1998. Sequence
analysis of grape (Vitis Vinifera) berry chitinases that cause haze formation in wines.
Journal of Agricultural and Food Chemistry, 46: 4950-4957.

Zhang J, Ma H, Feng J, Zeng L, Wang Z, Chen S. 2008. Grape berry plasma membrane
proteome analysis and its differential expression during ripening. Journal of Experimental
Botany, 59: 2979-2990.



EVALUATION OF FATTY ACID CONTENT, TOTAL FAT AND
TOTAL PHENOLIC COMPOUNDS IN THE SEED OF NATIVE GRAPE
VARIETIES (Vitis vinifera L.) GROWN IN KONYA PROVINCE,
TURKEY

Aydin Akin”, Ahmet Altindisli®, Mevlut Buyukhelvacigil®
MSelcuk University, Faculty of Agriculture, Department of Horticulture,
Campus 42075, Konya, Turkey,
e-mail: aakin@selcuk.edu.tr
@Ege University, Faculty of Agriculture, Department of Horticulture,
Bornova 35100, Izmir, Turkey,
e-mail: ahmet.altindisli@ege.edu.tr
®Zade Edible Oil Company, 42300, Konya, Turkey,
e-mail: mevlut@zade.com.tr

ABSTRACT

Grape seeds contain high amounts of unsaturated fatty acids, phenolic substances and
antioxidants. Therefore, their use is becoming more and more widespread in making cooking
oil, confectionery and, thanks to their antimicrobial properties, cookies and sesame rolls. The
present study was conducted on two commercially grown local white grape varieties, namely
Emir (Nevsehir), Gok iiziim (Konya) and a black variety Karadimrit (Nevsehir) in 2009. The
Emir variety is green-yellow in colour and used for making wine; the GOk iiziim variety is
also green-yellow and used for table, or for obtaining fermented grape juice or raisins; the
Karadimrit grape variety, on the other hand, is red-purple in colour and used for making wine,
fermented grape juice or raisins. The amounts of defined fatty acids vary by varieties.
According to the varieties, linoleic acid (C18:2) was determined max. in the Emir (67,63%)
min. GOk iizlim varieties (66,45%); oleic acid (C18:1) max. Gok iiziim (19,84%) min. in the
Karadimrit varieties (17,40%); palmitic acid (C16:0) max. Karadimrit (8,60%) min. in the
Gok tliziim varieties (6,96%). The highest amount of total phenolic compounds was found in
the seeds of the Gok iiziim variety with 87031,32 mg GAE/kg. The seeds of the grape
varieties used in the study were obtained from the pulps (waste) of fruit juice and wine
factories. Grape seeds are used as a food source for humans and animals and thus contribute
both to economy and protection of environment by providing less contamination.

Keywords: Grape; local varieties; grape seed oil; fatty acids; phenolic compounds

RESUME

La graine de raisin contient un pourcentage élevé d’acide gras insaturé,de matiere
phenolique et d’antioxidant. C’est pour cela, que son emploi a augmenté pour I’obtention
d’huile comestible,dans la fabrication de confiserie, grace a sa propriété antimicrobiale est
utilisé pour la fabrication de gateau et de simit. Le travail; ) a été réalisés en 2009 sur les
especes de raisins régionaux, deux éspéces blanches cultivées dans les vignes commerciales;
Emir (Nevsehir), Gok iiziim (Konya), une espece noire; Karadimrit (Nevsehir). L’espece de
raisin Emir, étant vert jaune est utilisé¢ pour le vin; I’espece GOk iizlim, étant vert-jaune et est
utilisé a table, pour la cidre et pour étre séchés. La quantité d’acide gras définie, change selon
les especes. Selon les especes, 1’acide linoléique (C18:2) dans les especes max. Emir
(67,63%) min. raisin GOk iiziim (66,45%); acide oléique (C18:1) dans les especes raisin Gok
tiziim max. (19,84%) Karadimrit min. (17,40%); acide palmitique (C16:0) dans les especes



karadimrit max. (8,60%) raisin GOk {iziim min. (6,96%). Le total de quantité le plus élevé de
matiere phénolique est de 87031,32 mg GAE/kg dans la graine de 1’espece raisin Gok liziim.
Les graines de raisins des especes ¢tudiées ont été pris dans les dechets des usines de jus de
fruits et de vins. La graine de raisin, dans 1’alimentation des humains et des animaux utilisés
comme complément d’alimentation apporte un plus a I’économie et aussi a I’environnement
qui se salie moins.

Mots clés: raisins, variétés régionales, total de I’huile de graine de raisin; les acides gras;
total des composants phenoliques.

INTRODUCTION

Located on a climatic zone on earth best suited for viticulture, Turkey is the genetic source
for vine and at the same time possesses a very old and established viticulture tradition.
According to recent statistical data, the total grapevine area in Turkey is 482789 ha; the total
fresh grape production is 3918440 tons; and crop yield is 8116,2 kg/ha (FAO, 2008). While
71% of world grape production is used for wine, Turkey is also approximately 3%.

Grape seeds, a by-product of the winemaking industry or juice. The importance of grape
seed oil is the high content of the unsaturated fatty acids such as linoleic acid and oleic acid.
Fatty acids in grape seed varieties are examined that linoleic acid (C18:2) has the highest rate,
followed by oleic acid (C18:1), palmitic acid (C16:0) and stearic acid (C18:0). Of the other
fatty acids; although myristic acid (C14:0), palmitoleic acid (C16:1), margaric acid (C17:0),
margaroleic acid (C17:1), linolenic acid (C18:3), arachidic acid (C20:0), ecosanic acid
(C20:1), behenic acid (C22:0), and lignoseric acid (C24:0).

As well as grapes are accepted as fruit, they have high amounts of phenolic compounds and
anthocyanins as a natural antioxidants source (Ames et al., 1993). For the production of grape
seed oil, only the seeds are in use, which consist to about 7-20% of oil ( Matthdus, 2008). The
phenolic substances are primarily located in the seeds and skins of the berry (Anonymous a,
2008). 60-70% of the Ployphenols, which can be exctracted from grape textures, are in the
seed, 28-35 are % in the fruit skin and 10% are in the fruit flesh (Shi ez al., 2003).

Grape seed oil is used for salad dressings, marinades, deep frying, flavoured oils, baking,
massage oil, sunburn repair lotion, hair products, body hygiene creams, lip balm and hand
creams. Additionally, this oil is reputed to contain plentiful antioxidants, as well as to lower
cholesterol levels, vitamins (vitamin E, vitamin C and b-carotene), and phenolic compounds
(Joshi et al., 2001). The grape seed extract is a natural antioxidant that is 50 times as strong as
vitamin E and 20 times as strong as vitamin C. Antioxidants neutralise harmful substances,
i.e. free radicals, that have formed in our body as a result of chemical reactions or that have
been received from outside through stress, sun rays, cigarettes, alcohol and environmental
pollution. It helps skin texture to keep its elasticity, prevents wrinkles and adds beauty. Thus,
they play a vital role in slowing the ageing process. Grape seed oil, on the other hand, is also
called vitamin F and is a precious skin care product with its high content of mono and
polyunsaturated fatty acids. 50 kg of grape seed is needed to obtain a litre of cold pressed
grape seed oil (Khanna et al., 2002). Grapeseed oil contains a high percentage of Omega 6
(Linoleic) essential omega fatty acids (EFAs), which can significantly raise HDL (good)
cholesterol and reduce LDL (bad) cholesterol levels (Anonymous b, 2008).

Total phenolic compounds in grapes vary according to grape varieties, grown in climate and
soil conditions, cultural practices and maturity levels (De La Hera Orts et al., 2005).

The present study aimed at investigating fatty contents and total phenol contents of grape
seeds extracted from three grape varieties. It further aims to explore possibilities of using pulp



residues and especially seeds of pulp residues, which are by-products of wine, grape juice and
molasses factories and which were not utilised economically until very recently, because they
can be used as a new source of food for humans due to their high antioxidant, fatty acid and
phenolic substance contents. It also aims to determine how factory product costs can be
reduced and whether the properties that were examined have any effect on one another or not.

MATERIALS AND METHODS

The present study was conducted on two commercially grown local white grape varieties,
namely Emir (Nevsehir), Gok iiziim (Konya) and a black variety Karadimrit (Nevsehir) in
Turkey in 2009. The seeds were excised from berries and air-dried at the room temperature
under shade conditions. They were stored at room temperature until their analysis.

Determination of fatty acids

After grape seeds were dried for three hours in the drying oven at 40 °C, they were ground
using an agate mortar. Soxhlet system (S&H Labware, United States) was used to extract oil
from grape seeds. Oil was extracted from a 5 g sample thus obtained by the help of a hexane
solvent. Efficiency percentages were calculated by using the amounts of oil obtained after the
solvent was removed in the evaporator and the weighing of oil after extraction process was
performed. Fatty acids were determined by using the Agilent-6890N gas chromatography
device. The derivation process was performed according to Slover and Lanza, (1979). 200 mg
oil is obtained, and a mixture of 3 ml Metanol+KOH (0.5 mol/L) is added. It is kept in the
drying oven at 100 °C for 10 minutes, and then warmed to room temperature. 2 ml of 12%
BF3 (borontrifluoride) is added to this mixture, then kept in the drying oven at 100 °C for 10
minutes, and then warmed to room temperature. 1 ml hexan is added, and then 1 ml of 0.6%
(w/v) NaCl is added. Organic phase is removed using a Pasteur pipette, dried using Na2SO4,
and read using GC. The experimental conditions in which the GC-FID spectrum of the oils
was taken are as follows: Temperature 1: 60 °C, Time 1: 2 minutes, Speed: 5 °C/minute,
Temperature 2: 250 °C, Total duration of analysis: 60 minutes, The amount of sample
injected: 1 microlitre, Injector temperature: 230 °C, Capillary column: HP-5 column (30 m in
length, 0.32 mm in diameter, film thickness 0.25 pum), Carrier gas: Hydrogen, 13,38 psi.
Means and standard deviation values of fatty acid analysis results given in 3-parallel in Table
1 (X + SD) were calculated using Microsoft Excel 2003 software and given as %.

Determination of total phenolic compounds

For the extraction procedure, 5 g of seed sample were mixed with 100 g of methanol in a
nitric atmosphere environment for 2 hours. For the derivation procedure, solid liquid phase
was separated by straining. The total phenol compound absorbances of the sample that was
taken from the liquid phase were measured using the Folin-Ciocalteu reactive according to
Slinkard and Singleton (1977) on a spectrophotometer (Shimadzu UV-1601 Japan) at 760 nm.
In order to identify the amount of substances in the samples, appropriate standard solutions
(gallic acid) were prepared, their absorbance was measured on the spectrophotometer and
their calibration graphic was drawn. Total phenolic compound contents of the samples were
determined using the linear equation obtained from the calibration graphic. Total phenolic
substance averages and standard deviation values of the 3-parallel analysis given in Table 1
(X £ SD) were calculated using Microsoft Excel 2003 software and given as mg GAE/kg.



Statistical analysis

The research was planned in the completely randomized block design as simple factorial
experiment and variance analyses and multiple comparison tests were done by JUMP
statistical package program.

RESULTS AND DISCUSSIONS

Fatty acids, total fat and phenolic compounds determined as a result of the analysis
conducted on the seeds of grape varieties are given in Table 1.

Table 1. Fatty acid (%), total fat (%) and phenolic compound (mg GAE/kg) contents of grape seeds

<A Uziim Cesitleri LSD
Yag Asileri Emir Gok Uzim | Karadimrit | (%5)
C14:0 0,12 AB 0,16 A 0,09 B 0,04
C16:0 8,08 B 6,96 C 8,60 A 0,08
C17:0 0,10 B 0,15A 0,09 B 0,04
C18:0 5,63 A 4,09 C 4,86 B 0,73
C20:0 0,13 B 0,15 AB 0,18 A 0,04
C22:0 0,13 A 0,17 A 0,09 B 0,04
C24:0 0,12 B 0,18 A 0,08 C 0,04

X SFA 14,31 17,14 13,99 -
Clé6:1 0,10B 0,16 A 0,10B 0,02
C17:1 0,10 B 0,15 A 0,08 B 0,02
C18:1 17,51 B 19,84 A 17,40 B 0,26

C18:1 trans 0 0 0 0
C20:1 0,15 A 0,17A 0,13A 0,05

C22:1 0 0 0 0

Y~ MUFA 17,86 20,32 17,71 -
Cl18:2 67,63 A 66,45 A 66,74 A 2,92

C18:2 trans 0 0 0 0
C18:3 0,77 A 0,39 B 0,44 B 0,20

X PUFA 68,40 66,84 67,18 -
Yag Icerigi 8,50 A 6,31 C 6,80 B 0,18

Fenolik Madde 7119296 C 87031,32 A 83927,18 B 646,74

The amount of total saturated fatty acids in all varieties (SFA) varies between 13,99% and
17,14%, with a total amount of monounsaturated fatty acids (MUFA) and polyunsaturated fatty
acids (PUFA) varies between 84,89% and 87,16%. The amount of saturated fatty acids is
lower than the amounts of mono and polyunsaturated fatty acids. Among the defined fatty
acids, linoleic acid (C18:2) was the highest in all varieties, which was followed by oleic acid
(C18:1), palmitic acid (C16:0) and stearic acid (C18:0).

The highest amount of linoleic acid (C18:2) was determined in the Emir variety (67,63A%)
and it was followed by Karadimrit (66,74A%) and Gok {liziim (66,45A%) respectively.
Linoleic acid content between varieties are not statistically significant.

The highest amount of oleic acid (C18:1) was determined in the GOk iiziim variety (19,84A
%), which was followed by Emir (17,51B%) and Karadimrit (17,40B%) respectively. Oleic
acid content between varieties are statistically significant.



The highest amount of palmitic acid (C16:0) was found in the Karadimrit variety (8,60A%),
which was followed by Emir (8,08B%) and Gk iiziim (6,96C%) respectively. Palmitic acid
content between varieties are statistically significant.

The highest amount of stearic acid (C18:0) was found in the Emir variety (5,63A%), which
was followed by Karadimrit (4,86B%) and Gok iiziim (4,09C%) respectively. Stearic acid
content between varieties are statistically significant.

Of the other fatty acids, myristic acid (C14:0), margaric acid (C17:0), arachidic acid
(C20:0), behenic acid (C22:0), lignoceric acid (C24:0), palmitoleic acid (C16:1), margaroleic
acid (C17:1), eicosanic acid (C20:1) and linolenic acid (C18:3) were found in lower amounts
though they demonstrated differences depending on varieties. Erucic acid (C22:1) could not
been identified in our varieties. Of the trans oils, linoleic acid (C18:2 trans) and oleic acid
(C18:1 trans) was not found.

The results are in parallel to the results obtained (fatty acids in Emir grape variety: linoleic
acid 68,10%, oleic acid: 17,80%, palmitic acid: 8,60%, stearic acid: 4,70%) by Gokturk
Baydar and Akkurt (2001); (linoleic acid: between 62,53% and 69,24%, oleic acid: between
18,14% and 22,88%, palmitik asit: between 7,96% and 10,01%, stearik asit: between 3,14%
and 4,96%) by Gok Tangolar et al. (2007); (linoleic acid: between 61,16% and 71,37%, oleic
acid: between 16,07% and 22,57%, palmitic acid: between 7,42% and 10,63%, stearic acid:
between 2,95% and 4,68%) by Gokturk Baydar et al. (2007).

The amount of total fat in all varieties varies between 6,31% and 8,50%. The highest
amount of total fat was found in the Emir variety (8,50A%), which was followed by
Karadimrit variety (6,80B%) and Gok {iziim (6,31C%) respectively. Total fat content between
varieties are statistically significant.

The results are slightly lower to the results obtained (the total fat concentration of seeds
ranged from 11,6 to 19,6%. Emir variety is 15,3%) by Gokturk Baydar and Akkurt (2001);
(the total fat concentration of seeds ranged from 10,45 to 16,73%) by Gok Tangolar et al.
(2007); (the total fat concentration of seeds ranged from 7,6 to 16,0% by Maier et al., (2009).

The amount of total phenolic compounds varies between 87031,32 and 71192,96 mg
GAE/kg. The highest amount of phenolic compound was determined in the seeds of the Gok
tiziim variety (87031,32A mg GAE/kg), which was followed by the seeds of Karadimrit
(83927,18B mg GAE/kg) and Emir (71192,96C mg GAE/kg) respectively. Total fat content
between varieties are statistically significant.

The contents of total phenolic compounds of the grape seed extracts are similar to the
results found; 171,32 mg GAE/g (Kalecik karasi), 133,69 mg GAE/g (Emir) and 238,47 mg
GAE/g (Narince) by Gokturk Baydar et al. (2007); (between 817 and 3062 pg/ml GAE by
Orak (2007); (33945 mg GAE/100 g (Muskule), 52216 mg GAE/100 g (Razaki), 50150 mg
GAE/100 g (Emir), 51532 mg GAE/100 g (Hasandede), 58 30 mg GAE/100 g (Narince),
39627 mg GAE/100 g (Karadimrit), 53947 mg GAE/100 g (Muscat of Hamburg), 54137 mg
GAE/100 g (Alphonse Lavallee’), 45121 mg GAE/100 g (Okuzgozu), 51179 mg GAE/100 g
(Kalecik karasi), 53434 mg GAE/100 g (Alicante Boushet), 55431 mg GAE/100 g (Papaz
karasi) by Yemis et al. (2008); (3170 mg/kg (Chardonnay), 2376 mg/kg (Merlot), 1968 mg/kg
(Shiraz), 1805 mg/kg (C. Sauvignon) by Ozden and Vardin (2009); (between 188.70 mg
GAE/kg and 1116.5 mg GAE/kg) by Maier et al., (2009); (53370.52 mg GAFE/kg (Kizil
uzum), 47427.36 mg GAE/kg (Ak uzum), 42813.45 mg GAE/kg (Dokulgen), 17769.66 mg
GAE/kg (Hesap Ali), 15517.22 mg GAE/kg (Eksikara) by (Akin et al. (2009); (55,98 mg
GAE g DW™ ! using ethanol as solvents, 67,88 mg GAE g DW ™! using methanol as solvents)
by Casazza et al. (2010).



Differences observed among different varieties of grapes in terms of total phenolic
compounds are primarily attributed to the genetic structure of the variety, but they may have
arisen due to soil and other cultivation conditions. As a result, the seeds of these grape
varieties can be used as additional food source.
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RESUME

Une étude a été menée pour évaluer 1’évolution du climat dans le vignoble de Cognac au
cours des décennies passées et son impact sur le comportement de la vigne. Une analyse de
I’évolution des températures et des précipitations depuis 1918 a été réalisée et plusieurs
indicateurs viticoles ont été¢ étudiés. Les moyennes mobiles sur 30 ans des températures
annuelles moyennes ont augmenté d’environ 1°C depuis 1980. Le nombre de jours de tres
forte chaleur a également progressé. A l'inverse, la fréquence des gels de printemps a
diminué. L’indice héliothermique de HUGLIN passe progressivement de la catégorie « climat
frais » jusqu’a la décennie 1980, a celle d’un « climat tempéré ».

Depuis 1979, on observe une tendance nette a ’avancement de la date des vendanges alors
que la date de débourrement de la vigne est peu modifiée. Une augmentation de 1°C de la
température maximale diurne de la période de croissance de la vigne (avril-aofit) se traduit par
une avancée d’environ 10 jours de la date des vendanges dans le vignoble de Cognac.

INTRODUCTION

La Région Délimitée de production du Cognac (figure 1) se situe dans I’ouest de la France,
au nord du bassin aquitain, en bordure de 1'océan Atlantique. Elle se termine a 1'ouest par les
bords de Gironde et les iles (Ré et Oléron), et a 1'est, a Angouléme, aux premiers contreforts
du Massif Central. Le vignoble s’étend sur la quasi-totalité du département de la Charente-
Maritime, une grande partie de celui de la Charente, ainsi que sur quelques communes de la
Dordogne et des Deux-Sevres.

Le climat de la région viticole de Cognac est un climat océanique tempéré, assez homogene
a I’exception des régions cotieres, qui sont plus ensoleillées et présentent une moindre
amplitude des températures. Du fait de la proximité de 1’océan, méme si elles sont plus
abondantes 1’hiver, les pluies peuvent intervenir a tout moment de 1’année. Les sécheresses
sont rares, permettant une alimentation hydrique réguliere de la vigne. La température
moyenne annuelle est de 13°C environ, avec des hivers assez doux. Les températures sont
suffisantes pour assurer une bonne maturité du raisin destiné a la production des eaux-de-vie,
mais sans étre excessives. Le climat de la région de Cognac a notamment été décrit au début
du vingtieme siecle par RAVAZ (1900) puis par LAFON et al (1964).

En 2007, le IVe rapport du Groupe d’Experts Intergouvernemental sur 1’Evolution du
Climat (GIEC, 2007) conclue a un réchauffement climatique mondial sans équivoque. Selon
ce rapport, au cours des 100 dernieres années, le climat mondial s’est réchauffé de 0,74°C. Ce
réchauffement s’est fortement accéléré depuis les 50 dernieres années. A 1’échelle de la
France, la température moyenne a augmenté de 0.1°C par décennie depuis le début du XXe
siecle. Le réchauffement s’est accéléré depuis 30 ans pour atteindre 0.6°C/10 ans (Dandin,
2006).
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Différentes études évaluent les conséquences pour la vigne des évolutions du contexte
climatique. Les conditions thermiques pendant la phase de maturation des raisins sont
prépondérantes pour atteindre les caractéristiques technologiques recherchées. Ainsi pour
Daux et al. (2007), il existe une forte corrélation dans de nombreux vignobles (Alsace,
Champagne, Bourgogne, Touraine, Bordeaux) entre la date des vendanges et les moyennes
d’avril a aolt des températures maximales diurnes (période de croissance et de maturation de
la vigne). Quelque soit la précocité des cépages et quelque soit la situation géographique, une
augmentation de 1°C de la température maximale diurne de la période de croissance (avril-
ao(t) entralne une avancée 10 jours de la date des vendanges.

Une étude réalisée par Seguin en 2007, souligne une diminution sur le long terme de la
durée du cycle végétatif dans différents vignobles de France. La modification des pratiques
culturales ne peut expliquer a elle seule cette précocité. L’augmentation des températures a
impacté pratiquement toutes les manifestations phénologiques des cultures pérennes, et en
particulier les dates de floraison et de vendange.

Afin d’évaluer I’incidence de ce changement climatique dans le vignoble de Cognac, une
étude a été mise en place en 2007 par la Station Viticole du BNIC. L’objectif est de préciser
I’évolution du climat passé sur la région des Charentes et d’évaluer les impacts viticoles des
changements observés. La premiere étape de cette étude a consisté en I’analyse de 1’évolution
des températures et des précipitations depuis 1918 sur 2 stations météorologiques
représentatives du vignoble de Cognac. Différents indicateurs viticoles ont également été
étudiés.

MATERIELS ET METHODES

Les données climatiques utilisées pour cette étude ont été acquises par le BNIC aupres de
Météo France. Deux stations météorologiques ont €té retenues pour analyser 1’évolution du
climat de la région de production du Cognac (figure 1): Cognac (Charentes) et Saintes
(Charente Maritime).

Région délimitée Cognac

Océan
Atlantique

mm Grande Champagne
mm Petite Champagne
» Borderies
Fins Bois
mm Bons Bois
B Bois Ordinaires

Figure 1 : Carte de la région de production du Cognac et localisation des 2 stations
météorologiques retenues dans 1’étude
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Le Tab. 1 résume les caractéristiques des stations et des données utilisées dans le cadre de
cette étude. L’évolution de chaque parametre (température et pluviométrie) a été étudiée pour
les deux stations météorologiques.

Tableau 1 : Caractéristiques des stations et variables climatiques utilisées

COGNAC (CHATEAUBERNARD) SAINTES

Département Charente (16) Charente —Maritime (17)

1918/89 : Météo France

Propriétaire Météo France 1990/07 : Commission météorologique départementale
Altitude 30 metres 38 metres
Site Non viticole, périurbain Viticole, rural
Variables utilisées tempeiaratl}res (m‘i\n, max) — précipitations tempeiaratl}res (m‘i\n, max) — précipitations
données journaliéres données journaliéres
Période 1948-2007 1918-1937 et 1948-2007

RESULTATS ET DISCUSSION

Evolution climatique

Evolution des températures moyennes

Les évolutions des variables climatiques des 2 stations météorologiques sont tres semblables
et conformes aux scénarios décrits par Météo France a I’échelon national (Dandin, 2006). Les
températures moyennes des 2 stations météorologiques montrent une tendance nette a
I’augmentation depuis la décennie 1980 (figure 2).
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Figure 2 : Températures moyennes annuelles des stations de Saintes et Cognac

L’anomalie de la température moyenne annuelle par rapport a la normale 1970-2000 est
représentée sur la figure 3 pour la station de Saintes qui permet de disposer de la série
chronologique la plus compléte. Pour obtenir cette anomalie, la température moyenne
annuelle est soustraite a sa moyenne sur la période 1970-2000. Les anomalies négatives sont
en bleu, les positives en vert. Les anomalies sont presque toutes positives a partir de 1’année
1988. Cela signifie donc que les températures annuelles moyennes sont toutes supérieures a la
normale depuis cette date.
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Figure 3 : Evolution de I’anomalie de la température moyenne annuelle par rapport a la

Afin de

normale 1970-2000 sur la station de Saintes

s’affranchir des variations annuelles, les moyennes mobiles sur 25 ans des

températures moyennes annuelles ont également été calculées pour les deux stations étudiées

(figure 4).

Entre 1980 et 2004, elles ont augmenté de 0.8°C pour la station de Cognac et de

1°C pour celle de Saintes.
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et Saintes

Evolution des températures extrémes

Le constat réalisé au paragraphe précédent peut étre précisé par des observations concernant
I’évolution des températures extrémes.

Les hausses des températures minimales et maximales annuelles sont de méme ordre que
celle de la température moyenne annuelle. Par contre, le nombre de jours de tres forte chaleur
(>35°C) a augmenté, et I’effet de canicule observé pendant les mois d’été s’est accentué.
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Ainsi, la moyenne mobile des températures maximales du mois d’aofit a progressé de 2°C
sur la station de Cognac et de 1.8°C sur la station de Saintes au cours des 25 dernieres années

(figure 5).
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Figure 5 : Températures maximales du mois d’aolt (moyennes mobiles sur 30 ans) sur les

stations de Cognac et Saintes

A Tinverse, le nombre de jours de températures treés basses (<-5°C) et la fréquence du
nombre de jours de gel de printemps ont diminué significativement. Ainsi, pour la station de
Saintes, le pourcentage du nombre de jours avec gel pendant les mois de mars et d’avril est
passé d’environ 12 % avant 1987 a 6 % sur la période 1988-2007 (figure 6).
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Figure 6 : Pourcentage du nombre total de jours de gel en mars et avril par groupe d’années

sur la station de Saintes

Evolution des précipitations
Une légere tendance a 1’augmentation des moyennes des précipitations annuelles est
constatée sur les 2 stations étudiées. Les moyennes mobiles sur 30 ans sont en augmentation
de 6 % (+ 54 mm) sur la station de Saintes et de 2 % (+ 14 mm) sur la station de Cognac
depuis 1980. Ces évolutions sont en cohérence avec 1’évolution moyenne décrite a 1’échelle
de la France : 7 % sur le cumul annuel des précipitations en un siecle (Dandin, 2006).
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Incidence viticole du changement climatique

Evolution de I’indice héliothermique de Huglin

Différents indices peuvent étre utilisés pour mesurer la quantité de chaleur recue par la
plante pendant sa période de végétation. L’indice héliothermique de Huglin (IH), s’exprime
en degrés par an, et comptabilise les températures moyennes journalieres supérieures a 10°C,
sur la période du ler avril au 30 septembre. Cet indice permet de caractériser de facon globale
le climat d’une région viticole (Huglin, 1986). 1l est calculé par la formule suivante :

30/09
/ (Tm-10) + (Tx-10) x k Avec: Tm : Température moyenne de I'air (‘\C)
IH= Tx . Température maximale de l'air (\C)
2
01/04 k : Coef. longueur du jour (1,02 & 1,06 entre 40 et 50 ° de latitude)

L’évolution de I’indice de Huglin pour la région de Cognac est présentée sur la figure 7. Il
connait bien entendu des variations inter-annuelles importantes (effet millésime), mais passe
progressivement d’un climat majoritairement considéré comme frais jusque dans les années
1980 a la catégorie « climat tempéré ». Certaines années récentes se situaient méme dans la
catégorie de climat « tempéré chaud » (2005), voire « chaud » pour I’année 2003.
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Figure 7 : Indice de HUGLIN calculé par les stations de Saintes et Cognac

Incidence sur le cycle végétatif

Depuis 1979, on observe dans le vignoble de Cognac, une tendance nette a I’avancement de
la date des vendanges qui peut étre rapprochée d’une diminution de la durée du cycle végétatif
(figure 8). La figure 9 présente, de facon analogue a I’étude conduite par Daux et al. (2007), la
relation entre la date des vendanges et les moyennes, d’avril a aolt, des températures
maximales diurnes (période de croissance et de maturation de la vigne). Les résultats obtenus
pour le vignoble de Cognac apparaissent en cohérence avec ceux publiés pour d’autres
vignobles francais: d’apres la corrélation obtenue sur la période 1979-2008, une
augmentation de 1°C de la température maximale diurne sur la période avril-aofit se traduit
par un avancement de 10 jours de la date de récolte.
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Incidence sur la maturation

Une des conséquences du raccourcissement du cycle végétatif est la modification du régime
thermique auquel est soumis la vigne pendant la phase de maturation des baies, qui débute des
la véraison. L’augmentation des températures accélere 1’accumulation des sucres par
stimulation de 1’activité photosynthétique. De plus, les températures élevées favorisent la
dégradation de I’acide malique, directement corrélée a I’acidité des moits (Gaudillere, 2005).
Le réchauffement climatique entraine donc une accélération du processus de maturation par
augmentation de la teneur en sucre, et donc du degré, et une baisse de 1’acidité.

La figure 10 présente les corrélations entre le TAV déclaré aux vendanges, I’acidité du
début de vendange et 1’indice de Huglin depuis I’année 1979 dans le vignoble de Cognac.
Plus la somme de températures recue par la vigne est élevée et plus le TAV a la récolte est
fort. A I’inverse, plus I'indice de Huglin est élevé et plus I’acidité de la vendange est faible.
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Figure 10 : Corrélation entre le TAV déclaré a la récolte, I’acidité totale au début des
vendanges et I’indice de Huglin du débourrement aux vendanges depuis 1979
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CONCLUSIONS

Cette étude permet de préciser le constat des évolutions climatiques de ces dernieres
décennies a I’échelle du vignoble de Cognac. Elle confirme les constatations déja réalisées
dans d’autres régions viticoles, tant sur I’amplitude des phénomenes observés que sur leur
incidence sur le comportement de la vigne. Elle constitue ainsi une base utilisable par la
filiere pour anticiper les changements en cours et mettre en place les adaptations nécessaires a
ces évolutions du contexte de production.
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RESUME

La perception aromatique des vins de Colombard produits dans le vignoble de Gascogne
provient principalement d’une surexpression de deux thiols variétaux : le 3-mercaptohexan-1-
ol (3MH) et le 3-mercaptohexylacetate (3MHA). Le but de cette étude est de comprendre les
leviers qui influencent la qualité aromatique d’un vin blanc de Colombard. Au cours de 3
millésimes (2006 a 2008), environ 60 échantillons par an de 50kg de raisins ont été prélevés
et vinifiés dans des conditions standards. Deux classes de vins ont été élaborées a partir du
dosage des thiols variétaux dans les vins et de I’expertise sensorielle d’un jury entrainé. Une
base de données a été générée a partir de variables climatiques, agronomiques, cenologiques et
analytiques sur raisins associées a chaque lot vinifié. Différents traitements statistiques ont
été testés pour évaluer les relations entre les variables et les classes aromatiques de vins. Le
traitement par AFD pas a pas propose le meilleur résultat avec un optimal de 6 variables pour
une erreur de validation de 16%. Ces variables sont en partie similaires aux résultats obtenus
par régression PLS. Les deux principales variables sélectionnées sont la vitesse de
fermentation des premiers jours (facteur a influence positive) et la concentration en cuivre des
raisins (facteur négatif). Les autres variables sont les concentrations des mo(ts en potassium,
polyphénols, acides aminés et une donnée climatique, la fréquence des précipitations
estivales. Ces facteurs influents ont été sélectionnés par traitement statistique et sont a
replacer dans le champ de variation de 1I’étude. Cependant, ces résultats permettent de
hiérarchiser des variables déja connues pour leur influence et peuvent ainsi inciter les
producteurs a agir pour optimiser le potentiel aromatique de leurs vins.

The aromatic sensing of Colombard wine produced in the Gascony vineyard, mainly comes
from the over-expression of two varietal thiols : 3-mercaptohexan-1-ol (3MH) and 3-
mercaptohexylacetate (3MHA). The main objective of this project is to understand the
leverage influencing the aromatic quality of a white wine from Colombard variety. During
three vintages - 2006, 2007, and 2008 - around sixty samples of 50 kg of grapes per year have
been processed in wines following a strictly controlled protocol. Two classes of wines have
been determined -low or high aromatic intensity- based on the combination of the varietal
thiols analysis and the wine sensory evaluation by an expert group. A data base has been
generated from climatic, agronomical, oenological and grapes analytical variables associated
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with each sample processed. Different statistical models have been derived to interpret the
relationships between the data and the wine aromatic classes. The step-DFA -Discriminant
Factor Analysis- model has shown the best result with six main variables and an error in cross
validation of 16%. The influent variables selected are almost the same using PLS (Partial
Least Square) regressions. The two main selected variables are the alcoholic fermentation rate
during the first days -as positive influent factor- and the concentration of copper in grape juice
-as negative factor-. The other ones are the concentrations of potassium, total phenolic
compounds, amino-acids in must and the climatic “frequency of rainfall in summer period”
variable. These influent factors, selected by statistical treatments, have to be set on the context
of the study. But, these results also organize some well known influential factors into
hierarchy and then allow wine producers to act at the vineyard or at the winery to optimize the
aromatic potential of their product.
Key words: varietal thiols, aromatic quality, Colombard, white wine, model

INTRODUCTION

La perception aromatique des vins de Colombard produits dans le vignoble de Gascogne
provient principalement d’une surexpression de deux thiols variétaux : le 3-mercaptohexan-1-
ol (3MH) et le 3-mercaptohexylacetate (3MHA). Ces composés sont libérés au cours de la
fermentation alcoolique par action d’enzymes produites par la levure. Le 3MH présente alors
des caractéristiques aromatiques rappelant le pamplemousse et les fruits tropicaux. Pendant la
fermentation, une partie du 3MH est transformé en acétate de 3-Mercapto-Hexile (3MHA).
Cet autre composé est tres odorant, sa perception rappelle le buis avec une nuance de fruit
exotique. (Tominaga et al., 1996).

De trés nombreux travaux internationaux sont menés sur ces cCOmposes aromatiques
communément appelés thiols variétaux, depuis leur origine sous forme de précurseurs dans le
raisin, leur transformation par la levure jusqu’a leur conservation dans les vins. (Du Plessis,
1981 ;Tominaga et al., 1995 ; Peyros des Gachons, 2000 ; Murat et al., 2001 ; Sweigers, 2007
; Subileau, 2008). 11 ressort ainsi qu’il existe une chaine complexe et multivariée de facteurs
qui agit sur la présence de ces ardbmes dans les vins. Ces facteurs peuvent avoir une action
positive ou négative. Ainsi au vignoble, certaines techniques viticoles peuvent influencer le
potentiel aromatique comme 1’effeuillage (Dufourcq et al, 2007) ou la pulvérisation d’azote
foliaire (Dufourcq et al., 2009). La présence de certains composés dans le modt perturbe le
potentiel aromatique. Il s’agit du cuivre, de 1’oxygene, des polyphénols, des oxydases du
raisin. 1lIs sont pour la plupart connus et agissent a différentes périodes du processus de
production du vin.

Il apparait donc que la qualification, a priori, de la matiére premiére sur son potentiel a
révéler ce type d’aromes reste floue et difficile a mettre en ceuvre de maniére simple et rapide
pour orienter les choix de vinification.

Le but de cette étude est de comprendre les leviers qui influencent la qualité aromatique
d’un vin blanc de Colombard par une approche globale en essayant de mettre en évidence les
principaux facteurs qui déterminent le potentiel aromatique recherché des vins de Colombard
dans la zone de production Armagnac-Gascogne. Pour répondre a cette question, nous avons
essaye d’évaluer la matiére premiére et sa transformation par une approche multicritere a
partir de données climatiques, agronomiques et analytiques sur raisins et sur vins.



MATERIELS ET METHODES

Echantillonnage et élaboration des vins.

Au cours de 3 millésimes (2006-2008), 184 échantillons de 50 kg de raisins de Colombard
ont été prélevés a I’arrivée des bennes de vendanges au quai de réception de différents chais
de Gascogne. De ces 50 kg, un sous-échantillon d’environ 2 kg a été prélevé pour analyse. Le
reste est transporté vers notre chai expérimental pour étre vinifié en conditions contrélées a
échelle pilote de 30 litres. Cette vinification est réalisée en mode « réducteur », avec une
protection maximale contre I’oxygéne (inertage au CO,) a tous les stades opératoires
(éraflage, macération pelliculaire, pressurage). Une macération pelliculaire, qui favorise
I’extraction des précurseurs aromatiques soufrés, est effectuée a froid (4°C), pendant 16 h. Le
pressurage est réalisé a 1’aide d’un pressoir horizontal a vis. Le jus est enzymé a 2g/hl avec
des pectinases, et sulfité a 2g/hl. Les jus sont mis a stabuler pendant 24 h en chambre froide
(4°C) pour permettre le débourbage. La turbidité est réajustée aux environs de 150 NTU.
L’ensemencement des mofts est réalisé avec la souche VL3 (Laffort) a la dose de 20g/hl. Du
saccharose est ajouté si nécessaire de fagon a obtenir un vin titrant au minimum a 11%vol
d’alcool. Des nutriments azotés sont aussi incorporés de fagon systématique a la dose de 50
mg/l d’ion ammonium. La température de fermentation est maitrisée a 17°C. En fin de
fermentation les vins sont soutirés, sulfités (5g/hl) et stockés au froid jusqu’a la mise en
bouteille. La dégustation a lieu dans les trois mois suivant la vinification lorsque le caractére
primeur s’exprime a plein.

Classification des vins

Apres la mise en bouteille, les thiols variétaux (3MH et 3MHA) sont analysés dans les vins
par la société Nyséos (Montpellier, France) selon la méthode décrite par Schneider et al. En
2003. Tous les vins ont été dégustés par un jury régional d’experts et classes sur I’intensité
aromatique du caractére « thiol » en quatre catégories (Tres Faible, Faible, Bon, Trés Bon).
Ensuite des classes de références sont établies pour <I’ensemble des vins> par la
combinaison du consensus des classes sensorielles et de I’analyse des thiols donnant ainsi
deux classes de qualité (Faible et Bon). Afin d’affiner les classes de vins, un sous ensemble
d’échantillons a été sélectionné en se basant sur un pourcentage (supérieur a 70% des votes)
de consensus du jury dans la caractérisation de I’intensité thiols pergue dans les vins associé a
une quantité de thiols dosee minimale. Au final 128 échantillons ont répondu aux criteres et
ont constitué <des échantillons fiabilisés> répondant aux deux classes de qualité (Faible et
Bon).

Les variables explicatives.
La base de données des mesures et le nom abrégé des variables correspondantes sont listés dans
le tableau 1.

Traitement des données

Deux types de traitements ont été appliqués sur tous les échantillons, puis uniquement sur
le sous-ensemble des échantillons fiabilisés. Tout d’abord une sélection pas a pas de
variables informatives a été pratiquée, apres élimination des variables corrélées entre-elles, en
utilisant I’analyse factorielle discriminante (AFD). Ensuite une tentative de modélisation des
deux classes de vins définies a été envisagée par regression linéaires aux moindres carrés
partiels et analyse factorielle discriminante (PLS-AFD). Les traitements ont été réalisés avec
MATLAB (The Mathwoks, NATIC, USA).



Tableau 1 : Données agronomiques, climatiques,

oenologiques et analytiques déterminées pour 184 échantillons de

RESULTATS

\

Colombard
DONNEES VITICOLES DONNEES CLIMATIQUES

coordonnées GPS longitude Est. (°) Lg | Z de température (Tmoy -10) du 1/4-30/9 (°C.jour) SiT
coordonnées GPS latitude Nord. (°) La | IF (indice fraicheur nuit) du 1/9 au 30/9 (°C) IF
altitude (m) Alt | Cumul précipitation (Cp) 1/4 au 30/9 (mm) Cpc
orientation des rangs (°/nord) Or | Cumul de précipitations 1/6 au 30/9 (mm) Cper
age de la parcelle (an) AGE | fréquence précipitations 1/6 au 30/9 (jour) Fper
Ecartement entre rang  [m] E | Cumul de précipitations 1/6 au 31/8 (mm) Cpe
Distance entre pieds [m] L | fréquence précipitations 1/6 au 31/8 (jour) Fpe

Cumul de précipitations du 1/10/(n-1) au 1/4/n (mm) CP(h-1)

DONNEES AGRONOMIQUES (ENOLOGIE
enherbement juin/septembre (%) ENH | Température des raisins a la récolte [°C] T°C
Hauteur feuillage [m] H | Nombre jours de Fermentation Alcoolique (FA) JFA
epaisseur feuillage  [m] Ep | Vitesse moyenne de FA (en g/l/jour) VFm
SECV (m?/m?) SECV | vitesse de FA de Jour 1 & Jour 3 (en g/l/jour) VFj1.3
SECV-PR (m?kg) SECV/PR | Vitesse de FA de Jour 1 & Jour 5 (en g/l/jour) VFj1.5
Date de récolte (jour julien) REC | vVitesse de FA de Jour 5 a Jour 10 (en g/l/jour) VFj5.10
poids de récolte (kg/m2) rendement PR
ANALYSES DES RAISINS (avant pressurage) ANALYSES DES MOUTS (aprés débourbage)

Sucres V [g/l] S v | Sucres D [g/l] Sd
Acidité Totale V [g/l H,SO,4] AT v | Acidité TotaleD [g/l H,SO4] ATd
SIATV S/IAT v | SIATD SIAT d
pH V pHv|pHD pHd
Acide Malique V [g/I] M v | Acide Malique D [g/I] Md
Acide Tartrique V [g/l] T v | Acide Tartrique D [g/l] Td
Rapport TH2/MH2 V T/M v | Rapport TH2/MH2 D T/Md
IPT V Jus PP v | IPT D Jus PPd
Acide gluconique (mg/L) V AG Vv | K+ D [g/] Kd
Cuivre (mg/L) V CU v | turbidité (NTU) D NTU
Rapport isotop. 3°C V C]
Azote ammoniacal (mg/L) V NH4 v
Azote A. aminés (mg/L) V AAvV
Azote assimilable (mg/L) V YAN v
%acides aminés/YAN V AA/YAN v

L’AFD pas a pas est utilisée afin de sélectionner les variables analytiques les plus
pertinentes pour la prédiction des classes aromatiques. La validation est réalisée par validation
croisée de 23 blocs randomisés de 8 échantillons. Pour 1’ensemble des échantillons, on
observe deux optima, I’un pour 6 variables avec une erreur de validation de 22% et 1’autre



pour 14 variables avec une erreur ameéliorée a 20%. Les pourcentages d’erreur sont tres
équilibrés entre 2" ordre et 1% ordre ainsi qu’entre les classes <bon> et <faible>.

La sélection des variables discriminantes pour les classes aromatiques, donne
également un optimal de 6 variables avec une nette amélioration des erreurs de classifications
sur la série d’échantillons fiabilisés passant de 22% a 16%. Pour les deux classifications, les
deux premieres variables informatives sont <la vitesse de FA des 5 premiers jours > et <la
quantité de cuivre> (figurel). <La quantité de potassium>, <I’Indice de Polyphénols Totaux>,
<la fréquence des précipitations de juin & septembre> et <la quantité d’azote aminé> sont
également selectionnés. Ces variables faisaient partie de la sélection de 7 a 14 pour la
classification précedente. A nouveau, les erreurs sont assez bien équilibrées. Les echantillons
mal classés ne montrent pas de tendance particuliere selon le millésime, excepté le fait que les
échantillons 2008 presentent seulement 2 échantillons mal classés. Les erreurs globales sont :
21% en 2006, 23% en 2007 et 5% en 2008.
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Figure 1 : hiérarchisation des variables par step-AFD pour la prédiction des classes aromatiques des vins de
Colombard a partir des échantillons fiabilisés (128 échantillons / 52 variables)

La modélisation par PLS-AFD a donné des performances plus faibles que les
méthodes pas a pas dans le cas de cette étude. En revanche, 1’avantage est de pouvoir observer
le poids de chaque variable dans la réalisation du modeéle. Les variables les plus importantes
sont similaires a celles obtenues par selection pas a pas (figure 2). Comme pour la step-AFD, la
sélection d’échantillons fiabilisés permet d’améliorer la classification. Les performances sont de 20%
d’erreur en validation contre 28% pour 1’ensemble des échantillons. Les coefficients de régression (b-
coefficients) sont trés semblables a ceux obtenus sur la classification de I’ensemble des échantillons.

Le tableau 2 indique les premiéres variables sélectionnées pour la prédiction des classes. On
constate que <la quantité de cuivre> et <La vitesse de FA des 5 premiers jours> sont
sélectionnés dans les deux analyses et les deux séries d’échantillonnage. <La concentration
en potassium> ainsi que <la fréquence des précipitations de juin a septembre> sont
sélectionnés trois fois. Enfin, <I’azote aminé> apparait deux fois.
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Figure 2 : coefficients de régression des variables issus de PLS-AFD pour la modélisation des classes aromatiques
des vins de Colombard a partir des échantillons fiabilisés (128 échantillons / 52 variables)

Tableau 2 : variables informatives sélectionnées dans les différents traitements (Step-AFD, PLS-AFD)
en fonction des séries d’échantillons (184 ou 128) et pour la prédiction des classes aromatiques des vins de

Colombard
Aga'ys?s de Step-AFD Step- AFD PLS-AFD PLS-AFD
onnées
echantillonnage <tous les <échantillons <tous les <échantillons
9 échantillons> (184) fiabilisés> (128) échantillons> (184) fiabilisés> (128)
I_\Iombre d.e 6 6 2 variables latentes | 3 variables latentes
variables optimal
Erreuren 22% 16% 28% 19%
validation croisée
Cuivre (x4) Vitesse l;f;dours -5 Cuivre (x4) Cuivre (x4)
Vitesse FA jours 1-5 Cuivre(xd) Vitesse FA jours 1- | Vitesse FA jours 1-
(x4) 5 (x4) 5 (x4)
Variables Potassium (x3) Potassium (x3) Potassium (x3)
informatives , Fréquence ,
sélectionnées au IPT en ?fg)cmrbage précipitations (juin- IPT en ((j;g)ourbage
moins deux fois sept) (x3)
Fréquence Fréquence
précipitations (juin- Azote aminé (x2) | précipitations (juin-
sept) (x3) sept) (x3)

Azote aminé (x2)

Quelques remarques sont a associer aux différentes variables sélectionnées. Tout d’abord,
la concentration en Cuivre des raisins au stade vendange est un facteur qui va influencer la
production de thiols variétaux au cours de la fermentation (Hadzidimitriou et al, 1996). Bien
que ce parameétre soit bien identifié par les acteurs de la production et peu employé en
Gascogne, il apparait tout de méme comme une variable influente majeure. On confirme ici la
part prépondérante de cet élément pour expliquer par sa présence la conséquence négative de
son influence sur le potentiel aromatique des vins de Colombard. Ensuite, le début de la
fermentation est la phase ou se produit la transformation en thiols variétaux (Subileau, 2008).
La Vitesse moyenne de fermentation alcoolique durant les 5 premiers jours (a




température constante et souche constante) est une variable intéressante. Elle est corrélée a la
quantité d’azote du modt et influence positivement la qualité aromatique des vins.

Les vins situes dans la classe <faible> sont significativement moins riche en concentration
en potassium du modt avant fermentation. Croisé avec le millésime, ce résultat est observé
sur les millésimes 2007 et 2008 mais pas en 2006. Aucune relation claire n’a été montrée a ce
jour entre ce cation et la qualité aromatique en thiols variétaux des vins.

CONCLUSION

La compréhension des leviers et de leurs interactions, qui contribuent au potentiel
aromatique des vins de Colombard, est un enjeu d’autant plus important que 1’on cherche,
comme c’est le cas en Gascogne, la surexpression de thiols varié¢taux dans le produit fini. A
partir d’un ensemble de variables agronomiques, climatiques et cenologiques, il a été tenté une
approche de modélisation ou de prédiction de deux classes de vins générées a partir de
I’expertise sensorielle de ceux-ci et du dosage des deux composés thiols qui contribuent a la
typicité attendue des vins. Les résultats obtenus nous montrent qu’on arrive a un niveau de
performance dans la prédiction intéressant (16% d’erreur dans le meilleur des cas). Les
variables influentes qui sont générées par les traitements statistiques doivent étre replacées
dans le contexte de 1’étude c'est-a-dire tout d’abord dans le champ de variation des
millésimes. Il est a considérer aussi si ces variables influent directement ou sont simplement
la représentation mathématique la plus pertinente d’une cause indirecte. Enfin, ces résultats
permettent de hiérarchiser des variables déja connues pour leur influence et peuvent ainsi
inciter les producteurs a agir pour optimiser le potentiel aromatique de leurs vins.
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abstract

Dans le laboratoire de la biochimie technique auprés de I’Institut de I’Horticulture, de la
Viticulture et de la Viniculture nous avons effectué I’examen de I’extrait recu de la rafle du raisin
en tant que le bio-stimulateur.

La matiére de greffage des espéces vignobles comme Rkatsiteli, Goruli Mtsvane et
Tavkveri a été soumise a I’examen. La matiére de greffage a été mise dans la solution du
stimulateur pendant 45-50 heures, puis le greffage a été effectué. Les greffes produits ont été
installés dans la serre avec les spécimens de contr6le pour la stratification. L’extrait des greffes
de callus complet a été étudié sur les greffes stratifiés, ce qui s’élevait a 94%, volume des
greffes a boutons ouverts a 78%, volume des racines a 31%, extrait du plant de premiére qualité a
59,8%.

Le stimulateur susmentionné cause le développement rapide du bouton et I’inhibition de
la pousse ce qui conditionne I’accroissement de I’intensivité du développement de callus a
I’endroit de I’'union de la racine et du greffe, du réveil du bouton de greffage et de I’intensivité de
la naissance des racines dans la zone de la racine et du fond. Le bio-stimulateur offert par nous
assure la production dans un temps trés court de la matiere de plant biologiquement pure, propre
du point de vue de sélection et de phytosanitaire, sans virus, saine et certifiée.

Die Priifung vom Traubenspross bekommenen Extraktes als biostimulator wurde im
technischen Biochemie-Laboratorium des Instituts fur die Gartenbau, den Weinbau und das
Wein-Bilden durchgefhrt..

Es wurde Weinrebearte - Rkatsiteli, Goruli Mtsvane und Tavkveri wurden erforscht. Das
Geproftematerials wurde in der Anreger-Lésung wahrend 45-50 Stunden gehindert. Spater das
Pfropfen wurde zur Verfiigung gestellt. Die Pfropfreiser zusammen mit den Uberpriifungsproben
wurden ins Treibhaus fir die Stratifikation gelegt. Auf den geschichteten Pfropfreisern



erforschten wir Produktivitadt von ganzen-callused Pfropfreisern, die 94 % bestehen; die Menge
der Pfropfreiser mit dem Knospen - 78 %, Menge von Wurzeln - 31 %, und der Produktivitét der
erstklassigen jungen Werke - 59.8 %. Der Anreger, der oben erwéhnt ist, provoziert Hemmung
der schnellen Entwicklung von Knospen und Zunahme, die das Wachstum der Intensitat der sich
entwickelnden Schwiele auf dem Verbindungsplatz des Bodens und der engraftment
Abteilungen, gemmating von Engraftment-Knospen und Intensitat der Wurzel-Bildung im Boden
und den Kellerzonen verursacht.

Von uns abgebotene Biostimulator gewahrleistet in der kurze Zeit biologisch,
auswahlend und phito-sanitarily saubere, gesunde, bescheinigte Pflanzen-Materialien ohne
Viren in der kiirzesten Zeitspanne zu erhalten.

Introduction

La formation de la plantation industrielle de haute productivité, I’intensification de la
viniculture et de la viticulture et les rythmes de développement dépendent beaucoup a la
production des matieres de plant, a leur qualité et composition.

Pour grandir la production du plant greffé standard et améliorer sa qualité les substances
biologiquement actives sont utilisées a trés petite dose. Elles se caractérisent du large spectre de
Iinfluence, de la régularisation convenable des étapes séparées de croissance et de
développement, de la mobilisation des possibilités potentielles des organismes végétaux et de la
croissance de productivité.

Il est connu des sources littéraires que le traitement des greffes de la vigne
biologiquement active (auxine, hétéro-auxine, épine, caroténoides, aminoacides etc.) éléve le
développement des systemes des racines.

Suite aux examens végétaux-pratiques depuis des années nous avons obtenu le bio-
stimulateur du débris viticoles, notamment de la rafle du raisin. Il contient de I’ensemble des
substances biologiquement actives : auxines, gibbérellines et cytokinins. Sauf les phytohormones
il contient de soi-disant substances d’élévation secondaires : flavonoides, aminoacides, lipides,
carbonates acides (par exemple les acides de gal et du café — inhibiteurs d’élévation), alcaloides,
lactones non saturées, terpénoides et autres.

Matiéres et méthodes

Afin d’établir I’influence des bio-stimulateurs obtenus de la rafle et d’élaborer des
technologies efficaces de I’augmentation de la production des plants greffés, les travaux
d’examens ont été effectués a la base expérimentale de I’Institut de I’Horticulture, de la
Viniculture et de la Viticulture.

Les objets de I’examen étaient I’espece de la vigne Goruli Mtsvane, Berlandieri / Riparia
Cober 5 BB pour la racine, la solution aqueuse de I’hétéro-auxine (contrdle) a été utilisée comme
le bio-stimulateur et I’extrait de la rafle — bio-stimulateur d’essai obtenu par nous. Les especes
de greffage et de racine ont été travaillées jusqu’a la stratification dans la solution aqueuse de
I’hétéro-auxine et dans des solutions de différentes concentrations du bio-stimulateur d’essai.

Les examens ont été effectués selon le schéma suivant :



1. Non travaillé

2. Dilution du stimulateur d’essai avec I’eau 1:10

3. Dilution 1:15

4. Dilution 1:30

5. Dilution 1:40

6. Solution aqueuse de I’hétéro-auxine (contréle)

Pour chaque variante dans 3 expositions (24, 848, 72 heures) avec 5 fois de répétition.

Il a été réalisé par nous des analyses suivantes. Des indices physiologiques il a été
déterminé :

- composition des pigments plastides - chlorophylle « a» et « b », des caroténoides
dans les feuilles par la méthode colorimétrique ;

- I’intensivité relative de la photosynthese a été définie par I’utilisation de la méthode
fluorescente a I’appareil PAM 2100 (4).

Processus de régéneration dans les conditions de la serre :

- germination du plant greffé dans la pépiniere et indices biométriques ;

- production du plant greffé de premiere qualité ;

Pour I’établissement de la nature stimulatrice du bio-stimulateur d’essai il a été defini :
- phytohormones, auxines, gibbérellines, cytokinins (5, 6)

- flavonoides, albumines, aminoacides, terpénes.

Résultats et discussion

L’objectif de notre examen consistait au traitement de la nouvelle technologie parfaite
de la production du plan greffé de la vigne en utilisant le bio-stimulateur naturel (végétal) obtenu
des matieres végétales, notamment de la rafle du raisin, car ce type des stimulateurs ont plus
d’avantages vis-a-vis aux autres stimulateurs organiques ou minéraux ce qui s’exprime dans le
suivant :

La nature bio-stimulatrice de I’extrait d’essai a été identifiee suite a I’observation
effectuée sur le développement du callus et des racines sur les pousses et sur I’intensivité de leur
élévation. La production du callus et des racines commencent 3-4 jours avant que des pousses y
travaillées et du contréle (solution de I’hétéro-auxine). Il est a noter également que dans I’objet
d’examen le systéeme des racines fortes se développe et I’élévation des pousses se passe
activement (image 1).



Enraciner les greffes de la vigne traitées dans le stimulateur d’essai.
1. Contréle (eau)
2. Espéce de la vigne Goruli Mtsvane
3. Espéce de la vigne Tavkveri
4. Hétéro-auxine (controle).

La concentration optimale du bio-stimulateur pour I’enracinement du plant est 1/40,
exposition — 72 heures.

Il a été montré par les examens laboratoires que I’essai du bio-stimulateur obtenu de la
rafle du raisin est convenable pour recevoir du plant greffé de haute qualite.



Il a été étudié par nous I’influence stimulatrice du bio-stimulateur, obtenu de la rafle du
raisin, sur les greffes de racine et de greffage (Berlandieri / Riparia Cober 5 BB a été utilise pour
la racine, Goruli Mtsvane pour le greffage).

Sous I’influence du bio-stimulateur d’essai, les greffes, ainsi que les greffes plantées pour
prendre des racines et les racines mémes commencent la germination rapidement et avec une
grande énergie. Il est donné dans le tableau I’influence du stimulateur sur I’intensivité du
développement des calus, boutons et racines.

Les pousses greffées commencent a prendre rapidement des racines et a développer les
boutons aprés leur plantation dans la pépiniére.

Indices du développement des greffes traitées par les stimulateurs d’essai

variante Comlet calus La quantité de|La quantite de|La sortie haute
reins racines qualité plant

Etudie bio-|94 78 31 60

stimulateurs

Controle 78 75 28 52

Hétéro-auxine

Controle 80 70 6 46

L’avantage du stimulateur proposé par rapport aux stimulateurs présentés au marché
géorgien consiste a la possibilité de la préparation d’activer les processus de changement des
substances dans les organismes végétaux, d’élever leur vitalité et persistance contre les
conditions défavorables ; il favorise a I’amélioration de I’alimentation minérale de la greffe
vignoble, a la croissance du raccordement et de la cicatrisation des composants de greffage et au
développement fort du systemes des racines. Il renforce comme le systéeme des racines ainsi le
développement des parties au-dessus du sol. Les racines sont plus logues et ont plus de branches,
les tiges deviennent plus grosse, mais les feuilles sont plus larges et la composition des
chlorophylles est augmenté en elles ce qui accroit I’intensivité de couleur (image 1).

Conclusions :
Suite aux examens réalisés nous pouvons faire les conclusions suivantes :

1. La stimulation du callus s’effectue lors de la dilution du stimulateur d’essai avec I’eau
1:40.

2. Les substances biologiquement actives ne font aucune influence négative sur le
déroulement du cycle vital des cellules. La pousse ainsi recue, avec I’utilisation des substances
biologiquement actives, est durable du point de vue de cytologie.

3. Les greffes dont la matiére de greffage est travaillée par la solution du stimulateur
d’essai se distinguent de I’énergie élevée de germination du plant greffée. Ils se dépassent
beaucoup a la variante d’essai.



4. 1l est remarqué I’élévation intensive de la pousse.

5. Les conditions favorables au développement du systéme des racines et des plants
greffés sont créées a I’aide du traitement préalable des greffes.

6. La croissance de I’intensivité de la photosynthése et de la constitution des pigments
plastides par rapport au contrdle (hétéro-auxine) est conditionnée par le stimulateur d’essai.

7. La production du plant greffé standard est élevée et son prix coltant est diminué.
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RIASSUNTO

La diagnosi dei virus € molto importante nei lavori di selezione clonale sanitaria e nella
certificazione dei materiali di propagazione viticola. Lo scopo di questo lavoro é stato di mettere
a punto saggi rapidi basati sulla RT-PCR real time in multiplo (multiplex) con sonde ad idrolisi
per la diagnosi dei pit importanti virus della vite (ArMV, GFLV, GLRaV-1, 2 e 3, GFkV, GVA,
GRSPaV). | metodi sono poi stati confrontati con i saggi sierologici ELISA, ove possibile, su
circa 150 campioni di vite. | saggi di RT-PCR real time in singolo (singleplex) hanno dimostrato
di essere generalmente piu sensibili dei saggi ELISA per tutti gli 8 virus. | saggi real time
multiplex hanno invece dato risultati identici ai saggi singleplex, anche se il limite di rilevamento
e risultato migliore nei saggi singleplex. In conclusione, i saggi messi a punto in questo lavoro
hanno dimostrato di essere utili per la diagnosi dei virus della vite, poiché sono piu sensibili e
veloci dei metodi convenzionali e permettono un minor consumo di reagenti e di DNA stampo
rispetto ai saggi singleplex.

SUMMARY: DEVELOPMENT OF MULTIPLEX RT-PCR REAL TIME ASSAYS FOR
THE DIAGNOSIS OF GRAPEVINE VIRUSES

Diagnosis of viruses is very important in clonal sanitary selection and certification schemes of
grapevine propagation materials. The aim of this work was to develop fast multiplex real time
RT-PCR assays with TagMan probes for the detection of some of the most important viruses of
grapevine (ArMV, GFLV, GLRaV-1, 2 and 3, GFkV, GVA, GRSPaV). The assays were then
compared with the ELISA serological test on approximately 150 grapevine samples. The real
time singleplex RT-PCR assays developed for the 8 viruses showed to be generally more
sensitive than the ELISA. The results of the multiplex real time RT-PCR assays designed always
agreed with results obtained in the singleplex tests, saved for the limit of detection, which was
better in the singleplex assays. In conclusion, the assays proved to be a useful tool for the
diagnosis of grapevine viruses, as they are more sensitive and faster than the conventional
diagnostic methods and they allow to reduce reagent and cDNA template consumption with
respect to singleplex assays.

INTRODUZIONE

Le attivita di controllo ai fini della certificazione dei materiali di moltiplicazione e della
selezione clonale sanitaria della vite richiedono I’applicazione di metodi diagnostici per i virus in
grado di fornire risultati rapidi, affidabili ed universalmente riconosciuti. Negli ultimi anni sono
stati emanati, a livello europeo e nazionale, direttive e decreti che, da una parte, definiscono i
criteri di lavoro per la selezione clonale ed i requisiti sanitari minimi per la certificazione e la
selezione, dall’altra forniscono indicazioni sui tipi di saggi diagnostici da eseguire,
implementando le nuove informazioni acquisite dalla ricerca negli ultimi 40 anni e colmando
cosi una lacuna legislativa che permaneva dagli anni *70 (Direttiva Comunitaria n. 205/43/CE del
23 giugno 2005, Decreto MiPAAF del 7 luglio 2006; Decreto MiPAAF del 24 giugno 2008).



Esistono diversi metodi per diagnosticare le infezioni virali della vite. Lo sviluppo delle
biotecnologie avvenuto negli ultimi anni ha permesso di utilizzare nuove tecniche diagnostiche
sempre piu affidabili: accanto ai tradizionali saggi biologici tramite indicatori sensibili ed ai
saggi sierologici di tipo ELISA (Enzyme Linked ImmunoSorbent Assay), si sono affermati sempre
pit i metodi molecolari basati sulla PCR (Polymerase Chain Reaction). Le tecniche molecolari
piu usate per la diagnosi dei virus sono la RT-PCR (Reverse-Transcriptase PCR) convenzionale,
specifica per ciascun virus, seguita da elettroforesi su gel di agarosio. Le tecniche di real time
PCR, che si sono evolute negli ultimi anni, sono ancora piu rapide e sensibili, ma al momento
sono poco applicate nella diagnosi dei virus della vite (Osman et al., 2007, 2008; Osman,
Rowhani, 2008).

Lo scopo di questo lavoro é stato di mettere a punto saggi rapidi per la diagnosi di 8 fra i piu
importanti virus della vite, basati sulla real time RT-PCR, che possono essere utilizzati
singolarmente per I’analisi di ciascun virus (singleplex) o in contemporanea con due sistemi da 4
virus ciascuno (multiplex).

MATERIALI E METODI

Sono state utilizzate pit di 150 accessioni di vite, che si erano rivelate infette da uno o piu virus
in saggi precedenti. | campioni, costituti da talee legnose, sono stati analizzati sia con saggio
ELISA sia con i saggi real time sviluppati in questo lavoro. I risultati analitici ottenuti sono stati
poi confrontati tra loro per determinare le caratteristiche di sensibilita, specificita ed accuratezza
secondo le procedure EPPO (AA.VV., 2010).

Il saggio ELISA & stato eseguito con kit commerciali (Agritest e Bioreba), adottando i
protocolli consigliati dalle case produttrici.

Dagli stessi campioni utilizzati per il saggio ELISA sono stati estratti gli acidi nucleici
(MacKenzie et al., 1997) e ’RNA ¢ stato trascritto in cDNA per 1’analisi molecolare (Bertazzon,
Angelini, 2004). Nel caso del virus GRSPaV, per il quale non esiste un saggio sierologico
affidabile, il saggio di PCR real time é stato confrontato con il saggio di RT-PCR convenzionale,
condotto utilizzando 3 coppie di primer, complementari fra loro, che riconoscono i 3 principali
gruppi filogenetici di questo virus (Rowhani, comunicazione personale).

Sono stati sviluppati saggi di real time PCR con sonde ad idrolisi per 8 virus della vite (Tab. 1).
| primer e le sonde sono stati disegnati su regioni altamente conservate di sequenze consensus del
gene del capside proteico per tutti i virus oggetto di studio, utilizzando i programmi informatici
Primer 3 (http://www.broad.mit.edu/cgibin/primer/primer3.cgi) e Beacon Designer (versione
2.13, Biorad). Le sequenze consensus sono state ottenute tramite 1’allineamento del maggior
numero possibile di accessioni per ogni virus ricavate da GenBank (Tab. 2).

Tab. 1. Virus e virosi della vite per i quali e stata messa a punto la diagnosi in real time PCR.
Tab. 1. Grapevine viruses and viroses which were detected by real time PCR.

Virosi Virus Acronimo
Complesso della degenerazione Virus del mosaico dell’ Arabis ArMV

Infettiva (fanleaf) Virus dell’arricciamento fogliare GFLV
Complesso dell’accartocciamento Virus dell’accartocciamento fogliare 1,2 e 3 | GLRaV-1,2e 3
fogliare (leafroll)

Maculatura infettiva (fleck) Virus del fleck GFkV
Complesso del legno riccio (rugose Virus della scanalatura del Kober GVA

wood) Virus della butteratura della rupestris GRSPaV*
Necrosi delle nervature (vein necrosis) | Virus della butteratura della rupestris GRSPaV*

* GRSPaV & I’agente patogeno di due diverse malattie della vite. GRSPaV is the etiological agent of two different
grapevine diseases (Bouyahia et al., 2005; Borgo et al., 2009).



Tab. 2. Accessioni di GenBank utilizzate per ottenere la sequenza consensus di ogni virus.
Tab. 2. GenBank accessions used for obtaining the consensus sequence in each virus.

Virus Sequenze (n. accessione di GenBank)

ArMV X55460; NC_006056; X81815

GFLV AY821657, DQ526452, NC_003623, X16907, AY371023, AY371025, AY371026,
AY464090, X60775, AF304013, AF304014, AF304015, U11768

GLRaV-1 EF103902; AB222850

GLRaV-2 Y14131; AF039204

GLRaV-3 DQ911148; DQ680142; DQ680142; NC004667; AJ603339; AJ603340; AJ603341;

AJ603343; AJ603344; AJ603345; AJ603346; AJ603348; AJ603349; AJ603350;
AJ603351; AJ603352; AJ603353; AJ603354; AJ603355; AJ603356; AY 753208

GFkV NC_003347; AJ309022

GVA NC003604; DQ855086; DQ855087; DQ855088; DQ855082; DQ911145, AF441235,
X75443, AF441236, AF494187, AY340581, AY244516, AF007415

GRSPaV AY881626, AY881627, AF026278, AF057136; NC_001948, AY368590

Tutti i primer e le sonde sono state disegnati per amplificare frammenti di dimensioni inferiori
a 100 pb, al fine di incrementare al massimo 1’efficienza della reazione PCR. I primer sono stati
scelti sulla base della temperatura di fusione, in modo da impostare un protocollo termico di PCR
con una temperatura di appaiamento di 60°C, tale da garantire adeguate condizioni di specificita
nei confronti dei vari virus. La compatibilita di tutti i primer e delle sonde per I’allestimento delle
PCR real time multiplex é stata verificata preliminarmente con il programma AUTODIMER 1.0
(Vallone, Butler, 2004). Le sequenze di tutti i potenziali amplificati sono state poi confrontate
con le sequenze nucleotidiche presenti in GenBank, utilizzando il programma BLAST, allo scopo
di valutare preventivamente eventuali omologie con altri organismi diversi dai virus oggetto di
studio.

Le prove di PCR real time sono state effettuate presso i laboratori del’ERSA di Pozzuolo del
Friuli (UD) e del CRA-VIT di Conegliano (TV), al fine di valutare la ripetibilita e riproducibilita
dei risultati in condizioni sperimentali e strumentali diverse. Le prove sono state eseguite
utilizzando film ottici e piastre Bio-Rad a 96 pozzetti e tutti i campioni sono stati saggiati in
doppio in prove ripetute almeno due volte. E’ stato sempre utilizzato il seguente protocollo
termico: denaturazione iniziale di 3’ a 95°C, seguita da 50 cicli di reazione PCR con 57 di
denaturazione a 95°C e 30” di appaiamento ed estensione a 60°C. Dapprima sono stati messi a
punto gli 8 saggi di PCR singleplex, che sono stati poi riuniti in due sistemi di PCR real time in
quadruplo (multiplex), capaci ciascuno di diagnosticare 4 virus in contemporanea, e cioe
GLRaV-1, GLRaV-2, GLRaV-3 e GVA con il primo sistema, ArMV, GFLV, GFkV e GRSPaV
con il secondo sistema.

Le prove di PCR real time singleplex sono state allestite in un volume finale di 25 pl,
utilizzando 5 pl di cDNA e la Supermix Bio-Rad 2X. | primer e le sonde sono stati sempre
utilizzati alla concentrazione finale rispettivamente di 0,3 uM e 0,2 uM. Le prove di PCR real
time multiplex sono state realizzate con le stesse modalita, ma utilizzando la Powermix Bio-Rad
2X ed aumentando la concentrazione finale dei primer a 0,4 uM. | primer e le sonde ad idrolisi
sono state fornite dalla ditta M-Medical. Tutte le sonde sono state inizialmente sintetizzate
utilizzando come marcatore di emissione il fluoroforo FAM in posizione 5’ ed il marcatore di
assorbimento TAMRA in 3°. Per gli esperimenti di PCR real time multiplex tutte le sonde state
marcate in 3’ con il marcatore di assorbimento BHQ, mentre in 5’ le sonde di GFkV e GLRaV-2
sono state marcate con FAM, le sonde di GFLV e GLRaV-3 sono state marcate con JOE, le
sonde di ArMV e GVA sono state marcate con TEXAS RED e le sonde di GRSPaV e GLRaV-1
sono state marcate con CY5, in modo da distinguere i diversi virus grazie ai diversi fluorofori.




Tutti i sistemi di PCR real time sono stati saggiati in singleplex ed in multiplex per la
determinazione del limite di rilevamento (LOD) e dell’efficienza della PCR mediante 1’utilizzo
di standard plasmidici, che sono stati prodotti amplificando il frammento di interesse con primer
specifici per ciascun virus a partire da cDNA ottenuto da piante infette. Il prodotto di PCR é stato
quindi recuperato da gel e inserito nel vettore pGEM-T (Promega) per la successiva
trasformazione di cellule competenti di Escherichia coli JM101. I plasmidi cosi ottenuti sono
stati estratti mediante il kit QIAprep Spin Miniprep (Qiagen) e quantificati allo spettrofotometro.
La preparazione delle diluizioni contenenti I’opportuno numero di copie per ciascun plasmide ¢
stata effettuata come descritto da Applied Biosystem (2003). Tutti gli esperimenti sono stati
realizzati almeno in doppio, creando 8 diluizioni seriali del plasmide di riferimento, a partire da
500.000 copie e fino ad un limite inferiore di 5 copie. Ogni diluizione & sempre stata replicata in
triplo ed ai fini del calcolo del LOD sono state considerate solo le diluizioni positive nelle tre
repliche.

RISULTATI E DISCUSSIONE

In questo lavoro sono stati messi a punto saggi diagnostici con la tecnica PCR real time per
I’analisi di 8 virus della vite. Gli 8 saggi singleplex sono stati poi riuniti in due sistemi di PCR
real time in quadruplo, marcati con 4 colori differenti e capaci ciascuno di diagnosticare 4 virus
in contemporanea, e cioe GLRaV-1, GLRaV-2, GLRaV-3 e GVA con il primo sistema, ArMV,
GFLV, GFkV e GRSPaV con il secondo sistema.

Standard Curve
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JOE: E=107.0°% R*2=0.996 Slope=-3.165
Texas Red: E=99.0% R'2=0.999 Slope=-3 345
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Fig. 1. Determinazione del limite di rilevamento e dell’efficienza della PCR real time multiplex
per I’analisi contemporanea di GLRaV-1 (marcato CY5), GLRaV-2 (marcato FAM), GLRaV-3
(marcato JOE) e GVA (marcato TEXAS RED).

Fig. 1. Analyses performed for assessing the limit of detection and the efficiency of multiplex
real time PCR for the simultaneous analyses of GLRaV-1 (marked CY5), GLRaV-2 (marked
FAM), GLRaV-3 (marked JOE) e GVA (marked TEXAS RED).
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Per verificare le caratteristiche di ciascun metodo, prima sono state controllate le risposte agli 8
saggi singleplex, virus per virus; una volta accertata la validita dei saggi singleplex, si €
proceduto a mettere a punto i due sistemi multiplex ed a verificarne 1’affidabilita. Tutti 1
parametri tecnici intrinseci al sistema sono stati saggiati su campioni a concentrazione nota di
virus, costruiti con standard plasmidici. I 150 campioni di vite infetti sono stati invece utilizzati
per la comparazione con gli altri metodi, cioé con il metodo ELISA per 7 virus e con la RT-PCR
convenzionale per GRSPaV.

Le prove effettuate con gli standard plasmidici per la verifica dell’efficienza dei vari metodi di
real time non hanno evidenziato differenze significative tra gli esperimenti in PCR singleplex
(dati non mostrati) e multiplex (Fig. 1 e 2). Tutti i saggi hanno evidenziato un’efficienza ottima,
superiore al 94,9%, ad eccezione del saggio per GVA, la cui efficienza é risultata pari a 90,7%,
valore ritenuto comunque buono ai fini dell’affidabilita del saggio. In tutti gli esperimenti il
coefficiente di regressione R? & sempre risultato ottimo, uguale o superiore a 0,99.

Standard Curve
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FAn: E=96.8% R"2=0.990 Slope=-3.401
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Fig. 2. Determinazione del limite di rilevamento e dell’efficienza della PCR real time multiplex
per I’analisi contemporanea di ArMV (marcato TEXAS RED), GFLV (marcato JOE), GFkV
(marcato FAM) e GRSPaV (marcato CY5).

Fig. 2. Analyses performed for assessing the limit of detection and the efficiency of multiplex
real time PCR for the simultaneous analyses of ArMV (marked TEXAS RED), GFLV (marked
JOE), GFkV (marked FAM) e GRSPaV (marked CY5).

Il limite di rilevamento (LOD) indica la sensibilita delle diverse PCR ed e stato calcolato come
il numero piu basso di copie di plasmide virale che ciascun saggio € capace di diagnosticare;
minore € il numero di copie e quindi il LOD, tanto piu sensibile & il metodo. Le prove hanno
evidenziato in PCR singleplex risultati variabili da un minimo di 5 copie per GLRaV-2 e
GRSPaV ad un massimo di 25 copie per tutti gli altri virus, ad eccezione di GLRaV-3, che si &
attestato ad un LOD di 10 copie (Tab. 3). In PCR multiplex i risultati sono stati ottimi per 5 degli




Tab. 3. Determinazione del limite di rilevamento (LOD), espresso come
numero di copie del plasmide contenente la sequenza virale, in esperimenti di
PCR real time singleplex e multiplex.

Tab. 3. Limit of detection (LOD), expressed as number of viral plasmid
copies, obtained in singleplex and multiplex real time assays.

PCR real time
Virus singleplex multiplex
Arabis Mosaic Virus 25 25
Grapevine Fanleaf Virus 25 25
Grapevine Leafroll associated Virus 1 25 25
Grapevine Leafroll associated Virus 2 5 25
Grapevine Leafroll associated Virus 3 10 50
Grapevine Fleck Virus 25 25
Grapevine Virus A 25 25
Grapevine Rupestris Stem Pitting associated Virus 5 25

8 virus, in cui il LOD e stato simile a quello dei saggi singleplex; nel caso di GLRaV-2 e GFkV
la qualita e risultata leggermente inferiore, in quanto nessun dei due saggi € riuscito a rilevare
con sufficiente ripetibilitd meno di 25 copie; il saggio per GLRaV-3, infine, ha fornito i risultati
meno buoni, con un valore di 50 copie.

Le analisi condotte su 150 accessioni di vite hanno dato risultati identici nei laboratori
dell’ERSA ed in quelli del CRA-VIT, sia in sinlgeplex che in multiplex. 1l confronto con i
risultati ottenuti con il metodo ELISA, o con la RT-PCR convenzionale nel caso di GRSPaV,
hanno permesso di evidenziare le caratteristiche di sensibilita, specificita e accuratezza dei
sistemi di PCR real time (Tab. 4). Questi parametri, quindi, non misurano caratteristiche
intrinseche dei saggi, ma li confrontano con un metodo di riferimento, ritenuto universalmente
valido. Tali valutazioni non sono state estese ad ArMV per la disponibilita di soli 3 campioni
positivi, che sono stati ritenuti insufficienti per la valutazione dei diversi parametri. Ugualmente,
il valore di specificita di GRSPaV non é stato calcolato, dato il basso numero di campioni
negativi analizzati, che inficerebbe la validita del dato. Tutti i valori di sensibilita misurati
rispetto al test ELISA sono risultati superiori al 90% e, in particolare per GLRaV-1, GVA e
GFKYV, sono stati superiori al 95%.

Tab. 4. Valutazione della sensibilita, della specificita e dell’accuratezza dei saggi di PCR real
time sviluppati in questo lavoro in confronto alla metodica di riferimento. PA: n. di campioni
positivi in entrambi i metodi; NA: n. di campioni negativi in entrambi i metodi; PD: n. di
campioni positivi in piu rispetto al metodo di riferimento; ND: n. di campioni negativi in piu
rispetto al metodo di riferimento.

Tab. 4. Sensitivity, specificity and accuracy of real time PCR assays developed in the present
work, in comparison with the reference method. PA. n. of samples positive with both methods;
NA: n. of samples negative with both methods; PD: n. of samples positive only with the real time
PCR; ND: n. of samples positive only with the reference method.

VIRUS PA NA PD ND | Sensibilita | Specificita | Accuratezza | Metodo di riferimento
GFLV 33 4 0 3 91,7% 100,0% 92,5% ELISA
GLRaV-1 33 20 2 1 97,1% 90,9% 94,6% ELISA
GLRaV-2 20 27 8 2 90,9% 77,1% 82,5% ELISA
GLRaV-3 32 5 0 3 91,4% 100,0% 92,5% ELISA
GFkV 11 25 2 0 100,0% 92,6% 94,7% ELISA
GVA 21 14 8 1 95,5% 63,6% 79,5% ELISA

GRSPaV 26 2 4 2 92,9% - 82,4% RT-PCR convenzionale




Cio significa che solo pochi campioni positivi all’ELISA sono risultati negativi in real time; tali
campioni sono stati per lo piu quelli infetti con varianti virali divergenti. Questa differenza é da
imputare alle diverse caratteristiche delle metodiche sierologiche e molecolari: infatti il metodo
ELISA generalmente diagnostica uno spettro piu ampio di varianti virali rispetto alle metodiche
PCR, che sono invece basate sulle informazioni di sequenziamento delle banche dati, non sempre
esaustive.

La specificita e stata caratterizzata da una maggiore variabilita tra i vari saggi, con differenze
piu marcate. In generale, i saggi di PCR real time hanno evidenziato un maggior numero di
campioni positivi rispetto al totale dei campioni positivi in ELISA. Questo potrebbe essere
dovuto alla maggiore capacita dei metodi molecolari, rispetto a quelli sierologici, di individuare i
virus quando presenti a basse concentrazioni. | saggi real time per la diagnosi di GLRaV-3 e
GFLV sono stati gli unici in cui gli stessi campioni sono risultati positivi sia in PCR real time
che in ELISA e, per questo motivo, la specificita e risultata pari al 100%; dati precedenti ottenuti
al CRA-VIT hanno sempre confermato 1’alta affidabilita del saggio ELISA per questi due virus.
Nei saggi per la diagnosi di GLRaV-2 e GVA ben 8 campioni, negativi in ELISA, sono risultati
invece positivi in PCR; anche in questo caso, dati precedenti ottenuti dal CRA-VIT indicavano
che il saggio ELISA per questi due virus non e sempre affidabile e varia moltissimo in funzione
della matrice analizzata e del periodo di campionamento. Nel caso di GRSPaV sono stati
identificati altri 4 campioni positivi, che erano negativi al saggio con la RT-PCR convenzionale.
I valori di specificita sono quindi risultati bassi in alcuni casi (esempio 63% per GVA), ma cio
non implica forzatamente una minor validita dei nuovi saggi; indica piuttosto una discrepanza fra
il metodo di riferimento ed i saggi real time, che verra risolta inserendo nella comparazione
anche i risultati di altri tipi di saggi, come la RT-PCR convenzionale ed i saggi biologici.

L’accuratezza, che & un parametro che unisce sensibilita e specificita, é risultata fra il 90 ed il
95% per GFLV, GLRaV-1, GLRaV-3 e GFkV; leggermente inferiore, intorno all’80%, per gli
altri tre virus, a causa dei motivi gia elencati.

CONCLUSIONI

Questo lavoro presenta la messa a punto e lo sviluppo di 8 saggi in PCR real time singleplex,
che possono essere utilizzati anche in due sistemi di PCR real time multiplex, per la diagnosi dei
principali virus della vite. | risultati ottenuti sono da considerarsi di base per ulteriori analisi,
volte a valutare compiutamente alcuni valori dei parametri analizzati. | metodi sono stati saggiati
con successo su un elevato numero di accessioni infette di vite, di svariata provenienza
geografica, ed hanno evidenziato generalmente affidabilita molto buona rispetto ai metodi
tradizionali basati sulla tecnica ELISA e, solo nel caso di GRSPaV, su RT-PCR convenzionale.

Le prove di confronto hanno evidenziato generalmente un maggior numero di campioni positivi
rispetto alle analisi immunoenzimatiche, in particolare per GLRaV-2 e GVA e, seppure in misura
minore, per GLRaV-1 e GFKV. | campioni discordanti dovranno essere analizzati nuovamente in
condizioni ottimizzate, allo scopo di valutare se si tratta di falsi positivi in PCR real time o falsi
negativi in ELISA, anche se il fatto che generalmente i metodi molecolari siano piu sensibili di
quelli sierologici fa propendere per la seconda ipotesi.

Nel caso di GRSPaV, in cui il confronto e stato fatto con un metodo convenzionale di RT-PCR
di tipo qualitativo, sara necessario continuare il confronto utilizzando un numero maggiore di
campioni negativi, come per esempio materiale clonale risultato negativo al saggio biologico con
gli indicatori cv. Rupestris du Lot e 110 Richter. Infine, il sistema real time per la diagnosi di
ArMV, che pero é un virus di diffusione molto limitata, potra essere adeguatamente valutato solo
in presenza di un maggior numero di accessioni positive da poter analizzare.

Tutti i saggi proposti hanno evidenziato ottime caratteristiche di efficienza e limiti di
rilevamento molto bassi anche in condizioni di PCR real time multiplex. Per le analisi di routine
ai fini certificativi e di controllo dei materiali di moltiplicazione della vite, i protocolli di PCR



real time multiplex sviluppati in questo lavoro si propongono quindi quale concreta alternativa
alla tecnica ELISA tradizionalmente usata, grazie alle loro caratteristiche di rapidita, sensibilita e
specificita. Purtroppo, al momento, i costi delle analisi effettuate con tecniche molecolari sono
maggiori di quelli del saggio ELISA, ma tali differenze sono comunque destinate a diminuire in
un prossimo futuro.

Inoltre, grazie alla disponibilita di standard plasmidici di riferimento, i nuovi sistemi di PCR
real time sviluppati in questo lavoro possono essere utilizzati anche per studi e valutazioni di tipo
quantitativo della carica virale.
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ABSTRAKT

Die Ausdehnung der Weinbauregionen ist durch die klimatischen Anforderungen von Wein
begrenzt. Der Temperatursummenbedarf wird durch den Huglin-Index beschrieben, der
erheblich zwischen verschiedenen Sorten variiert. Osterreichs Wein wird im Osten in semi-
ariden Regionen, teilweise in Hanglagen und im Flachland, sowie im Sudosten im semi-
humiden Klimagebiet angebaut. Die 0Osterreichischen Weinbaugebiete waren, historisch
gesehen, in ihrer Ausbreitung immer durch niedrige Temperaturen limitiert. Risikofaktoren
fur die Traubenertrdge in der Vergangenheit waren kiihle und feuchte Sommermonate oder
sehr tiefe Temperaturen im Februar. Klimamodelle prognostizieren einen Erwéarmungstrend
und warmere Sommermonate, wodurch die wesentlichsten Risikofaktoren fur Missernten
seltener werden. Beglnstigt durch den Klimawandel treten aber neue Krankheiten und
Schadlinge auf, die wiederum neue Pflanzenschutzstrategien erfordern. In diesem Projekt
wurden Warnmodelle mit den ublichen Pflanzenschutzstrategien verglichen und fiir den
Einsatz im Risikomanagement geprift.

The extension of winegrowing regions is confined by the thermal requirements of grapevine.
Temperature requirements are characterised by the Huglin-index that varies significantly
between different cultivars. In Austria viticulture is limited to the warmest regions in the
Eastern and South-Eastern part of the country with semi-arid to semi-humid climates.
Historically, in Austria grape cultivars with relatively low temperature requirements are
grown in the majority of the winegrowing regions. An assessment of Austrian grape yields in
past decades has shown that in years when February was unusually cold or when the summer
months were both cool and wet, yield depressions have occurred. Therefore future climate
scenarios that forecast a warming trend and drier summer months will reduce the vulnerability
of viniculture because the weather extremes related to the yield reductions will occur less
frequently. However, the risk of new pests and diseases has to be considered and may require
new plant protection strategies. In this project disease models were tested and compared with
the usual plant protection strategies to improve the phytopathological risk management.

La extension de las regiones viticolas esta limitado por las exigencias climéticas del vino.

El indice de posibilidades heliotérmicas de Huglin es diferente segin el tipo de cultivo y
determina la temperatura idonea para cada caso. El vino austriaco se cultiva principalmente en
dos regiones: en la zona semiéarica del este (en terrazas y llanos) y en la zona semihtmeda del
oeste. Las zonas viticolas austriacas han estado siempre limitadas por las bajas temperaturas.
Los factores de riesgo en el pasado han sido: veranos frios y himedos y temperaturas muy
bajas en febrero. Los modelos climéaticos pronostican un calentamiento y por tanto veranos
mas calidos, lo que implica que los factores de riesgo sean menores. Pero por otra parte y
debido a este cambio climéatico también aparecen nuevas enfermedades y nuevos parasitos



gue exigen nuevas estrategias en el uso de los productos fitosanitarios. En este proyecto se
han comparado modelos nuevos en la aplicacién de los productos fitosanitarios con modelos
normales. También se han probado dichos modelos nuevos en situaciones de riesgo.

EINFUHRUNG

Regionale Klimamodelle prognostizieren fiir den Osten Osterreichs in den nachsten 50 Jahren
einen weiteren Temperaturanstieg und eine Verschiebung der Niederschlage vom Sommer-
ins Winterhalbjahr bei ungeféhr gleich bleibenden Jahressummen. Inwieweit diese Prognosen
bereits anhand der Aufzeichnungen der vergangenen Jahrzehnte nachvollziehbar sind, gehorte
zu den Untersuchungsthemen dieser Studie. Temperaturerh6hungen sind im globalen Mittel
die bislang am eindeutigsten nachweisbaren Begleiterscheinungen des Klimawandels und
zeigen sich im Weinbau durch deutliche Verfrihungen bei Blih- und Ernteterminen (Bauer
und Fardossi, 2008).

Trotz der nur relativ kurzen Auswertungsperiode der Wetterbedingungen von 38 Jahren zeigte
sich flr diesen Zeitraum eine hochsignifikante Temperaturzunahme, die bei Minimum-,
Mittel- und Maximumtemperaturen &hnlich ausgefallen ist und etwa 1,0-1,5 °C betrégt
(Abb.1). Die beobachteten phénologischen Veranderungen fanden somit in der gemessenen
Temperaturerh6hung ihr Gegenstiick. Die dadurch immer fruher erfolgende Abdeckung des
minimalen Warmebedarfes der traditionellen Hauptsorten Riesling und Griner Veltliner wirkt
sich dadurch auf eine Verlegung der Traubenausreifung in eine Jahreszeit aus, welche durch
hohere Nachttemperaturen und einen schnelleren S&ureabbau gekennzeichnet ist.
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Abb.1: Temperaturtrends der meteorologischen Station Krems 1971-2008 fiir die Vegetationsperiode April bis Oktober.
Jeder Parameter wird vom 95%-Vertrauensintervall der Einzelwerte umgrenzt. Homogenisierung der Daten auf Basis des
HISTALP-Datensatzes (http://www.zamg.ac.at/histalp/; Béhm et al., 2009)

Die genauere zeitliche Auflésung des Temperaturzunahmetrends enthillt eine
ungleichméfige Erwarmung zu verschiedenen Jahreszeiten.

Wéhrend die Temperaturszenarien regionaler Klimamodelle sich offenbar bereits in der
jungeren Vergangenheit realisiert haben, lassen sich aus dem Niederschlagsverhalten der
letzen Jahrzehnte die erwarteten Veradnderungen noch nicht ablesen. Die
Niederschlagssummen wahrend der Vegetationsperiode haben im Zeitraum 1971-2008
hingegen sogar einen schwachen, marginal signifikanten Trend der Zunahme erkennen lassen
(Abb.2). Dargestellt ist hier nicht der Gesamtniederschlag, sondern der bodenhydrologisch
wesentlich relevantere, um die oberirdischen Verluste (Abfluss, Dachwirkung der Blatter)
bereinigte nutzbare Niederschlag. Der Wasserbedarf jeder fur die Pflanzenproduktion



genutzten Flache setzt sich aus der Verdunstung des Bodens und der Transpiration der
Pflanzenblatter zusammen. Ist dieser als Evapotranspiration bezeichnete Wasserbedarf hoher
als die nutzbare Niederschlagsmenge, trocknet der Boden aus. Dieses Bodenwasserdefizit ist
fiir den ostosterreichischen Raum nichts Unibliches und wird durch die Niederschlage des
Winterhalbjahrs wieder aufgefullt. Der in Abb.2 dargestellte Langfristtrend des
Bodenwasserdefizits (untere Kurve) zeigt eine geringere Abnahme als die Zunahme des
Niederschlags, da die Verdnderungen sonstiger meteorologischer Parameter eine Erhéhung
der Evapotranspiration fordern. Sollte sich somit der Trend zunehmender Niederschldge in
den néchsten Jahrzehnten wieder umkehren (was auf Basis der regionalen Klimamodelle als
nicht unwahrscheinlich anzusehen ist), ist daher eine Verscharfung der sommerlichen
Trockensituation zu erwarten.
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Abb.2: Verlauf der Niederschlagsentwicklung (April bis Oktober) in der Region Krems in den Jahren 1971-2008. Der
nutzbare Niederschlag entspricht dem Gesamtniederschlag vermindert um Oberflachenabfluss und Interzeption durch die
Vegetation. Das Bodenwasserdefizit wurde als nutzbarer Niederschlag minus Bestandes-Evapotranspiration (nach Allen et
al., 1998) durchschnittlicher Weingarten (ohne Begriinung) berechnet.

Das Auftreten von Pilzkrankheiten h&ngt von den kleinrdumigen Witterungs-Bedingungen ab,
welche die Sporenverbreitung und Infektion beeinflussen. Verédnderungen im Klima werden
sich auf die Verbreitungsrisiken und den Einsatzbedarf von Fungiziden auswirken. Diese
Abhéangigkeiten wurden sowohl fur Oidium (Willocquet und Clerjeau, 1998; Jailloux et al.,
1999) als auch fur Peronospora (Seem, 2004; Salinari et al., 2004) quantifiziert. Beide
Pilzkrankheiten ~ sind in  Osterreich  relevant und  verursachen erheblichen
Pflanzenschutzmittelverbrauch. Die Modellierung der Infektionsgefahr hangt wesentlich von
verldsslichen Daten der Blattfeuchte ab (Dalla Marta et al., 2005), welche in Abhangigkeit
von den meteorologischen Umgebungsbedingungen fir Warndienste eingesetzt werden
kdnnen (Sentelhas et al., 2006).

Der Schwerpunkt der Studie lag in der Untersuchung der Nachhaltigkeit und der
Einsparungsmaglichkeit von PflanzenschutzmaBnahmen. Dabei sollten im Sinne eines
integrativen Pflanzenschutzes insbesondere die Einsatzmoglichkeiten eines Frihwarnsystems
und in Folge eine Verringerung der Fungizidanwendungen untersucht werden.
Wiunschenswert ist eine hohere Treffsicherheit des Erkennens von Anlassféallen. Durch das
Auftreten von Schédlingen und Krankheiten wie Peronospora, Oidium und Botrytis ist der
Pflanzenschutz eine grolRe Herausforderung und kann nur schwer auf chemische Hilfsmittel
verzichten. Aus Umweltschutzgriinden und den hohen Produktionskosten sind viele Betriebe
dazu bereit, den Betrieb auf Nachhaltigkeit auszurichten. Das zunehmende Okologische
Wissen, ein hadrteres 6konomisches Umfeld und die Forderungen der Konsumenten nach einer



weiteren Reduktion des Pflanzenschutzes zwingen den heutigen modernen Weinbaubetrieb,
sein Pflanzenschutzprogramm mehr und mehr zu optimieren. Eine Reduzierung des
Pflanzenschutzes bedeutet fir die Winzerinnen und Winzer eine genaue und optimierte
Spritzung beim Auftreten des Schédlings oder der Krankheit. Um beim Abbau der
Bekampfungsintensitdt die Gefahr von Ertragsverlusten zu vermindern, sind moderne
Vorhersagen Uber den Zeitpunkt und die Stirke des Auftretens von Schadorganismen
notwendig. Diese Prognosen sind durch Informationen tber die Uberwachungsmethoden und
Empfehlungen angepasster BekampfungsmalRnahmen zu erganzen.

MATERIAL UND METHODEN

Die Methodik der regionalen Erfassung eines vorhandenen Befallsdruckes beruhte auf einer
empirischen Erhebung mittels Fragebogen (n= 100). Damit wurden die im Vordergrund
stehenden Pflanzenschutzprobleme, die angewendeten Pflanzenschutzmanahmen und das
diesbezlgliche Fachwissen der Winzerinnen und Winzer abgefragt. Fir den Vergleich der
Warnprognosen und der Spritzungen wurden ein biologisch gefuhrter Weingarten und ein
Weingarten, der nach integrierter Produktion bewirtschaftet wird, herangezogen. Die
Erhebungen erfolgten ber 3 Jahre. Die Wetterstationen mit den programmierten
Warnmodellen wurden in der Nahe der beiden Weingéarten platziert, die Daten konnten
verglichen werden, ohne einen Einfluss unterschiedlicher Witterung zu beflrchten. Die
Wetterstationen wurden von der Firma Adcon Telemetry zur Verfigung gestellt und nach
vorgeschriebenen Standardwerten der Prognosemodelle aufgestellt. Uber diese Station
wurden die einzelnen Wetterdaten gemessen und an das Programm addVANTAGEPRO 5.0
gesendet.

ERGEBNISSE

Bei der Befragung der Winzerinnen wurden als haufigsten Schaderreger, die regional und
saisonal auftreten, Peronospora, Oidium und Botrytis, genannt. Ein geringeres Problem stellen
Roter Brenner und Phomopsis dar (Abb.3). Diese Schaderreger werden im Durchschnitt mit 7
bis 8 Spritzungen bek&mpft, wobei die Botrytisspritzung hauptsachlich separat unter
besonderer Berlicksichtigung der Traubenzone und besonders haufig beim Traubenschluss
durchgefuhrt wird.
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Abb.3: Umfrageergebnisse liber das Auftreten von Pilzkrankheiten in Traisentaler Weingérten.



Zwecks Prifung eines Frihwarnsystems wurden verschiedene Warnmodelle in Kombination
mit den jeweiligen PflanzenschutzmalRnahmen Uber drei Jahre kontrolliert. Es zeigte sich, dass
der Einsatz der MaRnahmen sehr wetterabhangig ist und weniger eine Reduzierung, sondern
eher eine zeitliche Optimierung des Pflanzenschutzmitteleinsatzes genau zum Zeitpunkt des
Auftretens moglich ist (Abb.4).
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Abb.4: Verlauf der Oidium-Infektionsgefahr und der durchgefiihrten PflanzenschutzmaRnahmen 2009 im Traisental.
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Abb.5: Verlauf der Peronospora-Infektionsgefahr und der durchgefiihrten PflanzenschutzmalRnahmen 2009

Als ein Beispiel, dass fir die gleiche Methode der anderen Jahre stehen soll, wird Abb.5
herangezogen, das die Prognose des Peronospora-Auftretens zeigt, die eingetragenen
Spritzzeitpunkte von IP und Bio und die Alarmmeldungen bei hohem Infektionsrisiko. Am
29. Mai 2009 ging von der Prognose eine Meldung der Oosporenkeimung aus und somit eine



Gefahr der Infektion. Am Beginn vom Juni wurde im IP sowie im BIO eine Spritzung
durchgefihrt. Hier war keine Gefahr einer Infektion gegeben und daher ist die Wirkung des
Wirkstoffes nicht gezielt ausgebracht worden. Erst am 20. Juni 2009 empfiehlt das Programm
eine Behandlung. Hier war der Indexwert sehr hoch und die Spritzungen hatten hier angelegt
gehort um eine Wirkung zu erzielen. Die né&chsten Spritzungen IP und BIO wurden um die
Alarmmeldung vom 28. Juni 2009 ausgebracht. Der Indexwert im August war sehr hoch und
die Gefahr einer Infektion war gegeben. Die Spritzungen IP und BIO wurden in dieser Zeit
gut angelegt, um eine Infektion zu behandeln.

DISKUSSION

Jedes Jahr bringt andere Extreme mit sich. In manchen Jahren gibt es vermehrt Probleme mit
Oidium und in anderen Jahren mit Botrytis oder Peronospora. Je nach Starke und Auspragung
der Witterung verhalten sich die Krankheitsanfalle anders. Aufgrund der Ergebnisse der
Prognosen im Vergleich zu der Witterung in den drei Jahren, kann davon ausgegangen
werden, dass Warnmodelle den Befallsdruck anhand von Wetterdaten prognostizieren kénnen
und dadurch die Mdglichkeit fir den Winzer besteht eine gezielte MalRnahme gegen die
Krankheit vorzunehmen. Es ist aus dem Vergleich der Prognosen von 2007, 2008 und 2009
ersichtlich, dass bei optimalen Bedingungen fir die Krankheit sich auch der Indexwert
entsprechend stark andert.

Die Pilzkrankheiten sind sehr stark von den Witterungsverhéltnissen abhangig. Der Echte
Mehltau (Oidium) zeigt hohe Indexwerte und daher einen hohen Befallsdruck bei einer hohen
Temperatur und Luftfeuchtigkeit. Ab dem Zeitpunkt einer Néasse sind die Bedingungen fur
eine Vermehrung des Oidiumpilzes schlecht. (Kast, K. W. 2009) Das warme und trockene
Jahr 2007 war ein Beispiel fir die optimalen Bedingungen. Die warmen und
niederschlagsarmen Monate Juni Juli und August waren fir die Entwicklung des
Oidiumpilzes gute Bedingungen. Der Falsche Mehltau (Peronospora), weist hingegen erst
optimale Bedingungen bei Né&sse auf. Das niederschlagsreiche und warme Jahr 2008 war ein
Peronospora-Jahr. Die Indexwerte fur Sporulation und Infektion zeigten eindeutig hohe Werte
im Jahr 2008. Botrytis kam in diesem Jahr bei niedrigeren Temperaturen und bei hoher
Blattndsse verstarkt vor. Das Jahr 2009 brachte viele verschiedene extreme Situationen
bezlglich der Witterung sowie den Krankheitsauftreten mit sich. In den Herbst hinein wurden
die Niederschléage wieder schwécher.

Die Warnmodelle sind auf die klimatischen Bedingungen angewiesen und berechnenden
tatsdchlichen Infektionsindex mathematisch (Lind K. 2005). Die klimatischen Bedingungen
werden von den Modellen aufgenommen und einberechnet, um den ersten Pollenflug zu
prognostizieren. Die Prognosefenster zeigen wie klein das Zeitfenster fur das Auftreten der
Krankheit und fur eine Bekampfung ist. Je nach Witterung ist das Zeitfenster unterschiedlich
grol3. Die Prognosen befinden sich ca. in einen Zeitrahmen von 4 -5 Monaten. Dies ist in etwa
der Zeitraum zwischen Blite der Gescheine und somit den Zeitpunkt der Primé&rinfektion und
der Ernte. Eine erste Sporulation oder eine erstes Anzeichen fur einen Infektionsdruck einer
Krankheit ist der Zeitpunkt einer Warnmeldung. Infektionen nach der Ernte haben keine
wirtschaftliche Bedeutung mehr und werden daher auch nicht beriicksichtigt.

Der Vergleich der Prognosen mit den Spritzungen aus den Versuchsanlagen zeigte, dass viele
Spritzungen in einer Zeit getatigt worden sind, wo kein hoher Infektionsbefall vorherrschte.
Es kann daraus verdeutlicht werden, dass die Spritzungen nicht alle exakt zu einem richtigen
Zeitpunkt eingesetzt wurden. Durch den Einsatz eines Warnmodells kdnnten die Zeitpunkte
fir den Einsatz von Pflanzenschutzmitteln bestimmt werden. Dadurch konnten
Fungizidspritzungen optimiert beziehungsweise dezimiert werden, die zu einer Verringerung
der Umweltbelastung fiihren. Zum Anderen kdnnte der Winzer finanzielle Einsparungen bei



der Produktion haben. Betriebe mit 6kologischer Produktion haben nach den Richtlinien eine
eingeschrankte Verwendung von Pflanzenschutzmitteln zu arbeiten.

Diese Betriebe dirfen bei bestimmten Mitteln die Hochstmenge nicht Uberschreiten und
haben somit die Mdglichkeit durch die Wetterstation genau dezimierte Spritzungen
durchzufiihren ohne die hochst zugelassene Menge zu Uberschreiten. Der Integrierte
Pflanzenschutz verfolgt verstarkt die Ziele der Nachhaltigkeit im Weinbau. Nur die
chemischen Pflanzenschutzmalinahmen, die wirklich nétig sind kénnten durch den Einsatz
von solchen Warnsystemen erganzt werden. Dies ware die Basis flr eine erfolgreiche und
effiziente Bekdmpfung von Schaderregern.

Der Einsatz der Wetterstation und der Prognosemodelle verlangt Erfahrung und nimmt viel
Zeit in Anspruch. Fur die Praxistauglichkeit nimmt die Wetterstation viele Anspriiche wie die
Wartung der einzelnen Sensoren, um genaue Werte und dadurch die richtige Prognose zu
erhalten, mit sich (Hopmann D, Dannecker H.W, 1992) Fir die Darstellung und
Warnmeldungen missen die Warnmodelle fir die jeweilige Krankheit am Programm erstellt
und immer wieder kontrolliert werden. Die einzelnen zugelassenen Pflanzenschutzmittel
missen in die Chemikalienliste eingetragen werden um bei einer Behandlung dieses Mittel
bei der Prognose mit einzuberechnen. Werden Behandlungen nicht eingetragen so kdnnen
auch keine genauen Berechnungen in Bezug mit den Prognosewerten genommen werden.
Dies in die Praxis umzusetzen wird noch einige Anfangsprobleme mit sich bringen, dadurch
die Ergebnisse nicht Kklar sind, ob die einzelnen Spritzungen genau zur gleichen Zeit
ausgebracht werden oder diese immer einzeln bek&mpft werden mussen.
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Biophysical Methods for Express Diagnosis of the Bfsiological Status of Plants and it's
Aplication for the Technological Improvement in the Replanting Materials Production
ABSTRACT

It has been studied and experimentally proved the ibelectric characteristics of plants
(on the example of grapevines and citrus) in relan to their physiological and
pathological state, external factors, time, biostumlation and curative dosages. Defined
is also the correlative dependence of plants’ acity on the level of diseases and frost
damage, level of elecrtophysical influence, chaagf vegetation period and external
factors. It has been defined experimentally and mved theoretically that a correlative
indicator of physiological status of plants is a awstant (invariable) figure and does not
depend on the time of measuring or vegetation perib Defined is interrelation of
biophysical indicators of vine graftining componens with their anatomical peculiarities,
levels of maturity and damage from frost. On the eample of citrus plants elaborated is
the bioelectric potential and impedance defining mthod for plants under vegetation,

their root system, separated grafting components ahseedlings.

Biophysische Methoden fur Expressdiagnostik des pisiologischen Zustandes der
Pflanzen und ihre Anwendung fur technologische Vemllkommnung von Herstellung
der Pflanzlinge von Weinreben

Zusammenfassung

Experimental sind bioelektrische Kennwerte von Pflazen unter Beriicksichtigung von
ihren physiologischen und pathologischen Zustandemxternen Effekten, Biostimulation
und Behandlungsdosen studiert. Nachgewiesen ist d&orrelationszusammenhang der
bioelektrischen Aktivitat der Pflanzen zum Grad von Verletzung infolge Erkrankung
und Frost, mit den Dosen von elektrophysischer Wirkng, mit Vegetationsperiode und
mit dem Wechsel des Aussenfaktoren. Nachgewieseist das Verhaltnis der

bioelektrischen Kennwerte von Propfkomponenten der Weinrebe zu ihren



anatomischen Eigenschaften, zur Tauglichkeit des Ges zum Impfen, zu Kennwerten
von Reife und Verletzung durch Frost. Erarbeitet snd die Methoden fur Bestimmung
der Biopotenziale und Impedanz von vegetierenden Rihzen, Wurzelsystem,

Impfkomponenten und der Pflanzlinge.

Introduction

Contemporary plant growing, like specific technaésy as a whole, require accurate
definition of physiological and pathological statofsplants without destroying integrity of
bioobjects exactly within the vegetation period @hehtifies the necessity for elaboration of
express diagnostic experimental methods. Notewaghhe fact, that whilst the existing
express diagnostic methods are based on visuah@i®ns, they are so far the only simple
way to control the technological process, thoughgloand producing not quite objective
results.

Relatively accurate biochemical, cytological antlestmethods require complex laboratory
equipment and involvement of highly qualified spdisis and therefore are not suitable for
field work and for obtaining information from bigmnisms in conducting express analysis.
For the assessment of plants’ physiological antgdagjical status in laboratory practice it is
often used the electrical method (chemiluminescenoethod, etc.) for the data receipt and
control. However, due to various reasons (nonspiartability of equipment and complexity
of their application, etc.) utilization of this @gment in agrarian plant cultivation process is

rather limited.

Material and Methods

As of today, it is defined that biophysical indimet (biopotentials and impedance), as
effective means for objective express assessmephydiological condition of plants can

provide information directly from plants without steoying the wholeness of the organism.
Correspondingly, it is essential to elaborate sdielgnostic methods and implementation of
portative electro technical equipments in scienesearches and practical utilization.Their
application will speed up diseases diagnostics seidction process, simplify definition of

effective dosing for healing and feeding materiaf new generation, promote flexible

operation of plant protection and quarantine sesjidmprove abilities of automation of



experimental research and microclimate regulatimtesns (in which the plant itself act as a
sensor).

Based on our conducted researches and literatuee vda have elaborated and improved
common methodology for measuring bioelectricalvigt of vegetative plants and their

organs, which minimizes measurement errors aaghdistic inaccuracy.

Results and Discussion

We have studied experimentally the bioelectricrabiristics of plants (on the example of
grapevines and citrus) in relation to their phimyecal and pathological state, external
factors, time, biostumulation and curative dosaBedined is also the correlative dependence
of plants’ activity on the level of diseases amdst damage, level of elecrtophysical
influence, change of vegetation period and extdators.

We have defined experimentally and proved thealyicthat a correlative indicator of
physiological status of plants is a constant (iralde) figure and does not depend on the time
of measuring or vegetation period.

On the example of citrus plants elaborated is te¢hod defining bioelectric potential and
impedance of plants under vegetation, their rostesy, separate grafting components and
seedlings. We have started definition in the retatbetween biophysical indicators
(bioelectric potentials, response bioelectric neactand impedance) of vine graftining
components with their specific anatomical pecuiiesi levels of maturity and damage from
frost.

Technical requirements for portable field equipm&t measuring bioelectricity of plants
have been specified and justified are possibiliteeprovide longer control over the express
analysis of plants by means of these equipment. al&te elaborated original experimental
smaples of equipment and transmitters.

We have elaborated technical requirements forrtipedance frequency dispersion depicting
device, method for frequency dispersion definitidetermined algorithm determining active
and reactive components of impedance, construcieerienental sample of the device.

We have also developed automatic electrophitodisigminformation and measuring system
(registration and control of electrophysiologicparameters of plants, environment and leaf
diagnostics) and multifactor research methodjclvhllows receipt of complex information

from plants and environment simultaneously, sedectind elaboration of express diagnostic



appropriate method for information parameter (ombmation of parameters) in various
technological process.

Electrical methods for technological improvementvafe sibling production is based on
original methods of bioelectrical activity (biopatagals responsively reaction on irritation
through electric impulse, impedance frequency dspwithin wide range from 100hz to 100
Mhz) of rut system and separate parts of plants #rer modification taking into

consideration specific anatomic and other pectikariof vine plant, the research object.

Conclusions

Results received based on our experimental resesmhvine seedlings and subtropic plants,
guarantee that elaboration and utilization of egpreliagnostic method and portative
equipments in production of vine seedlings (deteation of physiological condition of
grafting components and engrafts, phyto-sanitarjroh determination, prophylactics and
therapy of virus infection, also determination @#ncy of new generation biostimulators for
raising reliability of seedlings) will significantimprove moden vine production technology,
have a positive impact on the solution of existprgblems in the sector and reduction of
attacks from activated viruses and other disedsethe future, the technology worked out
under the proposed project will help farmers todpie high quality competitive product,
enter new markets for seedlings and ensure subtairdevelopment of their business
activities.

Introduction of elaborated methods will speed upcpss for establishing effective dosage of

mineral feeding, prophylactic, therapeutic andsbroulative influence of plants.
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RESUME

L’Ugni blanc représente 98 % de 1’encépagement du vignoble destiné a la production du
Cognac. Les clones d’Ugni blanc actuellement disponibles en France, sélectionnés dans les
années 1970, ne présentent que peu de diversité. En 2003, un programme destiné a accroitre la
diversité disponible au sein de ce cépage, a été initié. Une prospection a été conduite dans le
vignoble de Cognac, puis dans d’autres vignobles francais. Un nouveau conservatoire a été
implanté des 2006. I1 regroupe aujourd’hui environ 700 accessions. A ce jour, la prospection
se poursuit dans différents vignobles hors de France, en particulier en Italie. Parallelement, un
travail de phénotypage est en cours sur 1’ancien conservatoire en vue d’évaluer la diversité
disponible et de mettre au point des méthodes de screening rapides.

INTRODUCTION

L’Ugni blanc est un cépage originaire d’Italie, plus précisément de Toscane, ou il est connu
sous le nom de « Trebbiano toscano ». Avec environ 170 000 ha implantés, I’Ugni Blanc est
I’un des principaux cépages cultivés dans le monde. On le retrouve majoritairement en
Europe, particuliérement en France et en Italie, mais aussi en Bulgarie, Grece, Portugal,
Roumanie et dans d’autres vignobles hors d’Europe : Afrique du Sud, Australie, Californie,
Argentine.... En France, il représente notamment plus de 98% des 75000 hectares du
vignoble destiné a la production du Cognac.

Alors qu’il était déja cultivé dans le Midi et le Sud-ouest de la France, ’'Ugni blanc n’a été
implant¢ a grande échelle dans le vignoble de Cognac qu’apres la crise phylloxérique, il y a
un siécle environ (Ravaz, 1900). Il va devenir vers le milieu du XX siécle le cépage
majoritairement utilisé en Charentes, ou il s’est rapidement imposé pour la production du
Cognac en raison de ses qualités : productivité, débourrement tardif, production d’un vin
acide et peu alcoolisé, particulierement adapté a la production d’eaux-de-vie de qualité.

La multiplication de I’Ugni blanc a, dans un premier temps, été réalisée par sélection
massale. Les nouvelles parcelles étaient implantées a partir de greffons prélevés dans des
parcelles plus anciennes, sur des souches sélectionnées pour leurs caractéristiques de vigueur
et de production. A partir des années 1960, un important travail de sélection clonale a été
entrepris par la Station Viticole du BNIC, aidée dans cette démarche par des pépiniéristes et
viticulteurs de la région de Cognac, qui avaient déja repéré et multiplié les origines les plus
intéressantes. En effet, il peut exister une certaine diversité entre les clones d’un méme cépage
(Bouquet, 2008).

Entre 1960 et 1964, environ 800 souches, choisies d’aprés leur état sanitaire et leur
comportement agronomique, sont prélevées dans différentes parcelles du vignoble de Cognac,
et implantées, franches de pied, dans les sables de I’'Ile de R¢, au domaine de Halda (Courlit
1995). Un travail de sélection, basé sur des critéres agronomiques et d’état sanitaire des
accessions, aboutit en 1976 a I’agrément de 8 clones inscrits par le CTPS au catalogue officiel
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des variétés et clones de vigne cultivés en France sous les numéros 479 a 486 (ENTAYV et al,
1995).

Plusieurs parcelles de comportement de ces clones, implantées sur des sites correspondant a
des situations naturelles trés différentes, ont été suivies depuis leur agrément. Les résultats de
plus de trente années d’expérimentation portant sur les huit clones d’origine charentaise sont
concordants : les caractéristiques de ces clones sont trés proches. La figure 1 illustre par
exemple la moyenne de production des clones en Charentes (Courlit, 1995).

Production des clones (hl AP/ha)
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0 - T T T T T T T
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Figure 1 : Production en hectolitre d’alcool (AP) pur a I’hectare des clones charentais
(moyenne 1992-1994, Courlit, 1995)
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La proximité génétique de ces clones a également fait I’objet d’une étude mettant en ceuvre
la technique des microsatellites, utilisée notamment par I’INRA de Colmar (Lefort, Pelsy et
al, 2003) et susceptible de révéler des différences génétiques au sein d’un cépage. La
comparaison des clones d’Ugni blanc agréés, mettant en ceuvre 32 microsatellites choisis pour
leur capacité a différencier les clones d’autres cépages, n’a montré¢ aucune différence dans
leurs profils génétiques.

En 1992, afin de prévenir la perte de la variabilité naturelle, la Station Viticole du BNIC a
décidé, en concertation avec les organismes en charge de la sélection (ENTAV, INRA,
ONIVINS) de mettre en place en Charente le conservatoire national de 1’Ugni blanc
(Desaché, 1995). Les accessions rassemblées au sein de ce conservatoire sont les suivantes :
six clones d’origine Charentaise parmi les onze agréés en France, un large échantillon (171)
des accessions rassemblées dans la parcelle de sélection originelle de I’'lle de R¢, une
vingtaine de clones issus de différentes régions francaises (Armagnac, Hérault...) transmis
par PENTAYV. Ce conservatoire a été implanté dans le vignoble de la Fondation Fougerat, a
Graves-Saint Amant (16120 - France), avec 8 plants par accession. Il a été utilisé pour tester
des méthodes d’évaluation de la diversité.

En 2004, compte tenu de la faible diversité constatée dans ce premier conservatoire et de son
vieillissement, un nouveau projet de conservatoire, issu de nouvelles campagnes de
prospection, a été initié pour constituer une population présentant davantage de variabilité et
susceptible de pouvoir mieux répondre aux attentes actuelles.
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MATERIEL ET METHODES

Prospection dans différentes régions

La prospection consiste a repérer des souches d’aspect particulier dans de vieilles parcelles,
dans des régions ou le cépage est depuis longtemps implanté. La méthodologie suivie est la
« méthode d’installation de gestion et d’étude des conservatoires de clones de vigne », mise
au point par L’ENTAV, ’INRA et la CTNSP en 2004, (Lacombe et al, 2004).

Le nombre de sites prospectés a €té privilégié par rapport au nombre de souches repérées
par site, ce qui a permis de marquer des souches dans les sites recensés. On pense en effet
que, du fait du mode de multiplication majoritaire de la premiére moitié du XX™ siécle
(greffage avec du matériel végétal sélectionné localement), les souches d’'une méme parcelle
peuvent provenir du méme matériel végétal, mais que des parcelles différentes peuvent
présenter de la diversité, a fortiori si elles sont éloignées géographiquement.

Dans chaque parcelle, le travail consiste & parcourir les rangs au cours de la période
végétative, en particulier entre la véraison et la récolte pour observer les grappes. Le repérage
des souches se fait sur les critéres suivants :

- cépage Ugni blanc,

- vieux cep d’origine (certaines parcelles ont connu de nombreuses entreplantations),
- absence de virose manifeste,

- diversité d’aspect végétatif.

Ce dernier point porte sur I’aspect général du cep (vigueur, production, port...), I’aspect des
feuilles (bullure, villosité, couleur, taille, forme, forme des sinus pétiolaires et latéraux, aspect
des dents,...), ’aspect des grappes (compacitg, taille, forme, taille et couleur des baies...).

Ce travail est d’autant plus délicat que les parcelles en place présentent parfois un état
dégradé (figure 3). A I’extréme, les souches « ensauvagées », non taillées ni traitées depuis
des années, présentent un aspect tres différent de ce qu’elles donneraient dans une parcelle
entretenue. De ce fait, I’observation des souches en place est réduite au minimum, et le choix
des souches est parfois réalisé de fagcon aléatoire, ce qui rejoint la méthode employée par A.
Martins au Portugal (Martins, 2003).

Installation du conservatoire

Les principales viroses sont recherchées par tests sur bois et racines des plants constitués.
Les accessions atteintes de court-noué¢ ou d’enroulement de type 1 ou 3 sont éliminées. Les
accessions atteintes d’enroulement 2 sont conservées dans une parcelle isolée du reste du
conservatoire. Le greffage des 200 a 400 assemblages annuels doit étre particuliérement
rigoureux pour assurer la tragabilité de ces petits lots : il a été réalisé par le Centre de Pré
multiplication de la Station Viticole du BNIC. Des observations sont faites en pépinic¢re pour
confirmer 1’identit¢ du cépage (éventuellement complétées par des tests génétiques) et pour
repérer des caractéres morphologiques originaux.

Afin de respecter la méthodologie décrite par Lacombe et al, 2004, une parcelle n’ayant
jamais porté de vigne a été choisie pour créer le nouveau conservatoire situé sur le domaine
du Lycée agricole de I’Oisellerie (La Couronne, 16000 - France). Les accessions (plants
provenant d’une méme souche d’origine) sont plantées par placettes de 5 souches. Pour cela,
15 plants sont greffés par accession. Des références (clones agrées d’Ugni Blanc) sont
¢galement incluses dans le dispositif.
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Analyse des raisins

Echantillonnage : 5 grappes saines (moins de 5% de pourri visuel) sont prélevées par placette,
en choisissant toujours la premicére grappe du sarment le plus prés du cep, sur les ceps
présentant un état normal. Les grappes sont placées dans un sachet-filtre (Atlantic Labo), qui
est ensuite introduit directement dans un malaxeur & palettes (« Bagmixer® 3500
Jumbomix® » d’Interscience, distribué¢ par Atlantic labo) pour extraire le jus (2 min,
fréquence maxi). 40 accessions ont été évaluées en 2008 et 196 en 20009.

Analyse des motts : les principaux paramétres analytiques des mouts (TAVP, acidité totale,
pH, acide tartrique acide malique, potassium, azote aminé, azote ammoniacal) sont déterminés
par IRTF (infra rouge a transformé de Fouri¢), par le laboratoire de la Station Viticole du
BNIC, accrédité par le COFRAC pour le programme 78 (analyse des vins et des mofts). Les
composés volatils des moflts sont dosés quantitativement par chromatographie en phase
gazeuse du distillat obtenu par la technique de micro distillation du mott en conditions hydro
alcooliques (10%) et acides (pH=1), décrite par Galy (1998).

RESULTATS ET DISCUSSION

Prospection

Les principales régions prospectées en France sont le vignoble de Cognac, le Midi
méditerranéen, la Corse (ou 1’Ugni blanc est appelé Rossola), le Sud-ouest (Gers, Landes,
Pyrénées Atlantiques). Dans le Midi, en Corse, et le Sud-Ouest, ce travail a ét¢ mené en 2004
en partenariat avec des techniciens régionaux de Chambres d’Agriculture, de coopératives
agricoles, ....

Dans la région de Cognac, la prospection a ¢ét¢ menée avec 1’aide du Conservatoire du
Vignoble Charentais. Une enquéte postale, adressée a tous les viticulteurs de [aire
d’Appellation Cognac, et complétée par de nombreux contacts directs, a permis de recenser
environ 200 parcelles agées de plus de 50 ans, certaines de plus d’un si¢cle, dont 126 ont été
retenues et visitées. La figure 2 illustre la couverture de I’aire de production par la campagne
de prospection. Elle montre que de nombreux secteurs du vignoble charentais comportaient
encore de vieilles parcelles en 2003. En moyenne une dizaine de souches ont été marquées par
parcelle. La prospection a aussi porté sur des treilles, des parcelles abandonnées ou méme des
souches « ensauvagées » comme sur 1’1lle de Ré ou les souches d’anciennes vignes plantées
dans les dunes continuent a pousser, alors que le sable tend a les recouvrir. Trouver 15 yeux
greffables a parfois été difficile sur ces vieilles souches, en particulier sur les vignes
ensauvagées dont I’aolitement est souvent imparfait. Une prospection a dans le méme temps
¢été conduite au Portugal par le professeur A. Martins de I’Université Technique de Lisbonne.

Le tableau 1 présente le nombre de parcelles et de souches repérées par année et par région.

Tableau 1 : sites et souches repérés par région de prospection

Région prospectée Nombre de parcelles Nombre souches marquées
2004 Midi-Corse-Sud ouest 54 408
2005 - 2006 Vignoble de Cognac 126 1142
2008 Vendée 9 26
2007-2008 Portugal 14 71
2009 Gironde 4 23
Total 207 1670
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Région délimitée Cognac

souches Ugni blanc marquées
mm Grande Champagne

mm Petite Champagne [—

mm Borderies . 210
Fins Bois . 0230

= Bons Bois B 502100

mm Bois Ordinaires

Figure 2 : Carte du vignoble de Cognac et localisation du nombre
de souches d’Ugni blanc marquées par commune

Pour les vignobles francgais, la prospection est aujourd’hui considérée comme achevée, a
quelques exceptions pres. Certains vignobles d’autres pays ou 1’Ugni blanc est implanté de
fagon significative restent encore a prospecter : 1’Italie en premier lieu, mais aussi la Bulgarie
et la Grece.

Do T o iy T

Figure 3 : Prospection dans une parcelle agée (a), repérage d’un cep (b) et implantation du
nouveau conservatoire au Lycée de 1’Oisellerie (¢)

Installation du conservatoire

Le tableau 2 récapitule le nombre d’accessions plantées pour les différentes tranches.
Environ la moitié des souches marquées ont du étre éliminées, principalement a cause de
I’enroulement dans le Midi et en Corse, et principalement a cause du court-noué en Charentes.
Cette répartition n’est pas homogene : certaines parcelles voient toutes leurs souches
¢liminées, d’autres aucune. Aucune technique d’assainissement pour un grand nombre
d’accessions n’est utilisable a ce jour, ce qui explique le faible pourcentage des accessions
saines implantées dans le conservatoire, par rapport aux souches repérées au vignoble.

Des références (clones agréés) sont incluses dans le conservatoire pour pouvoir comparer
dans les mémes conditions les accessions aux clones connus. En 2010, 10 clones de
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Trebbiano toscano, agréés en Italie (Tamai, 2009), ont également ét¢ implantés dans le
conservatoire.
Tableau 2 : Nombre d’accessions plantées dans le nouveau conservatoire

Années Accessions saines Avec enroulement 2
2006 78 + références 91 + références
2007 143 + références 44 + références
2008 250 + références 80 + références
2010 10 + références
Total 481 215

Une fois achevée I"implantation du conservatoire, il s’agira d’observer le comportement des
différentes accessions pour en choisir les plus intéressantes, qui seront implantées dans des
collections d’étude avec répétitions et observations plus complétes. Les nouveaux clones
candidats a 1’agrément seront issus de ces collections d’étude.

Premieres observations sur la variabilité

Dans I’attente de I’entrée en production du nouveau conservatoire (Oisellerie), deux
campagnes d’observations ampélographiques, assorties de notations diverses (précocité,
maladies du bois), ont été réalisées en 2008 et 2009 sur I’ancien conservatoire de la Fondation
Fougerat (Graves), qui comporte environ 200 accessions. Elles ont été¢ complétées par
I’analyse d’échantillons de raisins récoltés a maturité ainsi que par une évaluation de la
composition des raisins en composés volatils (figure 5).

L’objectif de ces observations était double : d’une part, préciser les méthodologies a mettre en
ceuvre dans le cadre des futurs programmes de sélection, d’autre part, disposer d’une premicre
¢valuation du niveau de diversité disponible au sein de ce conservatoire. Ces premicres
observations constituent une base méthodologique qui sera mise a profit pour optimiser le
processus de sélection, qui débutera en 2010 sur le conservatoire du Lycée de 1’Oisellerie.
Une certaine diversité ampélographique a pu étre observée entre accessions (figure 4).

A > Y.

5 A ., f ST o -, .~

Figure 4 : Différence de couleur d’apex observée au débourrement
entre deux accessions du conservatoire de Graves.

Sur le plan analytique, les résultats préliminaires portent sur 40 accessions en 2008 et 196 en
2009. Une analyse en composante principale (ACP) des résultats analytiques a ¢été réalisée :
I’axe 1 montre une tendance liée a la maturation (opposition entre le TAV potentiel et
I’acidité totale), les norisoprénoides (trimethyl-1,1,6 dihydro-1,2 naphtaléne, f damascenone,
vitispirane 1 et 2) étant plus en relation avec la richesse en sucres qu’avec 1’acidité. Ces
résultats montrent une faible diversité globale de cette population (figure 5), qui est toutefois
légérement supérieure a celle observée pour les clones agrées. La confirmation de ces
premiers résultats par les récoltes a venir, et son élargissement aux 700 accessions du
conservatoire du lycée de I’Oisellerie devrait permettre d’identifier certaines accessions
présentant des caractéristiques différentes qui seront alors mises en collection d’étude.
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Figure 5 : Analyse en composante principale des résultats analytiques 2008 et 2009. Les
clones agrées sont représentés par les points bleus.

CONCLUSION

La prospection menée en France par le BNIC a permis I’implantation d’un nouveau
conservatoire de prés de 700 accessions, qui fera encore 1’objet de compléments dans les
prochaines années. Ce conservatoire devrait avoir permis de sauvegarder une part importante
de la diversité de ’Ugni blanc présente dans le vignoble francgais. L’objectif est maintenant de
rechercher de la diversité dans d’autres vignobles, et notamment en Italie, berceau de ce
cépage, ou il est présent dans de nombreuses régions (Storchi, 2008 ; Tamai, 2009).

Le nombre important d’accessions a caractériser implique de faire appel a de nouveaux
outils d’analyse rapide. Les essais réalis€és en 2008 et 2009 sur le conservatoire de la
Fondation Fougerat ont permis une premicre approche de la diversité disponible, et de tester
des méthodes d’échantillonnage et de caractérisation rapide des raisins. De nouveaux outils de
tri seront néanmoins recherchés, aussi bien sur le plan agronomique (mesure rapide du
rendement, de la maturité...) que génétique. Les travaux récents sur le génome de la vigne
(Adam-Blondon et al, 2007) ouvrent a cet égard d’intéressantes perspectives de mise au point
d’outils innovants, utilisables dans le cadre de nouvelles stratégies de sélection.

Figure 6 : Grappe d’Ugni blanc dans le vignoble de Cognac
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ABSTRACT

Caucasus grape varieties are among the oldest in culture. According to the polycentric
theory and to the polyphyletic origin of grape varieties it is possible that some of these
varieties come either from wild vine (Vitis silvestris Gmel.), found commonly in this area,
either through their own reproduction towards European varieties.

This paper aims at studying three varieties with origin in Georgia: Dodrelabi, Rkatiteli and
Saperavi, compared to Chasselas doré, the cosmopolite grape variety, cultivated in the
Ampelographic Collection of the Horticulture Faculty in lasi. The viticultural area of north-
east Romania is restrictive towards vines especially when taking into consideration the
absolute minimal temperatures during winter. Climatic accidents often occur as the values of
these temperatures (4 years out of 10) make necessary the semi-protected vine culture and
promoting the vine varieties with a higher resistance to freeze. The studied varieties were
considered under the following aspects. freezing behavior, vegetation phenophases, fertility
and productivity, quantity and quality of grapes during 2007-20009.

INTRODUCTION

Starting to cultivate the wild vine Vitis silvestris Gmel. And forming the Vitis vinifera L.
happened around 7000-9000 BC. The place where the wild wine was transferred into human
culture cannot be specifically set. History mentions that the oldest culture centre is in Small
Asig, in the Transcaucasia, due to the large spreading of Vitis silvestris Gmel. while in some
areas it is hard to trace a limit between wild and human bred vines. This phenomenon of
interpenetration between wild and cultivated vines is found, at a smaller scale, in other
regions, as. the Rhein valley in Germany, Mosselle's valley in France, valea Mosselel in
Franta, Neretva's valley in eastern part of the Adriatic basin, Kopet Dag region on Central
Aisa, Tian-San region in China, Olt river valley, Prut river valley, Danube Delta in Romania
(lacob M., 1990). It must be noticed that the forms of wild vines that exist in Europe are dioic
plants, while the fruit-bearing vines from the Vitis vinifera L. are hermaphrodites. As it is
generaly known, hermaphroditism in plants is generated by the multiple allels of H gene, met
only in cultivated vines. It has been found our, nevertheless, that wild vines aso have
hermaphrodite forms, that provoked through introgression in local dioic populations, the
apparition of hermaphrodite forms that are basis of European noble grape varieties. All of the
above are proof that cultivated vines (Vitis vinifera L).originate from wild ones.



MATERIAL AND METHOD

Evaluating the climatic favourability was analysed as a synthesis of climatic factors that
have an impact on the bioproductive behaviour and qualitative factors of the vine. Within the
viticultural ecosystem of lasi vineyard, the caucasian vine variaties (cv) Dodrelabi, (cv)
Rkatiteli and (cv) Saperavi, were compared to (cv) Chasselas dore, largely known.

The study has been done and analysed in the Ampelographic Collection of the Horticultural
Faculty. The used rootstock was (cv) Berlandieri x Riparia Oppenheim 4, planting was done
in 1995 at planting distances of 2,2/1,2 m (3787 trunks/ha). The cutting was done in bilateral
cordon, semi-tall, with 2-3 buds. During 2007-2009 analyses were done concerning: freeze
behaviour, vegetation pheno-phases development, fertility and productivity of the vine
varieties, quantity and quality of grape production.

RESULTS

The problematic of climatic change on vineyards is one of maximum importance for
researchers in different areas. These climatic changes are of interest to the vine growers,
considering the fact that premium wines are produced in vineyards very sensible to any
changes in the pedo-climatic temperatures.

Modernising the vineyards by introducing tall and semi-tall forms of cutting, with partial or
no protection during winter of the vine trunks led to establishing adequate technologies and
vine varieties for each vineyard and viticultural center.

In this context come the studies and observations that established the pedoclimatic
disponibility of the viticultural area of lasi vineyard taking into consideration the ecological,
bio-productive and qualitative needs of vines; evaluating the behaviour of vines originated
from the Caucasus area, the biological, quantitative and qualitative potential, in order to
underline their use and manipulation the existent resources of the viticultural ecosystem as
alternative for a sustainable viticulture.

Through its actions, except the norma limits and according to the vine's climate, the
climatic risk causes violent destructions, having as final result partial or total loss of
biologica capacity.

A viticultural ecosystem is a functional block created and controlled by man in order to
obtain a high quality grape production, in social and economically viable conditions. The
viticultural ecosystem is directly influenced by the global climate changes. The existence of
extreme climatic phenomena plus many more major climatic changes imposed on the vine
growers the necessity of finding new approach methods in establishing their impact on the
viticultural ecosystem. In order for a sustainable viticulture to exist, climatic changes must be
take into consideration, evaluated and monitored, especially now, when, we dea with
unknown climatic phenomena. Global climatic changes changed the frequency of rains,
leading to draughts expansion and desertification.

The viticultural north-east area of Romaniais restrictive for viticulture especially because of
the absolute minimal temperatures during winter. Climatic accidents can often appear, the
values (-20 .... - 22°C) and frequency (4 years out of 10) of them making compulsory the
culture of vines in a semi-protected manner and promoting vine varieties that are resistant to
freezes. By analysing table 1, one can notice that in the last 50 years (1961-2010), for 14
years, absolute minimal temperaturesin the air of -20°C were registered the average being of -
18,4°C, at the top limit of resistance in table grapes. Lower temperatures values were
registered in 1985, 1987, 1996 and 2006. Compared to these years, during 23 — 27.01.2010
temperatures were situated between -22°C ....-25°C for more than 3 days.



Tablel

Minimal absolute temperatures registered in Copou viticultural center lasi (1961 - 2010)

Year In the air At soil surface
month day t°C month day t°C

1961 I 27 -20,6 I 28 22,1
1962 Xll 29 -17,0 XIl 29 -22,4
1963 I 20 -25,2 I 23 -32,5
1964 I 11 -21,0 I 11 -24.,6
1965 I 6 -17,1 I 10 -19,2
1966 I 5 -18,5 I 5 -20,4
1967 I 31 -20,3 I 1 -24,7
1968 I 10 -16,8 I 10 -25,5
1969 I 28 -19,0 I 13 -27,3
1970 I 31 -16,1 I 1 -18,9
1971 I 9 -14,8 I 8 -25,5
1972 I 14 -24,0 I 15 -28,2
1973 I 26 -15,0 I 25 -26,1
1974 | 15 -16,8 | 16 -22,1
1975 1 17 -10,0 I 18 -12,0
1976 Il 8 -22,0 I 9 -31,6
1977 Xl 14 -15,0 | 6 -21,6
1978 Xl 8 -17,0 Xl 8 -23,5
1979 I 3 -15,6 I 8 -20,5
1980 I 7 -18,2 I 18 -28,0
1981 I 8 -14,6 I 8 -24,6
1982 Il 22 -14,3 I 11 -23,0
1983 XII 15 -14,0 Il and X1I 24 febr -17,0
1984 I 18 -16,0 I 18 -23,0
1985 I 14 and 16 -25,5 I 14 -30,4
1986 Xll 28 -18,8 I 28 -29,0
1987 I 9 -25,0 I 9 -33,4
1988 I 2 -17,4 I 2 -28,1
1989 Xll 11 -13,0 XIl 11 -16,0
1990 I 5 -14,0 I 6 -20,6
1991 I 1 -19,2 I 31 -17,8
1992 I 22 -15,2 I 22 -22,4
1993 I 3 -18,2 I 4 -24,0
1994 I 13 -20,8 I 14 -17,2
1995 Xl 30 -16,0 X1l 31 -21,2
1996 XII 28 -27,2 XIl 28 -33,5
1997 XII 17 -19,2 | 7 -22,0
1998 Xl 3 -19,0 XII 24 -24,0
1999 XII 24 -13,0 I 20 -19,3
2000 I 25 -15,9 I 26 -22,2
2001 Xl 18 -20,4 XII 18 -245
2002 XII 26 -19,8 XIl 26 -21,0
2003 I 13 -21,6 I 13 -30,6
2004 | 31 -17,0 | 31 -19,0
2005 1 8 -194 I 6 -27,6
2006 I 23 -251 I 25 -29,0
2007 I 24 -19,6 I 24 -25,0
2008 I 5 -19,5 I 5 -24,2
2009 Xll 19 -17,0 XIl 21 -29,0
2010 I 26 -27,0 I 26 -35,0

average -184 average -24,2




Resistance to freezing. From table no. 2, it is noticed that lowest viability of winter buds,
25-30% in the case of main buds of the winter eye, when the absolute minimal temperatures
were below the resistance limit of table grapes varieties(-18°C). The vine variety Rkatiteli
shows a much better behaviour towards resistance to freezing, with main bud viability of 92-
95%. A satisfactory behaviour was noted in Saperavi variety for red wines, where main bud
viability was between 63-66%. Both grape varieties for wine had superior values compared to
the control, concerning winter eyes viability.

Table 2
Bud viability during 2007, 2008 and 2009
Viable buds
Grapevariety 2007 2008 2009

main total main total main total
Dodrel abi 28 49 25 57 30 76
Rkatiteli 92 91 94 98 95 100
Saperavi 64 89 66 88 63 90
Chasselas doré-witness 34 61 40 77 45 91

Vegetation pheno-phases development (table 3). According to the genetic nature of the
grape varieties and the climatic conditions, the studied grape varieties start vegetation in the
second half of April, the same time with Chasselas doré, being thus less exposed to late frosts
that are quite often in the area. The blooming period is in the beginning of June, al of the
studied varieties showing lateness compared to the control. While grape mellowness takes
part in the first half of August, grape maturation is complete in different periods, according to
their genetic origin. The first grape variety that is suitable for consumption is Rkatiteli, which
is fully mature during 15-20 1X, followed by Saperavi, which matures during 20-25 IX. The
latest maturing grape variety is Dodrelabi, in the first ten days of October. All the studied
grape varieties are tardier than the control variety Chasselas doré.

Table 3
V egetation pheno-phases devel opment
Grape variety Vegetation Blooming Grape Grape@ Leaf fall
start mellowness maturation
Dodrelabi 18-28 1V 4-15VI 6-15 VIII 1-10 X 25-29 X
Rkatiteli 15-23 1V 1-7VI 1-8 VIII 15-201X 25-29 X
Saperavi 15-251V 1-8VI 1-10 VIII 20-251X 25-29 X
Chasselas doré-witness 15-28 IV 1-6 VI 25 VII-15 VI 1-151X 25-29 X

Fertility and productivity of vine varieties (table 4). In general, the studied grape varieties
have an average fertility, except Rkatiteli, where the percentage of fertile shoots is closer to
the control of 83,7%, respectively 74,2%. The lowest fertility is found in Dodrelabi, with
63,5% fertile shoots. Saperavi grape variety has 69,8% fertility shoots. The absolute fertility
index had supraunitary values in al vine varieties except Dodrelabi, where an average of one
inflorescence is formed per fertile shoot. The control vine variety had the highest number of
inflorescences formed per trunk, compared to the studied varieties. The productivity indices
were higher in the studied grape varieties than the control vine Chasselas doré, as the weight
of a grape is higher. The highest values are registered in Dodrelabi grape variety, where the
average weight of aone grapeis412g.



Table4
Fertility and productivity of vine varieties for table grapesin las vineyard

) % fertile shoots Absolute | Relative | Absolute | Relative
Grapevariety % Dif. To |Significance fertility | fertility prod. prod.
0 control . index index index index
Dodrelabi 63,5 -20,2 00 1,00 0,62 412,00 255,44
Rkatiteli 74,2 -9,5 0 1,10 0,74 270,60 182,04
Saperavi 69,8 -13,9 00 1,09 0,85 277,95 216,75
Chasselas doré-control 83,7 - - 1,31 1,10 265,93 223,30

DL 5% =17,2%;
DL 1% =23,8%;
DL 0,1% = 31,3%

Quantity and quality of grape production (table 5). The average weight of a grape is superior
to the control variety in all of the studied varieties and significantly different in Dodrelabi.

The highest productions are registered in Rkatiteli of 6,10 kg/trunk. Dodrelabi and Saperavi
had average productions/trunk smaller than Chasselas doré. The production/hectare was
highest in Rkatiteli as well, Saperavi and Dodrelabi having sufficient productions concerning
their category.

From a qualitative point of view, the accumulated sugars of the studied grape varieties
(Rkatiteli and Saperavi) are higher than in the control variety Chasselas doré, indicating the
chance of obtaining table wines from them within las vineyard. In the case of Dodrelabi
variety, the quantity of sugars was smaller, taking into consideration their tardiness, as well as
their variety specificity as table grapes.

The total acidity of must, at full maturity was equilibrated, between 4,5 g/l H,SO, at
Rkatiteli and 5,3 g/l H,SO, at Dodrelabi. Saperavi grape variety registered 4,8 g/l H,SOy,
allowing the obtaining of dry red table wines.

Table5
Quantity and quality of grape production
Grapevariety Averageweight of agrape M ass 100 Grape production Sugars | Total acidity
(@ | Dif. | Sgnif. [berries(Q) ik [ Dif. | Signif. | tha @) | (@1H:S0,)
Dodrelabi 412 | +209 486 4,60 -1,20 00 174 144,3 53
RKatiteli 246 | +43 * 277 6,10 | +0,30 * 231 177,2 45
Saperavi 255 | +52 * 261 5,20 -0,60 0 19,7 186,9 438
Chasseles doré) pp3 | : 235 5,80 : : 219 | 1750 46
witness
DL 5% =29,8¢; DL 5% = 0,3 kg:
DL 1% =66,9¢; DL 1% =1,1kg;
DL 0,1% =143,4g DL 0,1% = 2,1 kg

CONCLUSIONS

1. In the north-eastern part of Romania, concerning the freezing resistance, the best
behaviour was registered in Rkatiteli, where losses of main buds were the smallest. Dodrel abi
proved more sensible than Chasselas doré.

2. The varieties that adapted well to the eco-climatic conditions if las vineyard are Rkatiteli
and Saperavi. They start vegetation in the second part of April, being saved of late frosts,
while maturation of grapes takes place during the V-th era, after Chasselas doré, but in the
specific time frame of grape varieties for wine.



3. The grapes' varieties fertility is average, except Rkatiteli that has 74,2% fertile shoots.
Considering productivity, all studied varieties had productivity indices superior to Chasselas

doré.

4. The grape productions are generally high, Rkatiteli having a bigger productivity index
than Chasselas doré, another motive for extending its cultivation in lasi vineyard.

5. Sugar accumulations are specific to the genetic characteristics of the varieties. Therefore,
the quantity of sugars accumulated in the studied grape varieties allows the obtaining of white
table wines (Rkatiteli) or red table wines (Saperavi). Dodrelabi, a table grape variety, is not
valued at its total capacity, being a tardy maturing variety, that accumulates smaller quantity
of sugars, its glucoacidimetric index (27,2) being far from the optimal values.
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ABSTRACT

Three intensities of thining, 0% (Control - T), 30% (P30) and 60% (P60) and two growth
stages,- berries pea-sized (BPS) and berries at veraison(BR) - were studied. The reduction in
crop load is not equal to the thinning intensity; it is always a little slighter. Thinning at
veraison allows better crop load compensations performances, than thinning at berries pea-
sized. The pH value diminished when thinning was made at veraison . Acidity increased when
intensifying and delaying thinning. Brix degree has not shown variation, neither with the
intensity or the date of thinning. The content of total proanthocyanidins as well as their mean
degree of polymerisation shows the tendency to be lower in the grapes from thinning essays.

Effets dela grappe éclair cissage sur la composition phénolique du cv. Syrah cultivée au
Portugal

Trois intensités d' éclaircissage, 0% (Control - T), 30% (P30) et 60% (P60) et de deux stades
de croissance,-les baies de taille d'un petit pois (BPS) et a la véraison (BR)- ont été étudiés.

La réduction du rendement n'est pas égale a l'intensité d'éclaircissage, il est toujours un peu
plus légere. L'éclaircissage a la véraison permet une meilleure compensation dés rendements.
La valeur du pH diminue quand éclaircissage a ét¢ faite a la maturation. L'acidité accrue
lorsque I'on intensifie et on retarde 1'éclaircissage. Le degrée Brix n'a pas montré changement
avec l'intensité ou le moment de 1'éclaircissage. Le contenu de proanthocyanidines totales
ainsi que leur degré moyen de polymérisation montrent la tendance a étre plus faible dans les
raisins avec éclaircissage

INTRODUCTION

The viticulturist’s goal is to keep healthy vineyards, for as many years as possible, producing
good quality wines. The quality depends on many external interacting factors, many of which
are complex to evaluate; but, essentially, there are two kinds of factors which can influence
quality/crop level relationship: the external ones which are not manageable (such as sun light,
climacteric conditions and so on) and the ones which the winemaker can act on (irrigation,
fertilization, canopy management); the best way to act on this relationship is through canopy
management and irrigation (Holzapfe e Rogiers, 2002).

In a vineyard, the balance between fruit weight and exposed leaf area is important to
determine the production’s quality and quantity (Reynolds et al., 1994). It is a known fact,
vines with too much load have shorter central roots, less knots and distance between then and
smaller leafs (Edson et al., 1993). In order to achieve this correct balance the winemaker has
available many crop management operations such as leaf thinning or cluster thinning.



Cluster thinning is described as the suppression of flowers or clusters before full maturation
(Palliotti e Cartechini, 2000). Therefore, cluster thinning has a direct effect on the source/sink
ratio; having less sinks (fruits) photosynthetic assimilation might be improved, increasing
grape quality (Reynolds et al., 1994). It inducts physiological adjustments in the plant,
improving the maturation’s kinetics. Plus, this operation improves canopy sanitary conditions
as thinning allows more enlightenment and fresh air penetration in the vegetation and clusters
(Smithyman et al., 1998).

Cluster’s thinning most evident effect is apparently crop load reduction, but its decrease is not
equal to thinning’s intensity. Martins (2007) found that, for the same intensity of thinning, in
two consecutive years, the decline in production has been uneven. In fact, the vine
compensates the stack lost, increasing the berry’s volume and weight (Rubio, 2002).
Consequently, cluster thinning is an operation which is eventually void by the plant; actuality,
after a few years of consecutive thinning its effects are no longer visible (Lavezzi et al.,
1994). For this reason, Climaco (et al.,2005) support that cluster thinning must only be
executed in the years when vineyards have such a fertility that may possibly condemned
production’s quality.

Production reduction is least notated when the thinning intensity is short, allowing a better
production lost compensation to the plant and/or when thinning is made at an early growth
stage (Dumartin et al., 1990; Pita 2006; Martins, 2007).

The complex interactions, among factors involved in production and quality of wine grapes,
account for some of the conflict findings regarding optimal crop load (Reynolds et al., 1994).
Rubio (2002) admits that a thinning intensity till 40% has less influence than irrigation in the
grapes’ maturation and the vine final production.

The moment of thinning is important for the possible effects on the relationship between
vegetative growth and maturation. But studies are not conclusive and continue to take place.
Lukacsy (2006) admits that thinning is to be completed between berries establishment and
cluster closure. Aires et al., (1997) found that there was an increase in alcohol content,
regardless thinning has taken place at the clusters closure or at ripening. Conduct thinning
long before ripening seems to trigger the plant compensatory effects on vegetative growth,
thus avoiding the targeting of thinning on improving the quality and ripeness of the grapes
(Dumartin et al., 1990). Unanimity seems to be the deadline for thinning completion: after
ripening there are no recorded increases in alcohol content (Dokoozlian e Hirschfelt, 1995;
Silva et al., 2008).

The wine chemical variation is due to a redistribution of the photosynthesis assimilates caused
by thinning (Noar et al., 2002). Even though some results indicate that is possible to
manipulate wine phenolic composition by modifying production practices using cluster
thinning, the mechanism throughout phenolic compounds are affected by cluster thinning
remains unclear ( Prajitna et al., 2007).

Phenolic compounds are responsible for bitterness, astringency and colour intensity of wine,
therefore this plays a major role in wine sensory quality.

Cluster thinning often induces an increase in alcohol content, in polyphenols and
anthocyanins (Reynolds, 1989; Aires et al., 1997; Palliotti e Cartechini, 2000; Boubals, 2001;
Noar €t al., 2002; Rubio, 2002; Prajitna et al., 2007). It also causes a decrease in acidity and
consequent increase in pH, although it is not its objective (Reynolds, 1989; Gao e Cahoon,
1998; Boubals, 2001; Noar et al., 2002; Rubio, 2002; O-Marques et tal 2005, Pena-Neira et
al., 2007; Prajitna et al., 2007; Martins et al., 2008).

Even thought what was said before, cluster thinning is a very controversial operation; there
are many discrepancies between studies and authors’ conclusions. Some authors defend that



the meteorological conditions of a certain year, such as temperature and soil moisture, are
more relevant to a crop quality than cluster thinning (Keller et al., 2005). For example,
Prajitna (2007) demonstrated that cluster thinning is an essential ripening and quality tool that
must be practiced in red winegrape cultivars grown in cool-climate and short growing season
regions, which are not Portugal’s conditions.

At last, it is important to state that whichever the thinning intensity, growth stage or technique
there must occur an adjustment to grapevine variety, crop management and climatic
conditions of the wine region (Jackson e Lombard, 1993).

The present research aimed to relate the intensity and time of thinning with the productivity
and phenolic composition in the cv. Syrah.

MATERIAL AND METHODS

This study was conducted in Portugal, at Quinta do Monte d’ Oiro, during the 2008 vegetative
cycle. Three thinning intensities, 0% (Testimony — T), 30% (P30) and 60% (P60) and two
growth stages, according to BBCH scale, berries pea-sized (BPS) and berries ripening (BR)
were studied. Thinning was hand-made.

When thinning was performed while berries were pea-sized, the lower order cluster was kept
in the vine. When thinning was made at ripening, it was possible to make a qualitative
pruning, removing the unhealthier clusters or physiologically delayed. If the same sanitary or
development characteristics were found in all grapevines’ clusters, as in the previous mode
BPS, the lower order cluster was removed. P60 left always a cluster per vine.

The berry volume and weight evolution was registered, sampling 100 berries, every 10 days
during the campaign.

Total acidity, pH and Brix degree were determined using standard OIV methodology. To
determine the total anthocyanins (Ribéreau — Gayon and Stonestreet 1965), total phenols
(Ribéreau — Gayon ,1968), the separation and measurement of procyanidin according to their
polymerization degree (Sun et al., 1998) and their average polymerization degree (Monagas et
al., 2003) the samples were prepared according to the Carbonneau ¢ Champagnol (1993)
methodology.

RESULTSAND DISCUSSION
Berry volume and weight was increased by cluster thinning (tables 1 and 2), specifically when
was 30% pruned and at ripening.

Table 1: Berry weight (g/berry) and Berry volume (ml/berry) at harvest.
T P30 | P60 | BPS | BR

Berry weight (g/berry) | 1,940 [ 2,245 ] 2,025 | 2,215 | 2,315

Berry volume(ml/berry) | 1,935 | 2,055 | 2,07 | 2,055 | 2,165

The reduction in crop load is not equal to the thinning intensity; it is always a little slighter.
Another interesting fact is, when comparing thinning dates, the results show that thinning at
ripening allows better crop load compensations performances, than thinning at berries pea-
sized (table 1).



Table 2: Crop load reduction (% comparing to Testimony)
T | P30/ BPS | P60/ BPS | P30/BR | P60/BR

Crop load reduction | 0 -19,8 -42.4 -17,65 | -27,75

A linear relation was found between production/ha and thinning intensity (Figure 1 ). This
equation was calculated only with three values (T, P30 and P 60) and only for a year; so it is
not a good predict tool as still, the equation is here presented as it shows a slight image of a
possible relation between the referred variables.

Vine production
12,0
s 80
< —e— BPS
5 —= BR
= 40
0,0 T T T T
0 20 40 60 80
% thinning

Figure 1: correlation between production/ha and thinning intensity

The pH value diminished when thinning was made at ripening (table 3); this is contradictory
with the available references (Reynolds, 1989; Gao and Cahoon, 1998; Boubals, 2001; Noar
et al., 2002; Rubio, 2002; Pena-Neira et al., 2007; Prajitna et al., 2007; Martins et al., 2008),
which have all confirmed a pH increase when thinned. It is possible that weather conditions
have played a far greater role than canopy management (Van Leeuwen, €t al., 2004).

Acidity increased when intensifying and delaying thinning. Puertas (et al., 2003) saw the
same in Syrah cultivar when 50% thinned. It is interesting to note that pH value is not
consistent along with acidity at P60, as it is at BR; there might have occurred acidity
salification.

Brix degree, and consequently alcoholic content, have not shown a response, neither to
intensity or time of thinning (table 3). Although there are slight differences, these values are
not significantly diverse. It is important to remember this vineyard is usually thinned. The
results here shown may translate the plant’s sugar accumulation ability to adapt to thinning
(Lavezzi et al., 1994). Authors whose works have in common thinning at ripening have not
found great improvement in sugar content (Ough e Nagaoka, 1984; Bravdo and Bravdo 1985;
Boubals 2001; Keller et al., 2005). In fact, Van Leeuwen (et al., 2004) considers that 88% of
sugar content is mainly due to grapevine cultivar, soil and weather conditions of the specific
year.



Table 3: Effect of intensity and stage of thinning on pH, Total acidity (g/l) and Brix degree;
T P30 | P60 BPS BR

pH 39a | 3.8a | 3.8a | 3,9a [v37P
A3.7b A3.8b

Total acidity (g/l) | 3,3a | 3,4a 3,2a

Brix Degree 25a | 24,5a | 24,9a | 25,45a | 23,9a

values with the same letter, in the line, indicate there is no significant differences p< 0, 05.

On Table 4 it is notable an effect of thinning intensity in the aroma precursors content,
noticeable in the 60% intensity. Some authors, which did not specify the thinning intensity,
also notated an increase of the aromas on the thinned grapevines (Reynolds, 1989; Ribéreau-
Gayon et al., 1998; Palliotti e Cartechini, 2000; Boubals, 2001; Noar et al., 2002; Rubio,
2002; Prajitna et al., 2007).

Table 4: effect of intensity and stage of thinning in aroma precursors
BPS BR
T | P30 | P60 | P30 | P60

G-G
umoles/g of berry | n.d.. | nd. | 2,37 | n.d. | 0,83
n.d. — not detected.

Thinning seems to have had no influence, with statistic significance, on the phenolic
composition (Table 5). The reason to this no-response-to-thinning seems to be, as said before,
the vineyard habituation to thinning and, therefore, self regulation to produce phenolic
compounds (Lavezzi €t al., 1994); or, it is also possible, the specific terroir conditions during
2008/2009 have overcome thinning (Ough ¢ Nagaoka, 1984; Bravdo et al., 1985; Boubals
2001; Van Leeuwen et al., 2004; Keller et al., 2005).

Table 5: effect of intensity and stage of thinning in the phenolic composition of the berries
T P30 P60 BPS BR

Total anthocyanins
(mg/1)

Total phenols index sala | 448a | 463a | 553a [V 3%I

1638,5a | 1251,5a | 1107,7a | 1204,4a | 1154,8a

Total Proanthocyanidins
(mg/l)

Monomeric Proanthocyanidins (mg/1) 4,1a 43a 4.8a 5,4a 3,6a

F2296 [F6220 | 2000 | s4.6a

1696,1a | 1211,3a | 1416,5a | 1375,5a | 1227,7a

Oligomeric Proanthocyanidins (mg/1) 20,6a

Polymeric Proanthocyanidins (mg/1) 873a 737,2a 942a 967a 712,2a

Average tannins polymerization degree 2,8a 3a 3,1a 3.3a 2.9a
Gallate % in tannins 6,9a 8,2a 8,5a 8,3a 8,4a
Prodelfinifin % in tanins 24.2a 27,1a 19,5a 20,5a 27a

values with the same letter, in the line, indicate there is no significant differences p< 0, 05.



CONCLUSIONS

There were found compensations in the plant, in fact, both berry weight (g/berry) and berry
volume (ml/berry) tended to augment in pruned samples, when compared with the unthinned
testimony.

As the study was set in a vineyard usually thinned, many results are not correspondent with
the available references, stating a benefit in the phenolic composition, for the great part of the
vineyards. There must have been, in the studied vinegrapes, a habituation to thinning, visible
in the analytical data. Consequently, when comparing with studies with the same
characteristics, many resemblances were found, to this so called habituation to thinning. It is
not anymore noticeable an improvement in wine quality. So, it is the authors’ conclusion,
thinning must be punctual and only made in years when excessive crop load compromises
wine quality; a qualitative thinning in order to produce wines of character, removing the
clusters of poor quality or delayed maturation, allowing a better leaf / fruit ratio and a better
microclimate for the remaining clusters that are more accessible during the harvest, is
preferable.

Since this is a one year study to understand the effect of thinning in the phenolic composition,
it would be interesting to perform the same study over a longer period and greater number of
repetitions in field.
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RESUME

Dans une optique de limitation des intrants herbicides, 1’enherbement total (entre les rangs
et sur la ligne des souches) de la vigne est une alternative envisageable a condition de
contréler les impacts quantitatifs et qualitatifs sur la production. Depuis 2007, dans le sud-
ouest de la France, I’enherbement total est comparé, sur les plans agronomique et cenologique,
aux désherbages chimique et mécanique du rang. Différents types de couverts végétaux a base
de graminées pérennes faiblement concurrentielles sont étudiés.

Apres trois années d’étude, I’enherbement total induit une réduction du rendement et de la
vigueur, une réduction de la teneur en azote des modts, et une augmentation du degré
potentiel et de la teneur en polyphénols. L’intensité de ces impacts, reliés a une contrainte
azotée, est tres variable selon les caractéristigues pédoclimatiques des parcelles
expérimentales et les modalités testées. Les mélanges a base de Koeleria macanthra se
distinguent notamment par leur impact le plus faible sur la vigueur et le rendement. Quant a
I’enherbement naturel, son impact sur la vigne est fortement dépendant des espéces qui le
composent ainsi que du taux de recouvrement sous le rang.

ABSTRACT

In order to reduce the use of herbicides, total grass cover (between and under the rows of
vine) could be an interesting solution if the competition for nitrogen and water supply is
controlled.

Since 2007, in South-West of France, natural and sown grass covers under the row have
been compared, on experimental plots, to chemical and mechanical weeding. Several grass
cover species were sown on each site, and data were collected on grapevine production and
quality.

After three years of study, total grass cover induced yield and vigour reductions, fall in the
nitrogen content of the musts, and increase in the sugar and polyphenolics contents. The
intensity of these impacts was not the same on all the experimental fields (pedoclimatic
conditions) and on all the studied treatments (grass cover species). Among all the treatments,
the mixes containing in a major proportion the graminaceous Koeleria macanthra induced the
weakest competition on the vine. The impact of the natural grass cover treatment was both
dependent on its soil covering rate and on the competition level of the flora.
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INTRODUCTION

In the South-West of France, pedoclimatic conditions (deep soils, regular rainfalls) are
favourable to the setting up of a grass cover crop in non-irrigated situations. This technique is
now widely spread but limited to inter-rows alleys. New regulations and environmental issues
lead to a decrease in the list of herbicides that can be used by the winegrowers. As an
alternative, the mechanical weeding of the row has already proved its good efficiency but
unfortunately the technique cannot be adapted to all the situations and vineyards (Gaviglio,
2007). Total grass cover (row and inter-row), natural or sown using specific species, could be
an complementing interesting alternative from an economical and technical point of view.

This new technique is not so easy to handle as it involves a good control of the competition
between the grass cover and the vine in order to limit the negative consequences on yields and
on grape quality.

During this research work, natural and sown grass covers were studied. The natural one,
easier to setup has the drawback to present a wide variety of species in the grass cover, which
can involve a significant water and nitrogen stress. The sown one, more difficult to setup,
allows a better control of the water and nitrogen status, by the right choice of species,
varieties or mixes (Delabays et al., 2006).

Other qualities for the sown species to consider are their resistance to settlement by
indigenous flora and their limited growth ability in order to minimize the number of cuttings
to be performed.

MATERIALS AND METHODS

The study was started in 2007 in three areas of the South West of France presenting
different production characteristics (Tab. 1.) : (a) AOP Cahors, production of red wine,
variety Malbec, on clayey soils without water stress; (b) AOP Fronton, production of red
wine, variety Négrette on silty soils inducing a temporary water stress in summer; (c) IGP
Gascony, production of white wine, variety Colombard on clayey-limestone soils with a
small water reserve.

Table 1.Experimental fields characteristics

Field . . . !\lumber of . Production
Vineyard Variety Spacing (m) | vinestock per Soil type Lo
name h objective
ectare
Anglars AOP. Cahors Malbec 2.00x 1.25 4000 clayey-siliceous 10 T/ha
Fronton | AOP. Fronton Négrette 2.20x 1.00 4545 silty soil 10 T/ha
Mons IGP Gascony Colombard | 2.65x 1.00 3774 clayey-limestone 15 T/ha

On all the fields, grass cover was the inter-row soil management practice chosen for several
years (65% of the field’s whole surface).




On each area, several sown grass covered treatments were compared to a natural grass
cover, to chemical and mechanical weeding treatments of the row. Each treatment was
replicated four times in a randomized block design.

The different treatments are described in the table 2.

Table 2. Description of the studied treatments

Field name Trece:)t(;’r;ent Treatment description
CHIM chemical weeding
MECA mechanical weeding
Anglars NATU natural grass cover _ _

KOEL SOWN grass Cover : 10% Lolium perenne, 10% Festuca rubra trichophylla,
30% Festuca ovina, 50% Koeleria macrantha

DACT sown grass cover :100% Dactylis glomerata L. subsp. hispanica

CHIM chemical weeding

MECA mechanical weeding

Fronton NATU natural grass cover

10% Lolium perenne, 10% Plantago coronopus, 15% Poa pratensis,

FETUO -
65% Festuca ovina

CHIM chemical weeding

MECA mechanical weeding

NATU natural grass cover

Mons FETUR sown grass cover : 10% Lolium perenne, 10% Plantago coronopus,

15% Poa pratensis, 65% Festuca rubra rubra

KOEL SOWN grass cover : 10% Lolium perenne, 10% Festuca rubra trichophylla,
30% Festuca ovina, 50% Koeleria macrantha

The observations realized refer to three main aspects:

1. Cover crop performances in vineyard by measuring the rate of establishment, the grass
cover persistence and the evolution of weed species.

2. Vine plants performances (when combined with different cover crops) by measuring
grape Yyield, average weight per cluster, parameters related to plants growth and strength
(budburst rate, pruning wood weight). Water stress has also been studied by the
measurement of stem water potential.

3. Grape quality by analyzing must composition: sugar, acidity, anthocyanins and nitrogen
content.

Figure 1.lllustration of total grass cover: Fronton
experimental field, “FETUQ” treatment, July 2007.




RESULTS AND DISCUSSION
Grass cover species behavior

The frequent weed species follow up under the row showed a good soil covering by the
sown cover crop on all the experimental fields. The sown grass cover managed to limit the
settlement of indigenous flora (Figure 2).

Dactylis hispanica (DACT) is the most efficient specie to control the growth of indigenous

flora, which just r

epresents some few percents of the grass cover. In term of efficiency, it is

followed by the KOEL and FETUO mixes that showed a good behavior respectively on the

Anglars and Front

on fields (average contamination by the indigenous flora of 15% and 23%).

On the Mons field, the KOEL and FETUR performances were weaker and just limited the

contamination of i

ndigenous flora species to 35% of the surface under the row.

The natural grass cover, after several months of experiment, didn’t reach a soil covering rate
as important as the sown grass cover treatments.
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Summer water stress has been studied by the measurement of stem water potential. In the
three cases of the study, the summer water stress was not affected by the increase of the grass
covered surface (Figure 3).

Vine plants growth and strength

Grape yield

After three years of study, the effect of total grass cover on yields is not the same on all the
experimental fields and depends on the studied treatments (Figure. 4).

In the Mons field case (“medium” production objective), yield were severely impacted by
total grass cover. The decrease in comparison to the chemical weeding reference treatment
varies between -29% and -39%: the production goal is not reached.

On the Fronton and Anglars fields (“controlled” production objective), total grass cover had
a more limited impact that allows the production goal achievement.
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Figure 4. Yield (kg per vine): difference (%) to the chemical weeding reference treatment

ANOVA *: significant at P < 0.05; a, b, c: separation of means using the Tukey test
Due to severe hail damages in Mons in 2009, data are not available for this experimental field.

In all the situations, yield impact is a result of the decrease of both average cluster weight
and average number of clusters per vine (consequence of the decrease in the budburst rate,
results are not shown).

Among all the treatments, the mixes containing in a major proportion Koeleria macanthra
(‘KOEL’, studied on Anglars and Mons fields) tend to induce the weakest competition on the
vine. Natural grass cover’s impact varies with the competition level of the spontaneous flora.
On the Fronton field, the low impact of natural grass cover was more associated to a weak soil
covering rate than to a low competitiveness of the present species (Figure 2).



Vigour

The vigour of the vine was estimated by the measurement of pruning wood weight. Pruning
woods were counted and weighted separately. The same trends than those observed on grape
yields were noticed.

The species with the most significant impact on vigour were Dactylis hispanica (‘DACT’)
and Festuca rubra rubra (‘FETUR’). The mixes containing in a major proportion Koeleria
macanthra (‘KOEL’) induced the weakest competition on the vine.

On the Mons and Anglars fields, the “NATU” treatment has one of the biggest impacts on
vigour. On these two fields, mechanical weeding also impacted the vigour. Mechanical
weeding may have caused a destruction of the topsoil roots and disturbed the plant nutrition
(Heinzlé, 2002).

Table 3: Mean cane weights (2008)
ANOVA *: significant at P < 0.05 and separation of means using the Newman & Keuls test.

Treatment CHIM MECA NATU FETUO FETUR KOEL DACT

Field

Anglars Pruning weight (g)* 119(a) 106 (ab) 94 (b) - - 103 (ab) 91 (a)
Difference to reference (%) -11% -21% - - -13% -23%

Fronton Pruning weight (g) 51 48 48 45 - - -
Difference to reference (%) -6% -1% -13% - - -

Mons Pruning weight (g)* 49 (a) 36 (b) 31 (b) - 34 (b) 38 (b) -
Difference to reference (%) -27% -37% - -31% -22% -

Grape quality

Nitrogen content of the musts

Total grass cover — whatever the treatment — provoked a fall in the nitrogen content of the
musts. A fall of 20% occurred on the Mons field and of about 60% on the Anglars field, the
weakest impact was observed in Fronton.

A 10 kg nitrogen per hectare foliar application at veraison on the “NATU” treatment helped
correct the nitrogen status of the musts to a level equivalent to the one of a chemical weeding
treatment.

Table 4. Free Assimilable Nitrogen content of the musts

Free Assimilable Nitrogen (mg.L™)
Field Anglars Fronton Mons
(2009) (2009) (2008)
Treatment
CHIM 93 85 122
MECA 50 76 94
NATU 41 76 95
FETUO - 73 -
FETUR - - 91
KOEL 35 - 97
DACT 35 - -
NATU i ) 119
+ foliar nitrogen spraying (10 U)




Grape quality at harvest

On the Négrette red wine variety, on the Fronton field, a significant increase of the
anthocyanins (+12%) and of the total phenolics (+ 120%) contents was noticed on the two
total grass cover treatments. The same trends were also recorded on the Anglars field.

On the Colombard white wine variety, on the Mons field, must analysis (Tab. 6) showed an
increase in the sugar content on the total grass cover treatment whereas Total Acidity was

hardly affected.

Table 5.Grape quality at harvest 2009, Fronton experimental field

ANOVA *: significant at P < 0.05 and separation of means using the Tukey test.

Treatments CHIM MECA NATU FETUO
Parameters
Sugar content (g.L™) 203 207 204 214
Total acidity 3.2 3.0 3.1 3.0
(9.L" H,S0,)
Malic acid (g.L") 2.6 2.3 2.4 2.3
Tartaric / malic ratio 14 1.8 1.6 1.8
Total phenolics (OD 280 nm) 82 (b) 85 (ab) 91 (ab) 92 (b)
anthocyanins (mg.L™) 1127 (b) 1214 (ab) 1270 (a) 1249 (ab)

Table 6.Grape quality at harvest 2008, Mons experimental field

Treatments CHIM MECA NATU FETUR KOEL
Parameters
Sugar content (g.L™) 168 173 200 190 183
Total Acidity 6.9 6.8 6.2 6.8 6.6
(9.L™" H,S0,)
Malic acid (g.L") 1.9 2.1 1.8 1.7 1.8
Tartaric / malic ratio 0.3 0.3 0.3 0.3 0.2

CONCLUSIONS

After three years of study, the total grass cover of the vine induced the same agronomical
and enological impacts than those observed some years ago during studies conducted on the
grass cover of the inter-row: yield and vigour reduction, fall in the nitrogen content of the
musts, increase in the sugar and polyphenolics contents (Maigre, 1996; Spring, 2001; Coulon
et Prud’home, 2003). The intensity of these impacts was not the same on all the experimental
fields (water reserve of the soils, variety) and on all the studied treatments (species sown).

Among all the treatments, the mixes containing in a major proportion Koeleria macanthra
induced the weakest competition on the vine. Dactylis glomerata L. subsp. hispanica could be
another interesting option in term of soil covering even if it appeared to be a more competitive
specie.

It is important to notice that all the sown grass cover enabled to limit the growth of
indigenous flora. Some of the studied species are very promising as they achieved the quality
standard required for a total grass cover.




Nevertheless this study, which is very dependent on climatic conditions, needs to be
continued during several extra years in order to obtain some more significant results. In
addition it is interesting to analyze the long-term effects of this soil management practice.

The crucial element in the success of this experiment is the choice of the right specie and
that’s why we have decided to enlarge the range of species since autumn 2008. A multi-
variety trial that aims at comparing 16 species (sown separately or in mixes with leguminous)
has just been set up on the IFV experimental estate.
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SUMMARY

The relationship between leaf surface area, solar radiation, sunlight exposure and its
interception by the plant was studied under very warm climate conditions at Malpica de Tajo
— Toledo -. For two consecutive years three training systems were evaluated: vertical shoot
positioned (VSP) with 12 shoots per meter of row, and two non-positioned systems with
different crop load namely Sprawll, with 12 shoot per meter of row, and Sprawl2, with 18
shoots per meter of row. The influence of training system caused differences in dry matter
and must composition. The results showed the higher leaf exposure the higher both daily
PAR interception, dry matter (31.4%) and must soluble solids (5 -10%). Sprawl training
system determined an increase in surface area by 40 -70 %. The higher crop load caused 40%
increase in PAR interception. No differences in must composition were recorded for the first
year while higher acidity levels were obtained in VSP for the second year. Berry weight was
not affected neither by training system nor crop load.

RESUMEN

La relacion entre la superficie foliar externa, radiacion, exposicion solar y su
intercepcion por la planta y por tanto, el consiguiente incremento de su rendimiento
vegetativo y reproductivo fue estudiado en condiciones de clima muy calido en Malpica de
Tajo — Toledo - .La influencia del sistema de conduccion causéd diferencias en la produccion
de materia seca y en la composiciéon del mosto. Tres sistemas de conduccion fueron
evaluados durante dos afios consecutivos: sistema de posicionamiento vertical (VSP) con 12
pampanos por metro de fila y dos sistemas no posicionados con diferente carga, Sprawll con
12 pampanos por metro de fila y Sprawl2, con 18 pampanos por metro de fila. Los resultados
obtenidos muestran que la mayor exposicion foliar, determinada por el incremento surpeficie
foliar expuesta (40-77%) del sistema abierto (sprawl) y, por supuesto la carga mayor ,
causaron niveles superiores de intercepcion de luz en sistemas abiertos (40%) comparado con
sistemas fijos verticales para el balance diario de la radiacion total acumulada (Ri- Rt; mol/h)
y que fue resultado del incremento en el contenido de materia seca (31,4% mas sobre el peso
total de hojas y pampanos del principal) y por tanto, en los so6lidos solubles totales (5-
10%mas durante maduracion) de la composicion del mosto.

KEYWORDS

Training system, real leaf surface area (SFEr), solar radiation, must composition,
sprawl, vertical shoot positioned

PALABRAS CLAVE

Sistema de conduccion, superficie expuesta real (SFEr), radiacion, composicion del
mosto, sprawl, espaldera..
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INTRODUCCION

La geometria de la planta determina la distribucion espacial de los érganos aéreos de
la cepa. Afecta, por un lado, a la actividad fotosintética y al comportamiento estomatico de
las hojas debido a que modifica, entre otros factores, la radiacion interceptada, la temperatura
y el estado hidrico de la planta (Patakas et al. 1997) y por otro, a la composicion de la baya y
el rendimiento, pues debido al modificarse el microclima de la planta, se veran afectados los
procesos de maduracion de la baya (Carbonneau y Costanza, 2004). El sistema de conduccion
actiia modificando la intercepcion de radiacion, la temperatura (Kliewer 1977; Spayd, et al.
2002), los procesos de ventilacion y aireacion interna en la zona de racimos y la fertilidad de
las yemas (Goma-Fortin, 1998; Kliewer, 1980).

La determinacion de la superficie foliar expuesta conjuga la actividad fotosintética de
la planta con el rendimiento vegetativo y la forma de la vegetacion; La forma de la cubierta
vegetal puede modificar la eficiencia fotosintética y, por tanto, afectar a los pardmetros de
rendimiento y calidad (Schultz, 1995). La superficie externa (SA) tiende a sobredimensionar
el valor de la superficie foliar fotosintéticamente activa al no tener en cuenta la porosidad. La
superficie foliar expuesta real (SFEr) es un buen estimador de la superficie realmente
expuesta a la luz, que resulta del producto del porcentaje de radiacion interceptada por la
cubierta y la superficie foliar total (LAI) (Carbonneau, 1995). Esta medida indirecta es un
indice de la eficiencia de la superficie foliar (Pelaez, 1999).

La correcta gestion de la vegetacion tiene importantes efectos en el rendimiento
global de la planta. En este sentido, muchos autores han comentado la importancia de la
relacion entre superficie foliar y el rendimiento como uno de los factores claves para el
equilibrio de la planta y garantizar la correcta maduracion de las bayas (Jackson y Lombard,
1993; Stewart et al, 1996; Murisier y Zufferey, 1997). Dokoozlian y Kliewer (1995)
proponen alcanzar 7-15 cm?/g fruto; Bonnisseau y Dufourcq (2004) obtuvieron que el color
en los vinos tintos, en Burdeos, aumentd sensiblemente con valores superiores a 15 cm?/g
hasta un 6ptimo de 20 cm’/g para ciertas variedades (Dufourcq et al, 2005). Kliewer y
Dokoozlian (2005) en un ensayo con distintos sistemas de conduccion y variedades,
proponen 14,4 cm?/g para sistemas verticales y posicionados y 15,5 cm” /g para sistemas
abiertos tipo V-trellis.

Por otro lado, el rendimiento reproductivo de la planta se verd incrementado por
efecto del rendimiento vegetativo y, del equilibrio de estos rendimientos dependera por tanto,
la calidad y cantidad de la cosecha. Dentro de los estimadores que mejor pueden reflejar estas
relaciones estan, sin duda, el balance de materia seca, el porcentaje de radiacion interceptada
por la planta y sus interacciones, que daran una fiel aproximacion de la cantidad de biomasa
generada, ya sea racimos, pAmpanos, raices, hojas o racimas.

La materia seca producida por la planta es un estimador directo de la fotosintesis neta
anual. Hay una relacion lineal positiva entre la intercepcion de radiacion y la sintesis de
materia seca (Miller y Howell, 1998; Howell 2001).

Diversos autores han reflejado el efecto del sistema de conduccion y la carga en la
productividad total del sistema (Peldez et al. 1995; Miller y Howell, 1998; Hunter, 2000;
Wolf et al. 2003; Petrie et al, 2004). Un aumento de la carga implica un aumento en la
productividad global de la planta, por lo que el rendimiento reproductivo se vera
incrementado. Miller y Howell (1998) demostraron que el aumento de carga provocaba un
incremento en la materia seca global de la planta; este aumento se debid a una mayor
cantidad de materia seca destinada a racimos frente a la destinada a tallos y hojas, por lo que
en cargas bajas habia una mayor proporcion de la parte vegetativa frente a la materia seca
total que en cargas altas, debido, principalmente, al aumento del peso de los tallos, siendo la
materia seca de las hojas mas estable.



Por ultimo, cabe destacar la importancia de este equilibrio en el crecimiento
(vegetativo VS. reproductivo) para la correcta maduracion de la baya. Tanto la carga como el
sistema de conduccion modifican las condiciones fisiologicas y microclimaticas de la cepa,
alterando, a su vez, los componentes de la pulpa (sélidos solubles, acidez, pH) y del hollejo
(antocianos, compuestos aromaticos volatiles de naturaleza fendlica y polifenoles en
general...) que conllevan efectos visibles en el color, aroma, sabor y caracteristicas
organolépticas del mosto y, por ende, del vino, en general.

El presente ensayo persigue un doble objetivo, por un lado comparar y evaluar la
respuesta de dos sistemas de conduccion en zona muy célida y, por otro, determinar el efecto
del incremento de carga dejada en los sistemas libres y no posicionados (Sprawl) acorde con
las condiciones del medio, y cuantificar sus efectos sobre composicion de la baya y del mosto
y en el rendimiento productivo de la planta.

MATERIAL Y METODOS

El ensayo fue realizado durante las campafias 2006 y 2007 en una parcela
experimental (Latitud: 44° 15° y Longitud: 3° 59’y altitud 488 m) en Malpica de Tajo —
Toledo - . El suelo era tipo arcillo-arenoso fino y el clima mediterraneo seco. La variedad
empleada fue Syrah/110R a un marco de 2,7 x 1,2 m. La orientacion de las lineas era NO —
SE. El riego se realizd por goteo, con emisores de 3 L/h de caudal y situados a 1.2 m de
distancia en el ramal, siendo idéntica la cantidad de agua aportada entre tratamientos.

El ensayo consta de tres tratamientos distribuidos en cuatro bloques al azar y cada
parcela experimental consta de veinte plantas control separadas por filas y cepas borde.

Los tres tratamientos estudiados fueron:

- E1: Espaldera (VSP) con una carga de 12 pampanos/ml.

- S1: Sprawl con una carga de 12 pampanos/ml.

- S2: Sprawl con una carga de 18 pampanos/ml.

El sistema de poda fue poda corta a pulgares de dos yemas en cordon Royat bilateral a
1,40 m. del suelo. El sprawl tuvo un par de hilos de vegetacion a 40 cm sobre el portor
separados 60cm entre si. La espaldera tenia un par de hilos de vegetacion a 30 cm del portor
y un hilo superior a 1,5m del mismo.

Las condiciones climaticas del 2006 y 2007 (Tabla 1y

Tabla 2) fueron muy diferentes, siendo 2006 una campafia extremadamente calurosa
mientras que la del afo 2007 fue mdas suave, pudiéndose observar diferencias en la
acumulaciéon de grado-dia desde brotacion hasta 31 de octubre (GDD) y en la
evapotranspiracion de referencia (Eto).

Tabla 1. Valores climéticos del afio 2006

Mes T° Media mensual | GDD' | Precipitacién Efectiva ET,
°O) (°C/mes) (mm/mes) (mm/mes)

Enero 49 0,0 8,6 25,0
Febrero 6,1 0,0 17,5 41,8
Marzo 10,6 44 21,2 81,1
Abril 14,3 173 0,0 1154
Mayo 19,6 4713 0,0 163,3
Junio 23,6 879 4,9 184,1
Julio 27,3 1417 0,0 193,3
Agosto 25,1 1886 0,0 171,2
Septiembre 21,6 2235 0,0 115,7
Octubre 16,9 2449 115,8 67,5
TOTAL 2525 168,00 1158,4




Tabla 2. Valores climéticos del afio 2007

Mes T° Media mensual | GDD' | Precipitacién Efectiva | ET,
°O) (°C/mes) (mm/mes) (mm/mes)
5,2 0,0 8,6 16,3
Enero
Febrero 9,2 14 17,5 438
Marzo 10,2 38 21,2 87,9
Abril 12,5 125 0,0 101,6
Mayo 16,9 329 0,0 142,5
Junio 20,7 635 4,9 158,6
Julio 24.8 1084 0,0 182,8
Agosto 23,7 1526 0,0 163,8
Septiembre 21,1 1863 0,0 111,0
Octubre 14,5 2016 115,8 56,3
TOTAL 2030 242,40 1064,61

" GDD: grado dia acumulado (growing degree day; °C/mes)
? Et0: Evapotranspiracion de referencia (mm).

Para evaluar la productividad global de los tratamientos estudiados se ha medido la
cantidad y el reparto de materia seca de las partes renovables: hojas, tallos, racimos y
racimas. La metodologia aplicada fue la siguiente:

Se tomaron 8 muestras de pampanos representativos en cada tratamiento. Se
etiquetaron y se embolsaron para evitar pérdidas de humedad. En el laboratorio se
descompusieron los pampanos en: racimos, hojas principales, tallo principal, hojas de nietos
y tallos de nietos. Se contd el nimero de nudos del pampano principal, racimos, hojas
principales, nietos, hojas de nietos y se midio la longitud del pAmpano principal.

Se peso por separado cada una de las partes separadas en una balanza COBOS® S.A.
modelo C-600-SX de 0,01g de sensibilidad, expresando el resultado del peso fresco en g.

De entre los 8 pampanos por parcela elemental muestreados, se escogié una sub-
muestra de 2 pampanos (25% de los pesados en fresco) para determinar el porcentaje de
materia seca en cada una de las partes en que fueron descompuestos. Se secaron en una estufa
modelo SELECTA" a 80°C donde permanecieron hasta alcanzar peso constante, momento en
el que se pesaron y se calculd el % de peso seco de cada una de las partes (tallo, hojas,
racimos, tanto en principal como en nietos), para aplicarlo a cada una de las partes
respectivas de los pampanos muestreados. Se cuantifico la materia seca en hojas, tallos,
racimos y racimas y su reparto (%) en cada una de las partes renovables respecto al total del
pampano. La materia seca por cepa se obtuvo multiplicando la materia seca total del
pampano medio por el nimero de pampanos desarrollados por cepa.

Por otro lado, se calcul6d la superficie expuesta real o S.F.E.r (Carbonneau, 1995)
como el resultado de multiplicar el porcentaje de radiacidon interceptada por la cubierta y la
superficie foliar total desarrollada (L.A.IL.) por la planta. Se tomaron datos de radiacion a lo
largo del periodo de maduracion en diferentes horas del dia (8:00 12:00 y 16:00 hora solar)
para el calculo de dicha variable. El estudio de radiacion se realizé en un dia despejado en el
periodo de maduracion. Se realizé un balance diario horario en el periodo de maduracion en
los dos afios de estudio segun el método propuesto por Varlet-Grancher et al. (Peldez, 1989),
en base a la en el que quedan definidos cuatro zonas de cuantificacion de radiaciéon en el
balance (R,) que son:

R;=radiacion incidente.

Rr() = radiacion reflejada por el suelo.

R = radiacién transmitida por la cubierta al suelo.



R(sp) = radiacion reflejada por el conjunto suelo-cultivo.
Ra=Ri —Ri+ (Rr) — Resp)

Las radiaciones transmitidas y reflejadas por el suelo y el conjunto planta-suelo son
muy pequefias respecto a la incidente y transmitida por la cubierta (3-5% del valor total) por
lo que Ra se puede reducir a la diferencia (Ri - Rt) (Gonzalez-Padierna, 2003).

Las medidas de la radiacion se realizarén con un sensor lineal de PAR (LI-191SA,
LICOR®, Lincoln, E.E.U.U.) provisto de un detector fotovoltaico de Silicio de alta
sensibilidad, con un area sensible al PAR de 1000 x 12,7 mm y un tiempo de respuesta de 10
us. Con una unidad portatil de registro y almacenamiento de datos (Datalogger, LI-1000,
LICOR®, Lincoln, E.E.U.U.) permite registrar las lecturas en pmolem™ss”. La superficie
receptiva es plana y los rayos que no inciden perpendicularmente son corregidos en funcioén
del coseno del angulo con el que llegan. Detectan quanta de luz, y generan una sefial eléctrica
proporcional al nimero de fotones recibidos.

En cada tratamiento se colocaron unas barras metalicas perfectamente niveladas a 50
cm de altura del suelo atravesando el ancho de calle (Figuras 1 y 2). Como el ancho era de
2,7 m, se optd por una barra de 3m con un angulo de 27° de inclinacion sobre la normal, de
manera que siempre se tienen tres medidas en cada barra, para emplear toda la superficie util
del ceptometro. El sensor se colocd (Figuras 1 y 2) fuera del sistema, en una superficie
perfectamente nivelada, con objeto de medir la radiacion incidente (R;) al principio y al final
del recorrido en cada periodo de medida. El sensor se colocd debajo de la vegetacion y
orientado hacia arriba, de tal manera para medir la radiacion transmitida por la cepa (Ry), que
llega al suelo después de pasar por el conjunto de atmosfera y cubierta vegetal (Figuras 1y
2).

Ri
la
3m
e b 2.4
2,7m

Rt
Figura 2. Esquema de la planta del a a a
vifiedo donde las barras horizontales 2 3 4
se colocan en la diagonal y del
angulo de 27° que forman con la
distancia real de la calle del vifiedo. Figura 1. Esquema del dispositivo de medida de PAR.

Se establecieron dos repeticiones por tratamiento y, el tiempo empleado para cada
medida horaria fue de unos 20 minutos aproximadamente, en completar el recorrido de los
seis puntos de medida.

Se escogid un dia completamente despejado, desde el amanecer hasta el anochecer,
entre envero-maduracion. En total se realizaron 15 balances horarios, desde las 5:00 hasta las
19:00 hora solar.

Los seguimientos evolucion de la composicion de la baya durante la maduracion se realizaron
con periodicidad semanal entre envero y vendimia. Se muestrearon 100 bayas por tratamiento
y bloque, con las cuales se determiné el peso medio de la baya, y posteriormente se obtuvo el
mosto para los analisis. La extracciéon del mosto se realizd mecdnicamente mediante un



pasapurés, se centrifugd para eliminar las sustancias en suspension, y se recogio el liquido
sobrenadante en una probeta para llevar a cabo los analisis.

La medida de la concentracion de sélidos solubles totales (SST) se realizé con un
refractometro digital (ATAGO, serie Palette PR 32) con correccion por temperatura. El valor
del pH del mosto se realizé con un pHmetro digital (micropH 2001, Crison) directamente en
el mosto centrifugado. La acidez total (g acido tartirico/L) se ha determinado mediante la
neutralizacion volumétrica con sosa 0,1 N hasta pH 8,2 (Ough y Amerine, 1988).

RESULTADOS Y DISCUSION

Superficie foliar expuesta real. Para ver la relacion de la superficie foliar (vegetacion
y porosidad) y la radiacion interceptada por la planta, el mejor indicador existente es la
superficie real expuesta real (Carbonneau 1995). Es un indicador que engloba la superficie
total foliar (L.A.L; m* 4rea foliar / m* suelo) y el porcentaje de radiacion fotosintéticamente
activa interceptada (P.A.R; pmol'm™s™) por la planta. Los resultados medidos a las 8 h.s.; 12
h.s. y 16 h.s. reflejan (Tabla 3) la mayor exposicion a lo largo del dia del tratamiento sprawl2
en relacion a los otros dos, llegando a alcanzar valores muy superiores comparado con la
espaldera (entre 36,4% y 68,4% mas; P<0,001). El sprawll obtuvo valores intermedios, por
lo que se hace patente que el efecto combinado de la carga y el sistema provocd mayores
eficiencias de exposicion foliar entre las plantas de los tratamientos estudiados.

Tabla 3. Superficie expuesta real (S.F.E.r.) para los tres tratamientos.

Afio Tratamiento SFEr 8hs SFEr 12hs | SFEr 16hs
Espaldera 0,47¢ 0,31¢ 0,41°
Sprawl 1 0,83° 0,56 1,12°
2006 Sprawl 2 1,15° 0,98* 1,23
EEM' (n=32) 0,08 0,08 0,08
Sig2 wekedk wekdk wekdk
Espaldera 1,08 1,03° 1,38
Sprawl 1 1,01° 0,74° 1,59
2007 Sprawl 2 1,78 1,62 1,65
EEM' (n=32) 0,08 0,08 0,08
Sig2 wekedk wekedk ns

" EEM: error estandar de la media para n= 32 muestras por tratamiento.
? Sig: diferencias significativas; ns y *** no existen diferencias significativas y
P<0,001 respectivamente. Los valores con la misma letra son iguales.

Asimismo, las mayores tasas de eficiencia en la captacion de la radiacién por la
superficie foliar se obtienen entre las 8:00 y las 12:00 hora solar, cuando la planta registra la
mayor actividad fotosintética neta durante el dia, hasta el cierre estomatico producido por la
diferencia entre las pérdidas por transpiracion y el descenso de la actividad fotosinética de las
hojas.

Balance de radiacion. Este hecho se ve reflejado en las tasas de intercepcion de
radiacion acumulada a lo largo del dia durante maduracion (Ilustracion le Ilustracion 2)
segun el balance calculado como diferencia entre la radiacion incidente sobre la planta (Ri) y
la radiacion interceptada tras el paso por la vegetacion de la misma (Rt).

El tratamiento sprawl2 presenta mayores tasas de radiacion interceptada por hora y
dia en los dos afios de estudio y, ademds, con mayor eficiencia, debido principalmente al
efecto del sistema de conduccién y, en menor medida, a la carga.

Los datos del balance en el afio 2006 muestran como el tratamiento que mayor R
presenta es el sprawl2, desde primeras horas de la mafiana hasta el mediodia solar, momento
en el cual el tratamiento sprawll es el que mayores tasas de radiacion interceptada refleja. En
cualquier caso el tratamiento espaldera siempre es el que menor radiacidon intercepta,




igualando estos valores sélo a primera y ultima hora del balance (5 h.s. y 19 hs.
respectivamente).

Esta conducta también se observa en el afio siguiente (2007) con menores diferencias,
dado que la R; es menor en valor absoluto para ese afio, por lo que el efecto del sistema
parece claro, siendo mejor la intercepcion de radiacién con la division del canopy, al
aumentar la superficie foliar expuesta (Carbonneau, 1980; Mabrouk et al, 1997).

Tlustracion 1. Balance de radiacion acumulado (Ri-Rt) en mol/h para los tres tratamientos durante la campafia

de 2006.
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Iustracion 2. Balance de radiacion acumulado (Ri-Rt) en mol/h para los tres tratamientos durante la campafia
de 2007.
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Otro concepto a tener muy en cuenta es la eficiencia de la captacion energética (€;).
En condiciones climaticas calurosas, donde el estrés hidrico es una situacion mas que
frecuente y la temperatura, humedad relativa y demanda atmosférica evapotranspirativa, son
factores limitantes para la mayoria de los procesos fisiologicos, es muy importante el éptimo
aprovechamiento de la reserva hidrica del suelo y de la eficiencia de la captacion de radiacion



del medio; es decir, del cociente entre radiacion incidente y radiacion interceptada (Varlet-
Grancher et al. 1989 en Mabrouk et al, 1997):

Si: 1 - (Rt/Ri)

Donde R; s la radiacion transmitida por la cubierta al suelo y R; la incidente en el
sistema. Este valor se encuentra entre 0 (suelo desnudo) y 1 (cubierta totalmente opaca).

Seglin los resultados mostrados en Tabla 4 en relacion al balance medio diario, se
puede observar que, para los dos afios de estudio el sistema que mayor tasa de radiacion
interceptada presentd fue el tratamiento sprawl2, donde las diferencias al final del dia
supusieron entre un 54% y un 42% (2006 y 2007 respectivamente; P<0,05) mas que el
sistema vertical (espaldera). El sprawll marco niveles superiores a la espaldera (48 y 33%
para 2006 y 2007 respectivamente; P<0,05) pero inferiores al sprawl2 (12 y 25% para 2006 y
2007 respectivamente; P<0,05).

Tabla 4. Balance diario medio (Ri-Rt.) y eficiencia de captacion energética (€i) para los tres tratamientos.

Aiio Tratamiento | Ri-Rt (mol/h) &
Espaldera 3,74° 0,18°
Spraw] 1 7,152 0,29
2006 Sprawl 2 8,13% 0,31%
EEM' (n=16) 0,92 0,04

Sigz ¥k *
Espaldera 4,88° 0,38
Spraw] 1 6,29 ab 0,32
2007 Sprawl 2 8,41° 0,42
EEM' (n=16) 1,04 0,04

Sig’ * ns

" EEM: error estandar de la media para n= 16 medidas por tratamiento.
? Sig: diferencias significativas; ns y *,**, no existen diferencias significativas y
P<0,05 y P<0,01 respectivamente. Los valores con la misma letra son iguales.

Esto implica unos niveles superiores de eficiencia en la intercepcion de la radiacion en
los tratamientos conducidos en sprawl frente al conducido vertical tipo espaldera, que de
manera particular se reflejo en la campafia 2006 siendo un 40% superior (P<0,05).

Produccién de materia seca y su reparto. Las diferencias en la intercepcion de la
radiacion deberian reflejar un incremento en la produccion de la planta debido al mayor uso
de los recursos naturales, en este caso de la radiacion solar interceptada. Los resultados de la
produccion quedan expuestos en la materia seca evaluada (Tabla 5 y Tabla 6), para los tres
tratamientos en el 2006 reflejan que el peso neto de las hojas tanto de principal como de
nietos, es mayor en los tratamientos de sprawl que en la espaldera , esto implica que las hojas
de estos tratamientos tienen un tamafio mayor y por tanto al ser principales fuentes de
fotoasimilados, responsables de tasas mayores de acumulacion de materia seca global en la
planta. Este comportamiento también se manifiesta en la campaia siguiente (2007), aunque
las diferencias no fueron tan patentes. El tratamiento sprawll obtiene mayores tasas de
materia seca en racimos (8%) y hojas (23%) y, por otro lado, menor en tallos (5%) que el
tratamiento vertical en espaldera con distinto sistema de conduccion.

Por otro lado, el efecto de la carga también es claro, pues para el tratamiento de mayor
carga (sprawl2) se obtiene un menor desarrollo de nietos (17%; P< 0,05) frente al sprawll
con el mismo sistema de conduccion, con lo que el pampano principal tiene mayor
funcionalidad y responsabilidad en el computo global productivo.




Tabla 5. Distribucion de la materia seca para los tres tratamientos (E, S1 y S2) en vendimia (243 DOY) del

2006.

Afio Principal (g/paAmpano) Nietos (g/pampano)

2006 Tallo Hojas Racimos Tallo Hojas Racimas
Espaldera 46,9 16,2 b 131,3 34 79b 0,9
Sprawl 1 44,8 21,1 a 142,7 1,9 15,6 a 1,8
Sprawl 2 25,9 20,8 a 83,8 2,3 5,7b 0,0

EEM' (n=8) 7,02 2,27 30,32 0,61 1,76 0,40

Sig’ ns * ns ns i ns

Principal (n°) Nietos (n°)
Nudos Hojas Racimos Nietos Hojas Racimas
Espaldera 12,50 11,0b 2.4 11,0b 27,4b 2,0
Sprawl 1 18,5a 17,2 a 22 13,4 a 374 a 1,7
Sprawl 2 20,1a 19,7 a 2,1 11,2b 21,6 b 0,0
EEM' (n=8) 1,40 1,67 0,22 1,02 3,15 0,54
Sig’ * * ns * *¥ ns

"EEM: error estandar de la media para n= 16 medidas por tratamiento.
? Sig: diferencias significativas; ns y *,**, no existen diferencias significativas y P<0,05 y P<0,01
respectivamente. Los valores con la misma letra son iguales.

En el 2007, las diferencias se reflejan en el nimero de nudos y de hojas del pampano
principal de la espaldera que es significativamente menor que los tratamientos en sprawl
(como ya ocurriera en 2006), debido al manejo del cultivo. También se mantiene la tendencia
del mayor peso de hojas de principal de los sistemas en sprawl, frente a la espaldera, aunque
no presente diferencias significativas. La principal diferencia vuelve a ser el menor nimero
de secundarios del tratamiento de mayor carga (S2), efecto positivo desde el punto de vista de
la produccién de azucares y acumulacion en racimos del principal.

Tabla 6. Distribucion de la materia seca para los tres tratamientos (E, S1 y S2) en vendimia (254 DOY) del

2007.

Aifio Principal (g/pampano) Nietos (g/pampano)

2007 Tallo Hojas Racimos Tallo Hojas Racimas
Espaldera 37,1 17,6 102,7 8,1a 20,7 a 2.9
Sprawl 1 38,7 19,7 99,6 6,5a 17,7 a 4.6
Sprawl 2 36,8 19,6 90,8 240 93b 1,2

EEM' (n=8) 2,7 1,29 9.4 1,06 1,93 0,41

Sig’ ns ns ns *x *¥ ns

Principal (n°) Nietos (n°)
Nudos Hojas Racimos Nietos Hojas Racimas
Espaldera 14,80 13,3 1,8 11,1 48,8 a 1,0b
Sprawl 1 18,0 ab 15,1 2,0 11,5 384D 20a
Sprawl 2 193a 16,3 2,0 10,3 253 ¢ 1,0b
EEM' (n=8) 1,29 1,48 0,65 0,82 3,22 0,05
Sig’ * ns ns ns ok *

"EEM: error estandar de la media para n= 16 medidas por tratamiento.
? Sig: diferencias significativas; ns y *, **, no existen diferencias significativas y P<0,05 y P<0,01
respectivamente. Los valores con la misma letra son iguales.

Por ultimo, conviene recordar que para todos los calculos de rendimiento en materia
seca por planta, hay que tener en cuenta que el tratamiento sprawl2 tiene 18 pampanos/ml
frente a los 12 de la espaldera y sprawll. Estas diferencias por planta y metro lineal se ven en
la Tabla 7, el rendimiento del sprawl2 es mayor en nimero de racimos (31% mas que sprawl1
y espaldera) y hojas (46% mas que sprawll y espaldera), asi como en peso de tallos y hojas
(17% y 31% respectivamente mas que sprawll y espaldera), independientemente del afio
estudiado. Por otro lado, el menor peso de tallos (45%) y hojas (25%) de nietos en este



tratamiento en relacion a los otros dos, si es dependiente de la campaia estudiada, asi como
el nimero de nietos, que muestra una diferencia del 45% menos de nietos del sistema en
espaldera frente a los tratamientos en sprawl.

Tabla 7. Distribucion de la materia seca por planta y metro lineal para los tres tratamientos (E, S1 y S2) en
vendimia de las dos campaifias estudiadas.

Principal Nietos Total
Rdto (g/m)) Tallo Hojas Racimos Tallo Hojas Hojas Tallo
Espaldera 452,15° 200,24° 1189,31 69,17% 185,23™ | 385.45° | 514,89
Sprawl 1 475,01° 236,00° 1298,71 69,50% 194,27* | 430,26™ | 534,73
Sprawl 2 558,93 355,707 1545,29 38,32° 142,96° | 468,66" | 625,70
EEM' (n=18) 44,10 17,13 133,70 9,58 19,37 26,54 46,21
Sig’
Trat * *kk ns L * *% ns
Ao ns ns ns wx e * ns
Trat*Aio ns ns ns ns ns ns ns
o Principal Nietos
Rdto (n®/ml) Nudos Hojas Racimos Nietos Hojas
Espaldera 154,26° 145,83° 24,31° 129,63° | 487,40°
Sprawl 1 214,12° 185,99° 24,31° 140,00® | 435,10°
Sprawl 2 345,14* 308,20° 35,07 184,72* 418,05
EEM' (n=18) 16,19 17,41 1,23 33,41 9,35
Sig’
Trat wkd LS fkk *% %%
Aiio ns ns ns ns wkk
Trat*Afo ns ns ns ns ns

"EEM: error estandar de la media para n= 16 medidas por tratamiento.
2 Sig: diferencias significativas; ns y *** *** no existen diferencias significativas y P<0,05;
P<0,01; P<0,001 respectivamente. Los valores con la misma letra son iguales.

Ahora bien, es evidente que con un incremento del 50% de la carga (sprawl2 vs.
sprawll y espaldera) se consigue para las condiciones de ensayo, mayor intercepcion de
radiacion y, por ende, mayor produccion de materia seca por planta, pero también es
importante la calidad de la baya que se puede producir con este incremento de carga. Los
resultados del andlisis de mosto en maduracion (Tabla 8) reflejan que el incremento de carga
no merma el peso de baya.

Tabla 8. Analiticas de maduracion para los tres tratamientos (E, S1 y S2) en fecha de vendimia (30/08 en 2006

y 05/09 en 2007)
Aiio Peso de 100 Acidez
2006 bayas °Brix pH (g ac
(2 tartarico/L)
Espaldera 111,9 25,1 35 5,9
Sprawl 1 105,4 25,9 3,5 5,2
Sprawl 2 107,0 25,8 3,5 5,2
EEM' (n=8) 3,99 0,76 0,02 0,46
Sig’ ns ns ns ns
Aifio Peso de 100 Acidez
2007 bayas °Brix pH (g ac
(g) tartarico/L)
Espaldera 160,0 25,2 3,06 6,3
Sprawl 1 155,1 25,4 3,13 5,8°
Sprawl 2 1574 24,7 3,207 5,9
EEM' (n=8) 3,69 0,27 0,02 0,07
Sig’ ns ns % *%

"EEM: error estandar de la media para n= 16 medidas por tratamiento.
% Sig: diferencias significativas; ns y **, no existen diferencias significativas y
P<0,01 respectivamente. Los valores con la misma letra son iguales.



Asimismo, los datos del ano 2006 no muestran diferencias en el analisis final de
vendimia para ninguno de los pardmetros estudiados tan solo cierta tendencia a una mayor
acidez del tratamiento en espaldera respecto a los sprawl. Ademas, los sprawl, aunque
alcanzan valores finales de acidez mas bajos, presentan una velocidad de degradacion menor,
es decir, la acidez se degrada mas lentamente durante toda la maduracién, hecho debido
probablemente a la menor exposicion de sus racimos.

El afio 2007 sufri6 un periodo de maduracion mas prolongado y se obtuvieron unos
valores finales de acidez cercanos a 6,0 g/L de TH,, dentro de un rango de pH 3,2-3,3, lo cual
es deseable para vinificaciones de tintos en climas calidos.

El hecho de que el tratamiento S2 tenga una carga mayor para la maduracion de la
baya refleja una conclusion importante: desde el punto de vista de la acidez (pH y g/L de
TH>) no se tienen diferencias significativas en distintos afios y situaciones climdticas, pero si
refleja un °Brix mds bajo debido al mayor nimero de sumideros disponibles, por lo que
retrasa ligeramente su maduracién, manteniendo niveles adecuados de acidez para su
vinificacion; lo que en climas calidos o semiaridos representa una gran ventaja para lograr los
objetivos deseados en vendimia.

CONCLUSIONES

En condiciones de clima semiarido, donde la radiacion no es un factor limitante, el
incremento de la carga en sistemas de conduccion del vifiedo no debe suponer una merma ni
de la cantidad de cosecha producida, ni de la calidad de la misma, siempre y cuando
tengamos disponibilidad de agua y nutrientes en el medio suelo-planta-atmosfera.

El uso de sistemas no posicionados y divididos frente a los sistemas verticales y
posicionados puede resultar una alternativa muy eficaz para retrasar la maduracion y
favorecer la acumulacion de solutos en la baya, sin mermar otras sustancias del hollejo
(antocianos y polifenoles) por efecto de la sobre exposicion de racimos.
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RESUME
Composante d’une multifonctionnalité de la viticulture, les paysages sont des vecteurs de
communication historique, culturelle et environnementale qui enrichissent le potentiel des
régions viticoles.
Au-dela de 1’étude paysagere, qui définit les particularités des terroirs sous un angle
esthétique, il est nécessaire de prolonger cette démarche par un travail d’animation locale au
travers d’un projet de territoire associant les organisations viticoles et les collectivités
territoriales.
Le projet paysage de territoire peut s’intégrer dans une démarche de reconnaissance nationale
ou internationale établie sur la base d’une charte (Fontevraud www.chartedefontevraud.org,
UNESCO, etc.).
L’ objectif de cette communication vise a établir le retour d’expériences de régions viticoles
qui ont initi¢ des projets paysagers pour lesquels I’'IFV a ét¢ impliqué dans I’accompagnement
des démarches.
Au regard de I’enjeu li¢ a la préservation et a la valorisation des paysages, différente instituts
techniques agricoles frangais ont initié un projet APPORT (Paysages agricoles, des outils
pour des projets de développement durable des territoires).
Le projet présenté dans la communication comporte notamment :

- 9 brochures concernant les méthodes, les outils et les orientations liées a la relation

agriculture et paysage

Un site Internet ressource sur cette thématique regroupant notamment toutes les productions
et informations collectées lors de ce projet www.agriculture-et-paysage.fr

SUMMARY

These landscapes are an element of the multifunctionality of viticulture, and are vectors of
historical, cultural and environmental communication, enriching the potential of our wine-
producing regions.

In addition to the landscape survey, which defined the particularities of these terroirs from an
aesthetic perspective, it is necessary to prolong this measure with local activities as part of a
territorial project including viticultural organisations and local authorities.

This project could be incorporated in measures to obtain national or international recognition,
based on a charter (Fontevraud, www.chartedefontevraud.org , UNESCO, etc.).

The goal of this communication is to establish feedback from the viticultural regions which
initiated the landscaping projects for which the IFV (Institut Francais de laVigne et du Vin)
provided support.
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Regarding the issues of preservation and promotion of landscapes, various French technical
agricultural institutes have led to the introduction of an APPORT project (agricultural
landscapes, tools for sustainable territorial projects).

The project presented in the communication comprises in particular:
- Nine brochures on methods, tools and directions to be taken with regard to agriculture
and its relationship with the landscape
- A resource website on this theme, grouping together all the information and
documentation produced and collected during this project, www.agriculture-et-

paysage.fr

INTRODUCTION

La terre, dont I'évolution nous a transmis des empreintes indélébiles, est a I'origine de la
variété de la géologie des sols, des reliefs. Le climat conditionne la conduite de la vigne et la
végétation des écosystémes associés au terroir viticole. A partir de ces contraintes naturelles,
I'nomme a su valoriser les terroirs les plus favorables et adapter au contexte local les techniques
viticoles appropriées. Mais au-dela de la vigne, le vigneron est aussi un acteur environnemental du
territoire, créateur d'architecture, gardien des coutumes et traditions locales, autant d'aspects
historiques et culturels qui participent a I'identité du paysage local.

Les paysages sont des enjeux de la durabilité des terroirs. lls participent a l'identité et au sentiment
d'appartenance culturelle de chaque région. Les éléments constitutifs des paysages viticoles tels que les
vignes, les murets, les talus, les aménagements végétaux et les arbres associés, participent au maintien
d'une biodiversité spécifique qui peut parfois permettre de lutter contre les parasites de la vigne.

La structuration du paysage peut participer a la conservation des sols et a la préservation de la qualité
de l'eau (notamment vis-a-vis du ruissellement et de 1’érosion).

Le lien esthétique entre la viticulture et le grand public doit étre envisagé comme une valeur ajoutée au
produit. Au-dela du réle de support de communication pour la filiére, les paysages participent a la
valorisation économique de toute une région, par le biais de I'activité touristique qu'ils générent avec
tous les emplois induits.

La France bénéficie d'une remarquable diversité de paysages ruraux qui reflete la capacité des
agriculteurs a s'adapter a toute la variété des situations géomorphologiques et climatiques. Les paysages
viticoles de par leurs qualités souvent exceptionnelles sont reconnus comme un des fleurons du
patrimoine paysager national. Les viticulteurs ont été parmi les premiers a comprendre a quel point le
paysage constituait pour eux un atout économique et un atout en termes de reconnaissance sociale.
Les vignobles frangais ont des caractéristiques communes :
e un aspect linéaire et régulier des vignes,
e la présence de constructions particuliéres incluses ou non dans le parcellaire (cabanes de
vignes, chemins, talus, exutoires),
e la qualité fréquente de l'architecture des villages donnant un caractére particulier aux paysages
viticoles.

1 UN PATRIMOINE FRAGILE

Dans une approche globale, le patrimoine recouvre « un ensemble d'éléments matériels ou immatériels
qui témoignent des relations particulieres qu’une communauté humaine a instaurées au cours de
I'histoire avec un territoire ».

Les paysages ne cessent d'évoluer, du fait des modifications naturelles des milieux, des interventions
humaines, elles-mémes fonction des avancées techniques. Cette dynamique paysagére est un atout
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majeur des paysages, leur donnant vie, leur permettant d'évoluer, sans rester figés tels des objets de
musées. Néanmoins la viticulture a traversé des périodes charniéres (crise phylloxérique,
mécanisation), a I’origine d’un bouleversement des pratiques viticoles, support des paysages.

La modernisation du vignoble s’est parfois traduite par :

o une simplification du paysage par agrandissement des parcelles,

o la modification des aménagements de coteaux,

o ['élimination de nombreuses structures paysageéres (arbres isolés ou alignés, haies, talus,

bosquets...) ou architecturales.

Les paysages viticoles sont parfois soumis a des arrachages importants, liés a la crise du secteur qui
modifie la typicité paysagére locale. Parallelement certains vignobles subissent des agressions
esthétiques en liaison avec 1’urbanisation.

Mitage (extension
lignes urbaine dispersée)

aériennes

urbanisation

b atiments

de coteaux

aménagement \\\\\\\
; N

enseignes
publicitaires

conduite
ameénagements de la vigne

hydrauliques

autoroute usine

Figure 1 : Sources d’agression des paysages viticoles

Au-dela de son aspect fonctionnel, le terroir illustre cette dimension patrimoniale en donnant un sens a
un territoire. Les terrasses, composantes architecturales emblématiques fragiles, illustrent les fonctions
multiples de la viticulture. Sans entretien, la nature reprend ses droits. La friche, I'érosion redonnent
progressivement a la pente son profil naturel. Pour le vigneron il est plus aisé de se concentrer sur les
parcelles de plaine.

Les terrains de pelouses seches, ou en friche accélérent le passage du feu. Bien évidemment,
parallelement a son intérét fonctionnel, la terrasse est souvent favorable a la qualité des vins, mais
encore faut-il pouvoir la valoriser pour supporter les surcodts d'exploitation.

La Suisse, 1’Allemagne et le Luxembourg ont su encourager par des aides financiéres le maintien voire
la réimplantation de vignobles dans ces zones sensibles a forte pente. Au dela des aspects financiers, le
décloisonnement entre les acteurs du secteur viticole et les autres usagers du territoire (agriculture,
collectivités territoriales) s'impose pour initier, formaliser et concrétiser un projet collectif.

2 UNE DEMARCHE DE PROJET:

Le paysage, support sensible des choix d’aménagement locaux, constitue une entrée pertinente pour
une réflexion durable car il permet d’identifier et de conforter les supports identitaires, de redonner
une vision spatiale a un projet technique viticole et de I’intégrer dans les échelles multiples d’un
territoire.



Une démarche de paysage s’appui sur un besoin local, exprimé par une collectivité ou des viticulteurs.
Elle se décompose en une premiere étape de lecture et de diagnostic de paysage permettant d’établir la
place, le rdle et I’'image du viticulteur dans le territoire.

Elle se base sur un diagnostic de territoire et sur un plan de gestion, rédigé en concertation avec tous
les acteurs du projet et qui donne des pistes d’actions pour le territoire concerné. Cette approche vise a
développer une démarche paysagére qui, a la fois, améliore le systeme de production, contribue a
insérer I’exploitation dans une dynamique locale et assure une bonne gestion des ressources naturelles
et du paysage.

Ensuite sont déclinées les actions associées au plan de gestion, qui répondent aux besoins identifiés
tels que par exemple un dysfonctionnement ou besoin viticole local, les aménagements des abords de
cave, des sentiers pédagogiques, la réimplantation de haies, la préservation des cabanes de vignes, la
restauration des murets, etc....

Les viticulteurs, principaux gestionnaires d’un terroir viticole, doivent étre au cceur des discussions et
force de proposition quant a I’avenir de leur territoire et aux priorités du projet. La préexistence d’un
mouvement collectif et d’une conscience environnementale au sein de la profession viticole et des
acteurs locaux est un atout important pour favoriser les dialogues et les dynamiques d’un projet.

Les éléments-clés de cette démarche sont les suivants :

- Définir et identifier le territoire viticole concerné

- Collecter des informations (cartes, données numériques, photographie, enquéte...)
- Lire le paysage (composante, place du vignoble)

- Etablir la typologie du vignoble (principaux éléments identitaires)

- Intégrer les composantes du bati (village, monuments...)

- Recenser les sources d’agression du paysage

- Préciser et formaliser éventuellement des démarches de protection

- Etablir des scénarii prospectifs vis-a-vis de 1’évolution du paysage

- Formaliser un plan de communication

Le diagnostic de paysage apporte la connaissance nécessaire d’un territoire pour le comprendre et le
gérer. Le diagnostic de paysage détermine son identité, ses sous-unités caractéristiques, ses
spécificités, les éléments caractéristiques, les éléments a valoriser et ceux a améliorer. . Les
dynamiques d’évolution et les enjeux pour ce territoire doivent étre formulés. Il convient de discuter,
de compléter et de valider le diagnostic de paysage en concertation avec les acteurs du projet.

Au final le diagnostic permet de décliner des actions qui seront décidées collectivement et mises en
ceuvre au cours du temps. Une articulation optimale doit étre trouvée entre les acteurs opérationnels
(exploitations), les zones viticoles (communales, régionales, aires d’appellation) et les institutions
territoriales (commune, groupement de communes, etc.).

L’animation du plan de gestion incombe a une personne ressource, presente au quotidien pour porter
I’action, organiser les sorties terrain, suivre les réalisations, relancer la dynamique, répondre aux
interrogations, monter, si nécessaire, les dossiers financiers.

Au regard de I’enjeu lié a la préservation et a la valorisation des paysages, différents instituts
techniques agricoles frangais ont initié un projet APPORT (Paysages agricoles, des outils
pour des projets de développement durable des territoires).
Le projet présenté dans la communication comporte notamment :
- 9 brochures concernant les méthodes, les outils et les orientations liées a la relation
agriculture et paysage (Figure 2).
- Un site Internet ressource sur cette thématique regroupant notamment toutes les
productions et informations collectées lors de ce projet www.agriculture-et-paysage.fr
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Figure 2 : Plaquettes du projet APPORT (Paysages agricoles, des outils pour des projets de développement durable des
territoires). Téléchargeables sur le site : www.agriculture-et-paysage.fr

La formalisation et surtout la finalisation d’une démarche suppose de s’appuyer sur un réseau
pluridisciplinaire, d’intégrer le retour d’expérience d’autres régions et dans la mesure du possible
d’associer une reconnaissance nationale voire internationale du projet. C’est dans cet esprit qu’a été
développé le Réseau International Charte de Fontevraud, animé par I’Institut Francais de la Vigne et
du Vin qui est présenté ci-dessous.
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La Charte Internationale de Fontevraud est née de 1’association de I’interprofession Inter-Loire et de la
Mission Val de Loire, a la suite de I’inscription sur la liste du patrimoine mondial par 'UNESCO du
Val de Loire en 2000 et du collogue international de Fontevraud « paysages de vignes et de vins » qui
s’est tenu en juillet 2003.

L’IFV a été missionnée par les fondateurs pour développer et animer la Charte.

Le Comité Scientifique et Technique International, qui associe des spécialistes viticoles et paysages,
est animé par I’IFV qui instruit également les dossiers de candidature des régions.

La Charte de Fontevraud a pour ambition d’inciter tous les acteurs des territoires viticoles,
collectivités locales, syndicats viticoles, opérateurs de la culture et du tourisme, universités et
laboratoires a s’engager dans des démarches paysageres volontaires et concertées conjuguant, dans
une logique de développement durable, 1’optimisation de la production viticole et la valorisation
culturelle et touristique de ces paysages, dans le cadre d’un réseau international d’excellence.

3 RETOURS D’EXPERIENCES
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Une dizaine de régions frangaises ont initié des démarches paysagéres. A titre d’exemple deux régions
signataires de la Charte de Fontevraud ; Costiéres de Nimes et Chateau-Chalon sont présentées ci-
dessous.

® COSTIERES DE NIMES

CHarte PaysaGERE
€1 EnviRONNEMENTAE

AOC Cosiiires de Nimes

Figure 3 : Charte paysagere des Costieres de NTmes
Source : AOC Costiéres de Nimes, Nimes Métropole, Direction Régionale de I’Environnement Languedoc-Roussillon,
Atelier Territoires et Paysages — Juillet 2007

Fin 2005, le Syndicat de défense de I’appellation Costi¢res de Nimes a engagé une réflexion sur le
devenir de son territoire de production, en partenariat avec la Communauté d’Agglomération Nimes
Meétropole et la DIREN Languedoc-Roussillon (Direction Régionale de I’Environnement). A partir des
valeurs culturelles et économiques que constituent le paysage et I’environnement, le projet a eu pour
premier objectif de valoriser et de préserver la valeur ajoutée du territoire liée au vin. La concertation
menée avec les acteurs du territoire (acteurs politiques, économiques, institutionnelles et associatifs) a
permis d’aller au-dela de ces premiers objectifs a travers la signature d’une Charte paysagere et
environnementale de 1’appellation.

Trois axes sont vises :

- la préservation des ressources naturelles et la biodiversite

- la gestion de I’identité rurale et agricole du territoire

- la valorisation de I’activité agricole par le tourisme et la communication.

Concernant la valorisation, un inventaire de I’accueil a été réalisé aupres des exploitations afin
d’identifier les structures et les communiquer a 1’Office du Tourisme de Nimes. Un « package »
(Enotouristique « vin et patrimoine » a été crée en partenariat avec 1’Office du Tourisme de Nimes, qui
integre des visites des monuments de la ville, d’'un domaine et dégustation, en liaison avec un
hébergement et une restauration dans un bar & vins. Une lettre de liaison trimestrielle présente
I’avancée progressive de la mise en ceuvre de la charte.

Un poste « animateur charte » a été finance par les différents partenaires institutionnels, qui a pour
mission de coordonner, d’informer et de soutenir les vignerons et partenaires dans les actions menées
sur I’ensemble du territoire. Il est appuyé par un groupe de travail qui associe les vignerons du cru
(caves coopératives, domaines particuliers) avec 1’appui d’un comité de suivi compose des partenaires
institutionnels et organismes techniques spécialisés (locaux ou extra-régionaux).



Vis-a-vis de la biodiversité, le secteur des Costiéres de Nimes est impliqué dans un projet européen en
cours de finalisation associé notamment a la plantation de haies.

La charte a dépassé son rdle initial puisqu’elle sert maintenant de référence dans une approche
territoriale partagée et défendue (suppression d’un projet de centrale électrique thermique portant
atteinte a I’image de la zone).

e CHATEAU-CHALON

Figure 4 : Vue du vignoble de Chateau-Chalon

La démarche est décrite par C. VILLAUME Président de la communauté de communes des Coteaux
de la Haute Seille et également par le Maire de Chateau-Chalon.

Les vignerons ont décidé au cours des années 70 de donner une impulsion nouvelle a I'exploitation du
terroir concerné par I'AOC. lls ont notamment procédé a un remembrement. Les friches ont été ainsi
sensiblement réduites, et les efforts consentis se poursuivent encore aujourd'hui.Les péchers, les
amandiers, les noyers, ainsi que les autres arbres fruitiers des vergers sont régulierement entretenus.
Les « avanchers » (les osiers) sont taillés chaque hiver.

Les parcelles sont souvent difficiles a exploiter a Chéateau-Chalon, mais plus encore peut étre
gu'ailleurs, une relation affective trés forte unit les vignerons a leur terre et a leur vigne, ainsi qu'au
site remarquable qu'ils contribuent a préserver. Des murs en pierres seches et des maisonnettes de
vigne ont été restaurés, des sentiers ont été balisés.Cette démarche est intégrée dans un programme «
LEADER », dont I'un des objectifs est le maintien de I'ouverture des paysages.

Le projet integre deux équipes de réinsertion qui défrichent, qui entretiennent les sentiers, et qui
restaurent des murs et des cabanes en pierres seches. Ces emplois verts constituent le volet humain et
social « troisiéme pilier », trop souvent négligé, les projets de développement durable.

Parallélement, ce projet a permis de supprimer une partie du réseau électrique aérien préjudiciable a la
qualité esthétique du paysage grace a un financement du fournisseur de 1’électricité.

Quelques jours seulement aprés la signature du décret de classement, le 16 janvier 2006, un colloque
international dédié aux paysages viticoles, a été organisé. A l'issue de la manifestation, le préfet, le
directeur de la nature et des paysages du ministere de I'environnement, les élus locaux, les
représentants des viticulteurs, ont signé la charte de Fontevraud.

Dans le cadre de la charte, la suppression du réseau électrique aérien moyenne tension qui traverse le
site depuis a été pris en charge par le fournisseur d’électricité EDF qui a également remplacé un
transformateur de type cabine haute par une cabine basse intégrée au paysage.

CONCLUSION
De la diversité des reliefs et des climats nait une variété de paysage. L’esthétique de la vigne
témoigne de cette subtile harmonie que I’homme a su établir avec la nature. Les paysages-vignerons



témoignent d’une diversité géologique unique et d’une histoire culturelle de la vigne et du vin sans
égal.

Cette dimension, qui relie la terre a 1’esprit, associe en premier lieu le savoir-faire du vigneron,
architecte et jardinier, au sens noble du terme, du terroir. Sa maitrise technique est le fruit
d’observations empiriques acquises de génération en génération et d’un esprit d’innovation permanent.
Le savoir-faire de I’homme ne s’arréte pas a la vigne. L’architecture des chais, des caves, mais
également celle des villages, des églises ou d’autres batisses historiques participent pleinement a
I’harmonie et a la splendeur des paysages viticoles francais. Vitrines des pratiques viticoles, ils sont
porteurs d'enjeux écologiques (bonnes pratiques environnementales), économiques (image
promotionnelle du vin, tourisme) et sociaux (cadre de vie, identité locale). Ce sont également des
liens identitaires, supports de projets collectifs a I'échelle d'un territoire, indispensables au
développement de la viticulture durable.

Mais cet écosystéme culturel est fragile. La modernité, dans son approche fonctionnelle a souvent
occulté ces richesses patrimoniales léguées par les anciens, héritage parfois pergu comme une
contrainte face aux évolutions technologiques et aux impératifs économiques. Sachons protéger et
transmettre a nos enfants ce patrimoine esthétique, mémoire d'intelligence, de sensibilité, de sueur et
parfois de combats. C'est un capital qu'il convient de connaitre, de préserver et de valoriser, si I’on
veut pérenniser la culture du vin.
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ABSTRACT

Social, economic and state increase their demand towards French viticulturists for reduction
of their environmental impact, but not at the expense of the quality of the wine. This position
paper presents the approach to evaluate the compatibility of grape quality and environmental
objectives in Central Loire Valley PDO vineyards. The environmental quality of vineyard
management will be assessed using the Life Cycle Assessment method. The relevance of
replicating 3 years of measurements is explored.

KEYWORDS: viticulture, Life Cycle Assessment, grape characteristics, multi criteria rating,
environment

RESUME

La société, les marchés et I’état imposent a la viticulture francaise de réduire ses impacts
environnementaux tout en produisant des vins de qualité. Ce document expose la démarche
prévue pour I’évaluation de la compatibilité des objectifs qualitatifs et environnementaux de
la production de raisins de cuve dans les vignobles AOC du centre Val de Loire. La méthode
de I’Analyse du Cycle de Vie a été choisie pour I’évaluation de la qualité environnementale
des itinéraires techniques. La pertinence du choix de trois années de mesure est discutée.

MOTS CLES : viticulture, Analyse du Cycle de Vie, caractéristiques du raisin, évaluation
multicritéres, environnement

INTRODUCTION

Social and economic pressure on the wine sector to adopt sustainability is growing. The key
points of the French government’s policy on ecological and sustainable development were
formalized following an Environmental Round Table in 2007 (www.legrenelle-
environnement.fr ). The policy includes the new requirement for environmental information
on mass consumption products from 2012 (“Act Grenelle 27, final version not published yet)
and the target of a 50% reduction in the use of pesticides between 2008 and 2018 (ACT No.
2009-967). This is relevant to the wine sector.

French consumers embrace the tradition and natural aspects of wine and their affinity to it
might be eroded by their evolving knowledge of production practices (Brugiere, 2009).
Protected Designation of Origin (PDO), wines embody the localized and traditional technical
know-how (Lamine, 2005), but the PDO is only a guarantee of origin, but not environmental



quality (Hirczak, 2007). As the French are very concerned of the risk of agrochemical
spraying on food crops (Credoc, 2009), the image of wine could be jeopardised by the use of
20% of pesticides (in mass) on 3.7% of French UAA in viticulture (Aubertot et etc., 2005).

The French PDO wine producers are thus faced with this new societal and institutional
demand. Similarly, if they wish to strengthen their position in the world market, they must
take into account the environmental requirements of key international markets. It is then
necessary to assist the wine industry in addressing this risk through the evolution of its
practices towards being more environmentally friendly. The grape growers of the Loire
Valley are seeking support for such development in environmental practices without
damaging the quality of their wines.

This paper introduces the approach implemented in order to provide, to wines sector agents,
inputs useful for choosing viticultural technical paths that meet the objectives of product
quality and environmental quality in Loire Valley protected denominations of origin
vineyards. This research is implemented in the frame of the scientific programme of UMT
Vinitera”. The originality of this research is situated in product multi-criteria rating of quality
and environment, which corresponds to a new research field emerging internationally, and in
the adaptation of Life Cycle Assessment method to the wine grape production.

OBJECTIVES

This project aims to i) measure the levels of compatibility between indicators of grape
quality (Qg) and of environmental quality (Qe) of the vineyard management technical paths’
(TKPv) in these attributes ranging from antagonisitic to synergistic relationships, and ii) to
identify, within the TKPv, the techniques responsible for these situations, in order to assist
wine industry stakeholders in the choice of TKPv.

The research strategy intends to i) identify the diversity of existing vineyard management
practices, ii) establish a typology of TKPv, iii) chose existing vineyard plots representing this
diversity as an experimental device, iv) characterize the soil and climate of these plots as co-
variables, v) observe the TKPv on the plots for three years on the attributes of Qe and Qg, vi)
confront Qe and Qp indicators of TKPv in a matrix structured in degrees of compatibility, vii)
identify the parts of the process playing the main role on the TKPv position in the matrix, and
viii) adapt the matrix into a tool for wine sector agents.

METHOD

This research focuses on grape production, which represents both a significant part of the
environmental impact of wine (Gazulla et etc. 2010) and is a crucial aspect of the quality of
the product. The two main cultivars of the central Loire Valley: cv. Chenin Blanc and cv.
Cabernet Franc will be utilised. Measurements are planned for 3 consecutive vintages (2010-
2012) and will be performed at the plot level (a single unit in the vineyard with homogeneous
characteristics). The project will be conducted in conjunction with key stakeholders so it has
strong application in the wine sector.

" UMT Vinitera : Unité Mixte Technologique Vins, INnovations, Itinéraires, TERroirs et Acteurs : research unit including staff from
INRA-UEVV Angers, ESA- GRAPPE and LARESS research units, IFV- P6le Val de Loire-Centre and CTV around a common
research programme « Construction of terroir wines quality, from producers to consumers ».

t Logic succession of techniques applied on the vineyard by the producer



LCA has been chosen for the evaluation of the environmental quality of the TKPv because
it is the most complete tool in the field of global and multi-criteria assessment of
environmental impacts (Boeglin et etc., 2005). It has recently been chosen, in a simplified
form, to assess and display the environmental impact of consumer products in France, which
directly concerns the wine industry. However, this method only deals with potential impacts
(Jolliet and Crettaz, 2001). Appropriate models for impacts on biodiversity and soil quality
are still under construction. Currently, estimation of the uncertainty of results remains
difficult in agricultural LCA (Payraudeau et al, 2005).

The method is currently applied and adapted to agricultural systems (Audsley et etc., 2003,
Brentrup et etc., 2004) and of particular interest to this research, perennial fruit production as
well (Mouron et etc., 2006). Research utilising LCA in viticulture and oenology has been
published (Aranda et etc. 2005; Petti et al, 2006; Pizzigallo et etc. 2006; Gazulla et etc. 2010),
but have not addressed the method in detail for application in vineyard management.

This research is broken down into five stages:

Stage 1: Establishment of the experimental and observational network representing the
diversity of TKPv of central Loire Valley PDO vineyards.

The diversity of TKPv existing in the region is identified by:
- A survey of 100 grape growers with diverse socio-economic profiles, different production
systems, from different PDO, in order to describe their TKPv on 300 plots.
- A typology of TKPv from this survey and existing databases on 100 variables using the
data mining platform CORON (Ducatel et etc. 2010), and Factorial Multiple
Correspondence Analysis (FMCA).

The sample of plots used for the study will be selected by TKPv types in order to contrast
potential Qe and Qg. Two networks will be designed: one comparing TKPv in the same
environment (soil, climate) and the other observing TKPv in various environments.

Stage 2: Evaluation of Qg and Qe on the selected plots TKPv

The evaluation of Qg requires the following:
- The choice of grape quality criteria (biochemical, sensory, physical, microbiological,
xenobiotics) through a survey with expert winemakers.
- The measure of grape quality on the chosen criteria at harvest.

The evaluation of Qe requires the following:
- Adaptation of the LCA method for wine grape production (functional unit, impacts,
completion of Eco-invent data base) following the iterative process of LCA.
- Calculation of environmental impacts using LCA (Simapro software, Ecoinvent
database).

An inventory of flux data will be made with grape growers once or twice a year depending on
their practices traceability.

Stage 3: Evaluation of the compatibility of Qg and Qp for each TKPv

The environment (soil and vintage climate) will be characterised as co-variables through
existing detailed cartography and annual weather data.



Qe and Qg datasets will be crossed using Multiple Factorial Analysis (Escofier and Pageés
1998) and including environmental co-variables.

TKPv will be positioned in a matrix crossing Qg and Qe following the design of:
- Atypology of Qg and Qe through a combination of criteria
- A matrix of compatibilities between Qg and Qe using this typology

Stage 4: identification, within TKPv, of vineyard management technigues responsible of
TKPv position in QgXQe matrix

The key techniques influencing grape quality will be identified through literature review. The
techniques causing the main environmental impacts will be identified both by LCA results on
the experimental network and literature.

Stage 5: Development of a tool to assist the wine sector agents in their TKPv choices.

The tool will be developed from the matrix.

METHODOLOGICAL ISSUES

This approach identifies five main methodological issues. LCA adaptation to the grape
production process and the treatment of complex data have been developed in previous
articles (Renaud et etc., 2010 (a) and (b)). The relevance of considering 3 vintages for this
study is the focus of this paper. The choice of grape quality indicators to be considered for Qg
evaluation and construction of a tool to aid decision making will be developed in a subsequent

paper.

In order to validate if a sample of 3 consecutive years will be sufficient to explore the
potential variability of grape quality according to the climatic conditions, the CV of two grape
quality indicators have been calculated on series of 2 to 30 consecutive vintages (1979-2009).
This longitudinal data has been obtained from a sample of Loire Valley Cabernet Franc
grapes from the same plot (Data sourced from INRA EU-1117 in the framework of UMT
VINITERA).The indicators utilised are sugar (figure 1) and anthocyanins content (figure 2).

fig. 1: series CVand average CV per series size (in bold) of sugar fig. 2 : series CVand average CV per series size (in bold) of
content at harvest in Cabernet Franc berries, Loire Valley, anthocyanins content at harvest in Cabernet F berries, Loire Valley
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Figure 1 and 2: CV of sugar and anthocyanins contents for 3 to 30 consecutive vintages
series, cv. Cabernet Franc, Montreuil Bellay, Loire Valley (INRA EU-1117 in the framework
of UMT VINITERA data)



The average CV for both criteria is stable and this increases with the number of years
utilised.

Whilst affected by climatic variation, the sugar content’s natural variation appears to be
limited and most likely regulated by the grower’s choice of harvest date. Even if the
individual Sugar CV values vary 5 times more for a 3 year series than for an 8 years series,
the average CV remains low (under 0.12).

Anthocyanins are subject to uncontrolled variations, with an average CV reaching 0.25, but
with lower individual CV values variation than sugar. A consecutive sample of three vintages
might not be sufficient to get results consistent with a longer period (i.e. 30 years).
Concerning the proposed measurements for this research, the 3 vintages will need to be tested
in comparison to present data and charts in order to determine if the sample is representative.

CONCLUSIONS

The expected results are i) the identification of TKPv diversity, ii) a built typology of Loire
Valley TKPv for the studied cultivars, iii) an operational method to characterize TKPv by the
relationship between Qe and Qg, iv) the positioning of each TKPv type within the QeXQg
matrix, structured in increasing degrees of compatibility, v) a list of the vineyard management
techniques responsible for this position in the matrix TKPv QeXQg, vi) an advisory tool
developed with the actors from this matrix, vii) adapted LCA method for grape production
processes in the Loire Valley, viii) results of methodological development on LCA which
should benefit viticultural scientists and technicians wanting to use LCA for wine grape
production. This work should also contribute to improve multi criteria methods for production
processes evaluation.

These results should provide the wine industry the opportunity to increase its awareness of
environmental issues and to further increase the environmental quality of grape production
processes. The findings could contribute to changes in viticulture towards more
environmentally friendly practices. This research could propose new tools for actors in charge
of advising the wine sector and enable them to better integrate environmental objectives into
the specifications of labelled productions, including PDO, in line with consumers and societal
expectations.
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RESUME

Depuis le millésime 2002, une étude est menée sur la diversité de la flore fongique de parcelles
du cépage chenin, situées essentiellement sur les appellations de Vouvray et Montlouis ; deux
appellations séparées par le fleuve nommé la Loire. Les parcelles se situent dans des conditions
pédoclimatiques différentes, qui se retrouvent au travers des suivis de maturité et 1’état sanitaire.

L’objectif est d’utiliser la flore fongique comme facteur de différenciation entre les parcelles, et
d’évolution au cours de la maturité. C’est dans ce cadre qu’un outil d’écologie microbienne a été
utilisé : Denaturating Gradient Gel Electrophoresis (DGGE). Aprés une étude spécifique sur les
moisissures des raisins, qui ont permis d’établir un référentiel de souches pures, les échantillons
complexes constitués de I’eau de lavage des baies de raisins, ont ét¢ analysés. Ainsi, nous avons
pu analyser et différencier plusieurs parcelles de cépage chenin, situées dans des conditions
pédoclimatiques différentes.

MOTS-CLE
Flore fongique, état sanitaire, conditions pédoclimatiques, suivi maturité, outil moléculaire,
DGGE.

ABSTRACT

Since the vintage wine 2002, a study is led on the variety of the fungal flora of parcels of the
Chenin vine, situated essentially on the controlled origin label of Vouvray and Montlouis; two
controlled origin label separated by the river named the Loire. The parcels are situated in
different conditions of soils and of climate, which meet through the follow-ups of maturity and
the sanitary state.

The objective is to use the fungal flora as factor of differentiation between the parcels, and
evolution during the maturity. It is in this frame that a tool of microbial ecology was used:
Denaturing Gradient Gel Electrophoresis (DGGE). PCR-DGGE is a molecular method which
allows the direct analysis of DNA in complex samples without any culture step. This method is
based on the separation in a denaturing gradient of double-strand DNA fragments which have the
same length but different nucleotide sequences. After a specific study on fungus of grapes, which
allowed establishing the reference table, the complex samples constituted by some water of wash
of the berries of grapes, were analyzed. This tool will allow us to draw a parallel between the
dynamic of fungal populations present in different conditions of soil and of climate.

PCR-DGGE showed its potentialities for a fast characterization of fungi in complex mixes.



KEYWORD
Fungal flora, sanitary state, conditions of soils and of climate, follows-up of maturity, molecular
tool, DGGE.

INTRODUCTION

La microflore présente sur la surface de raisins est composée d'espéces diverses de levures, de
bactéries et de champignons filamenteux. Certains de ces micro-organismes sont impliqués dans
I'élaboration du vin en participant aux fermentations alcoolique et malolactique. Cependant,
quelques autres peuvent avoir un impact négatif sur la qualité du vin. Par exemple, les
champignons filamenteux peuvent étre impliques dans la production de mycotoxines (Cabanes et
al. 2002; Battilani et al. 2003), dans les maladies de la vigne comme le mildiou et le black rot ou
dans des défauts sensoriels comme les ardmes de moisi ou terreux (La Guerche et al. 2004).
L'écologie et la biodiversité des levures présentes a la surface des raisins ont déja été étudiées en
utilisant des méthodes microbiologiques conventionnelles ou des méthodes moléculaires
(Versavaud et al.1995; Pramateftaki et al. 2000; Torija et al. 2001; Sabate et al. 2002; Fleet
2003; Prakitchaiwattana et al. 2004). La présence de champignons filamenteux sur des raisins a
été étudiée avec des méthodes conventionnelles (Sage et al. 2004; Serra et al. 2005), montrant la
prédominance d'espéces appartenant aux genres Botrytis, Penicillium et Aspergillus. Cependant,
les études baseées sur des méthodes moléculaires sont rares (Doaré-Lebrun et al. 2006) et la
communauté fongique des raisins reste mal connue. En effet, les méthodes de microbiologie
conventionnelle peuvent échouer a décrire la diversité totale microbienne a cause de la
prédominance de certaines espéeces, les inhibitions entre espéces et l'incapacité de certaines
d'entre elles a croitre sur des milieux de culture gélosés (Head et al. 1998). Les méthodes
moléculaires basées sur I'analyse directe de I'ADN environnemental sans étape de culture au
préalable ont été développées pour étudier les communautés microbiennes. Parmi ces méthodes,
la PCR couplée a un gradient dénaturant (PCR-DGGE) et la PCR couplée a un gradient de
température (PCR-TTGE) (Muyzer et al. 1993) ont été largement utilisées pour definir des
écosystemes microbiens associés a I’environnement Ou associés a 1I’alimentation. Ces méthodes
se sont montrées étre plus appropriées que les méthodes microbiologiques conventionnelles pour
I'analyse des communautés fongiques (Doaré-Lebrun 2005).

Le but de cette étude est de déterminer 1’utilisation de la PCR-DGGE, dans le cadre du suivi
d’un réseau de sept parcelles du cépage Chenin, réparties sur les AOC Vouvray et Montlouis,
depuis 2002, dont cinq sont définies comme étant sensibles a 1’état sanitaire et plus
particulierement a ce qui est défini comme des déviations nommées golts moisi-terreux (GMT).

MATERIELS ET METHODES

Réseau de parcelles :

- Sept parcelles de Chenin sont suivies depuis 2002 et sont nommeées : Le Gard (sensible a
1’état sanitaire), FOsses rouges (sensible a I’état sanitaire), Brosses 10 (sensible), Brosses 20
(non sensible), Cormier roux (sensible), Marronniers (sensible a 1’état sanitaire), et Epinay
(non sensible)

- Des analyses de résistivité ont été réalisees courant 2006, ainsi qu’une analyse des sols, par
la Cellule Terroir Viticole d’Angers (CTV)

- Suivi climatique : méso et microclimat.




Suivi effectué sur le millésime 2007 :
- Suivi de maturité (sucres, acidité totale, acide malique, degré probable, pH, teneur en
géosmine), état sanitaire (par observations visuelles : intensité et frequence Botrytis, et
Penicillium sp.), étude de la flore fongique par PCR-DGGE.

PCR-DGGE (detail dans I’article de Laforgue et al, 2009) :

- Les échantillons proviennent de I’cau de lavage de baies de raisins, ou de modts. Ces
échantillons sont incubés dans un milieu de culture (PDB), pendant 15 heures, avant
d’effectuer I’extraction d’ADN. L’ADN est amplifié¢ grice a des amorces de B-tubuline,
permettant I’amplification des ascomyceétes filamenteux, et une amorce spécifique a Botrytis
cinerea. Pour ensuite effectuer I’analyse en gel d’électrophorése en gradient dénaturant,
deux différents gradients de dénaturant ont éte utilisés : un premier de 20 a 70 % de solution
dénaturante, et un second de 40 a 45 % de solution dénaturante. La solution dénaturante
définie a 100% est un mélange de 40% (v/v) de formamide et d’urée a 7 mol/l. Les
échantillons sont chargés sur le gel, et la migration a lieu pendant 16 heures a 120V et 60°C.
Apres migration, le gel est observé sur une table UV, apres coloration, a 1’aide de bromure
d’éthidium.

- Les photos de gels sont ensuite analysées a 1’aide du logiciel Bionumerics. Les photos sont
normalisées grace a un marqueur introduit dans le gel. Ensuite, chacune des bandes du
profil complexe est comparée aux bandes présentes dans le référentiel constitué d’une
cinquantaine de profils de souches pures de moisissures issues de collections et/ou de
raisins.

RESULTATS ET DISCUSSION

Les parcelles :
La plupart des sols étudiés dans ce réseau sont des sols bruns, sauf un qui est lessivé (bournais).

Quatre des six sols sont représentatifs des terroirs de leur AOC d'appartenance. Dans les deux
autres, I'un est de type anthropique, l'autre est une perruche sableuse peu fréquente a Vouvray et
davantage a Montlouis.

La majorité des sols présente vers 30 a 60 cm de profondeur un obstacle potentiel soit a la
pénétration de I'eau, soit l'inverse a la remontée capillaire, soit a la pénétration des racines. Cet
obstacle potentiel est parfois constaté.

Il n'existe pas une ou plusieurs explications pédologiques communes permettant de relier les
sols des parcelles dites pourrissantes.

Si le sol est une variable explicative de I'état sanitaire, alors il existe deux types de parcelles :
- celles réagissant sensiblement a I'effet sol comme les Brosses 10, le Gard ou modérément
sensible comme les Marronniers. Le sol intervient a travers la circulation de l'eau.
- celles s'affranchissant de I'effet sol par une autre variable explicative dominante comme les
Epinays, les Brosses 20.

Si le profil pédologique permet d'expliquer partiellement certaines situations, l'analyse
physico-chimique confirme I'état de chaque sol avec peu d'écart entre parcelles.



Les mesures de résistivité completent la caractérisation des sols des sept parcelles. Ces
nouvelles mesures confirment le mauvais état de ressuyage des parcelles sensibles. Les écarts de
résistivité entre avril et aolt semblent en effet plus importants en surface des sols des parcelles
avec GMT. Cet écart est en particulier différent au sein de chaque bindme parcellaire. En
revanche, ces mesures ne permettent pas de classer les parcelles du Réseau Chenin de Touraine
selon leur niveau de risque GMT. Le sol constitue donc un facteur structurel aggravant pour les
GMT.

Climat 2007 :

L'été 2007 est pluvieux et frais en géneéral. Les pluies sont en effet trés fréquentes de juin a
ao(t. Les épisodes pluvieux reprennent ensuite du 19 septembre au 06 octobre. L'hygrométrie
minimum est par conséquent trés souvent de 45%, c'est-a-dire assez élevée.

Les conditions climatiques sont donc globalement propices a l'installation de moisissures
d'altération sauf au cours de la premiére quinzaine de septembre.

Flore fongique :

Les six observations visuelles de I'état sanitaire, couplées aux analyses effectuées par PCR-
DGGE des raisins, sont effectuées entre le 23/08 (fin véraison) et le 02/10 (sur-maturité et fin des
vendanges). Lors de la premiére observation, la pourriture grise est bien présente sur I'ensemble
des parcelles sauf les Brosses 10 et 20, avec parfois des moisissures vertes. Ensuite, la fréquence
de pourriture se développe fortement entre les deux premieres observations pour se stabiliser
pendant les trois semaines de temps sec de septembre. Ensuite, le Botrytis se développe a
nouveau. L'intensité de Botrytis croit en revanche de fagon quasi-linéaire entre le 23/08 et le
02/10. L'installation des moisissures vertes est décalée d'une semaine : leur présence est générale
et marquée de la troisiéme a la sixieme observation, sauf aux Brosses 10 et 20.

L'essentiel de la production de géosmine est mesuré entre le 09 et 25 septembre, soit quatre
semaines apres le dernier épisode pluvieux, et est marquée préférentiellement sur les parcelles :
Marronniers et Epinays. Ce pic intervient pendant la phase stationnaire de développement des
moisissures vertes (cf. figure 1), période pendant laquelle I'nygrométrie régresse sauf durant deux
journées chaudes et humides les 6 et 17 septembre.
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Figure n°1 : Fréquence de ‘moisissures vertes’ observée sur les sept parcelles d’études.



L’évolution qualititive de la flore fongique a partir du 06 septembre est perceptible sur I’image
n°1 (gradient 20-70%), a laquelle est associée le détail des especes détectées (tableau n°1), pour
la parcelle ‘Epinays’. On peut voir notamment 1’apparition d’une plus grande diversité d’espéces,
ce qui coincide avec I’augmentation de la géosmine.De méme, si I’on compare I’ensemble des
parcelles a une méme date (image n°2 (gradient 20-70%), et tableau n°2 associ€¢) du 12
Septembre, on remarque aussi une plus grande diversité d’espéces sur les parcelles Marronniers
et Epinays, parcelles ou les teneurs en géosmine ont justement fortement augmenté a cette
période. C’est ainsi que 1’on peut observer cette variation qualitative de la flore fongique a la fois
au cours des semaines, mais également entre les parcelles. Penses-tu qu’il faille mettre dans les
tableau 1 et 2 les « 100% » concernant les espéces ? Je ne suis pas sdr que cela soit utile sachant
que dans le titre on a en plus « identification potentielle ». A toi de voir.

DATE

PARCELLE PRELEVEMENT ESPECES DETECTEES ET IDENTIFICATION POTENTIELLE

Les Epinays 18/06/2007 a) B. cinerea; i) P. implicatum; o) Sp. alborubescens; q) inconnue

Les Epinays 14/08/2007 a) B. cinerea; m) inconnue ; p) inconnue ; q) inconnue

Les Epinays 28/08/2007 g) B. cinerea; k) P. herquei, P. purpurescens; n) KIl. Thermotolerans; r)
inconnue

Les Epinays 06/09/2007 a) B. cinerea; b_) inconnue ; c) P. italicum, P. s_pmulosum;_d) .P. v!rldlcatum;
e) P. expansum; g) P. purpurescens, P. herquei, S. cerevisiae; () inconnue

Les Epinays 12/09/2007 a) B cmerea.; f) P herquei; j) inconnue ; 1) inconnue ; n) KI. Thermotolerans;
p) inconnue ; g) inconnue

Les Epinays 25/09/2007 g) B. cmefea; c)_P. |ta_I|cum; h) P. thomii; 0) Sp. alborubescens ; q)
inconnue ; s) A. japonicus

Tableau 1 : Correspondance entre les bandes identifiées sur le gel et les especes détectées

Image 1 : Gel 20-70% de la parcelle Epinays aux différentes dates de prélévements

b cdefg h ijk Imn o pars 1

a
-n' '- J ‘ \ : Epinays 25/09/07
E & |

‘ ‘ | H Epinays 12/09/07

B ] ' | Epinays 06/09/07
“ L ‘ Epinays 28/08/07 Evolution
I H Epinays 14/08/07 temporelle

| | 1 Epinays 18/06/07

v

Sens de lecture du gel



DATE

PARCELLE ESPECES DETECTEES ET IDENTIFICATION POTENTIELLE

PRELEVEMENT
Brosses 10 12/09/2007 a) B. cinerea ; q) inconnue
Brosses 20 12/09/2007 a) B. cinerea ; n) inconnue
Le Gard 12/09/2007 a) B._ cinerea ; d) _P. commune ; g) S. cerevisiae, P. purpurescens, P.
brevicompactum ; r) inconnue
Les Epinays 12/09/2007 a) B. cinerea ; f) P. herquei ; j) inconnue ; k) inconnue ; m) KI. Thermotolerans ; p)

inconnue ; q) inconnue

Les Marronniers 12/09/2007 a) B._cmer'eg ; b)_ inconnue ;.e) P |taI|cum.; h) _P. thomn,.M. pulcherlm.a, P_.
restrictum; i) P. implicatum ; k) inconnue ; m) inconnue ; 0) inconnue ; p) inconnue
a) B. cinerea ; c) inconnue ; e) P. italicum, P. spinulosum; g) S. cerevisiae, P.
Fosses Rouges 12/09/2007 brevicompactum, P.herquei, P. purpurescens; g) P. thomii, M. pulcherima ; j)
inconnue ; n) inconnue ; 0) inconnue

Cormier Roux 12/09/2007 a) P. paxili, B cinerea

Tableau 2 : Correspondance entre les bandes identifiées sur le gel et les especes détectées

Image 2 : Gel 20-70% des sept parcelles de Chenin & la méme date du 12/09/2007

a bcde fg h ij k I'm nopqr
I - 1 Brosses 10 12/09/07
’ ! Brosses 20 12/09/07

’ I ‘ \ Le Gard 12/09/07
| | Epinays  12/09/07

-I ‘ ‘ ‘ ‘ ’ ‘ ‘ Marronniers  12/09/07

\ ’ H \ ‘ ‘ Fosses Rouges 12/09/07
Cormier roux 12/09/07

CONCLUSIONS

Les conditions climatiques de I'été 2007 sont favorables a I'expression des GMT. L'analyse des
facteurs confirme en 2007 le role principal du climat et de certaines moisissures. En resume, la
progression linéaire de Botrytis ne semble pas étre corrélée directement a la production de
géosmine. En effet, la cinétique de développement des moisissures vertes est croissante et
paralléle a celle de géosmine jusqu'au 18 septembre. Au-dela, les moisissures vertes stagnent
tandis que la géosmine diminue, peut-&tre en raison de son caractere volatile, donc éphémere.



Ce pic resulterait peut-étre de la conjonction de trois phénomeénes : des moisissures installées
depuis le 05 septembre, des conditions climatiques tres favorables (T° maxi =~ 20.5°C,
hygrométrie minimum =~ 70%) aux moisissures, des raisins déja altérés par Botrytis. Si
I'nypothese est vraie, cela signifie que la production maximale de géosmine a lieu environ 12
jours apres la premiere journée tres favorable aux moisissures.

Ainsi, il est possible de pouvoir déterminer la flore fongique présente et spécifique a chaque
parcelle. Cependant, aujourd’hui, la seule détection de souches appartenant au genre Penicillium
sp. est nécessaire mais pas suffisante pour déterminer un niveau de risque GMT a la parcelle.
C’est la raison pour laquelle, il est nécessaire de réaliser les dosages de geosmine. Cette étape de
meilleure connaissance de la flore fongique est nécessaire afin de pouvoir déterminer les facteurs
favorisant la production de cette molécule.
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ABSTRACT

The national collection of Croatian autochthonowapgvine cultivars was established in
2001. It contains 120 autochthonous grapevinewarkifrom all over Croatia, although most of
them come from Dalmatia region. So far 95 varietiage been described by using 39 OIV
descriptors determining their ampelographic andicbasmmercial features. r to estimate
ampelografic variability and mutual difference beém varieties In orde in collection
comparison of OIV descriptor results has been mhbgeusing cluster analysis plus a
dendrogram. A high degree of similarity has beeumntb between some varieties, such as:
Tanetova loza and Vlaska white;¢R& Zumié¢ and Palagruzonka while & Stradunska, as well
as some others. The varieties which are in thelrdgnam shown to have a high degree of
similarity will be additionally tested by using gt methods in order to determine if they are
alsegenetically related or are even synonymous.

Key words:V. vinifera L., ampelografy, native cultivars

ZUSAMMENFASSUNG

Die nationale Kollektion kroatischer autochthoneeifebensorten wurde im Jahre 2001
gegrindet. Dort werden autochthone Weinrebens@tsnganz Kroatien aufbewahrt, jedoch
stammt der Grof3teil aus dem Gebiet Dalmatiens.ggii8orten dieser Kollektion sind auch
heute noch von wirtschaftlicher Bedeutung, wahrandere auf3erhalb der Kollektion kaum
existieren. Derzeit befinden sich in der Kollektiod20 Weinrebensorten. Die
ampelographischen Charakteristiken dieser Sortememedurch Verwendung von 39 OIV
Deskriptoren festgestellt, um deren ampelograpkischnd grundlegenden wirtschaftlichen
Charakteristiken erkunden zu kénnen. Bisher wuralgindiese Weise 95 Sorten beschrieben.
Es wurde ein Vergleich der Resultate der OIV Dedlon durch Verwendung von
Clusteranalyse sowie ein Dendogramm erstellt, itchem ersichtlich ist, in welchem Malke
sich die Kollektionssorten auf Grund deren ampelphischen Charakteristiken voneinander
unterscheiden. Es wurde eine hohe Ahnlichkeit Zwgsceinigen Sorten festgestellt, wie zum
Beispiel von: Tanetova loza und Vlaska bijela, &rrzwischen Rr und Zumé sowie
Palagruzonka bijela und Stradunska, aber auch hemseinigen anderen. Diejenigen Sorten,
die in dem Dendrogramm eine hohe Ahnlichkeit au$erj werden zusatzlich durch genetische
Methoden gepruft, um feststellen zu kdnnen, obi@s wm genetisch verwandte Sorten oder
gar Synonyme handelt.

SchlusselbegriffeV. vinifera, ampelographie, autochthone Weinrebensorten



INTRODUCTION

Grapevine has been grown in Croatia since anciemdst This is especially through for
Dalmatia winegrowing region where it was possibléind several hundred cultivars at the end
of 19" century and most of them were considered to bechthonous (Bui, 1949). Today
more than 80 native cultivars are registered in dffecial Croatian cultivar list, while an
additional 50 rare genotypes remain underutilizatmarily due to the lack of good quality
propagation material and the insufficient knowledajgout their genetic and oenological
potential.

National collection of native grapevine cultivarsasv founded in year 2001 at the
experimental station of the Faculty of AgricultWaiversity of Zagreb, “Jazbina”. Most of the
cultivars present in this collection ware gathedding the project “Inventarisation and
revitalization of native grapevine cultivars” firgd by Ministry of science, education and
sport from 2001 to 2006.

Nowadays most of these cultivars are not econofgigaportant and there is a serious threat
of their extinction outside this collection. Fot aliltivars present in collection it is possible to
produce initial planting material in case of intréor their commercial growing. Although for
the most cultivars in collection it is not possible make proper evaluation of their
economically important characteristics because thaginated from coastal region with
different climatic condition, all cultivars are ttoamghly described and small breeding program
is being started within germplasm present in ctilbec

Ampelographic and genetic characteristics of soatev@ grapevine varieties ware subject of
some earlier researches (Zdumit. al. 2008, Maleti et. al. 1999, 2004.) but they did not
included all of the cultivars present in Nationallection of native grapevine varieties.

The main goal of this research was to determinelleffampelographic variability between
Croatian native grapevine varieties present irctiilection.

MATERIALSAND METHODS

In this research 95 Croatian native grapevine \ané from National collection of native
grapevine cultivars have been included. Every \eaitin collection is represented with five
vines that where propagated from one mother viseodlered during the inventarisation of
Croatian winegrowing regions. Most of the cultivargginated from coastal region of Croatia
but some of them have been found in continentabneg

Collection is placed in Zagreb (continental regianth moderate climatic conditions. All of
the cultivars are grafted on rootstodk berlandieri x V. riparia SO4. Ampelographic
description was performed in years 2007 and 20@B.(38V descriptors for grapevine
gualitative traits (Tab. 1) have been chosen argtalthical cluster analysis has been
performed on dataset from 95 cultivars. Dendrogveas plotted using unweighted pair-group
average method (UPGMA) with the Squared Euclidestadce.



Table 1 List of OIV descriptors used int his reshar

ol Descriptor

1 Young shoot: openinig of the shoot tip

3 Young shoot: intensity of anthocyanin coloration of prostrate hairs on the shoot tip
4 Young shoot: debsity of prostrate hair on the soot tip
6
7
8

Shoot: atitude (before tying)

Shoot: color of the dordsal side of the internodes

Shoot: color of the ventral side of the internodes
15-1  Shoot: distribution of anthocyanin coloration on the bud scales
15-2  Shoot: intensity of anthocyanin coloration on the bud scales

16 Shoot. Number of consecutive tendrils

51 Young leaf: color of upper side of blade (4th leaf)

53 Young leaf: density of prostrate hairs between main veins of lover side of blade (4th leaf)
67 Mature leaf: shape of blade

68 Mature leaf:number of lobes

70 Mature leaf: area of antocyanin coloration of main veins on uper side of blade
72 Mature leaf: goffering of blade

74 Mature leaf: profile of blade in cros section

75 Mature leaf: blistering of uper side of blade

76 Mature leaf: shape of teeth

79 Mature leaf: degree of opening/overlaping of petiole sinus

80 Mature leaf: shape of base of the petiol sinus

81-1  Mature leaf: presence of teeth in petiole sinus

81-2  Mature leaf: petiole sinus base limited by vein

83-2  Mature leaf: teeth in upper lateral sinuse

84 Mature leaf: density of prostrate hairs between main veins on lower side of blade
87 Mature leaf: density of erect hairs on main veins of blade
151 Flower: sexual organs

153 Shoot: Number of bunches per fertile shoot

155 Shooot. Fertillity of basal buds( buds 1-3)

202 Bunch: lenght

204 Bunch: density

206 Bunch: lenght of peduncule of primary bunch

208 Bunch: shape

209 Bunch: number of wings on the primary bunch

223 Berry: shape

225 Berry: color of skin

230 Berry: color of flesh

235 Berry: firmnes of flesh

236 Berry: particular flavor

241 Berry: formation of seeds

RESULTSAND DISCUSION

Dendrogram plotted using 39 OIV descriptors resul©5 cultivars is shown in fig. 1. It can
be observed that cultivar Dobit from island of Solta and Frmentun (from islandKairéula)
show highest level of difference from all the othattivars. Rests of the cultivars are separated
in two large clusters. The first cluster shows @gaf cultivars with high level of similarity
(98-99%). First three pairs that are showing ddfee at the level of 1% are Tanetova loza and
Vlaska bijela (differs in 6 descriptors) and Pafar viska and Zlahtina as well asi Rind
Zumié (differs in 7 descriptors).



C A S E o} 5 10 15 20 25

Label Num +-————————— o o o ——— Fomm +
Tanetova loza 86

Vliaska bijela 88

PalarusSa viska 75

Zlahtina 92

PalarusSa hvarska 74

Cipar 43

Kujundzusa 64 :::::::r_

Lasina 12

DiSec¢a ranina 54

Silbijanac 82

Bilan bijeli 48

Vrbicé 89

Dugovrst b. poliénik 57

Vlaski crljenak 38

Kraljevina 44

BogdanusSa 49

Debit 53

Skrlet 85

Pré& 79 1
Zumidé 93

Muskatel 72

Mladenka 70

Ljutun crni 14

PoSip crni 32 }
Vranac 23 —

Rogoznicka 18 :l— —
GlavinusSa 29

Semperinka crna 21
= A
Babic¢ 4
Babica crna 3 —_—
Pavicic 17

Mijajusa 40 g
Crljenak kasStelanski 5 ————————j—j

9

Gustopupica ninska

Stara brancevka 36 ——————————J

Plavac mali crni 30
Plavac mali sivi 45
Garganja 59
Moslavac 71
Marinkovic¢a grozje 69
Nincusa 15 ———————T—————
Rudezusa 19
Razaklija 33
S1jiva 37
Grk 61
PosSip bijeli 77
Malvazija istarska 67

Beretinjok bijeli a7
Gegidé 60 ——————————J

Malvasija dubrovacka 66

Plavec zuti 76 —I
DrnekusSa vela 7

Glavanjusa 8 ::] %j —
Krivjaa c. 11

Zadarka 24 l l
Cibib 52

Crnka 6

Svrdlovina crna 20

Plavina 31 ::::]___1———1
Trojscina 41

SiloZzder crni 34

Kurtelaska 65 ;
Gustopupica 2

Lun 13

Stara brajda 35 ———————J F—
Prsljivka 80

Teran 22

Krkosija 62 —|—|

Topol 87

Crljenak wviski 28 ——————————J
Doléin 56

Sarica trisSnjavica 46

Palagruzonka bijela 73 —
Stradunska 83

Bratkovina bijela 27

PoSipica bijela 78

Petovka 42

Zilavka 91

Marastina 68

Zlatarica wvrgorska 90

Bratkovina crvena 39

Ranfol 81

Sipelj 84

Frmentun 58

Dobrigéicé 55

Figure 1 Dendrogram obtained from results of Ol\salgtion of grapevine cultivars in
National collection of native grapevine cultivanslazbina (Zagreb)



In the first cluster cultivar pairs Di& ranina and Silbijanac, Bilan bijeli and Wi
Drnekusa vela and Glavanjusa (with differencesdndé&scriptors), and Plavac mali crni and
Plavac mali sivi (with differences in 8 descripjodsffers from each other at the level of 2%.
Although Plavac mali sivi is actually a clone otfPdc mali crni with mutation in berry skin
color from red to grey, some other differences, tigosegarding the level of anthocyanin
coloration of shoot tip, shoot, and buds, can seoled, too. In second cluster only one pair of
cultivars is showing difference at the level of B¥#d one pair at the level of 2%. The highest
similarity is present between cultivars Palagruzorkjela and Stradunska (differs in 6
descriptors) followed by cultivars Bratkovina bgeland PoSipica bijela (differs in 10
descriptors). Rest of the cultivars in both clusiershowing different levels of similarity but in
all cases higher then the 4%.

Although high level of similarity between some owdts has been obtained in this analysis
we still cannot claim that they are synonymous waithperforming additional genetic analyses.
Despite of that it is interesting to notice thatr €ultivar Plavac mali crni and its clone Plavac
mali sivi no difference in microsatellite analysising set of 10 SSR makers and five
combination of primers in AFLP analysis has beetaioled (Preiner, 2006) but they can be
easily differs by simple ampelographic descriptig@erry color).

CONCLUSION

Results of ampelographic description of cultivans National collection in Zagreb and
hierarchical cluster analysis show different lewddl similarity/difference between them.
Morphologically most distinct varieties but alsoltauars that are possible synonyms can be
determined this way. For cultivar-pairs that shbigh level of morphological similarity
additional genetic analyses will be performed.
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RESUME ENGLISH

Membrane contactor is a new technology which enables implementing liquid-liquid, liquid-
gas or liquid-gas-liquid separations. The main component of the system is a hydrophobic
porous membrane system. Only gases with low molecular weight like O, and CO; can pass
through the barrier. The system can be installed before the bottling line or in the winery in
order to adjust the gas concentration of wine before storage in bulk or bottling.

INRA carried out a first series of tests on an INOXPA WineBrane 2500 pilot unit. The
results showed that it is possible to deoxygenize and adjust CO, in only one passage on the
unit (contrary to a gas injector), thanks to several operating processes which use the vacuum
and/or an inert gas flow (Vacuum, Combo and Strip). A deoxygenation, [final dissolved O,] <
0.5 mg/L, of a white and a red wine (comparison with gas injector) didn’t affect the higher
alcohols. Only some esters underwent significant quantitative losses. However, a jury of 19
judges could not make the difference between the wines before and after deoxygenation
whatever the technique.

RESUME FRANCAIS

Le contacteur membranaire constitue une nouvelle technique qui permet de mettre en
oeuvre notamment des séparations liquide-gaz. Le principal composé du systeme est un
assemblage de membranes creuses hydrophobes. Seules, les molécules gazeuses de faible
masse moléculaire, comme 1’0, et le CO, peuvent passer la barriere. L appareil peut étre
utilisé avant une tireuse ou de cuve a cuve afin de gérer les gaz dissous.

L’INRA a réalisé une premiere série d’essais sur un WineBrane 2500 manuel. Les résultats
ont montré qu’il est possible de désoxygéner et d’ajuster le CO, précisément en un seul
passage sur 1’appareil (contrairement a la technique par injecteur de gaz) grice a plusieurs
modes opératoires utilisant le vide et/ou un écoulement de gaz inerte (vacuum, strip, combo).
Une désoxygénation jusqu’a [O; dissous] < 0.5 mg/L d’un vin blanc et d’un vin rouge (en
comparaison avec l’injecteur de gaz) n’affecte pas les alcools supérieurs. Seuls quelques
esters subissent des pertes quantitatives significatives. Cependant, 19 dégustateurs n’ont pas
fait de différence entre les vins avant et apres désoxygénation quelle que soit la technique.

INTRODUCTION

Oxidation phenomena, depending on the presence of oxygen, affect the evolution of wines.
Controlled oxidation contributes to the stabilization of colour and to the reduction of
astringency in red wine, as during ageing in barrels or in micro-oxygenated vats. In contrast,
protection from oxygen would seem to be necessary for white wines that are to be drunk
young (Escudero et etc., 2002; Ferreira et etc., 2002). Finally, it is commonly accepted in
oenology that marked oxidation has an adverse effect on wine quality. Several authors



showed also that 2 mg/L of oxygen moreover on white wines involved significant sensory
modifications after a few months (Berta et etc., 2000; Boulet, Vidal, 1999). Therefore, various
studies undertaken to characterize the appearance of dissolved oxygen during operations
performed on wines show that bottling is one of the most critical phases (Vidal et etc., 2004;
Castellari et etc., 2004), especially as once the bottles have been sealed, the only remaining
means for mastering the evolution of wines are the storage parameters (closure permeability,
temperature, relative humidity, light, etc.).

On one side, the presence of O, in the wines, following its dissolution, is not a stable state in
time. Dissolved oxygen is gradually consumed by various substrates, mainly polyphenols
(Singleton et etc., 1979). The disappearance of floral flavours is faster under the effect of
oxygen additions even at 15°C and at the organoleptic level, aromatic deteriorations arrive
before chromatic deteriorations (Escudero et etc., 2002).

On the other side, CO; is produced in a large quantity by yeasts (81 g/L for wine of 10%
vol.) and lactic acid bacteria (1.6 g/L for 5 g/L of malic acid) during alcoholic and malolactic
fermentations. During storage and various treatments of the wine, the carbon dioxide content
tends to decrease because of the tendency to equilibrate the CO, partial pressure of the wine
with the atmospheric partial pressure. Finally variable quantities remain at the time of the
bottling. However the carbonic gas plays a key role in the organoleptic characters of the
wines, even if its content is lower than its perception threshold (500 mg/L). Thus adjusting the
carbon dioxide content of wines has a great importance from the sensorial point of view. The
CO; content in bottled wines will have to be adjusted approximately to 300 mg/L for the red
wines for ageing and up to 800-1800 mg/L for the white and rosé wines.

Already used in waters, beverages and effluents treatments, membrane contactors present a
great interest in oenology because this new technology enables implementing liquid-liquid,
liquid-gas or liquid-gas-liquid separations. The main component of the system is a
hydrophobic porous membrane system. Only gases with low molecular weight like O, and
CO; can pass through this barrier. It is possible to reduce dissolved gases (eg CO,, O,) or to
add for example CO, in wines before conditioning in bottles or in bag-in box.

After a presentation of this new technology and of the manual membrane contactor used,
this study describes the first results obtained by INRA experimental unit of Pech-Rouge
(France) for the management of dissolved gases of still wines. The main aim of these trials
was to reduce the dissolved oxygen content to a level lower than 0.5 mg/L in order to increase
the shelf life of the wines. At the same time, the dissolved carbon dioxide content is adjusted
to a level between 300 and 1800 mg/L according to the type and the style of the wine for
sensorial reasons.

MATERIALS AND METHODS
WineBrane® membrane contactor:

The WineBrane® skit (INOXPA patent pending) consists of one or several membrane
contactors in the way, that when connected with the operation and secondary medium,
multiple treating processes are possible. The power spectrum of the plant covers flow rates
between 1000 and 20000 litres of wine per hour for the gas management (Schmidt et etc.,
2010).

The design and construction of the units is performed in compliance with the requirements
of the food-processing industry. The membrane material is polypropylene and it has FDA
approval.

The design is CIP cleanable (alkaline solution and disinfectants), units can also be sanitised
with hot water.



Operating principle and technical specifications of the used unit:

The Liqui-Cel (MEMBRANA) membrane contactor module consists of a woven assembly
of polypropylene hollow membrane fibres of 200 um interior diameter with an average size of
pores of 0.03 um “Figure 1” which allows only the passage of gases or volatile compounds of
low molecular weight.

The hydrophobic character of the membrane confers to the role of interface between the
liquid phase which moves outside the hollow fibres (shell side) and the gas phase which
moves in opposite direction inside the hollow fibres (lumen side), preventing the mixture of
the phases. The balance of concentrations is displaced when a depression and/or a gas flow is
introduced. A diffusion force is created due to the differential pressure between gas phase and
dissolved gases in the liquid phase, which migrates in the gas through the membrane (or
conversely) until a new differential pressure balance is reached. This physical mechanism can
be described in a basic way by the principle of osmosis. If there are volatile compounds with a
higher concentration on a side of the membrane compared to the other, then these compounds
will cross the membrane until the equilibrium of the partial pressures of these compounds on
the two sides of the membrane is attained.
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—>| [«—0.03 um Membrane Wall

Figure 1: Liqui-cel cartridge and microscopic photos of membranes.

The membrane contactor used was a manual WineBrane® 2500 (25 hL/h), provided with a
Liqui-cel 4X13” ExtraFlow X40 cartridge of membrane surface area equal to 8.1 m2. A
monobloc lobe pump enables wine circulation in shell side of membrane, while the strip gas
with or without vacuum (produced by a liquid ring vacuum pump), circulates in opposite
direction on lumen side of the membrane “Figure 2”.

Figure 2: Manual WineBrane® 2500 used for experiments.



Operating modes of WineBrane 2500:

VACUUM mode: the use of vacuum lower than 100 hPa in lumen side reduces O, and CO,
according to their partial gas pressure out of the wine. The gas molecules, which crossed the
membrane wall, are then eliminated by the vacuum pump. Thus, vacuum deoxygenizes and
decarbonises the wine at the same time.

CARBONATION mode: to readjust CO, content, it is necessary to carry out a second
passage without vacuum but by a CO, sweep with low overpressure in lumen side (A pressure
between lumen side and shell side = 200-300 hPa). A back pressure is applied on the outlet of
the gas side, to force CO; to pass into the wine.

In addition to the two previous modes, INRA carried out two new modes in order to check if
it is possible to deoxygenize and adjust the CO, content in only one passage in the WineBrane
skit.

STRIP mode: an inert gas circulation (N,, CO; or N,/CO, mixture) in lumen side will make
it possible to impoverish the oxygen content of wine by keeping the CO, concentration. If
CO; partial pressure of carrier gas is higher than that of wine, the wine will enrich in CO,. In
the opposite case, the wine will be impoverished in CO,. Roughly, if the carrier gas contains
approximately more than 20% of CO,, a red wine will enrich in CO, (50% for the white and
rosé wines).

The strip mode is used to increase CO, concentration at the same time as to reduce O,
concentration. If a strong carrier gas flow is introduced, O, will be reduced but with a higher
carrier gas consumption.

COMBO mode: a partial vacuum is coupled to an inert gas flow in lumen side, in order to
deoxygenise the wine and to adjust its CO, content.

The combo mode is used when the aim is to keep CO, concentration at the same time as to
reduce O, concentration. This mode is more efficient for deoxygenating at constant CO, level
because the carrier gas consumption is lower than with strip mode at same deoxygenation
level.

Moreover, carrier gas consumption (CO,) in the combo mode is more important than in strip
mode to increase CO, content of the wine. And the strip mode is more efficient than combo
mode when wine needs a strong carbonation (when initial CO; is much lower than target
CO,) at the same time as a deoxygenation.

Methods of Analysis for gaseous molecules:

Oxygen control at inlet and outlet side of the apparatus was carried out by PreSens
luminescent probe and PSt3 luminescent spots glued onto inner surface of the sight glass
“Figure 3”. A PreSens Fibox 3 trace fiber optic probe was used. The Fibox 3 measures the
luminescence decay time of an immobilized luminophore. The luminophore is excited with a
sinusoidal intensity-modulated monochromatic light delivered by an optical fibre and its
decay time causes a time delay in the light signal emitted by the luminophore. This decay
time, or phase angle, @, decreases in the presence of oxygen and is correlated to oxygen
content.

The PSt3 sensor selected to perform this study can be used for a broad range of oxygen
concentration ranging from 0 to 50 %.



Figure 3: PeSens system with its oical fibre and its PSt3 spot glued in a Sight glass.

CO; control was carried out by Carbodoseur to the sample taps located at inlet and outlet
side of the apparatus.

GC analyses of higher alcohols and esters of wine (headspace sampler coupled to GC
Agilent 6850) were performed on samples taken at inlet and outlet side of the apparatus.

RESULTS AND DISCUSSION

The wines used (75% of white or rosé, 25% of reds) were micro filtered before treatment.
All treatments were carried out from tank to tank by the racking connection valves. The
average temperature of the wines was of 23.9 + 1.8°C, except for 4 batches (< 7°C).

The combo and strip modes developed by INRA UEPR allowed in only one passage on
WineBrane® pilot to deoxygenize the wines as well as by the vacuum mode while controlling
the CO, content “Tab. 1”. The CO, content of wines treated by the vacuum strongly
decreases. The O, content after carbonation is almost stable.

Table 1: Summary of treatments of wines carried out by INRA.
Average + standard deviation for the 4 last columns.

*For choosing combo, strip or carbonation mode, the final CO, content depends on the required CO, quantity.
The required CO, quantity is limited by the temperature and the strip gas CO, concentration, according to the
abacus of Lonvaud-Fumel, 1976, and also the strip gas mass flow as well as the differential of pressure between
lumen and shell side.

Mode Nb of Total Initial [O,] | Initial [CO,] Deoxygenation Final [CO;]
batches | volume hLL mg/L mg/L output % mg/L
Vacuum 10 107 4.25+2.82 500 + 643 -88.1+33 133 + 140
Carbonation 3 55 0.56 £0.09 315 £33 +4.6+32 1425 + 459
Strip 16 360 0.98 £0.32 509 £ 227 -84.5+43 645 £297
Combo 19 256 2.28 £2.31 446 + 266 -87.8+4.5 537 £359

For carbonation, strip and combo modes, these first tests showed that consumption of carrier
gas is close to 0.5 L CO, / L of wine for an addition of 300 mg/L of CO; from an initial CO,
content of 700 mg/L.

Moreover, we observed a diminution of the flow on red wines, perhaps because polyphenols
constitute a hydrophobic bio film near the membrane.

Oenological and volatile compounds analyses:
Whatever the used operating process, alcohol percentage, volatile acidity, pH values, free
and total SO, data and absorbance values at 420, 520 and 620 nm were not modified.



GC analyses of higher alcohols and esters of wine showed that only some esters underwent
significant losses being able to go up to 40%, especially ethyl-octanoate, ethyl-hexanoate,
isoamyl-acetate and hexyl-acetate, which are the most hydrophobic molecules, which thus
have most affinity for the membrane passage according to Diban et etc., 2008.

Comparatively, deoxygenation of the wines by nitrogen sparging with porous diffuser
causes important losses for the same molecules because of their volatility.

Sensory analysis by triangular test

A white and a red wine with respective O, initial contents of 0.79 and 0.82 mg/L and CO,
initial content of 620 and 260 mg/L were deoxygenized by sparger and with WineBrane® by
strip and combo modes (T° wines = 23 + 1°C). The final average O, contents were
respectively of 0.20 (white) and 0.14 mg/L (red) and for CO, of 669 + 68 (white) and 255 +
36 mg/L (red). 15 days after, a triangular test was carried out by 19 tasters in order to compare
the wine before and after the deoxygenation for each wine and each treatment. No significant
difference was revealed to the a risk of 5%, in spite of the ester losses quoted previously.
Only the wines deoxygenized by sparger (porous diffuser) were considered to be different
from the control wines to the o risk = 14.6% (white) and 6.5% (red).

CONCLUSIONS

The dissolved gas management by membrane contactor constitutes a real progress during
the phase for conditioning of wines. A full automatic WineBrane® unit integrated in a bottling
line (like at the wine coop of Besigheim) or in a bag in box line enables the simultaneous
control and adjustment of the two most important dissolved gases in oenology: the oxygen
major factor of the wines oxidation and the carbonic gas major factor of the sensory quality of
wines. Currently no competitive technology is available which is able to meet these needs
accurately and simultaneously in line.

The first tests showed that the main analytical parameters (alcohol, acidities and colour) are
not affected by the treatment. Only losses in some esters were observed without impact on the
tasting of the wine.

Further studies starting this year will focus on gaseous exchange and on the behaviour of
polyphenols. For that, other operating conditions like temperature variation, different gas
concentrations, wine types, inert gas consumptions ... will be verified.
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ABSTRACT

On the basis of the archeological data, the winemaking in Georgia originates 8000 years
ago. According to ancient Georgian traditional technology of preparation of the wine, the
squeezed grape is placed in a clay vessel (qvevri) dug in the ground, and alcoholic
fermentation is carried out together with components of a cluster. During fermentation, from a
stem, skin and seeds of a grape in plenty are extracted phenolic compounds which define the
composition and essence of Kakhethian wine. The aim of this study is to estimate total
amount of phenols, catechins, proanthocyanidins and anthocyans in wines of the European
and Kakhethian type, and to compare their anti-radical efficiency with the help of 2,2-
diphenyl-1-picrylhydrazyl (DPPH*) radical. According to the received data, by comparison of
European and Kakhethian wines for the content in them of phenolic compounds, Kakhethian
wines considerably surpass the European wines. In the Kakhethian white wines prepared from
various grapes, the total content of phenolic compounds varies within the limits of 1330-2430
mg/L, and in the European white wines - within the limits of 210-468 mg/L. In the
Kakhethian red wines these limits make 2898-4416 mg/L, and in the European red wines —
1630-2340 mg/L. The high content of phenolic compounds in the Kakhethian red wines
specifies their medical and preventive properties that proves to be true by comparison of anti-
radical efficiency of European and Kakhethian wines.

Se référant aux techniques traditionnelles anciennes géorgiennes de production du vin, le
raisin  pressé est placé dans un pot en argile enterré (kvevri) pour donner lieu a une
fermentation alcoolique avec les constituants de la grappe de raisin. Lors du processus de la
fermentation, la rape, la pelure du raisin et le pépin dégagent en grande quantité¢ des
composés polyphénoliques définissant la composition et I’esprit du vin du type kakhétien. Se
référant aux données obtenues et en comparant la teneur quantitative des composés
phénoliques dans les vins des types kakhétien et européen, il a été mis en évidence que les
vins du type kakhétien excédent considérablement les vins du type européen par leur teneur
en phénols. Dans les vins blancs du type kakhétien produits a partir de diverses espéces de
raisin le total des phénols varie de 1330 mg a 2430 mg par litre alors que le méme indice dans
les vins blancs du type européen varie de 210 mg a 468 mg par litre. Dans les vins rouges du
type kakhétien la différence se situe entre 2898 mg et 4416 mg par litre contre 1630 mg et
2340 mg par litre pour les vins rouges du type européen. C’est notamment cette teneur en
grande quantité des polyphénols que confere aux vins du type kakhétien une qualité curative
et préventive ce qui s’affirme d’ailleurs par les résultats d’une comparaison des effets anti-
radicaux des vins des types kakhétien et européen.



INTRODUCTION

Adverse ecological conditions observable in the most part of the modern world, unbalanced
nutrition and the various illnesses break the counterbalanced free-radical processes
proceeding in living cells. The reasons causing this problem are pollution of an environment,
the stressful influences, radiation, chronic intoxications, smoking and other conditions, as a
result of which the uncontrollable free-radical reactions develop. Under influence of these
reactions the toxic effects of xenobiotics are amplified, and carcinogenesis, mutagenesis,
atherosclerosis and autoimmune diseases are stimulated. In this respect, the rather important
factor is revealing such foodstuff which contains in large quantities compounds having
antioxidant activity. In this aspect the Kakhethian technology of making of wine which is
since old days used in Georgia is especially interesting (Beridze, 1970) the wines, exclusively
rich with flavonoids, are prepared by means of this technology which are characterized by
high antioxidant activity and considerably reduce injury of tissues and cells (Middleton,et al.
2000, Robles-Sardin, et al. 2010, Williams, et al. 1997).

According to ancient Kakhethian traditional technology of making of the wine, the crushed
grape is placed in a clay vessel (qvevri) dug in the ground, and alcoholic fermentation is
carried out together with components of a cluster. During fermentation, from a stem, skin and
seeds of a grape in plenty are extracted phenolic compounds which define the composition
and essence of Kakhethian wine, and interaction of these compounds with the oxidizing
enzymes contained in a skin, pulp and stem of a grape, defines taste and aroma, characteristic
for Kakhethian wine. Grape seeds play a main role during formation of a wine of the
Kakhethian type as seeds basically increase the content of phenolic compounds in a wine, and
give to it characteristic aroma. Stems promote clarification of a wine and enrich it with
flavonoids and extractive substances. The grape skin gives to a wine gentle, specific, varietal
aroma. Flavonoid compounds define character of a wine, at ageing these compounds are
oxidized, therefore the wine becomes soft, velvety and pleasant taste. Quality of the wine
made in a clay vessel (qvevri) is much better than quality of the wine made in a wooden
vessel. The wine made in qvevri has specific fruit taste and is characterized by integrity.
Therefore, qvevri is the best vessel for making of the Kakhethian wine. Besides, its advantage
consists still that in the qvevri dug in the ground fermentation occurs in more normal
conditions, because of smaller fluctuation of temperature.

The aim of this study is to estimate total amount of phenols, catechins, proanthocyanidins
and anthocyans in wines of the European and Kakhethian type, and to compare their anti-
radical efficiency in the system forming a radical of 2,2-diphenyl-1-picrylhydrazyl (DPPH*).

MATERIAL AND METHODS

White and red wines of the Kakhethian and European type, made of a grape varieties (Vitis
vinifera L.) cultivated in Georgia, Italy and Slovenia, were given to us by wineries and
physical persons whom we express gratitude.The technology of making of white (W) and red
(R) wines, variety of a grape, the country of cultivation, wine factory and year of making are
given in Tab. 1.

In samples of analyzed wines the total content of phenols is determined with Folin-
Chiocalteu reagent (Singleton, & Rossi, 1965), catechins and proanthocyanidins - by method
of Swain & Hillis, 1959), anthocyans — by Durmishidze & Sophromadze (1983). Standard



curves are constructed: for phenols - on a basis of gallic acid ("Sigma", maximum absorption
765 nm), for catechins - on a basis of (+) catechin ("Theodor Schuchard", maximum
absorption 500 nm), for proanthocyanidins - on a basis of cyanidin isolated from a grape skin
(maximum absorption 548 nm) and for anthocyans - on a basis of malvidin-3-monoglucoside
(maximum absorption 536 nm).

For determination of antiradical efficiency of wine the stable radical of 2,2-diphenyl-1-
picrylhydrazyl (DPPH*) with maximum absorption 520 nm was used (Sanchez-Moreno, et al.
1998). Alcohol was removed from samples of analyzed wine (50 ml) by evaporation on the
vacuum - rotational evaporator at 40°C and after that the volume of samples again
supplemented up to initial volume with distilled water. Spectrophotometric measurements
were carried out on spectrophotometer C®D-26 (Russia). Each experimental variant was
repeated five tames. Experimental data were processed statistically by computer program
,»MS Excel”.

Tab. 1
Wine Samples*
Wine Tecnology of Grape Variety Country and Winery Vintage
preparation
1W Kakhethian Rqatsitheli Georgia, Kakhethi, ,,Okros Kvanchkara” 2005
2W Kakhethian Khikhvi Georgia, Kakhethi, Physical Person 2005
IW Kakhethian Ribolla Italia, Azenda Agricola, Osalavia Francesco Josko 2003
Grauner
4W European Rqatsitheli Georgia, Kakhethi, ,,Badagoni” 2005
SW European Kakhuri Georgia, Kakhethi, Physical person 2004
Mtsvane
6W European Tsulukidzis tetra | Georgia, Racha, ,,Okros Khvanchkara” 2004
TW European Rebula Slovenia, Vipavska dolina, Vinorodni okolis, 2006
deadami Azelen
8R Kakhethian Sapheravi Georgia, Kakhethi, ,,Vazi+Ltd ” 2005
9R Kakhethian Cabernet Georgia, Kakhethi, ,,Vazi+Ltd “ 2005
Sauvignon
10R Kakhethian Ojaleshi Georgia, Samegrelo, ,,Vazi+Ltd ” 2005
11R European Sapheravi Georgia, Kakhethi, Physical person 2007
12R European Aleksandreuli Georgia, Racha, ,,Okros Khvanchkara ” 2003
13R European Merlot Georgia, Kakhethi, ,,Besini ” 2008

* W — White wine; R — Red wine

RESULTS AND DISCUSSION

According to the received data (Tab. 2), by comparison of the quantitative content of
phenolic compounds in the wines made on the Kakhethian and European technologies it is
obviously visible that white and red wines of the Kakhethian type (1W, 2W, 3W, 8R, 9R,
10R), under the content of phenolic compounds considerably surpass to the appropriate wines
made on the European technology (4W, 5SW, 6W, 7W, 11R, 12R, 13R).

In white wines made on the Kakhethian technology, the total content of phenols varies from
1296 mg (a wine 3W) up to 2290 mg (a wine 1 W), and in red wines of the Kakhethian type -
from 2848 mg (a wine 10R) up to 4416 mg (a wine 8R) per liter, while in white wines made
on the European technology, these parameters varies from 210 mg (a wine 7W) up to 456 mg
(a wine 6W), and in red wines of the European type - from 1630 mg (a wine 12R) up to 3130



mg (a wine 11R) per liter. Thus, as a result of making of a wine by the Kakhethian
technology, the wine is considerably enriched by phenolic compounds.

Tab. 2

The Content of Total Phenolics, Catechines, Proanthocyanidins, Antocyans in White and Red
Wines and Antiradical Efficiency

Wine Total Catechins, | Proanthocyanidi Anthocyans, ECs Tkcso AE
phenolics, mg/l ns, mg/l mg/l (g antioxidant (min) (x107)
mg/l Kg' DPPH*)
Iw 2290438 640+007 690+7.1 510£11.7 4.5 0.44
2w 2000+13 453+01 1097+2.4 515+16 4.5 0.43
3w 1296446 509+4 392+16 847+35 5 0.23
4w 346+11 39+1 47.8+2 1191+14.1 5 0.16
Sw 278+7 2742 43.2+1.1 1447422.4 5 0.12
6w 456+26 772 165+8.7 1219+18.4 4.5 0.18
TwW 21044 842 - 893+13.3 5 0.038
8R 4416+100 1010423 1203£15 1270445 516£16.5 3.2 0.62
9R 2848472 798+2 728+13 317424 382+14.9 5 0.52
10R 3700485 862+11 872+18 414420 342+11.5 5 0.58
11R 3130£76 582+5 610+£55 1456436 519+5.1 4.4 0.43
12R 1630450 378+£15 98069 53.245 595+14.5 5 0.34
13R 2318+73 636+33 8264 322+18 880+4.3 4.5 0.25
a- 625+22.7 5 0.32
Tocopherol

Special interest represents study of phenolic compounds of the wines made on the
Kakhethian and European technologies, from the same variety of a grape. We have compared
the wines made by the Kakhethian (1W, 3W, 8R) and European (4W, 7W, 11R) technology,
from the autochthonous Georgian varieties of grape (Rgqatsitheli, Sapheravi) and from a
variety of a grape cultivated in some countries of Europe (Ribolla) (Tab. 2).

In the Kakhethian wine (1W), made of a variety of a grape Rgqatsitheli, total amount of
phenolic compounds, catechins and proanthocyanidins, is higher in 6.6 times, 16 times, and
15 times, respectively, than in a wine (4W), made from the same variety of a grape by the
European technology. Approximately the same patterns of relationship is observed and in
case of the wines made in Italy by the Kakhethian technology from a grape of variety Ribolla,
and in Slovenia from the same variety of a grape by the European technology. In the wine
made by the Kakhethian technology (3W), the total phenols are 1296 mg/l, and in the wine
made by the European technology (7W) from the same variety of a grape, this parameter is
210 mg/l. Kakhethian wine (3W) contains catechins and proanthocyanidins in amount of 509
mg/l and 392 mg/l, respectively, and the wine made of the same variety of a grape by the
European technology (7W) contains only insignificant amount of catechins, and practically
does not contain proanthocyanidins.

Among the white wines made by Kakhethian technology, the high content of
proanthocyanidins characterizes a wine (2W), made of the autochthonous Georgian variety of
grape Khikhvi, in which the content of these compounds makes 1097 mg/l, and the content
of catechins - 453 mg/l (the total of phenols in this wine makes 2 g/l). The wine made by
Kakhethian technology from a grape variety Khikhvi has straw color, contains high amount
of extractive substances, is perfect and harmonious (Tabidze, 1954).



Among the white wines made from the autochthonous Georgian varieties of a grape by the
European technology, the wine (6W), made of a grape variety Tsulukidzis Tetra is
distinguished, in which the total content of phenols makes 456 mg/l, catechins - 77 mg/l, and
proanthocyanidins - 165 mg/l. Also it is necessary to note a wine (5W) made of a grape
variety Kakhuri Mtsvane by the European technology, in which the total content of phenols
makes 278 mg/l, catechins - 27 mg/l, and proanthocyanidins - 43.2 mg/l. This wine tastes very
gentle and aromatic.

In red wine made from grape variety Sapheravi by Kakhethian (8R) and European (11R)
technologies, the total content of phenols makes 4416 mg/l and 3130 mg/l, respectively. The
total content of catechins and proanthocyanidins in wine made by Kakhethian technology is
1.7 times and 2 times higher, than in wine made by European technology.

Partially other interrelation is observed in a case of anthocyans. In red wine made by
European technology (11R) the content of anthocyans is 1456 mg/l, but in red wine made by
Kakhethian technology (8R) their content makes 1270 mg/l. The reason of it, apparently,
consists in long process of maceration in a qvevri that causes sedimentation of anthocyans.

Among autochthonous red varieties of grape of Georgia is distinguished Ojaleshi. This wine
made by Kakhethian technology is characterized by good color, typical viscosity for red
wines, extract content, and harmonicity (Ramishvili, 1948). In this wine (10R), the total
content of phenols makes 3700 mg/l, catechins - 862 mg/l, proanthocyanidins - 872 mg/l, and
anthocyans - 414 mg/I1.

The characteristic of the wine made by Kakhethian technology from of the French variety of
grape Cabernet Sauvignon cultivated in Georgia is also important. In this wine (9R), the total
content of phenols makes 2848 mg/l, catechins - 798 mg/l, proanthocyanidins - 728 mg/l, and
anthocyans - 317 mg/l. Comparison of the wine made by European technology from the
French variety of grape Merlot cultivated in Georgia with the wine made in Argentina from
the same variety of a grape and by the same technology is rather interesting. In wine made in
Kakhethi (13R) the total content of phenols, catechins, proanthocyanidins and anthocyans
makes 2318 mg/l, 636 mg/l, 826 mg/l and 322 mg/l, respectively (Tab. 2), while in red wine
made in Argentina the total content of phenols is 1637 mg/l, the total content of catechins and
proanthocyanidins is 13.30 mg/l, and content of anthocyans is 52.61 mg/l (Sanches-Moreno
et al., 2003). It is necessary to note also the wine (12R) made from the autochthonous
Georgian variety of a grape Alegsandreuli, which is characterized by pleasant taste and
delicate aroma. In this wine the total content of phenols makes 1630 mg/l, catechins - 378
mg/l, proanthocyanidins - 980 mg/l, and anthocyans - 53.2 mg/1.

Thus, study of total amount of phenolic compounds, catechines, proanthocyanidins, and
anthocyans of white and red wines prepared by Kakhethian and European technologies has
demonstrated that by content of said compounds Kakhethian wines considerably exceed
European wines, that specifies in high medical and prophylactic properties of wines of
Kakhethian type. This conclusion has been confirmed by investigation of antiradical
efficiency (AE) of wines of Kakhethian and European type (Tab. 2). According to these
findings average value of AE of white and red wines of Kakhethian type 2.3 and 1.7 times
exceeds average value of AE of white and red wines of European type, respectively. Among
wines, the white (1W, 2W) and red (8R, 9R, 10R) wines of Kakhethian type are especially
distinguished by their antiradical efficiency.

The data of some authors on the enrichment of white wines of European type by poliphenols
should be noted (Williams & Elliot, 1997) have carried out researches whose goal was the
development of a seed-enhanced (polyphenol-enriched) white wine with greater positive
health potential. This, seed-enhanced white wine is currently being evaluated in human



subjects with regard to its potential effect on the cardiovascular system and inhibition of
platelet aggregation. According to Auger et al. (2005), white wine prepared from grape
variety Chardonnay, enriched by polyphenols possesses a protective effect against early
forms of atherosclerosis in hamsters, and according to Fuhrman et al. (2001), the white wine
enriched by polyphenols possesses similar to red wine antiradical properties.

CONCLUSIONS

As a result of comparison of white and red wines made by Kakhethian and European
technologies it is shown that by content of total amount of phenolic compounds, catechines,
proanthocyanidins, and anthocyans, and by antiradical efficiency, the Kakhethian white and
red wines considerably exceed European white and red wines, that specifies in high medical
and prophylactic properties of wines of Kakhethian type.
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RESUME ENGLISH

375mL white bordelaises were filled with acidified ultrapure water (pH 1.5) and closed with
2 types of caps (Saran tin, Saranex). The liquid was deoxygenated via bubbling with a blend
of 50%C0O, 50%N,. 3-4 dry ice ministicks were placed on the surface. A drop of liquid
nitrogen was deposited in the cap just before placement on the bottle. Dissolved and gaseous
O, contents were measured with a PreSens probe for 63 days of storage at 20 and 35°C in the
vertical position on 8 bottles/procedure mechanically agitated for 30mn from TO to T0+63
days (17 analysis dates). The average total O, concentration at TO was 6.3+3.7 ug/bottle.

At both temperatures, the total O, content remained stable for the 63 days for bottles with
Saran tin seal proving that there was neither consumption nor penetration of oxygen. The
Oxygen Transmission Rate (OTR) of the seal is thus nearly nil. For the Saranex seal, the
content increases with temperature. The slope, thus speed of penetration of the oxygen, of the
regression line (R2 > (0.992) was 2.6 and 4 pg/d/bottle respectively at 20 and 35°C.

RESUME FRANCAIS

Une mise en bouteille en bordelaises blanches de 375mL d’eau ultrapure acidifiée a pH 1.5
a été réalisée avec 2 types de capsules métalliques (joints Saran étain, Saranex). Le liquide a
été désoxygéné par bullage au mélange 50%CO; 50%N,. 3-4 ministicks de carboglace étaient
versés en surface. Une goutte d’azote liquide était déposée dans la capsule juste avant la pose
sur la bouteille. Les teneurs en O, dissous et gazeux ont été mesurées avec une sonde PreSens
pendant 63 jours de stockage a 20 et 35°C en position verticale sur 8 bouteilles/modalité apres
agitation. La concentration moyenne en O, total a TO était de 6.3+3.7ug/bouteille.

Aux 2 températures, la teneur en O, total reste stable durant les 63 jours pour les bouteilles
avec joint Saran étain, prouvant qu’il n’y a ni consommation, ni pénétration d’oxygene.
L’OTR du joint est quasiment nul. Pour le Saranex, la teneur augmente avec la température.
La pente, donc la vitesse de pénétration de I’oxygene, de la droite de régression (R?>0.992)
est respectivement a 20 et 35°C de 2.6 et 4 pg/j/bouteille.

INTRODUCTION

It is widely accepted that oxygen can deteriorate or improve a wine. Oxygen management is
therefore a critical aspect in the winemaking process from harvest to post-bottling. This is
quite a challenging task as a good oxygen management strategy requires a good
understanding of the specific needs of specific wines at specific time throughout the whole
process.



For instance, oxygen exposures during fermentation (oxygen is a key nutrient for fermenting
yeasts) are different from those needed during ageing (micro-oxygenation plays a role in
stabilizing colour, softening tannins and diminishing herbaceous characters) or those needed
after bottling (oxygen transferred through closures keeps on participating to wine evolution).
And that will depend on grape varietals, winemaking styles and intended shelf-life.

The various studies undertaken to characterize the appearance of dissolved oxygen during
operations performed on wines show that bottling is one of the most critical phases (Castellari
et etc., 2004; Vidal et etc., 2004).

In addition, Vidal et Moutounet (2006) reported indeed that the headspace can represent a
big reserve of oxygen in the bottle, especially in screw cap bottles (more than 3 mg). They
showed also that this oxygen quantity was consumed by the wine during time.

As once the bottles have been sealed, the only remaining means for mastering the evolution
of wines are the storage parameters like the temperature, the relative humidity, the light and
the closure permeability. But the Oxygen Transfer Rate (simplified version of oxygen
permeability) remains the only controllable parameter by the conditioner before the wine
leaves towards trade-circuit.

Currently, one of the principal methods for the OTR determination of stoppers and screw
caps using experimental air/stopper/gas set-ups (Oxtran, Mocon, Minneapolis, USA) based on
the transfer of oxygen from outside to inside a container through a stopper.

Lopes et etc., 2005 adapted a method based on the reduction of an indigo carmine solution
in a stopped bottle for the non-destructive determination of the release of oxygen through a
cork or a cap. Whatever the type of closure, the rate of oxygen release peaked during the first
month after bottling because of the release of the oxygen in the cork, according to the authors.
The rate then stabilized at between 0.33 and 28 pg/day during the next 11 months, according
to the type of closure. In 2006, they showed that oxygen penetration in the bottle was smallest
with caps, followed by technical corks, intermediate with natural corks and high with
synthetic corks.

Recently, luminescence-based technologies have been developed. These tools are very easy
to use and heretofore an interesting new generation of analyzers has been developed with
separate sensors. In the case of measurement of Total Package Oxygen, the sensors can be
glued in bottles prior to filling with wine and allow for non-invasive measurement
(measurements done through the glass using an optical fiber). These sensors can be used to
measure dissolved oxygen as well as headspace oxygen (O’Brien et etc., 2009). Dieval et etc.,
2009 showed that this new method is more accurate than polarographic probe and micro GC
methods particularly because it does not need gas or liquid sample.

A follow-up of the dissolved and gaseous oxygen by PreSens optode on screw cap bottles
filled with a liquid which consumes oxygen as low as possible and as poor in germs as
possible was carried out. Then this new technique was compared to the Mocon technique
based on gas/stopper/gas set-ups for the evaluation of the weak OTR level of screw caps.

MATERIALS AND METHODS

Experimental design:

375 mL glass bottles were filled with acidified ultrapure water and closed with 2 types of
caps (Saran tin, Saranex 38) as shown in the plan of the experiment in “Tab. 1.
Measurements of dissolved and gaseous oxygen by PreSens optode were scheduled
throughout the 63 days of bottle storage to characterize the OTR of caps.

The bottles were stored upright in one room regulated at 20°C or in another one regulated at
35°C.



The analytical monitoring was performed at 17 dates of analysis after bottling (days TO, 3,
6, 10, 13, 17, 19, 24, 27, 31, 35, 38, 41, 52, 56, 60 and 63).

Table 1: Experimental design for bottling of acidified ultrapure water.

Procedure | Code | Screw cap St%‘ﬁ‘ége b(i\tltl;es Analysis Dates of analysis
1 Saran20 Saranex 20 8 days TO, 3, 6, 10,
2 Saran35 Saranex 35 8 Dissolved and | 13, 17, 19, 24, 27,
3 Etain20 Saran tin 20 8 gaseous O, 31, 35, 38, 41, 52,
4 Etain35 Saran tin 35 8 56, 60 and 63

Every day of analysis, oxygen concentrations were measured for 8 bottles per procedure.
Before the measurement, every bottle was mechanically agitated for 30mn on a plateau orbital
shaker (50 mm of amplitude, 120 rpm) in order to reach the equilibrium of oxygen partial
pressure between the headspace and the acidified water, especially at TO, just after bottling.

Choice of conditioned liquid:

The choice of this solution was validated by a prior bottling. The microbiological controls
carried out on 8 samples were negative contrary to a hydro alcoholic solution of 20%vol
(filtration of 50 mL of solution, filters laid down on PCA standard growth medium, 3-5 days
of incubation at 30°C).

Moreover with acidified water, the solution foams less than with ethanol at bubbling. The
dissolved oxygen content remains stable close to zero in the acidified water bottles contrary to
those with the hydro alcoholic solution. Over 21 days of storage at 21°C, the average
dissolved oxygen content in acidified water was equal to 2.8 + 0.8 ppb instead of 18.7 + 0.8
ppb with the hydro alcoholic solution (n = 8 dates x 6 bottles per procedure).

Bottling:

Before filling, every bottle was rinsed with pure alcohol then drained off during a few
minutes in order to reduce microbial contaminations.

The filling of white screw cap bordelaises bottles with acidified ultrapure water at pH = 1.5
by hydrochloric acid was made by weighing of 363 g corresponding to 363.4 mL and an
headspace level of 53 mm, in order to avoid any overflow during bubbling. The density of the
acidified aqueous solution was equal to 0.9987 g/mL and determined by density meter.

Each bottle was deoxygenated via bubbling of a gas mixture (N, 50% / CO, 50%) and
thanks to a inlet filter at a pressure lower than 100 hPa by avoiding the overflows until
reaching an oxygen concentration lower or close to 10 ppb (4.5 £ 3.6 ppb), corresponding to
an approximate time of 30mn. A multichannel bubbling system was used for bubbling 14
bottles at the same time “Figure 1”. Every time a bottle was picked up from the system, it was
replaced by another bottle in order to maintain the flow of the unit constant.

3-4 dry ice ministicks were placed on the surface of liquid in order to saturate the headspace
of the bottle with carbon dioxide. Then a snowdrop of liquid nitrogen was deposited in the
cap just before placement on the bottle. The cap was crimped thanks to a single head capping
machine when no visible “smoke” escaped from the bottle.




Figure 1: Mltichannelrbubbin éyétem of bottles.

Non invasive method for analysis of dissolved and gaseous oxygen:

Dissolved and gaseous oxygen control of bottles was carried out by PreSens luminescent
probe and PSt6 luminescent spots glued onto the inner surface of the bottles. A few days
before filling, one spot is glued in the body of the bottles to measure dissolved oxygen and the
other in the neck of the bottles for the headspace oxygen measurement. A PreSens Fibox 3
trace fiber optic probe was used. The Fibox 3 measures the luminescence decay time of the
immobilized luminophore (spot). The luminophore is excited with a sinusoidal intensity-
modulated monochromatic light delivered by an optical fibre and its decay time causes a time
delay in the light signal emitted by the luminophore. This decay time, or phase angle, @,
decreases in the presence of oxygen and is correlated to oxygen content.

The system measures the oxygen partial pressure (Po;) in hecto Pascals (hPa). It can also
express the values in mg/L or in ppb/ppm or in %v/v according to the studied phase and to the
temperature and to the pressure. Considering that the target oxygen contents are weak, the
PSt6 spots were selected because their measurement range goes from 0 to 1.8 ppm or O to
41.4 hPa, with a limit of detection equal to 0.02 hPa and an accuracy of 3% of the respective
concentration.

A manual calibration was be applied with the two calibration values (phase and temperature
values at 0% and 6% air-saturation) obtained from the PreSens inspection of the batch of the
used sensor spots.

Determination of Total Oxygen content in bottle:

Dissolved O, pg/bt = O, ppb x O, density (T°C) mg/mL x Vi, mL / 1000
With
Vi=363.47 mL (363 g/ 0.9987 g/mL)
O; density (T°C*) in g/ or mg/mL = 32 g/ [22.41 L x (T°C + 273.15)/ 273.15]
*By thermostated room, one bottle without PSt6 spot was used for temperature control of
liquid by PreSens temperature probe.

Headspace O, pg/bt =[O, % v/v /(100 x 1000 x Vs mL*)] x density O, (T°C) mg/mL
With



*Vys = average volume measured on bottles closed by Saranex beforehand the experiment
according to the storage temperature, either 19.02 £ 1.27 mL (n=12) at 20°C or 16.66 £ 1.00
mL (n=12) at 35°C.

Total O, ug/bt = Dissolved O, pug/bt + Headspace O, pug/bt

Operating mode for the measurement of headspace volume of bottle:

The bottles were filled with 363g of the same acidified water and then closed with screw
cap to avoid evaporation. The closed bottles were stored during 24 hours for temperature
setting, as well as a surplus of the solution in thermostated rooms at 20 or 35°C. Once the
temperature was reached, the bottles were also weighted and then they were filled to the brim
with the surplus of solution. Finally, the difference of mass was converted into volume by the
aid of the density.

Measure of screw caps OTR by Oxtran Method at 23°C:

At the end of storage and after oxygen analysis by PreSens probe, 4 bottles/screw cap were
sent to the LNE Trappes (France) for the measure of OTR at 23°C. The used experiment is
conform to ASTM D3985 and ISO 15 105-2 standards: 100% O, / cap / N, under 80-90% of
relative humidity; cut and glued neck, 30-40 days of conditioning before measurement by
Mocon Oxtran 2-20).

Materials:

Ultrapure water produced by MilliQ-RG (Millipore SAS, St Quentin en Yvelines, France);
conductivity < 18 MQ/cm.

Smoking hydrochloric acid, purity = 37% (Merck, Fontenay sous bois, France).

375 mL screw cap Bordelaise bottles 38.5 BVS, headspace level of 30 mm at 20°C (Saint
Gobain, Chalon sur Sadne, France).

Screw caps Stelvin (Alcan Packaging, Paris, France) with Saranex 38 or with Saran tin joint.

Density meter Anton Paar DMA 500 (Courtaboeuf, France).

Plateau orbital shaker 500 Gerhardt (Les essarts le roi, France).

Tubing PTFE (0.062 in. ID x 0.125 in. OD) degassing inlet filter in PE (L x @: 1.9 x 1 cm;
pores diameter: 19 to 32 pum) for multichannel bubbling system provided by Waters
(Guyancourt, France).

Dry ice of CO; (ministicks of CO,, purity 99%) and liquid nitrogen (purity 99.7%) supplied
by Cryo express (Bobigny, France).

Gas mixture of 50% N, / 50% CO,: Gourmet N 50 (Messer SAS, Puteaux, France)
containing 50% % 3% vol of CO,, supplemented until 100% with N,.

Single head capping machine Zalkin for screw cap TM3 32563 (Rueil-Malmaison, France).

RESULTS AND DISCUSSION

The general average of total O, concentration at TO was 6.3 + 3.7 ug/bottle. That proves the
efficiency of our protocol against the oxygen ingresses at bottling.

At both temperatures, the total O, content remained stable for the 63 days for bottles with
Saran tin seal proving that there was neither consumption nor penetration of oxygen “Figure
2” and “Tab. 2”. The Oxygen Transmission Rate of this seal is thus nearly nil.

For the Saranex seal, the content increases with time and with temperature “Figure 2”. The
slope, thus the rate of the oxygen ingress, of the regression line (R? > 0.992) was 2.6 and 4
pg/d/bottle respectively at 20 and 35°C “Tab. 2”.
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Figure 2: Evolution of Total O, at 20°C and 35°C by experimental method.
Unbroken lines: Total O, mg/bt at 35°C, dotted lines: Total O, mg/bt at 20°C.
Error bars represent the standard deviation of the 8 replicates.

Table 2: Linear regression of Total O, curves of experimental method.
Linear regressions were obtained with Microsoft Excel 2002.

Storage Screw cap Linear regression R2 OTR
T°C Total O, pg/bt png/day/bt
20 Saran tin Tot O, =0.025t+7.3 | 0.0873 =(
20 Saranex Tot O, =2.55t+ 14.5 | 0.9929 2.55
35 Saran tin Tot O, =0.003t + 3.4 | 0.0702 =0
35 Saranex Tot O, =4.021t +20.9 | 0.9952 4.02

If we compare the OTR values given by this new method with air/cap/headspace/acidified
water system at 20°C with those of Oxtran method with 100% O,/cap/N, system at 23°C
“Tab. 37, we get an Oxtran method/acidified water method OTR ratio equal to 3.25. This
could be partially explained by the difference of operating conditions (higher temperature,
atmosphere outside of 100% O, instead of 20.95% for the Oxtran method). Moreover, there



are gas flows which sweep the joint on its outside (O;) and on its interior face (N,) which
don’t exist in the ageing of wine bottles.

Table 3: OTR values in mL or pg/day/cap by standard method.
*With do, at 23°C = 1.317 mg/mL.

Oxygen Transfer Rate
Number
Screw cap of bottles (values at 21% O)
mL/day/cap pg/day/cap*
Saran tin 3 0.0015 + 0.0004 2+0.5
Saranex 3 0.0063 £ 0.0012 83+1.6

This air/cap/headspace/acidified water method at 20°C is closer to oenological reality than
the Oxtran 100%0O,/cap/N, at 23°C type method for which the OTR values obtained were
respectively 2 and 8.3 pg/d for Saran tin and Saranex “Tab. 3.

CONCLUSIONS

Following the various trials, this experiment method turns out to be reproducible even with
oxygen partial pressures close to the hecto Pascal. Its originality especially comes from the
fact that the operating conditions are closer to oenological reality (air/cap/headspace higher
than 90% RH/liquid at a given temperature of storage) than the Oxtran method of type 100%
Os/cap/N; with 80-90% RH at 23°C.

Furthermore, this work showed the interest to use acidified water to very low pH as solution
inducing neither microbial development, nor oxygen consumption, provided to follow those
drastic rules against microbial contaminations and atmospheric oxygen.

Finally, this method proves that in conditions of very close to wine bottles storage the OTR
values of screw caps are lower than those given by standard tests, even almost zero with the
Saran tin caps.

The integration of the follow-up of the atmospheric and headspace pressures in a further
study would enable to calculate the oxygen permeability of screw caps.
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RESUME
En 2009, KitoZyme a initié en collaboration avec I'ICV (Institut Coopératif du Vin), un projet
de recherche & développement dans le but d’étudier I’action du chitosane, un nouvel
auxiliaire technologique naturel de type polysaccharide, sur I’élimination des Brettanomyces
afin de répondre aux attentes des professionnels de la filiere pour la prévention du risque
Brettanomyces.
Les résultats de ce projet ont montré que :
- le chitosane est efficace en 5 a 10 jours et son action n’est pas spécifique a une
souche de Brettanomyces bruxellensis.
- Le chitosane n’a pas d’impact sur les populations de Saccharomyces cerevisiae ni
sur le déroulement de la fermentation alcoolique.
- Le chitosane n’a pas d’impact sur le déroulement de la fermentation malolactique
(soit en mode spontanée, soit en inoculation). Toutefois, il est recommandé
d'attendre 8 jours apres la fin du traitement avant de réaliser une inoculation en
bactéries lactiques.

SUMMARY
Kitozyme has initiated, in collaboration with ICV (Cooperative Wine Institute) ,an R&D
project with the aim at studying the effect of chitosan, a new natural oenological to prevent
the growth of Brettanomyces during winemaking processes.
The results of this project are as follows:
- The antimicrobial activity of chitosan is effective from 5 to 10 days on different strains
of Brettanomyces bruxellensis
- Saccharomyces cerevisiae and alcohol fermentation were not affected by the use of
chitosan
- Malolactic fermentation (either spontaneous or inoculated) is note affected by
treatement with chitosan. It’s recommended to except 8 days post- treatment to
realized inoculation with lactic bacteria.

INTRODUCTION
La découverte des levures du genre Brettanomyces remonte a 1904, lorsque Clausen les isole

dans un molt de brasserie. Depuis, les Brettanomyces sont décrits comme un agent de
contamination de nombreux produits de fermentation incluant le vin, le cidre, la biere, le



kombucha, le kefyr, la téquila, etc [Greenwalt C.J. et al., 2000 ; Martens H. et al 1997 ;
Morrissey W.F. et al. 2004 ; Silva P. et al. 2004 ; Teoh A.L. et al. 2004 ; Wyder M.T. et al.
1997].

Dans le milieu viticole, la détection de ces levures de contamination au vignoble est rendue
délicate par le fait qu’elles sont, a ce stade, minoritaires. Toutefois la fermentation (processus
de transformation des sucres en alcool) va entrainer une véritable « sélection » de ces
microorganismes. En effet, les Brettanomyces sont particulicrement résistantes a 1’éthanol et
au SO; et sont capables de subsister dans le milieu malgré son appauvrissement en sucres. De
plus, certaines techniques ou certains protocoles de vinification peuvent favoriser le
développement des Brettanomyces dans le vin, comme I’élevage sur lies. Pour que les
Brettanomyces puissent se développer, moins de 500 mg/1 de sucre suffisent.

L’impact des levures de contamination Brettanomyces a été prouvé par de nombreux auteurs
sur des vins dans différents pays [Di Stefano R. 1985 ; Ciolfi G. 1991 ; Tucknott J. 1977 ;
Heresztyn T. 1986 ; Henschke P. 1996 ; Fridriere 1. et al. 1988], des vins mousseux allemands
[Barret e al. 1955] des vins jaunes d’Arbois [Galzy P. et al. 1955] ou des vins du midi de la
France. En 1965, Domercq a rapporté 1’isolement des Brettanomyces dans des moits des
appellations Saint Emilion et Premieres Cotes de Bordeaux et dans des vins rouges ou blancs
en cours de conservation des appellations Médoc, Graves et Saint-Emilion.

Quant aux cépages, le pinot semble €tre le plus touché. En Bourgogne, par exemple, pour le
millésime 2000, 50% des vins en fermentation issus de ce cépage et 25% apres embouteillage
avaient été affectés [Gerbaux V. et al. 2000].

En définitive, la maitrise de cette altération reste difficile, méme avec des pratiques
cenologiques réfléchies. Les moyens de lutte sont essentiellement curatifs, ils permettent
d’agir sur les populations de Brettanomyces (flash pasteurisation, filtration). Toutefois ces
traitements modifient les qualités organoleptiques des vins et ne préservent pas les vins traités
des contaminations ultérieures [Ruiz-Hernandez M . 2003 ; Calderon F. et al. 2004 ; Delfini
C. et al. 2002 ; Puig M. et al. 2003 ; Comitini F. et al. 2004 ; Blateyron L. et al. 2008].

Les propriétés antibactériennes et antifongiques du chitosane ont été largement étudiées et
documentées et sont aujourd’hui bien reconnues. Récemment KitoZyme a initié en
collaboration avec I'ICV (Institut Coopératif du Vin), un projet de recherche &
développement dans le but de proposer un auxiliaire technologique naturel de type
polysaccharide, le chitosane, qui puisse répondre aux attentes des professionnels de la filiere
pour la prévention du risque Brettanomyces.

MATERIEL & METHODE
1- Le produit de traitement : le chitosane (Cs)

Le chitosane est un polysaccharide linéaire composé de la distribution le long de la chaine
polymere des unités de répétition D-glucosamine (unité désacétylée) et N-acétyl-D-
glucosamine (unité acétylée). Le chitosane est obtenu par désacétylation (hydrolyse des
groupement N-acétyl) de la chitine. Il est produit a partir d’une source fongique, non-OGM, le
mycélium d’Aspergillus niger, un champignon microscopique utilisé pour la production
d’acide citrique a destination des industries alimentaires et pharmaceutiques.

Le chitosane se présente sous forme d’une poudre fine insoluble dans le vin, de couleur
blanche a légerement brune, inodore et sans saveur. La structure chimique du chitosane est
illustrée sur la Figure 1.
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Figure 1- Structure chimique du chitosane

2- Les souches de levure
Les souches de Brettanomyces bruxellensis utilisées pour 1’inoculation artificielle du vin sont
des souches identifiées comme majoritaires sur le vignoble méditerranéen (Blateyron et al.
2008) et ont des génotypes 100% A et 100% B. Elles proviennent de la collection des souches
ICV-ADN™ Elles sont conservées  4°C sur milieu gélosé incliné (milieu YAC).

3- Le milieu et les conditions de culture du levain
Le levain est un milieu d’acclimatation dans lequel les levures peuvent croitre et atteindre une
population de I’ordre de 10’UFC/ml, tout en s’adaptant 2 un environnement peu favorable
(pH acide, taux en éthanol élevé)
La composition du levain utilisé pour les expérimentations est décrite dans le Tab. 1 suivant :

Tableau 1- Composition du milieu levain pour Brettanomyces bruxellensis

Composés Concentrations/conditions
Yeast Nitrogen Base 6,7g/1
Glucose 20g/1
Ethanol 10% (v/v)
Eau déminéralisée Compléter au volume souhaité
pH Ajuster a 3,5 avec des cristaux d’acide tartrique
Stérilisation 20 min a 121°C

4- Techniques analytiques de dénombrement

Pour le suivi microbiologique, des échantillons de vins ont été prélevés a TO, T3 (T0+3 jours),
T7 (TO+7 jours), T10 (TO+10 jours), T25 (TO+25 jours). Le dénombrement des
Brettanomyces viables s’est fait par mise en culture sur milieu gélosé spécifique YAC (YEPD
+ Actidione + Chloramphénicol) selon le protocole suivant : les échantillons de vins sont
prélevés et dilués en cascade sous environnement stérile, dans des tubes contenant 9ml ou
9,9ml d’eau physiologique stérile. 100ul sont mis en culture par étalement sur milieu gélosé
YAC, a partir de la dilution appropriée pour avoir entre 30 et 300 colonies sur la gélose. Les
boites sont incubées a 28°C pendant 10 jours. Les mises en culture sont doublées.

RESULTATS & DISCUSSION
1- Effet du chitosane sur la croissance des Brettanomyces de profils génétiques
différents

Le vin choisi pour cette étude est un vin rouge du Languedoc Roussillon, millésime 2008 dont
les parametres sont décrits dans le Tab. 2. Ce vin a été artificiellement contaminé par des
Brettanomyces de souche A ou de souche B. Le vin a ensuite subi un traitement suivant les
modalités 1, 2, et 3 décrites dans la Figure 2.




Tableau 2- Caractéristique analytique du vin

TAV Sucres résiduels Acidité totale H SO, actif
% o/l o/l H,S0, p mg/l
13,78 1,7 3,18 3,45 <0,02

Vin rouge inoculé en Brettanomyces : souche
A implantée depuis 24 jours

Vin rouge inoculé en Brettanomyces : souche
B implantée depuis 30 jours

(1)

Témoin

2)

Traitement par le DMDC 20g/hl

3)
Traitement par le Cs 4g/hl

Figure 2- Plan expérimental pour 1’étude de I’effet du chitosane sur la croissance des
Brettanomyces de profils génétiques différents

Nous avons mis en évidence que les effets du DMDC et du chitosane sont similaires quelle
que soit la souche de Brettanomyces. Les résultats (Figures 3 et 4) montrent une réduction

significative des populations en Brettanomyces viables

(<IOUFC/ml) en 5 a 10 jours avec les deux types de traitement.
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Figure 3- Suivi de la population de Brettanomyces bruxellensis souche A dans le vin apres le

traitement
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Figure 4- Suivi de la population de Brettanomyces bruxellensis souche B dans le vin apres le
traitement

2- Impact du chitosane sur les autres populations microbiologiques du vin
importantes dans le processus de vinification (Saccharomyces cerevisiae, Oenococcus
oeni)

2.1- Impact sur Saccharomyces cerevisiae
Pour cette étude le moft choisi est un jus de raisin blanc de la marque Casino qui a été
supplémenté en sucre pour atteindre la teneur de 200g/1 et en azote pour atteindre une teneur
supérieure 200mg/l. Nous avons par la suite inoculé en Saccharomyces cerevisiae ICV D47
a la dose de 30g/hl.
Comme il est décrit dans la Figure 5, 1’ajout du chitosane a été réalisé en cours de
fermentation alcoolique a deux moments différents :

- densité de 1035 : 3 jours apres le levurage

- densité de 1015 : 6 jours apres le levurage

Moiit en début de fermentation

(1) 2) (3)
Témoin Densité mofit 1035 Densité mott 1015
Traitement par le Cs 4g/hl Traitement par le Cs 4g/hl

| Fin de fermentation alcooliaue |

Figure 5- Plan expérimental pour 1’étude de I’'impact du chitosane sur la croissance des
Saccharomyces cerevisiae

La Figure 6 permet de démontrer que le chitosane n’a pas d’impact sur le déroulement de la
fermentation alcoolique. La période de 13 jours de la réalisation de la fermentation alcoolique
est identique quelle que soit la modalité.

La cinétique de croissance de la population de Saccharomyces cerevisiae (Figure 8) atteint sa
valeur maximale de ’ordre de 6.10'UFC/ml aprés 3 jours de fermentation, puis le nombre de



levures se maintient 2 5.10’UFC/ml pendant 10 jours pour finalement amorcer sa phase de
décroissance apres 13 jours de fermentation.

Cette cinétique est similaire pour toutes les modalités. Par conséquent nous pouvons conclure
que le chitosane n’a pas d’impact négatif sur les levures Saccharomyces cerevisiae.

Ces résultats sont en accord avec les travaux de Gomez-Rivas et al. en 2004 qui ont conclu
que le chitosane avait un effet inhibiteur sur Brettanomyces bruxellensis et un effet neutre
voire positif selon les doses employées sur Saccharomyces cerevisiae.
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Figure 6- Evolution de la population en Saccharomyces cerevisiae dans le moQt avant et
apres le traitement par du chitosane et suivi de la densité

2.2- Impact sur Oenococcus oeni

Le vin choisi pour cette étude est un vin rouge du Languedoc Roussillon, millésime 2008 dont
les parametres sont décrits dans le Tab. 3. Nous avons inoculé ce vin en Oenococcus oeni
Elios 1® suivant les modalités décrites dans la Figure 7.

Tableau 3- Caractéristique analytique du vin

TAV Sucres Acidité totale H Acide malique | Acide lactique SO, actif
% résiduels g/l g/l H,SO, P g/l g/l mg/1
12,95 1,4 3,09 3,58 1,26 0,18 0,03
Vins dont la fermentation malolactique est non réalisée
(1) (2) (3)
Témoin Traitement Cs 4g/hl Traitement Cs 4g/hl
Pas d’inocu/];alion Pas d’inoculation Elios 1° 8 jours apres traitement
Elios 1 inoculation Elios 1°

Figure 9- Plan expérimental pour 1’étude de I’impact du chitosane sur la croissance des
Oenococcus oeni

Lors d’un pécédent essai non présenté ici, nous avons démontré grice au suivi
microbiologique des bactéries lactiques et au suivi de la dégradation de I’acide malique qu’un
traitement au chitosane a la dose de 4g/hl bloque le développement et I’activité des bactéries
lactiques si ces dernieres sont inoculées dans les 3 jours suivant le traitement par le chitosane.



Lors de ce second essai, nous avons pu démontrer qu'un traitement au chitosane réalisé 8
jours avant I’inoculation en bactéries lactiques n’a pas d’impact sur la réalisation de la
fermentation malolactique (modalité 3).

Dans le cas d’une fermentation malolactique spontanée (modalité 2), le traitement par le
chitosane a pour effet de rallonger la phase de latence de la fermentation malolactique de 3
jours.

En conclusion, lors d'un traitement au chitosane, il est recommandé d'attendre 8 jours apres la
fin du traitement avant de réaliser une inoculation en bactéries lactiques.
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Figure 10- Evolution de la population en Oenococcus oeni dans le vin avant et apres le
traitement par du chitosane et suivi de la FML

CONCLUSIONS

Ce projet de recherche & développement initi€ en collaboration avec ICV avait pour but de
proposer un auxiliaire technologique alternatif au DMDC (limité aux vins avec sucres
résiduels, nécessitant un dispositif d’injection spécifique et de ce fait souvent limité a une
application au moment du conditionnement) qui puisse répondre aux besoins des
professionnels de 1’cenologie et du conditionnement tout en tenant compte des exigences de
sécurité alimentaire pour le consommateur.

Ce projet a permis de montrer que :

- Dlaction du chitosane n’est pas spécifique a une souche de Brettanomyces
bruxellensis : les souches A et B testées ont toutes deux été éliminées par le
chitosane en 5 a 10 jours.

- le chitosane n’a pas d’impact sur les populations de Saccharomyces cerevisiae ni
sur le déroulement de la fermentation alcoolique.

- Le chitosane n’a pas d’impact sur le déroulement de la fermentation malolactique
(soit en mode spontanée, soit en inoculation). Toutefois, il est recommandé
d'attendre 8 jours apres la fin du traitement avant de réaliser une inoculation en
bactéries lactiques.
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RESUMEN

Mediante la técnica de electroforesis en campo pulsante (PFGE) se realiz6 un estudio de
caracterizacion analizando la diversidad genética de las levaduras indigenas de las
fermentaciones espontaneas de un vino blanco producido en una Bodega del suroeste de
Espana. Se observo una poblacion heterogénea de cepas de levaduras durante dos vendimias
consecutivas. Cuatro de las cepas mas representativas se eligieron para analizar diversos
pardmetros de interés enologico. Después se utilizaron como iniciadoras de las
fermentaciones industriales desde el ano 2001 hasta el 2009. En la mayoria de vendimias, se
obtuvo una poblaciéon homogénea de levaduras durante las fermentaciones, en las que el
cariotipo de una de las cepas inoculadas fue el mayoritario. El analisis de los fragmentos de
restriccion para el ADN mitocondrial (RFLP-ADNmt) fue aplicado como test rapido para
controlar las fermentaciones inoculadas sin previo aislamiento de levaduras, a las 11 horas
tras el muestreo.

ABSTRACT

By applying electrophoretic karyotype we analyse the diversity of wild yeast in spontaneous
fermentations of a white wine in a winery of the southwestern Spain. A heterogeneous
population of yeast was observed during two consecutive vintages. Four of the most abundant
yeast were selected and tested for properties of enological interest. Autochthonous strains
were used as starter for the 2001-2009 years. In the majority of the vintages we observed
homogeneous yeast population formed by one of the inoculated strain, that we identified by
electrophoretic karyotype. The analysis of restriction fragments length polymorphism of
mitochondrial DNA (RFLP-mtDNA) was applied for testing the dominance of the inoculated
strain in the vintages 2005-2009, and controlled industrial fermentations without previous
isolation of yeast colonies. The results were obtained 11 hours after sampling.



INTRODUCCION

Actualmente, en la industria enologica existe una alta competencia que esta llevando a los
productores a innovar introduciendo en el mercado nuevos tipos de vinos. Los consumidores
demandan cada vez mas vinos elaborados con estilos mas personales y especificos (Bisson et
al., 2002; Bisson, 2004).

Las fermentaciones alcohoélicas vinicas son procesos complejos en los que estan
involucradas distintas especies de levaduras. Durante la fermentacién espontanea de los
mostos se van sucediendo distintas poblaciones de levaduras las cuales aportan determinadas
caracteristicas al vino, describiéndose tres etapas en el proceso. En la primera, cuando el
grado alcohdlico es bajo predominan géneros de levaduras como Candida, Hanseniaspora,
Pichia, Kluyveromyces etc. En la segunda y tercera fase, a medida que va aumentando el
grado alcoholico estas levaduras son sustituidas por cepas pertenecientes, en general, a la
especie Saccharomyces cerevisiae.

Las alta diversidad de levaduras encontrada en las fermentaciones espontaneas puede
aportar alta calidad a los vinos con un caracter tipico de la region donde se producen,
proporcionandoles diferenciacion y un valor comercial afadido dentro de un mercado tan
competitivo (Fleet, 2008). Sin embargo, el inconveniente de estos procesos naturales es que
son impredecibles, pudiéndose producir paradas o fermentaciones lentas, afectando a la
calidad de los vinos, aunque la combinacion de conocimientos artesanales y tecnologicos
pueden asegurar el éxito de esas fermentaciones, las cuales se siguen realizando en numerosas
ciudades Europeas (Rainieri, Pretorius, 2000). Una alternativa a las fermentaciones
espontdneas son las inoculadas con cultivos iniciadores preparados con levaduras
seleccionadas. Estas levaduras estan disponibles en el mercado en concentrados secos activos
que pueden ser reconstituidos facilmente para su inoculacion en los mostos de uva (Manzano
et al., 2006). Sin embargo, se estd reconociendo que la utilizacion de estos cultivos puede
llevar a una pérdida en la complejidad de los sabores de los vinos haciéndolos mas
homogéneos (Rainieri, Pretorius, 2000; Mannazzu et al., 2000). Todos estos aspectos estan
proporcionando nuevos retos para mejorar las cualidades y valor de los vinos obtenidos
mediante fermentaciones inoculadas. Algunos de estos retos son, por un lado, la utilizaciéon de
levaduras autoctonas seleccionadas en la zona productora, y por otro lado el seguimiento de la
cepa inoculada durante las fermentaciones, lo que permitiria al bodeguero tener un mayor
control sobre la fermentacion.

Las técnicas moleculares que permiten la caracterizacion de levaduras industriales y
discriminan entre las distintas cepas son habitualmente la Electroforesis en Campo Pulsante
(PFGE) y el analisis del polimorfismo para la longitud de los fragmentos de restriccion
(RFLP) del ADN mitocondrial (Mesa et al., 1999, 2000; Cappello et al., 2004; Demuyter et
al., 2004; Schuller et al., 2004; Blanco et al., 2006; Gonzalez et al., 2007; Rodriguez et al.,
2010). La primera técnica analiza el nimero y tamafo de los cromosomas de las levaduras
separados mediante electroforesis en campo pulsante (PFGE), y la segunda mide variaciones
en la secuencia del ADN mitocondrial afectado por los sitios de corte de determinadas
endonucleasas de restriccion. En algunos casos, estas técnicas también se han utilizado para
determinar si los cultivos de cepas de levaduras utilizados como iniciadores de las
fermentaciones llegan a ser los dominantes entre la poblacion de levaduras durante el proceso
de fermentacion (Esteve-Zarzoso et al., 2000; Raspor et al., 2002; Lopes et al., 2007,
Rodriguez et al., 2010).



En nuestro trabajo, mediante la utilizacién de PFGE se analiz6 la diversidad genética de las
levaduras involucradas en las fermentaciones espontaneas de los mostos de un vino blanco
producido en una Bodega del suroeste de Espafia. Tras elegir cuatro de las cepas mas
representativas se analizaron diversos parametros de interés enoldgico (Rodriguez et al.,
2010) y se seleccionaron tres levaduras para utilizar como iniciadoras de las fermentaciones
industriales desde el afio 2001. Desde el afio 2005, aplicando RFLP-ADNmt pudimos
comprobar si la cepa de levadura inoculada fue la dominante en las fermentaciones, sin previo
aislamiento de colonias.

MATERIALES Y METODOS

Inoculacion y caracteristicas de las fermentaciones industriales

Las fermentaciones se llevaron a cabo en depdsitos de acero inoxidable de 400.000 1 que se
llenaron con mosto procedente de la variedad de uva Palomino. Para inocular las
fermentaciones con las cepas de levaduras autoctonas seleccionadas, se elabordé un pie de
cuba con dos fases de preparacion. La primera etapa se llevdo a cabo en condiciones de
laboratorio, de manera que a partir de una colonia crecida en medio YPD (1% extracto de
levadura, 2% peptona, 2% glucosa, 2% agar) se inocularon 500 ml de mosto esterilizado
(126°C, 20 min). Después de 2-3 dias de fermentacion, el cultivo se adicion6 a 1500 ml de
mosto también esterilizado. A los 3-4 dias cuando el azicar disminuyo hasta 1 °Bé, los 2 1 de
cultivo se adicionaron a 18 I de mosto descongelado pero no esterilizado. Los 20 1 de cultivo
se transportaron a la bodega donde comenz6 la segunda etapa de elaboracion del pie de cuba.
Alli los cultivos puros de cada hechos con cada levadura se mezclaron y se fueron afiadiendo
a volumenes mas grandes de mosto fresco hasta alcanzar el volumen final (Fig. 1). Cada
escalamiento fue realizado cuando el °Bé de las fermentaciones alcanzé un valor de 1-2.
Después, el pie de cuba se propagd a otros depdsitos de 400.000 1 que fueron recibiendo
determinados volumenes de mosto fresco hasta que se completd el volumen final. La
frecuencia de las recargas de mosto dependio del rendimiento de la produccion de mosto en
cada vendimia.

Elaboracion PIE DE CUBA

Dos fases
‘- j’ Recargas
En condiciones de laboratorio En Bodega mosto.
» ; - D
& g Zﬁ_\ 1 — (~—— ;
500mL oL Mezcla de vececd
20L cepas
——> Para cada cepa utilizadas 400.000 L

Figura 1. Esquema de la elaboracion del pie de cuba en el cual se muestran los sucesivos escalamientos realizados
desde el laboratorio, manteniendo los cultivos en condiciones de pureza, hasta la bodega de vinificacion.

Muestreos y aislamiento de colonias de levaduras

En la zona de vinificacidon de nuestro estudio, cada afio, las uvas son cosechadas durante los
meses de Agosto y Septiembre para obtener el mosto. El seguimiento de las fermentaciones se
llevd a cabo midiendo el °Bé. Los muestreos se realizaron diariamente, tomando 25 ml de
mosto del centro de los depositos desde que comenzaron a ser llenados con el pie de cuba



hasta la finalizacion de las fermentaciones. Las muestras se transportaron en hielo al
laboratorio donde fueron centrifugadas y resuspendidas en 600 pl de mosto. A continuacion
se mezclaron con 400 pl de glicerol al 50% y se conservaron a -80 °C hasta su posterior
procesamiento. Los aislamientos de levaduras se realizaron a partir de diluciones y siembra en
placas de YPD. Después las placas se incubaron a 28 °C durante 3 dias. Pasado este tiempo se
eligieron al azar 20-30 colonias para caracterizar mediante cariotipo electroforético.

Electroforesis en campo pulsante

Para obtener el cariotipo electroforético de los aislamientos de levaduras, las células fueron
embebidas en bloquecitos de agarosa y tratadas siguiendo un procedimiento basado en el
protocolo de Carle y Olson (1985). Cada colonia se inoculé en 15 ml de YPD y se incubd
toda la noche en agitacion a 28 °C. Después cada cultivo se centrifugé a 3800 rpm y las
células fueron resuspendidas en 600 pul de EDTA 0.5 mol/l, pH 8. La suspension se mezcld
1:1 con agarosa low-melting (Bio-Rad) y se adicion6 en moldes donde los bloques o plugs se
enfriaron y gelificaron. A continuacion los plugs fueron procesados, incubandose primero en
una solucion reductora, Solucion 1 (0.01 mol/l Tris-HCI pH 9, 7.5% (v/v) B-mercaptoetanol,
0.5 mol/l EDTA pH 9) a 37 °C durante 24 h. Después se lavaron los plugs dos veces con
EDTA 0.05 mol/l pH 8 y se incubaron con una sluciéon de lisis o Solucién 2 (1% N-
lauroilsarcosina, 1mg/ml proteinasa K, 0.5mol/l EDTA pH 9) a 50 °C durante 24 h. A
continuacion se volvieron a lavar dos veces con EDTA 0.05 mol/l pH 8. Finalmente, los plugs
se almacenaron en la misma solucion de los lavados a 4 °C hasta ser cargados en el gel de
electroforesis.

Los cromosomas de las levaduras fueron separados por PFGE en un aparato CHEF-DR II
(Bio-Rad). Los geles se hicieron al 1% con agarosa de campo pulsante (Bio-Rad) en tampo6n
de electroforesis TBE 0.5x. Las condiciones de electroforesis fueron las siguientes: pulsos de
tiempo inicial y final 60 s y 120 s respectivamente, 24 h, 14 °C, 6 V/cm y 120° de angulo.
Tras la electroforesis los geles fueron tefiidos con una soluciéon de bromuro de etidio (0.5
ul/ml, 0.5x TBE), y la imagen se capturd con una lampara de luz UV en un aparato Gel-Doc
1000 (Bio-Rad). El anélisis de las imagenes se realizo utilizando el programa Quantity One
1-D (Bio-Rad).

Analisis del polimorfismo para la longitud de los fragmentos del ADN mitocondrial

Para el control microbiologico de las fermentaciones se tomaron 250 ml de mosto
fermentando de los depodsitos objeto de estudio, se centrifugaron a 3800 rpm y el
precipitado celular fue lavado al menos tres veces con agua estéril para eliminar los restos
de mosto. A continuacion se purifico el ADN del conjunto celular siguiendo el
procedimiento descrito por Querol et al. (1992). Cinco pl de ADN se trataron con 10
unidades de la enzima de restriccion Hinfl (Fermentas) y se incubaron a 37 °C durante 2 h.
Los fragmentos de restriccion fueron separados por electroforesis en un gel de agarosa al
1% preparado con tampon 1x TBE y 0.5 pl/mg de bromuro de etitidio. Las imagenes
fueron digitalizadas utilizando el mismo equipo descrito en el apartado anterior.

RESULTADOS Y DISCUSION

Esquema de seleccion de cepas de levaduras autoctonas
Para seleccionar las levaduras mas adecuadas al proceso, primero realizamos una
caracterizacion molecular exhaustiva de las cepas de levaduras involucradas en la



fermentacion espontanea de uno de los depdsitos de la Bodega en la vendimia de 1999. Se
analizaron muestras desde el inicio de la fermentacion hasta su finalizacion (0 h, 8 h, 19 h, 56
h, 129 h, 153 h, 221 h, 313 h y 361 h). Aplicando la técnica de PFGE como herramienta
adecuada para la diferenciacion entre cepas de levaduras (Schuller et al., 2004), obtuvimos el
cariotipo electroforético de un total de 158 aislamientos.

Los resultados mostraron la existencia de un elevado polimorfismo cromosémico,
caracteristico de las levaduras vinicas (Granchi et al., 2003; Santamaria et al., 2005;
Blanco et al., 2006), detectandose 17 patrones distintos pertenecientes a cepas
Saccharomyces cerevisiae. Se observo que las cepas con cariotipos I, II, IIT y V fueron
mayoritarias durante toda la fermentacion y las principales responsables del proceso.
También se detectaron cepas no-Saccharomyces durante las primeras horas del proceso,
identificadas por no presentar en sus cariotipos bandas con un tamafio molecular inferior a
500 kb. Resultados similares fueron encontrados cuando se analizaron las fermentaciones
de varios depdsitos en la vendimia del afio 2000 (Rodriguez et al., 2010).

Siguiendo nuestro esquema de seleccion de levaduras, para reducir el numero de cepas a
estudiar se eligieron al azar cuatro pertenecientes a la ultima fase de la fermentacion de
entre aquellas que mostraron los cariotipos mas representativos en el depodsito analizado,
¢éstas fueron P1, P2, P3 y P5 con cariotipos I, I, III, y V respectivamente.

Tras aplicar distintos criterios de seleccion, se seleccionaron tres cepas para inocular las
fermentaciones industriales en vendimias posteriores (Rodriguez et al., 2010).

Fermentaciones inoculadas

La inoculacién de las fermentaciones se llevo a cabo preparando un pie de cuba como se
describe en el apartado de Materiales Métodos.

Las cepas con cariotipos II, III y V se utilizaron como iniciadoras de las fermentaciones
industriales en el afio 2001. Se analizaron un total de 423 aislamientos y mediante cariotipo
electroforético se comprobo la presencia mayoritaria de la cepa con patron V en un 83%, y
una presencia de 7.6% y 8.5% para las de cariotipos II y III respectivamente. En las vendimias
de los afios 2002, 2003 y 2004 se utilizaron las cepas con cariotipos Il y V para preparar el pie
de cuba, aunque solamente en el afio 2004 la presencia de la cepa con paton V fue
mayoritaria, detectandose en un 99.6%. A partir del afio 2005 las fermentaciones industriales
solo fueron inoculadas con la cepa de patron V, ya que cuando esta cepa se encontrd de forma
mayoritaria en las fermentaciones el vino resulté mejor calificado por personal especializado
en catas (Fig.2). En las vendimias 2005, 2007 y 2008 la levadura inoculada se encontré en un
79.8%, 50% y 100% respectivamente. La presencia de esta levadura en alta proporcion
durante las fermentaciones y la mejora en la calidad del producto sugiere que esta cepa
contribuyd a las propiedades organolépticas de este vino local. La técnica de PFGE nos
permitio tomar decisiones para mejorar el proceso a lo largo de los afios de estudio.

Control de la levadura inoculada durante las fermentaciones

Para que la levadura inoculada se desarrolle bien durante el curso de las fermentaciones es
necesario un buen control de los primeros pasos de inoculacion o preparacion del pie de cuba.
En los afios en los que la levadura con cariotipo V fue predominante en las fermentaciones, la
preparacion del pie de cuba fue similar y se siguieron los pasos que se indican a continuacion.
Primero, antes de cada escalamiento se esper6 a que el azicar fuera consumido (< 1 °Bé).
Segundo, el indculo siempre supuso el 10% del total del volumen a fermentar. Tercero, la
temperatura se mantuvo en torno a 17 °C. Pensamos que estos criterios favorecieron la



adaptacion del inoculo a las condiciones del mosto obtenido en cada vendimia y a las
condiciones finales de fermentacion en los depositos de 400.000 1.

Inoculated Yeast Strains*

vintage " n v others  wine quality Figura 2. Composiciéon de la poblacién de levaduras
- vinicas en cada vendimia y su relacion con la calidad del

2001 .- - .. X producto final. Para cada afio el tamafote la célula de
- levadura representada es proporcional a la contribucion

2002 - . . .. de cada cepa dentro de la poblacion de levaduras
analizadas. El simbolo X indica que la proporcion de la

> oblacion de la cepa o cepas inoculadas estuvo por

2003 * * v .. gebajo del 5%. LE calidag del vino, evaluada gor
Pt personal de la bodega especializado en catas, fue

2004 x x ‘. x graduada en una escala de 1 a 5 basandose en las
_ propiedades organolépticas deseadas por los productores.

2005 X x .‘ »~ Se encontr6 una correspondencia entre la predominancia
de la cepa con cariotipo electroforético V y una alta

ool o= (I

o

; calidad del vino.
2007 ” ” (o2 o° = * La cepa con patron II fue inoculada en los afios 2001 al
2004, la de patron III solamente en el 2003, y la de
2008 x x .. x 5 patron V se inoculd en todas las vendimias.

Por otro lado una de las necesidades del endlogo es poder realizar el seguimiento de la
levadura inoculada durante las fermentaciones. Aunque se han aplicado otros métodos rapidos
de diagndstico para controlar la implantacion de cepas de levaduras inoculadas (Lopez et al.,
2003; Ambrona et al., 2006), nosotros aplicamos la técnica de RFLP-ADNmt a muestras
tomadas directamente del mosto fermentando, sin previo aislamiento de colonias de
levaduras, como método rutinario para detectar la presencia mayoritaria de la levadura
inoculada. Los resultados se obtuvieron 11 horas tras la toma de muestras. El estudio
comenzd en la vendimia de 2005 a partir de la cual se empezd a utilizar solamente la cepa
seleccionada con cariotipo V para inocular las fermentaciones. Cuando el patrén de
restriccion obtenido con la enzima Hinfl de las células totales presentes en la muestra
coincidié con el patrén de la cepa inoculada, consideramos que la levadura inoculada fue
dominante en el momento de la fermentaciéon analizado. De esta forma testamos y
controlamos la dominancia de la cepa inoculada, sobre todo durante la elaboracion del pie de
cuba, y durante las fermentaciones en los depdsitos de 400.000 1. En total se analizaron 16
muestras en la vendimia 2005, 37 muestras en 2006 y 2008, 50 muestras en 2007 y 52
muestras en 2009.

En la Fig. 3 se muestran ejemplos de resultados en los que la cepa inoculada fue dominante
durante todo el proceso de elaboracion del pie de cuba. Estos resultados fueron contrastados
con los obtenidos de PFGE tras analizar el cariotipo de 20 aislamientos por muestra. De
manera que todos los aislamientos tuvieron el mismo cariotipo electroforético que la cepa
inoculada (datos no mostrados). Las muestras analizadas del pie de cuba en cada vendimia
dependieron de los escalamientos realizados, los cuales se realizaron en funciéon del
rendimiento de la entrada de mosto en los depositos.
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Figura 3. RFLP-ADNmt de células totales de
muestras tomadas directamente de distintos
volumenes del pie de cuba (PC) en la vendimia
2007. V-Control es el perfil de restriccion de la
cepa inoculada. M es el marcador de pesos
moleculares A-HindIIl.

CONCLUSIONES

Nuestro trabajo muestra que la utilizacion de las técnicas de biologia molecular pueden ser
aplicadas en la industria del vino para mejorar y controlar las fermentaciones industriales,
cubriendo asi dos de las principales necesidades de los endlogos. La técnica de PFGE fue una
herramienta muy 1til a la hora de seleccionar levaduras autoctonas y nos ayudd a tomar
decisiones para mejorar el proceso de las fermentaciones inoculadas, ya que se fueron
descartando las levaduras menos competitivas en las fermentaciones industriales, mejorando
asi la calidad del producto final obtenido en cada vendimia. La aplicacion de la técnica de
RFLP-ADNmt a muestras tomadas directamente de la fermentacion sin previo aislamiento de
colonias ha supuesto una ventaja para el enologo, ya que puede controlar de forma rapida (11
horas) si la levadura inoculada es la que esta llevando a cabo las fermentaciones dentro en un
proceso industrial complejo como se describe en este trabajo.
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IMPORTANCE OF AEROBIC YEASTS ON THE VARIETAL

WINE SENSORY
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ABSTRACT - INTRODUCTION

Several factors influence the aroma profile during the alcoholic fermentation of the
grape must. One of the widely discussed topics is the use of apiculate microflora in starting
of winemaking. Several authors have studied!"? the behaviour of various yeast genera -
Kloeckera, Pichia - and their contribution to the wine aroma, considering the apiculate
microflora as spoilage. To avoid spoilage of the wine and its unpredictable changes of flavour
starter Saccharomyces cultures are used, however they may also cause a loss of
characteristic aroma of wine. The diversity and the composition of the yeast micropopulation
significantly contribute to the wine sensory characteristic. The growth of each wine yeast
species is characterized by a specific metabolic activity, which determines concentration of
flavour compounds in the final wine. The grape variety is characterized by typical aroma
according to content and type of compounds forming it. The apiculate yeasts such as
Hanseniaspora uvarum and its anamorphic form Kloeckera apiculata, and oxidative non-
Saccharomyces yeasts, for example, Candida, Pichia, Rhodotorula and Kluyveromyces, are
the predominant species as the grape®®. They are frequently found in fermented drinks and
foods where it plays a role in the spontaneous fermentation™.The non-Saccharomyces
yeasts grow well during early stages of fermentation.

Our previous results confirmed the role of apiculate microflora in the wine aroma
production under semiaerobic conditions* and support of the original character of wine by
apiculate microfloral®®

The aim of this work is study typical yeast strains of some variety of grape for their
aroma compounds production. We compared apiculate microflora under semiaerobic
conditions. Typical aroma compounds for each genus were recognized by using the GC MS
that was used for their identification.

KEY WORDS: grape must, non-Saccharomyces yeasts, Pichia anomala, GC MS
GERMAN : BEDEUTUNG DER AEROBIC HEFEN AUF DIE SORTENANERKENNUNG WEINSENSORIK

Verschiedene Faktoren beeinflussen die Aromaprofil wahrend der alkoholischen Garung von
Traubenmost. Eines der viel diskutierten Themen ist der Einsatz von apiculate Mikroflora in der
Weinbereitung ab. Zur Vermeidung von Verderb des Weines und seiner unvorhersehbaren
Anderungen des Geschmacks Starter Saccharomyces Kulturen verwendet werden, sie kdnnen jedoch
auch zu einem Verlust der charakteristischen Aroma des Weines. Die Vielfalt und die
Zusammensetzung der Hefe micropopulation erheblich dazu beitragen, den Wein sensorischen
charakteristisch. Das Wachstum der einzelnen Arten Weinhefe wird durch eine spezifische
metabolische Aktivitdt, die Konzentration von Aromastoffen bestimmt in den letzten Wein



charakterisiert. Die Rebsorte ist durch typische Aroma nach Inhalt und Art der Verbindungen bilden
sie aus. Die apiculate Hefen wie Hanseniaspora uvarum und seine anamorphen Form Kloeckera
apiculata und oxidative non-Saccharomyces Hefen wie Candida, Pichia, Rhodotorula und
Kluyveromyces, sind die vorherrschenden Arten, wie der Traube [ und wachsen auch wihrend der
frihen Stadien der Garung. Sie sind haufig in fermentierten Getranken und Lebensmitteln, wo es
spielt eine Rolle bei der spontanen Garung gefunden

Unsere bisherigen Ergebnisse bestatigten die Rolle der apiculate Mikroflora in dem Wein
Aroma Produktion unter Bedingungen semiaerobic ®! und die Unterstiitzung der urspriingliche

Charakter des Weines durch apiculate Mikroflora [2.41.

Das Ziel dieser Arbeit ist typisch Studie Hefestdmme einiger Rebsorte fiir ihre Aromastoffe
Produktion. Wir apiculate Mikroflora unter semiaerobic Bedingungen. Typische Aromastoffe fiir jede
Gattung wurden mit Hilfe der GC MS, die zu ihrer Identifizierung verwendet wurde anerkannt.

MATERIALS AND METHODS

We have isolated and identified various yeasts species from defined grape varieties in
different stages of fermentation procedure — from grapes-health and damaged berries, from
pedicel, in the stage of active fermentation, and in the stage of maturation.

Typical yeasts species of grape variety, in this presentation oxidative non-Saccharomyces
yeasts, we have fermented for 24, 48, 72 hours at 10°C by semiaerobic conditions. We
compared also inoculation of Pichia anomala isolated from must of Riesling blanc (aromatic
variety) and Griner Veltliner (less aromatic grape variety) to must of Riesling blanc.

After fermentation we used SPME method for preparation the samples before GC
MS: volatiles produced were sampled by means of headspace solid-phase microextraction
(SPME - 100um polydimethylsiloxane).

The samples were analysed by gas chromatography using a mass detector. Gas
chromatograph with mass spectrometer were used from Shimadzu GCMS-QP2010.

Injection:
10g of sample and 4g NaCl
column GC:

name: VF-mS

length: 30,0 m

thickness: 0,25um

diameter (id): 0,25mm

temperature programe: 40°C hold for 1min., from 40 to 220 °C by 5°C/min, 5 min hold
by 220 °C,

total programe time 61 min

e carrier gas: helium
e injektion mode: splitless
¢ flow control mode: pressure 60kPa



detection:

e MS quadrupole
e mass range: m/z 29-390

RESULTS

Inoculating grape must by various microorganisms and fermentation occured, the
aroma compounds increased significantly, in all cases by more than 60 compounds. Most of
them were recognised as typical fermentation products — ethanol, izoamylacohol, propanol,
etylester of caproic, caprylic acid, caprinic acid, ethylacetate, isovaleric acid, pentylacetate,
2,3-butandiol, furfural, 3-hydroxybutyrat, methionon, 1,4-buthandiol. 2-metyl buthan acid, 3-
methylbutan acid, 2-fenyletylacetate, izoamylacetate, cis 3- hexenylacetate, etylbenzoate, a-
terpineol, ethyl isobutyrate, ethyl butyrate, ethyl 2-metylbutyrate, ethyl isovalerate, isoamyl
acetate, ethyl hexanoate, cis-3-hexenol, ethyl octanoate, furfural, linalool, ethyl furoate, ethyl
decanoate, ethyl benzoate, a-terpineol, fenylethyl acetate, geraniol , a-ionone, guaiacol , b-
lonone , g-nonalactone, ethyl cinnamoate, g-decalactone, eugenol, 4-vinylguaiacol, d-
decalactone etc. These compounds were confirmed also by other authors " as a product of
grape must fermentation by various yeast strains.
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Fig.1 Mass spectrum of 2-fenyletyl acetate. Detected in must fermented by Pichia anomala,
retention time 27,805 min.
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Fig.2 Mass spectrum of limonene. Detected in must fermented by Pichia anomala, retention
time 19,44 min.

The volatile organic compounds produced were found to be alcohols (amyl alcohol
and isoamyl alcohol), aldehydes (2-methyl-2-hexenal and 2-isopropyl-5-methyl-2-hexenal)
and esters (ethyl isobutyrate, isobutyl acetate, isoamyl acetate, 2-methylbutyl acetate, ethyl
isovalerate, isoamyl propionate and phenylmethyl acetate).
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Fig.3 Compounds detected in must Riesling blanc fermented by Pichia anomala, 1.day by
inoculation:

2. octane acid, 5. 4-izopropyl-1-
metylcyklohexanol, 6. 2-metylundecanol, 7. hexyl-2-metylbutyrate, 8. 2-phenyletylacetate

limonene, 3. dihydromyrcenol, 4.

1. hexylacetate, 2.

In our work we compared also the influence of yeasts origin on the volatile organic
compounds production. The same apiculate strain Pichia anomala was isolated from Griner
Veltliner and Riesling blanc and they were subsequently used for the same must
fermentation.
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Fig.4 Comparison of volatile organic compounds detected in must Riesling blanc fermented
by Pichia anomala isolated either from must of Riesling blanc (black) or Griiner Veltliner (lila),
1.day after inoculation

CONCLUSION

Aerobic yeasts strains contributes positively to the wine aroma by the production of
volatile compounds.

We determined 2-fenyletyl acetate produced by Pichia anomala, recognised
sensorialy by fruity aroma. On the other hand, too much production of this compound, in
concentrations above 200mg/l, can also act as wine spoilage!® .Therefore, the positive
impact of that non-Saccharomyces yeasts could be achieved well during early stages of
fermentation, subsequently replaced during the following stages by Saccharomyces yeasts.

Our results have confirmed one, max. two day fermentation under semiaerobic
conditions. The origin of yeast (Pichia anomala isolated from Griiner Veltliner, and Riesling
blanc) had no influence on their behaviour and VOC profile.

There were produced in highest concentration 2-fenyletyl acetate and hexylacetate for Pichia
anomala. The sensorial evaluation confirmed analytical results (apple and pear aroma
involved by 2-fenyletyl acetate).
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Fig.5 Comparison of production of aromatic compounds by various non-Saccharomyces
yeasts: Pichia anomala, Rhodotorula mucilaginosa, Kloeckera apiculata.
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ABSTRACT

A simple and inexpensive headspace method for analysis of broad spectrum wine aroma
compounds (from acetaldehyde up to 2-phenylethanol) using microcolumn filled with 2,5 mg
of Tenax TA is presented. The microcolumn was thermally desorbed in the inlet of gas
chromatograph.

Introduction

Sample preparation is one of the most critical steps in chromatographic analysis. Solvent-
free extraction methods based on the partitioning of analytes between a gaseous and a
stationary phase has become increasingly important and widely applied in research during the
last decade. Solid-phase microextraction (SPME) is a solvent-free extraction method
introduced by Pawliszyn and co-workers (Arthur, Pawliszyn, 1990). However, conventional
SPME has some drawbacks such as fibre fragility, and low sorption capacity (Bigham et al.,
2002). Some alternative extraction techniques derived from SPME, such as microextraction in
a packed syringe (Lou et al., 2008) and stir bar sorptive extraction (Baltussene et al., 1999)

address these limitations.

The main objective of presented work was to develop a rapid, simple and inexpensive
method for analysis a broad spectrum of wine aroma compounds (from acetaldehyde up to 2-

phenylethanol) in one sample run.



Material and Methods

Analysis were carried out on a GC 8000 Top Series, CE Instruments (Rodano-Milan, Italy)
equipped with a modified inlet (Hriviak et al., 2009a, b). The microcolumn of 1mm I.D. was
packed with 60-80 mesh Tenax TA (Alltech, Deerfield, IL, USA). VF-WAXsm silica
capillary column of 30 m length x 0.25 mm I.D. and 0.25 um film thickness (Varian, Lake
Forest, CA, USA) was used. The chromatographic elution was temperature programmed as
follows: isothermal at 30 °C (5 min), then increased to 220 °C at a rate of 5 °C/min and hold 5
min. The inlet chamber temperature was 230 °C and the temperature of FID detector 250 °C.

Helium was used as a carrier gas.

A 100 ml of the wine sample containing 20 % NaCl was transferred into a 500 mi
Erlenmeyer flask and vigorously shaken for 1 min at the temperature of 22+1°C. After
equilibration the microcolumn was inserted into the flask and from the distance of 1 - 2 cm
from the level the headspace of 10 ml was aspirated through the microcolumn at a flow rate of
2-3 ml/min using an all-glass syringe (Poulten & Graf, Wertheim, Germany). The loaded
microcolumn was transferred into the modified GC inlet and the trapped analytes desorbed for
1 min at 230 C and carrier gas pressure of 10 kPa. After desorption, the pressure was

increased to 60 kPa and the chromatographic program was started.
Results and Discussion

A chromatogram of wine aroma compounds ('GriineVeltliner’, Slovak origin) analysed
under the above conditions, it is shown in the fig. 1. The identification of peaks was

performed by analysing model mixtures containing pure compounds.

The static headspace was preferred, because in a relatively short time the highest possible
concentration of analytes in the gas phase can be obtained. The limiting factor of the amount
of adsorbent in the microcolumn is the breakthrough volume of analytes and the aspirated
volume of headspace. On Tenax TA at 20 °C, among the compounds listed in fig.1, ethanol
exhibit the lowest breakthrough volume of 1,80 L/g (Scientific Instrument Services, 2004).
On this basis, all the compounds in fig.1 are selectively adsorbed on 10 - 15 mg of Tenax TA,
when 10 ml of the headspace is used. Due to low water affinity and low desorption

temperature, Tenax TA was selected to trap the volatiles.



During the adsorption studies we have found that full adsorption of all the sample volatiles
is not preferable, because the broad peak of ethanol on chromatograms interferes with a near
eluting peaks. Therefore we have decided to use only 2,5 mg of Tenax TA in the
microcolumn and work beyond the breakthrough volume of ethanol. In such condition, the
compounds obtaining up to 3 — 4 carbon atoms are beyond their breakthrough volumes,
therefore their peaks are lower and the ethanol peak narrower, but still can be used for

analysis.

Advantage of the method is the low dead volume of the microcolumn. The distance between
the adsorbent and the head of a column in the inlet is only 10 mm (x0.25mm [.D.). This
means that the microcolumn is practically a part of the capillary column, which results in
obtaining of non-dispersed peaks even at the beginning of a chromatogram (without
cryofocusation or subambient temperatures). The method is useful for analysis of both very
volatile and high boiling aroma compounds in one sample run and can be used to compare

volatile profile from different types of wines (Kruzlicova et al., 2008).
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Fig. 1: Chromatogram of wine aroma compounds ("GriinerVeltliner’, Slovak origin).

Peaks: (1): acetaldehyde; (2) aceton; (3) methylacetate; (4) ethylacetate; (5) 2-butanon; (6)
ethanol; (7) propylacetate; (8) i-butylacetate; (9) propanol; (10) butylacetate; (11) butanol;
(12) i-amylalkohol; (13) ethylhexanoate; (14) pentanol; (15) hexanol; (16) hexylacetate; (17)
ethyloktanoate; (18) heptanol; (19) linalool; (20) ethyloktanoate; (21) 2-phenylethanol



Conclusions

A simple and inexpensive headspace method for analysis of broad spectrum wine aroma
compounds (from acetaldehyde up to 2-phenylethanol) using microcolumn filled with 2,5 mg
of Tenax TA is presented. The microcolumn was thermally desorbed in the inlet of gas
chromatograph.
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ABSTRACT

Aromatic compounds in wine are one of basic potentials quality of aroma. In wine are
present more than 800 aromatic compounds, which are influenced by synergistic effect in
their odour threshold concentration and quality.

On research Institute of Viticulture and Enology new method has been develop, which
enables to determine 100 compounds by one injection. 20 compounds were identified as of
important aroma aspect in wine. Esters were identified with characteristic fruit odour. The
highest concentration of isoamylalcohol was observed in Slovak wines, usual by acid, malt
flavour. The aromagrams of Slovak wines were compared to foreign wines, for example
Bulgarian. Aromatic esters showed lower concentration in Bulgarian wines, compared to

Slovakian. The Bulgarian wines were higher in alcohol content.

Introduction

There has been created no complex study by now, that would deal with aromatic wine
profile regarding terroir and processing technology (Plutowska, Wardencki, 2007). Moreover,
aromatic substances in wine are considered to be one of elementary qualitative potentials of
wine aroma. In wine you can find more than 800 aromatic substances influencing each other

in threshold value of perception and quality alone (Kafuchova Patkova, Hriviiak, 2009).



The Institute of Viticulture and Enology has developed an unique method, which can
distinguish more than 100 substances by one measuring. Many significant substances have
been identified, which are typical for each wine variety. Established database was compared
to Bulgarian wines. The results demonstrate huge differences, which are interesting from
statistical and oenological point of view.

Material and Methods

Analyses were carried out on a GC 8000 Top Series, CE Instruments (Rodano-Milan, Italy)
equipped with a modified split-splitless inlet and flame ionization detector. The inlet was
modified so that it was possible to insert a glass microcolumn. The microcolumn was packed
with 5.0 mg of 60 - 80 mesh Tenax TA (Alltech, Deerfield, Illinois, USA). The outlet of the
microcolumn afforded a tight connection with the capillary column. The fused silica capillary
column VF-Wax, 30 m * 0,25 mm * 0,25 pum film thickness (Supelco, Bellefonte,
Pennsylvania, USA) was used. The GC inlet and the detector temperatures were 230 °C and
the initial column temperature was maintained at 30 °C. Thermal desorption was performed at
a pressure of 10 kPa for 1 min, then the pressure was increased to 60 kPa and the column
temperature was programmed at a rate of 5 °C.min™ up to 210 °C and maintained at 210 °C
for 5 min. Helium was used as the carrier gas.

A volume of 100 ml of the wine sample plus 20 g NaCl was transferred into a 500 ml
volumetric flask and the flask was vigorously shaken for 2 min at ambient temperature.
Immediately after shaking, an appropriate volume of headspace was taken through the
microcolumn using a glass syringe with a glass plunger lauer (Poulten and Graf, Wertheim,
Germany). The distance between the microcolumn and the surface of the liquid was about 1
cm. The loaded microcolumn, with the volatile compounds sorbed, was transferred into the
GC inlet at 10 kPa carrier gas pressure and the compounds desorbed were analysed as
described earlier. Analysis of each wine sample was repeated twice. A computer program
Class-VP 7.2 SP1 (Shimadzu, Columbia, Maryland, USA) was used for data acquisition.

Eight wine samples were qualitative analysed by gas chromatography. Fourth wine varieties
were Slovak wines, namely Chardonnay, Cabernet sauvignon, Blaufrankisch and Sauvignon
produced in 2008. Next fourth wine varieties were Bulgarian wines, namely Chardonnay,

Cabernet sauvignon, Dimyat and Gamza produced in 2008.



Results and Discussion

All the samples were analysed by gas chromatography, preextracted with microcolumn
filled with Tenax. More than 100 compounds were identified in aromagram, of which 20 were
determined as significantly important sensorial active compounds. From alcohols — propanol,
butanol, characteristic by alcoholic perception, hexanol evoking windrow grass, important
esters recognised especially by fruity aroma. The quantity of these compounds is varietal
specific, what is shown in fig. 1. The aromatic profile of four Slovak wines — Sauvignon,
Blaufrankisch, Chardonnay and Cabernet Sauvignon was analysed. The highest concentration
of isoamylalcohol was noted in all the samples, characteristic by acidic — malt aroma. Even
though the wines were fruity, as the ester concentration has reached the threshold
concentration (fig. 2-6).

The results were compared with Bulgarian wines. There is a comparison of Dimyat, Gamza,
Cabernet Sauvignon and Chardonnay, in fig. 2-6. In all Bulgarian wines the esters were in
lower concentration compared to Slovakian wines, however were richer of alcohol. These
facts resulted in different aromas, whereby the Bulgarian wines were less aromatic, more

spirituous; it is shown in the fig. 7-8.
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Fig. 1: Aromatic profile analyses samples.
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Fig. 4: The concentration of propanol expressed
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Fig. 7: Aromatic profile of Slovak wine.
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Fig. 8: Aromatic profile of Bulgarian wine.

Conclusions

Aromagrams are characteristic odour imprints, usually acquired using chromatographic
methods. Authentication of particular aromatic substances in grape and wines typical for
Slovak Republic and its saving in newly-founded database can help to prevent wine
falsification. Using this method can significantly reduce negative economic impact on honest

wine producers.
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Abstract

White Kakhetian and Imeretian wines rightfully can be named one of the
achievements of world wine-making culture. The uniqueness of the Georgian
technologies of white faults lies in the fact that grape pulp undergoes fermentation
in the buried in the earth clay jugs (Kvevri), obtained in this case the fermented
must then is maintained on the same pulp during 3- of 4 months. This uncommon
technology gives fault special taste - astringent and a little audacious, amazing color
of white amber and the aroma of the field colors.

Are presented below the results of the long-term investigations of the process
of the alcoholic fermentation of must using “red method” in the conditions for
industrial experiment, is shown the influence of technological factors on the
accumulation of organic and mineral matter in winemaking material and wine, and
also to their quality.

Were set the experiments in the following microzones of Kakheti for the purpose
of the study the process of the alcoholic fermentation of must on the pulp of the grapes
red types of: Shroma, Teliani, Kurdgelauri and Kistauri. For the experiences there were
processed technically ripe, healthy grapes of the types of Saperavi and the Cabernet-
Sauvignon, assembled from one and the same sections of the vineyards. Pulp without the
crests was distributed in in parallel confronting vats, one of which was without the
partition. For the purpose of the aeration of the straying pulp the fermentation was here
conducted with mixing of the pulp of 3-4 times in a 24 hour period by the wooden mixer
(experience). In the different version the fermentation was conducted in the vat, supplied
with partition. Fermentation in this case was carried out by method with “submerged
cap”. In this case in the course of the process of fermentation was conducted the
circulation of the straying must “to itself” (control).

Below is given data of studies of the influence of the duration of the fermentation
of must on the pulp and mixing the straying pulp to the chemical composition and the
organoleptic indices of winemakings material and wines of the red types of the grapes.

Organic acids. Wine and malic acids compose 90% from about 30 designations
of acids, which are contained in the grapes and the wine. From them the tartaric acid is
specific. The analysis of obtained data makes it possible to conclude the following:

1) The duration of the persistence of the straying must on the pulp practically
does not have a noticeable effect on the content of flying acids in obtained winemakings
material. In winemakings material, obtained both from the intermixed, and unmixed pulp
flying acids practically remain at one and the same level.



2) Ainsignificant increase in the tartaric acid is noted in winemakings material,
fermented from the intermixed pulp in the comparison with winemakings material from
the unmixed pulp. The same picture is observed also for the titrate acids, i.e., it is
contained more in winemakings material, obtained from that intermixed in the
fermentation process of pulp, during mixing process of the extraction of organic acids
from the vacuoles of the cells of the grapes berries pulp, where in essence the organic
acids are contained, is improved.

3) Independent of the duration of the fermentation of must on the pulp and the
mechanical agitation of the straying mixture, pH of obtained winemaking material it
remains at one and the same level. Depending on the place of growth and type of grapes
(Saperavi, Caberne -Sauvignon) this index varies in limits of 2,85-3,45.

Nitrous substances are located in all parts of the grapes. Shown in Fig.1 curves
describe the dynamics of the content of the nitruos substances in winemaking material
and wine of grapes of the type of Saperavi. As can be seen from represented given, in the
wines the content of nitrogen changes with the same regularity, which is characteristic
for winemaking material, from which is obtained this wine. In contrast to winemaking
material, in the wine is contained somewhat less nitrogen than in winemaking material,
which is caused by the precipitation in the sediment in the course of endurance of
winemakings material of the complex substances, which contain nitrogen.
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Fig. 1. Change in the content of nitrogen in winemaking material (1, 1%)
and wine (2, 2%) of Saperavi, obtained during mixing of the straying medium (-)
and without its mixing (- -)

Tannins (tanning substances) in essence are contained in the skin, the seeds and the
crests of grapes.

Data analysis of curves (1,1') on fig.2 show that a maximum quantity of tannin
in winemakings material is accumulated on 7-10 days of the fermentation of must on the
pulp. Then, as a result indicated above processes of condensation and polymerization of
phenols, and also reduction in the solvent power of the saturated by organic matter must,
occurs precipitation of the generatrix of complex compounds into the sediment. As the
result of this, the content of tannin in winemakings material begins to descend.
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Fig. 2. Dynamics of the content of tannin ( 1, 1') and indices of degustation evaluation
(2,2') of winemakings material, obtained with the fermentation of must on that
intermixed (-) and that not mixed (---) to pulp in different viticulture microzones of Kakheti:

a) Kurdgelauri; 6) Shroma
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Fig.3. Dynamics of the content of tannin and
indices of degustation evaluation of winematerials and
their corresponding wines, obtained from mixing (-) and
nonmixing (---) in the fermentation process of pulp;

1,1! — the content of tannin in the wines;
2,2' — wine degustation evaluation ;
3 — consistence of tannin in winematerials;
3!- winematerial degustation evaluation

We observe in view of this, that in parallel with an increase in the content of
tannin during the first ten days of fermentation on the pulp rises the organoleptic
estimation of winemakings material (curved 2, 2' on fig.2). The analysis of the curve



dependence of the degustation evaluation of winemakings material on the duration of the
alcoholic fermentation of must on the pulp shows that the quality of winemakings
material begins to deteriorate immediately after a reduction in them of the total content
of tannin as one of the indices of quality of the end product
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Fig. 4. Dynamics of the content of tannin (1,1%) in
winemakings material of Caberne - Sauvignon (a) and
Saperavi (b) and their degustation evaluation (2,2*)
depending on the duration of the process of the alcoholic fermentation
of must on that intermixed (-) and that not mixed (---) to the pulp

The chemical reactions of the transformation of tannins, as it was noted above, in
essence occur in the process of endurance of winemakings material. Tannins, as strong
antioxidants, are oxidized first of all. Then oxidizing reactions continue also in them
other substances are implicated. Chemical reactions in the comparison with the
enzymatic occur considerably slower.

The comparison of curves 1 and 1* on fig.3 shows that in the self-possessed wine
is contained less than the tannin in the comparison with winemakings material, which is
caused by the continuous reactions of condensation and polymerization of tannin in the
young wines. In this case the degustation evaluation of wine Saperavi, which is been the
summary index of the transformations of all substances of organic guilt complex, is
considerably above in the comparison with winemaking material (young wine). Wines,
obtained from the intermixed pulp, are analogous with winemakings material, as is
evident of the comparison of curved 2 and 2, have the higher degustation evaluation
than wine, obtained from the unmixed pulp, since mixing contributes to obtaining the
more extractive wine.

Summarizing that outline aboved it is possible to conclude that is outlined the
clearly expressed regularity in the passage of tanning substances (tannin) from the solid
parts of the pulp into the must straying on them, which consists in the fact that first of
all, winemakings material are saturated by tannin still before the completion of the
process of transforming the fermented sugar into ethyl alcohol, or immediately after this
process and, secondly, mixing the straying medium contributes to an increase in the
content of tannin both in winemaking material and in the wine, obtained with endurance
of the same winemaking material.

Anthocyan in effect in all types of grapes is located in the skin of berries. Their
greatest quantity is contained in the cells adjacent to the pulp; therefore during the



extrusion of the heated grapes juice comparatively easily washes out anthocyan from the
destroyed cells and it becomes painted.
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Fig.5. Content of the anthocyan ( 1, 1' ) and degustation evaluations ( 2, 2*) of wines,
obtained from that intermixed (-) and
that not mixed ( - -) the pulp of grapes of Saperavi

The basic task of wine making using “red method” is the extraction of the
maximally possible quantity  the coloring substances from the skin of grapes in the
process of the alcoholic fermentation of must on the pulp and their subsequent retention
in the wine.

Data analysis of fig. 12 show that mixing the straying pulp has an essential effect
on an increase in the quantitative content of anthocyan in the wine.

The extract (without sugar) is the sum of all dissolved in the wine non-volatile
substances minus the fermented sugar. In the white table wines into the composition of
the given extract the wine and malic acids, nitrous and other enter, the substance of
must, and also resultant in it in the course of the alcoholic fermentation non-volatile
substances. The extract of red wines additionally contains the substances extracted from
the solid parts of the pulp (skin, seeds) non-volatile.

The dynamics of the accumulation of extractive substances in red winemakings
material as this is shown in Fig.6, are described by one-vertex curve with the maximum
on the 7th or 10th day of the fermentation of must on the pulp. By analogous curve is
described the dynamics of a quality change of obtained winemakings material, with the
difference that maximums in these two curves do not coincide one with another. i.e. the
enrichment of winemakings material by extractive substances positively affects their
quality to a definite limit, which on the average is 25-27 g/l. Further enrichment of
winemakings material with extractive substances makes them rough.

During the continuation of the fermentation process of must on the pulp are more
than 10 days, as a result changes in the solvent power of the straying must, caused by an
increase in its alcohol content, and also in view of the occurring polymerization
reactions and condensation of the substances of the organic complex of the straying



medium, the part of the substances falls out into the sediment, decreasing thus extract
content of obtained winemakings material.
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Fig. 6. Content of extractive substances (1,1') and the degustatoin evaluation of
winemakings material (2,2%), obtained in different microzones of Kakheti from the grapes
of the type of Saperavi during mixing of pulp (-) and without the mixing (---):

a) Kistauri; b) Kurdgelauri; ¢) Shroma

Data analysis of fig.6 also show that mixing pulp in the course of the process of
the alcoholic fermentation has an essential effect both on exstract content of obtained
winemaking material and on its quality. In particular, in the represented figures are
visible clearly expressed laws governing the increase in exstract content of winemakings
material during mixing of the straying medium, which is caused by the intensification of
the process of the extraction of extractive substances out of the solid parts of the pulp.
As a result the best aeration pulps during its mixing are intensified the process of
multiplication and metabolism of yeast(s), which positively affects the quality of the end
products.

Comparison  data of a), b), ¢) in fig.6 make it possible to conclude that the
geographical factor has an essential effect on the course of the process of the alcoholic
fermentation, which is evinced by a change in the forms of the curves of the
accumulation of extractive substances and curves of the degustation evaluation of
winemakings material obtained in different city blocks and wines. The influence of
geographical factor on the motion of the alcoholic fermentation of must on the pulp is,
apparently, caused by both the different chemical composition of the grapes, assembled
in different microzones, and by different composition of microflora in the environment
of the zones of the viticulture indicated.

From the moment of the beginning of the process of the alcoholic fermentation
an increase in exstract content of must positively affects the organoleptic indices of
obtained winemakings material and wines. The highest degustation evaluation obtained
winemakings material, fermented on the pulp during the first 7-10 days. The content of
the given extract in these wines varies in the limits of 25-27 g/l. Further continuation of
the persistence of must on the pulp negatively impacts on the quality of obtained
winemakings material .

Mineral Substances are localized in the solid parts of the pulp - seeds, the skin
and the pulp of grapes. In the must and the wine they are found in the form free ions or
enter into the composition of complex compounds, playing the significant role in the
processes, which take place with the fermentation of must and subsequent endurance of
winemakings material.



In Fig.7 are shown the curves of the dynamics of the ash contents and its
alkalinity in winemakings material, obtained from the different types of grapes -
Cabernets-Sauvignon and Saperavi, grown in one and the same microzone of Kakheti -
Teliani.

Accumulation of mineral substances in winemakings material is the especially
physical process of the extraction of inorganic substances from the solid parts of the
grapes by the straying must, which washes the surface of skin, to pulp and the seeds of
grapes. Despite the fact that this process has nothing in common with the oxidation
processes, polymerization and condensation of organic matter of grapes, the curves,
which describe the process of the accumulation of mineral substances in winemakings
material, take the same form, which above was shown for,  the description of the
process of accumulation in winemakings material of tannin, anthocyan and other
substances of the organic complex of the grapes. This fact makes it possible to conclude
that the accumulation in winemaking material both of organic and inorganic matter in
essence occurs due to the physical process of their extraction from the solid parts of the
straying pulp it obeys the law of the process of the extraction of substances from solid
body into the liquid. The basic parameters, which influence the given process, are
temperature extractions, with high values of which (thermo-winification) the
destruction of the cells of plant tissue, mechanical agitation of the straying medium, etc,
simultaneously occurs.

w Content of ashes g/f
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Fig.7. Change in the ash contents (2,2') and of alkalinity of ashes (1,1%) in the
straying must during mixing of medium (-) and without its mixing (---):

a) Cabernet Sauvignon; b) Saperavi.

Oxidizing transformations, with which are connected the reactions of
polimerization and condensation of the organic matter of grapes falling out into the
sediment, compose insignificant part in the general process of the accumulation solutes
in the end products of processing grapes - winemaking material and the wine.
Meanwhile the precisely quantitative content of organic matter in the red wines and
Kakhetian type white wines, and subsequently  and their oxidizing transformations
determine the quality of the end products of processing grapes - winemaking material
and wine. Actually, the greatest degustation evaluation, as a rule, obtains winemakings
material and wines, prepared from that intermixed in the process of the alcoholic
fermentation on the pulp of medium. Mixing the straying medium in essence influences
the intensification of the process of the extraction of organic matter from the solid parts



of the grapes into the straying must, increasing thus the content both of organic and
inorganic matter in the end product. ®

In the present work the information about the processes presented, which take
place with the fermentation of must and following maintain winemakings material on the
pulp, to the certain degree they reveal the essence of the biochemical and physico-
chemicaltransformations, critical for the formation  the organoleptic indices of the
Georgian (Kakhetian) types of the table wines, which do not have analogs in the world
practice of the wine making.

In Georgian Scientific Research Institute of food industry are carried out
comparative studies of the physical chemistry indices of wines, obtained by European
and Kakhetian methods from the industrial and little encountered types of the grapes /
1,2/. Data analysis of table. 1 show that there is a clearly expressed regularity in the
physical chemistry indices of the Kakhetian wines, which distinguish them from the
European types of wines.

Table 1
Physico-chemical indices of the white Georgian wines
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Rkatsiteli Khakh. 13,4 513 2,56 2,97 28,36 1,7
Rkatsiteli Eur. 12,1 6,04 2,98 0,64 22,94 75
Kakhuri mtsvane Kakh. 13,8 5,29 2,26 2,85 29,21 7,8
Kakhuri mtsvane Eur. 12,0 5,89 2,76 0,91 24,81 7,7
Upipko mtsvane Kakh. 13,0 5,53 2,34 2,66 27,99 7,7
Upipko mtsvane Eur. 11,3 511 2,32 0,84 23,52 7,6
Goruli mtsvane Kakh. 13,8 4,97 1,82 1,87 26,74 7.3
Goruli mtsvane Eur. 12,3 6,90 3,33 0,79 19,06 7,3
Chinuri Kakh. 11,9 5.02 2,00 1,91 27,10 7,3
Chinuri Eur. 10,7 5,48 2,26 0,70 23,80 74
Aligote Kakh. 11,8 5,62 2,23 1,79 18,36 6,8
Aligote Eur. 11,5 6,45 2,30 0,54 18,66 71
Buera Kakh. 9,5 5,70 2,62 1,32 17,72 6,8
Buera Eur. 10,9 6,98 3,17 1,23 15,29 6,6
Khikhvi Kakh. 14,1 5,29 2,56 2,35 31,49 74
Kisi Kakh. 13,22 4,97 2,52 3,95 27,24 7,4
Shaba Kakh. 13,3 5,29 2,73 4,81 31,02 7.3
Sapena Kakh. 13,6 4,92 2,02 1,75 25,62 7,1
Mkhargrdzeli Kakh. 12,8 5,37 1,77 2,91 28,74 7,0
Saperavi Red 115 6,1 2,13 3,2 25,4 -
Cabernets- Sauvignon Red 11,4 6,1 2,14 4,1 25,9 -
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Abstract

Nontoxicity and their harmlessness for the human organism is the basic
requirement, presented to the food dyes. Unfortunately, the majority of artificial dyes do
not possess this property and in the scientific literature their harmful action on human
health repeatedly was noted.

Work depicts the new technology of obtaining and the physical chemistry indices
of the Esnault-dyes, obtained from the Georgian types of the grapes.

It’s remaked of receiption technologies from the red types of grapes with
bioactive materials of wealty natural red dye (of wines, grapes juice).

It’s used for reception grapes natural dyes of functional destinition
(antiooxidantial) food products (juices, confectionery products).

It’s investigated influence of technological factors in the grapes juice by
substitution of materilas.

From the ancient times, natural plant pigments were used for the dyeing of foodstuffs.
However, the further development of organic chemistry gave the great (wide) opportunity to
the production of artificial coloring substances, low price of which almost, for some time,
stopped the investigation in the field of receiving and using of the natural plant colorings. The
industrialization of food production to a considerable extent contributed to the replacement of
natural plant dyes by the artificial.

Non-toxicity and harmlessness for the human organism is the basic requirement for the
food dyes. Unfortunately, in the synthetic dyes used to colorize the food products there were
found the substances harmful for human health, therefore usage of such kind of colorings in
recent years is limited.

In 2007 Euro-parliament made a decision about the limitation of the using of artificial
dyes as a result of their negative effect on the children organism. In connection with the above
said the sharp rise of demand on natural colorings is expectable for making wine, alcohol and
non-alcoholic drinks.



The industrial production of eno-dyes are established in Italy, where the grape husk
(chacha) are used as the source raw material for obtaining the red grape dye. Technology
foresees the working out of grape husk with an 0,2% solution of sulfurous anhydride or 0,4%
meta-bisulfate of potassium. Mass is kept for 48-72 h, then extract is taken off and presses out
remainder. The obtained extract is concentrated by steaming in the vacuum- apparatuses at a
temperature of 40-45°C, 3-5 or more times. Received dye is used to make wine, fruit syrups,
table vinegar etc.

In the literature there are described the methods of obtaining the eno-dye, which
foresees the extracting of grape sweet fermented husk by the acidic aqueous or water-alcohol
solutions and concentration of the obtained extract. General deficiencies in the described
methods of obtaining the eno-dye is the fact that with the concentration of the extract eno-dye
enin gradually loses the glucose, converts into the badly water-soluble aglucone enidin and
falls out into the sediment.

The conception of the high-quality wines production proposed by us, first of all

foresees the usage of only self-flowing fraction of wine receiving, which is not more than
50% of worked out grapes amount. The pressed fractions, which is 15-20% of whole mass we
use for obtaining the eno-dye according to the diagram shown below.

The process chart of the receiving technology of eno-dye from the red type grapes
Grapes
Separation of comb

éiber

The alcoholic fermentation of must on the pulp

/
Removal of the self-flowed
winemaking material fraction remainder of the pulp
Winemaking material Acidification
randomly

heating and mixing the pulp

/

pressing out of the pulp
eno- dye Refuse
New technology for obtaining the eno-dye foresees the processing of red type grapes by

“red” method. Obtained pulp is moved to drain in order to separate the self-flowed fraction.
Juice is used to make high-quality wine. Remained husk is moved to thermal-fermentation



and heats up to 55-60°C, constant mixing during 3-4 hours, after that it is cooled to the room
temperature and is moved to press. The pressed out liquid phase is dye for the nonalcoholic
drinks. It should be noted that new eno-dye contains entire complex of the bioactive and
nutrients of grapes; therefore the nonalcoholic drinks, prepared on this dyes get antioxidant
properties, they are enriched with all useful organic and inorganic matters of grapes and this
differs it from the synthetic dyes harmful for the human organism.

Wines obtained from the grapes of Saperavi are characterized by intensive painting,
because of the high content of the coloring and tanning substances in the processed raw
material. The extraction of phenol compound from the rind of grapes berries occurs because
of high temperature of alcohol fermentation (25-30°C) and the presence of essential oil
remainder in leach (winemaking material).

Eno-dye can be obtained also from the juice of the red types grapes, by their
concentration.

The natural juice, obtained from the grapes of Saperavi by pressing, is characterized by
weak painting feature that is caused of difficulty of the extraction the coloring substances
from the grapes rind. In view of this during obtaining the natural juice without raw material’s
preliminary working the basic number of phenol compounds remains in grape refuse (husk).

Grape juice with the antioxidant activity can get closer or considerably exceed the red
wine in case of maximal moving of bioactive substances from rind to grape juice.

In connection with the above said, were carried out the investigation in order to intensify
the extraction process of phenol compounds from grapes to natural juice. Investigations were
conducted in laboratory conditions. The berries separated from crests were processed by the
water hot vapor with the pressure 1,5 for 5 min. The heat-treated raw material underwent for
splitting by cooling to fermentation temperature, after which into the pulp was introduced
pectolic fermentation preparation Nigrine- PK by the activity of 3600 un/g.



Chemical composition, %

Titrate acidity — ................ 0,9
Common sugar  ..........e..... 16,0
Saccharose ...l 0
Invertsugar ..o 16,0
Pectin:

Dissolved ............ 0,19
not dissolved  .............. 0,24
common e 0,43
Vitamin C (mg%) ............... 11,4

Content of the coloring substances
in the skin of the grapes......... 3,95

Specifications analysis

Average weight of the crest, g....... 3,1
Average quantity of grains
ononecluster,p ..........c.eo.. 67
Weight of one grain, g .................... 1,4
Specific weight of the skin, % ............ 5
Specific weight of the grape

Seed, %0 i 3,2
Humidity, % .......c.coooiiiiinns 90



Fermentation was conducted at a temperature of 45-55°C. Fermentation preparation
was applied in 0,05% of raw material and 0,1% amount. The duration of fermentation was 2,4
and 6 h. For control there were taken juices, which were obtained from thermally worked and
not worked crushed pulp pressing.

Yield of juice with the different conditions of the fermentation is shown in table 1 The
analysis of received data shows that the yield of the juice, obtained in laboratory conditions
with pressing out of pulp by hand on the basket press, is considerably lower than it could be
expected in the production conditions, where basket presses with the power drive are used and
also screw presses of the continuous action.

In spite of this, according to the laboratory investigation data it is possible to judge
perspectives of the investigated versions of obtaining the juices.

Data analysis of table 1 shows that with the simple mechanical pressing the yield of
juice from the processed raw material does not exceed 45%. The heat working of pulp makes
it possible to increase the yield of grape juice by 10% (experiment 2), whereas the
fermentative working of the heat-treated pulp makes it possible to bring the yield of juice to
65-66%.

In table 1 are brought the results of the chemical analysis of juices, obtained by
different experimental variants, analysis of which shows that the preliminary working out of
raw material before pressing out of juice has an essential influence on the content of phenol
substances in the juice. The greatest content of tanning substances are found in juice,
obtained by the fermentation of the heat-treated pulp for 2 hours. This juice is enriched by
both the tannin and by coloring substances.

The comparison of received data makes it possible to conclude that for the maximal
moving of phenol compounds into the juice from the rind of grape berries it is necessary both
the heat working of pulp and its following fermentative working out. As can be seen from the
presented data, during the fermentative processing of the crushed pulp the yield of juice
increases and is equal to the same with the juice pressing out from the heat-treated fermented
pulp; however, the given juice contains less phenol compounds than the juice, obtained by the
fermentation of the heat-treated pulp. This indicates to the significant role of fermentation in
the process of the extraction of organic matter from the rind of grape berries into the must.

Table 1
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Juice, obtained by the pressing of crushed pulp ) ) ) 185 45,0 9
(control room)
Juice, obtained by the pressing of the heat- ) ) ) 18,0 55 ) 7
treated pulp (control room)
Juice, obtained by the fermentation of the heat- 45 4 0,05 190 66,6 704 25
treated pulp
Same 45 6 0,05 19,0 63,3 70,4 18
« 45 2 0,1 19,4 66,6 77,8 10
45 4 0,1 18,8 60,0 70,0 10
« 45 6 0,1 19,5 60,0 65,0 16
55 2 0,05 18,5 55,0 56,5 10
« 55 4 0,05 2,0 66,6 74,1 20
« 55 6 0,05 19,5 66,6 72,2 12
« 55 6 0,1 20,0 65,0 72,2 17
Juice, obtained by fermentation of crushed pulp 55 4 0.1 181 66.6 704 10

(not thermally processed)....
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The significant role to outcome and composition of grape juice plays the duration of
the pulp fermentation. It can be supposed that the longer is the fermentative working out of
pulp, the higher is crushing level of plant tissue and accordingly increases the yield of juice
from pulp. However, from the data of tables 1 and 2 it seems that there is no directly
proportional dependence between the duration of the pulp fermentation and the yield from it
the juice, enriched by organic matter. So, with 45°C and the duration of the pulp
fermentation for 6 hours (experiment 4 tables 1) the yield of juice was 63,3%, with the same
temperature and duration of the fermentation for 2 h, juice is obtained more - 66,6%.
Moreover in the juice itself is contained more both the tannin and coloring substances
(experiments 4 and 5 in table 1).

The fermentative processing of raw material differently influences on outcome and
composition of natural juice and natural wine during the processing of the same type of
grapes, the comparison of data of tables 1 and 2 testifies this. In particular, the fermentative
working out of pulp before the must fermentation influences not so essentially as on wine
outcome on its chemical composition as well. However, in this case noticeably increases the
outcome of the self-flowed must.

Table 2
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6,7 19,2 0,8 0,9 17,5 18 2.8 51 1,9 432,5
7.1 19,5 0,8 1,0 17,7 4,6 38 5,2 24 515,8
8,0 19,8 1,0 0,65 17,8 6,7 39 5,4 1,6 732,8
7.6 19,7 0,8 0,84 17,8 6,7 41 5,4 1,2 855,2
7.9 19,6 1,0 0,9 17,6 6,2 45 5,6 1,3 926,3
7.3 20,3 0,9 0,85 18,1 6,7 4,2 5,3 2,0 953,8
8,3 20,4 1,0 0,84 18,2 51 43 57 1,0 784,2
7.3 19,6 0,9 0,72 17,6 51 42 5,2 18 793,1
8,6 21,3 0,8 0,72 18,8 52 42 5,7 15 983,2
7.8 20,2 0,9 0,84 18,1 4,6 41 5,6 1,0 906,2
6,3 20,8 1,0 0,83 18,4 4,7 38 49 0,5 894,2
5,8 19,7 0,8 0,75 17,8 3,0 2,9 4.4 0,9 4423
7.8 19,6 0,9 0,83 17,6 31 35 5,6 0,8 501,4

With the vacuum- concentration of the red types grapes juice can be obtained the
natural eno-dye, enriched by the bioactive substances of grapes. We have used this kind of dye



for obtaining the nonalcoholic drinks and the pastry of functional designation (antioxidant
foodstuffs of nourishment).
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ABSTRACT

The planning of a processing to obtain oak alternative products for wine aging, as chips,
demands the adaptation of the oenological quality criteria, normally applied in the wood
selection to barrels, and processing, avoiding the increasing of defect risk in wines. Because
of the growing demand, the possibility of manufacture these products from wooden remains
obtained in the stave cut, and also from trees with small diameter or defects, inadequate to
obtaining of staves, is being regarded. In this case the wood is not usually as much carefully
selected as for staves, and often there is a tendency to simplify the processing. This work
shows the influence of the wood grain, presence of knots or another defects, and removal of
the brushing (habitual in staves), on the tannic and off-flavour composition, as possible
responsible of sensorial defects in wines.

RESUMEN

La planificacion de un procesado para la obtencion de productos alternativos de roble para
envejecimiento de vinos, requiere una revision de los criterios de calidad enoldgica utilizados
en la seleccion de madera para barrica y del procesado, sin que se incrementen los riesgos de
defectos en vinos. Ante la gran demanda, se ha contemplado la posibilidad de fabricar los
alternativos a partir de restos del corte de duelas, o de arboles de pequefias dimensiones o con
defectos; en cuyo caso la madera no es tan cuidadosamente seleccionada como para duelas, y
ademas se tiende a simplificar su procesado. Este estudio presenta los resultados obtenidos
sobre influencia del grano de la madera, presencia de nudos u otros defectos, y eliminacion
del cepillado (habitual en duelas), en la composicion tanica y off-flavours, posibles
responsables de defectos sensoriales en vinos.

INTRODUCTION

The new tendencies in oenology, such as the introduction of new sources of oak wood, the
reducing of seasoning times of wood in cooperage, the preference of light or medium toasting
instead of strong one by part of the oenologists, and the extensive use of new barrels in
substitution of the old ones, have contributed to increase the potential and the quality of the
wine aging process, but they also suggest new questions related with the risk of defects in
wines that should be resolved. The possibility of defect appearance in wines related with the
wood, takes a special relevance with the recent authorization in European Union about the use
of alternative treatments to wine aging in barrels (1507/2006 regulation, October 11, 2006),
since these elaboration techniques are especially sensitive to the presence of defects in the
wood.



The planning of a special processing to obtain oak wood alternative products, such as chips,
staves and others, involves a previous adaptation of the criteria of oenological quality applied
during the wood selection to barrel production, and also, of the wood processing, avoiding the
risk of defects in wines related with the wooden use. Habitually, the oak alternative products
are obtained starting from staves, rejected during barrel production, because of defects,
although they are small (deformations, knots, cracks, etc.), shown especially at the end of
seasoning process. However, the growing demand of these alternatives has led us to think on
the possibility of manufacture them also starting from the wooden remains from cut of staves,
and from wood of small diameter oaks or with defects that are not adequate to obtain staves
for barrels (Fernandez de Simon et al., 2006, Chatonnet, 2007). In this case the wood usually
is not as carefully selected as to staves and also, its processing in cooperage tends to be
simplified.

The criteria of wood oenological quality are generally supported on the quantitative
evaluation of compounds of special importance by their implication in the oxide-reduction
processes that take place in wine during its interaction with the wood, or by their aromatic
potential. Phenolic (tannins and low molecular weight polyphenols) and volatile compounds
(phenols, lactones, furanic derivatives, etc) are analyzed in the fresh wood free of defects
(Fernandez of Simon et al., 1996, 2006; Chatonnet and Dubourdieu, 1998), and also during its
processing in cooperage (Chatonnet et at., 1994; Fernandez of Simon et al., 1999; Cadahia et
al., 2001a, b; 2007; Martinez et al., 2008). However, the new tendencies in oenology demand
the addition of other criteria on those that to base the prevention of defects in wines related
with the wood.

The objective of this work has been to know the influence of defects in the initial wood, and
simplification of its processing in cooperage on the chemical composition, focussing us on the
study of tannins and off-flavour compounds, possible responsible of sensorial alterations in
wines.

MATERIALS AND METHODS

The study about relation between wood grain size and chemical composition was carried out
with American oak (Q. alba from Missouri) and French oak (Q. petraea from Vosges). Six
staves of each species showing areas with different grain sizes were selected. Wood samples
were obtained from each ones and classified in two lots according to the grain size. The study
about defects was carried out with staves of French oak (Q. petraea from Vosges) and
Spanish oak (Q. pyrenaica from Castilla y Leon). Wood samples were taken from areas with
and without defects (knots, fissures, dark coloration, etc.), of 20 staves or wooden pieces,
which were separately mixed before its analysis. The study about effect of the brushing or
cleaning of the staves after seasoning was carried out using 4 staves of American oak (Q. alba
from Missouri) and 4 of French oak (Q. petraea from Vosges). The staves were cut in four
sheets, the external ones of greyish colour were considered representative of the wood
fraction that is eliminated during stave brushing, and the interior ones of the wood fraction
that remind after brushing.

The wood tannins were analyzed by liquid chromatography, using a diode array detector
(HPLC-DAD) and according to the methodology previously described (Fernandez de Simén
et.al., 1999). The volatile compounds were evaluated by gas chromatography with a mass
spectrometry detector (GC-EM) (Cadahia et al., 2003), focusing specially our attention on the
off-flavour compounds implicated in the “sawdust character” (Chatonnet and Dubourdieu,
1998).



RESULTS AND DISCUSION

Effect of wood grain size. The grain of the wood is defined as average width of the growth
rings of the tree. Traditionally, grain size has been used as an important criterion of quality in
the selection of oak wood destined for wine barrel manufacturing. However, this should not
be looked, as the only parameter to evaluate the oenological quality. We have classified the
samples in two lots according to grain size, obtaining from French wood a lot showing fine
grain (1.1-1.7 mm) and other coarse grain (2.2-3.2 mm), and from American wood one of fine
grain (1.0-1.6 mm) and other one of coarse grain (3.1-4.4 mm).

The results obtained in previous studies (Esteruelas et al., 2008) showed a low correlation
among the composition of phenolic aldehydes and acids, volatile compounds (volatile
phenols, w-lactones, pyranones, and others), and grain size. These compounds are usually
considered as chemical parameters of oenological quality for oak wood. In the same way, the
levels of ellagitannins (Fig. 1), and off-flavours (Fig. 2) associated with “sawdust character”
(Chatonnet and Dubourdieu, 1998), shown low correlation with the grain size of the wood.
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Fig. 1. Concentration (mg/g) of ellagitannins in heartwood of American and French oak of different grain sizes. The values
are average for six samples in each wood type.
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Fig. 2. Concentration (ng/g) of off-flavour compounds in heartwood of American and French oak of different grain sizes. The
values are average for six samples in each wood type.

The differences observed between fine and coarse grain have not been significant. The
exception was 1-hexanal that showed concentration slightly superior in coarse grain wood of
French oak, but because of the high variability of the values shown the differences have not
statistically significant. The species, geographic origin, population type (growth conditions,
forest treatment, etc.) and the processing wood in cooperage have more influence on its
chemical composition.  The difference in wine tertiary aromas and other sensorial
characteristics due to oak, frequently attributed by cooperages to the wood grain size, are
more related with the mentioned parameters. For example, in European oak, the



predominance of each oak species (Q. petraea and Q. robur) according to the origin of the
wood can influence in its characteristics.

Effect of knots and other defects. The chemical changes observed in the oak heartwood
with defects comparing with the one without defects, show in addition to a loss of aromatic
potential that is especially important for its use in oenology (Esteruelas et al., 2010), a
decrease of the ellagitannins contents, in French as well as Spanish wood (Fig. 3). It involves
a decrease of the protection against biological contaminations, as well as of its anti-rust
potential. Simultaneously, in the wood with defects an increasing of the concentration of
some volatile compounds, considered off-flavours such as phenols, cresols, and others whose
sensorial properties are not known, has been observed, increasing the risk of sensorial defects
in wines (Fig. 4). However, the majority of compounds related with “sawdust character”
(Chatonnet and Dubourdieu, 1998), have decreased in the wood with defects (Fig. 4 and 5).

In general, the chemical changes shown in the oak wood with defects can be described as
harmful, from oenological point of view. So, it is convenient the elimination of these defects
for an appropriate planning of the manufacture and use of the alternative products, focused to
elaboration and aging of wines.
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Fig. 3. Concentration (mg/g) of ellagitannins in heartwood of Spanish (Q. pyrenaica) and French oak (Q. petraea), without
and with defects (knots, fissures, dark coloration, etc.). The values have been obtained from the analysis in duplicate of one
sample of each one, obtained mixing samples from 20 staves.

s French Oak (Q. petraea)
1.6 7 m without defects
1.4
12 - W with defects -~
10 1 04 7 - mwithout defects
08 - 0.4 ‘:,,— B with defects
06 - 03 1,
04 A 03 1.
02 - 02 1
0.0 T T T T T T i 02 7.
01 1
N 3 N N 3 N 3 -
3 O 2 3 O 2 O 1~
® @ & <& 43 & 2 0.1 7. - —
RO & S & \Q\\%\e ’Veo $Q§‘ 00 © . . . -
P ($)
< &
¥ Phenol o-cresol p-cresol m-cresol
‘b“\'@

Fig. 4. Concentration (pg/g) of off-flavours in heartwood of French (Q. petraea), with and without defects (knots, fissures,
dark coloration, etc.). The values have been obtained from the analysis in duplicate of a sample obtained mixing samples
from 20 staves.
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Fig. 5. Concentration (ug/g) of off-flavours in heartwood of Spanish oak (Q. pyrenaica), with and without defects (knots,
fissures, dark coloration, etc.). The values have been obtained from the analysis in duplicate of the sample obtained mixing
samples from 20 staves.

Effect of the brushing or cleaning of staves. The ellagitannins content was higher in the
interior sections of the staves comparing to the external ones, as much in American as French
oak wood, being the differences something more accused for the French one (Fig. 6),
although the variance analysis did not show statistically significant differences, possibly
because of the high variability showed by the values. During seasoning, the wood is subjected
to the action of the natural conditions of the cooperage, being favoured the natural lixiviation
of the soluble compounds and the processes of oxidative polymerization, that contribute to
decreasing of ellagitannin concentration. These processes, as it was to be expected, are more
evident in the superficial layers of the wood, that change to grey coloration during seasoning,
and that are eliminated by brushing before the curved of the staves and toasted of the barrels.
The off-flavour levels have shown small differences between the external and internal layer.
However, they never overcame the values usually shown by oenological good quality woods

(Fig. 7).
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Fig 6. Concentration of ellagitannins (mg/g) in different stave layers (external and internal) of French (Q. petraea) and
American (Q. alba) oak wood. The values are average of four samples, obtained from four staves in each wood type.

These results together with those observed in the polyphenolic and aromatic profile of the
wood (Esteruelas et al., 2009) can be qualified neither as beneficial nor harmful, and so an



external brushing during the manufacture of alternatives is not considered as necessary, so
much if they are going to be used toasted as non-toasted.
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Fig. 7. Concentration (ug/g) of volatile compounds related with off-flavour in American and French oak wood of different
layers of staves. The values are average of four samples, obtained from four staves in each wood type.

CONCLUSIONS

The grain of the oak wood should not be considered the only and decisive parameter to
define its oenological quality, since correlation has not been observed between grain size and
chemical composition with oenological significance.

The chemical changes observed in the oak wood with defects can be described as harmful,
so it is convenient their elimination to a correct management during the manufacture and use
of the oak alternative products, destined to the elaboration and aging of wines.

The chemical changes observed in the internal layers of the staves in relation to the external
ones can be qualified neither as beneficial nor harmful, so an external brushing during the
production process of alternative is not necessary.
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ABSTRACT

The well known regions of viticulture in Georgia, Kakheti and Qartli are characterized by
temperate, corresponding to dry continental climate. The multiplicity of soil-climatic zones,
rich in fruits and grapevine varieties determines the diversity of fermentative yeasts with
different indices of alcoholic fermentation and pesticide resistance. Over 150 yeast strains of
the genus Saccharomyces were isolated from Kakheti and Qartli regions at the stages of
blossoming, early ripeness, and complete ripeness.

In 50 strains, the intensity of alcoholic fermentation exceeded 12%. The yeast screening has
shown that the doses of three different widespread pesticides introduced into the vineyard
have various impacts on the yeast growth. The highest toxicity is characteristic for Sakozeb
M-45. Only 5% of tested yeasts grew intensively on Sakozeb M-45, 13% — on Cihom Blue
and 40% — on Neoram. Some strains resistant to all three pesticides were also revealed.

RESUMEE

Georgiens beste Traubenregionen von Kachetien und Kartli zeichnen sich durch das
gemafBigte, trockene und kontinentale Klima aus. Die Vielfalt von Boden-Klima-Zonen
einerseits sowie Obst- und Weintraubensorten andererseits ist gute voraussetzung fiir grof3es
Spektrum von Géarungshefen mit unterschiedlichen Garungsparametern und Stabilitit gegen
die Pestiziden. Von uns wurde in Kachetien und Kartli in der Blute-, Halbreife- und
Vollreifephasen der Weintrauben mehr als 150 verschiedene Stammen von Saccharomyces-
Familien isoliert. Davon iibertraf in 50 Stammen die Intensitét von alkoholischer Girung die
12%-Marke. Die Untersuchungen haben gezeigt, dass die Wirkung von den in Weinberg
einzusetzenden Pestiziden auf das Wachstum von Hefen ist unterschiedlich. Mit hochster
Toxizitét 1dsst sich Sakozeb M-45 charakterisieren. Intensives Wachstum wurde nur in 5%



von untersuchten Hefen auf Sakozeb M-45 festgestellt, auf Cihom-blue 13% und auf Neoram
40%.

INTRODUCTION

Viticulture and winemaking are among the chief and traditional fields of Georgian economics
descending from the ancient ages (Javakhishvili, 1986; Ketskhoveli et al., 1960). The well-
known regions of viticulture in Georgia Kakheti and Qartli are characterized by temperate
corresponding to continental dry climate. Cinnamonic forest, raw humus calcareous, alluvial
calcareous, alluvial forest calcareous, chestnut, and black soils are found in above mentioned
viticulture regions. The multiplicity of soil-climatic zones and grapevine varieties determine
the diversity of fermentative yeasts, which are characterized by specific physiological
properties and high metabolic potential (Kirtadze, Kurdadze, 1992). Southern Caucasus is
considered as homeland of yeasts (Jackson, 2000).

Unique endemic varieties of grapevine together with national technologies of winemaking
perform Georgia a unique wine producing country. Besides, while producing of ecologically
clean wine, vine diseases revealing at different stages of vegetation should be taken into
consideration. During the entire period of vegetation, vine culture is treated several times by
different pesticides. Part of the pesticides penetrates into grape juice, and as a result of
fermentation appears in wine material, essentially influencing its quality. Thus, nowadays
production of ecologically clean wine remains one of the most important problems of modern
wine industry (Cabras et al., 1999; 2001).

In natural populations of yeasts indigenous strains adapted to pesticides and heavy metals
are revealed (Kadagishvili et al., 2006; Machavariani et al., 2006). Presumably, exactly such
strains are characterized by oxidative degradation of pesticides. Alcoholic fermentation,
conducted by applying of their metabolic potential is a way to obtain ecologically clean
products.

The goal of the present work is isolation of yeast strains belonging to the genus
Saccharomyces at various stages of vine vegetation from the regions of Eastern Georgia
(Kakheti, Qartli) and selection of yeasts capable of high alcoholic fermentation and pesticide
detoxification potential among them.

MATERIALS AND METHODS

The samples were taken from phylosphere and rizosphere of different cultivars (cv) of Vitis
vinifera: cv Rkatsiteli, cv Manavis mtsvane, cv Aladasturi, cv Saperavi, cv Goruli mtsvane, cv
Gorula.

The sampling was conducted at the stages of blossoming, early ripeness and complete
ripeness and from the sediments of wine produced in peasant farms.

In order to isolate yeasts from samples, the methods of limited dilution and enrichment
culture were used. In addition, samples of phylosphere were directly placed on Petri dishes on
the surface of solid nutrient medium. The perfect medium for yeasts, g/l — KH,PO4 — 2;
MgSO4x 7TH,O — 1; (NH4)2SO4 — 1; glucose — 20; yeast extract — 2, (agar — 20), pH 6.5
(Zakharov et al.,, 1984) was used both in solid and liquid forms to isolate yeasts. The
incubation of yeasts on solid medium was performed at 25°C in thermostat for 2-3 days. The
incubation of yeasts in liquid medium was conducted in 750 ml flasks at rotary shaker (180
revolutions per minute) at 25°C for 3 days. After multiple purification and plating, pure



cultures of yeasts were obtained. The growth intensity of yeast strains in liquid medium was
measured by spectrophotometer at wavelength of 660 nm.

In order to determine the intensity of alcoholic fermentation, the yeast biomass was placed
into the medium of the same composition under anaerobic conditions; the amount of glucose
was equal to 23%. The fermentation was conducted at 25% in thermostat for two weeks. To
estimate the concentration of alcohol accumulated during fermentation, the amount of residual
glucose was determined (Dahlgvist, 1961). The concentration of ethyl alcohol was established
in terms of the amount of glucose applied by yeasts (K=0.58). Ethyl alcohol was determined
at HPLC by distillation method— MA-E-AS312-01-TALVOL.

The pesticides: Sakozeb M-45R (reactant — Mankoceb 800 g/kg), Neoram (reactant — copper
chloroxide 377 g/kg), Cihom Blue (reactant — Cineb 340 g/kg and copper oxicloride — 170
g/kg) sanctioned by the Ministry of Agriculture of Goergia were used for research. The
amount of pesticieds introduced into the media was determined by the standards of their
charges. Particularly, Sakozeb M-45 — 3,5 g/l, Neoram — 4 g/l, Cihom Blue — 5 g/l. The
cultivation of yeasts was conducted on solid nutrient media containing one of the above
mentioned pestisides at 25°C in thermostat for a week. The yeast growth intensity was
estimated visually by 4-point system: +++ — intensive growth; ++ — limited growth; + —
supressed growth; - — growth inhibition.

RESULTS AND DISCISSION

From phylosphere and rizosphere of different cultivars (cv) of Vitis vinifera (cv Rkatsiteli, cv
Manavis mtsvane, cv Aladasturi, cv Saperavi, cv Goruli mtsvane, cv Gorula) spread in the
regions of Eastern Georgia (Qartli and Kakheti) have been isolated the following pure yeast
cultures:

e O pure yeast cultures at blooming stage

e 70 pure yeast cultures at the stage of early ripeness

e 07 pure yeast cultures at the stage of complete ripeness

e 37 pure cultures from the sediments of wine produced in peasant farms (Fig. 1).

Fig. 1. Pure yeast cultures isolated from wine sediments and different stages of vine
vegetation: a — blooming, b —early ripeness, ¢c — complete ripeness

At the stages of early ripeness and complete ripeness, the yeasts were mainly isolated from
phylosphere; the amount of isolated yeasts is in correlation with concentration of sugar in
grapes.

The screening to determine pesticide (Sakozeb M-45, Neoram, Cihom Blue) detoxification
potential of yeasts freshly isolated at the different stages of vine vegetation has shown that the
influence of required treating dosage on yeast growth and development is different. The



highest toxicity is characteristic to Sakozeb M-45. Only 45 strains of tested yeasts were
grown in Sakozeb M-45-containing medium. Among them 7 strains exposed intensive
growth. In case of Neoram, 114 strains grew; among them 58 strains exposed intensive
growth. 80 strains grew at Cihom Blue-containing medium; 19 strains revealed intensive
growth, i.d. only 5% of 146 strains isolated at different stages of vine vegetation are
characterized by intensive growth on Sakozeb M-45, 13% — on Cihom Blue and 40% — on
Neoram (Fig. 2).

16 strains out of 37 ones isolated from wine sediment grew at Sakozeb M-45-containing
medium. Among them 2 strains displayed intensive growth. In case of Neoram, 26 strains
grew; 6 strains revealed intensive growth. 24 strains grew on Cihom Blue-containing medium.
Among them 3 strains displayed intensive growth.

Fig. 2. Different growth intensity of yeast strains on the media containing various
pesticides: a — Sakozeb M-45, b—Neoram, c— Cihom Blue

The yeast cultures while growing on Neoram-containing medium decolorize the nutrient
medium. In some cases, blue color of the nutrient medium caused by the pesticide proceeds to
yeast biomass. Presumably, the ions stipulating color of the nutrient medium penetrate to
biomass and color it (Fig.3).

Fig. 3. Color change of Neoram-containing medium caused by yeast strains

Sakozeb M-45 and Cihom Blue influence on form and color of yeast colony. In some cases,
the smooth surface of yeast colonies transform into rugose one (Fig. 4: a, b); sometimes so-
called secondary growth takes place (Fig. 4: c).



Fig.4. The impact of Sakozeb M-45 (a) and Cihom Blue (b, c) on the form of yeast
colonies

The screening of freshly isolated strains at different stages of vine vegetation resistant to the
pesticides was conducted according to high fermenting potential.

The fermentation results for strains isolated at blooming stage show that none of them
displayed high intensity of fermentation and accumulated amount of alcohol was equal to 2-
4%.

The screening of yeasts isolated at the stages of early ripeness and complete ripeness to
reveal high capability of alcohol fermentation showed that the intensity of alcohol
fermentation ranged in 7-13%. The fermentation process continued for 16 days. During the
first four days, the process was conducted at 30C° that was unfavorable for fermentation
process. As the temperature decreased to 25C°, the fermentation process was intensified and
the amount of accumulated alcohol for 12 days exceeded 9% in strains under the following
conditional numbers: 91, 99, and 112. In all tested strains the fermentation process actually
completed and alcohol concentration insignificantly changed further (Fig. 5). Some strains
under conditional numbers - 91, 112, and 143 are shown in Fig.5.
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Fig. 5. The intensity of alcohol fermentation of yeasts isolated at the stages of
early ripeness (a) and complete ripeness (b): a- -@-91; -m-95; -A-99; -&-103; -
X-112;b--@-143; -m-171;-A-188; -®- 141; -X-237
(The conditional numbers belong to the yeast strains isolated from the different cultivars of Eastern
Georgia: 91 — cv Saperavi, village Anaga, Sighnaghi district, 95 — cv Rkatsiteli, village Vaqiri,
Sighnaghi district, 99 — cv Rkatsiteli, village Kardenakhi, Gurjaani district, 103 — village Manavi, cv
Rkatsiteli, Sagarejo district, 112 — village Manavi, cv Saperavi, Sagarejo district, 141 — cv Rkatsiteli,
village Tibaani, Sighnaghi district; 171 — cv Rkatsiteli, village Chandari, Gurjaani district; 143 — cv
Aladasturi, village Tibaani, Sighnaghi district; 188 — cv Saperavi, village Nikozi, Gori district; 237 — cv

Saperavi, village Qvemo Khodasheni, Telavi district).



It was found that 50 strains among 183 revealed intensive alcoholic fermentation: the
concentration of formed ethanol exceeded 12%.

The intensity of alcohol fermentation was especially high in the yeasts isolated from the
sediments of wine produced in peasant farms. In most strains, the concentration of alcohol
formed by yeasts exceeded 12%; it could be explained by screening of strains tolerant to high
alcohol concentrations that naturally takes place in wine.

On the base of the experiments, alcohol fermentation was more intensive in the yeasts
isolated from Kakheti region in comparison with that of isolated from Qartli region; it must be
the result of natural selection process. Grapes of vine cultivars from Qartli region are
characterized by less sugary compared with those of Kakheti region that is clearly reflected on
the yield of ethyl alcohol.

CONCLUSIONS

As a result of conducted works it might be concluded:

e The yeast collection including 146 strains isolated from Kakheti and Qartli regions at
the stages of blooming, early ripeness and complete ripeness and 37 strains isolated
from wine sediments has been created.

e Only 5% of strains out of 146 isolated at different stages of vine vegetation are
characterized by intensive growth on Sakozeb M-45, 13% — on Cihom Blue and 40%
— on Noeram. 6% of strains out of 37 isolated from wine sediments are characterized
by intensive growth on Sakozeb M-45, 7% — on Cihom Blue and 16% — on Neoram.

¢ In the yeasts isolated from Kakheti region, alcoholic fermentation is more intensive in
comparison with that of isolated from Qartli region; it must be the result of natural
selection process.

e Alcohol fermentation is more intensive in the yeasts isolated from wine sediments,
where take place the naturally screening of strains tolerant to high alcohol
concentrations.
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RESUME

Les protéines présentes dans les vins proviennajaritairement des raisins. La casse
protéigue est un trouble qui se produit parfoisbenteille lorsque le vin blanc ou rosé
contient ces protéeines. Il existe de nombreux testmettant d’évaluer la stabilité protéique.
Mais ils ne sont pas satisfaisants comme l'inditaug nombre. Pour évaluer les risques de
casse protéique, nous avons étudié ce phénoméaee @rl'électrophorese SDS-PAGE et
I'lmmunologie, nous avons pu déterminer les pragiimpliguées dans la casse protéique
naturelle des vins.

Grace a des anticorps spécifiques dirigés cons@ueéines (Chitinase et Thaumatin-like),
nous avons réalisé un test basé sur 'lmmunologia &chnique du dot-blot. Nous espérons

que ce test nommé ImmunoTé® devienne l'outil de référence parce que spécHigl
fiable pour déterminer I'instabilité protéique deéss blancs et rosés.

ABSTRACT

The proteins present in wines mainly come from gsad he protein haze is a disorder that
sometimes occurs when the bottled white wine og rosntains these proteins. There are
many tests to check the protein instability. Bugytlare not satisfactory as indicated by their
large number. To assess the risk of proteic haeehave studied this phenomenon. Thanks to
SDS-PAGE and Immunology, we have been able to méterthe proteins involved in the
case of natural protein wines.

With specific antibodies against these proteinsit{@se and Thaumatin-like) we have
realized a test based on the Immunology and datteéthnique. We hope that this test called

ImmunoTest ® will become the reference tool due to its spettifi and reliability to
determine the protein instability of white winesdanseés.



INTRODUCTION

Le trouble ou casse protéique est un probleme euti e produire dans toutes les boissons
a base de fruits (pomme, poire, banane, orangg,ettdans les boissons fermentées (biere,
cidre, vin) (Manteau et Poinsaut, 2010a).

Dans les vins, les protéines présentes provienmafritairement des raisins et sont des
protéines de défense (Watetsal, 1996 ; Ferreirat al, 2002).

La casse protéique est un trouble qui se produibigaen bouteille lorsque le vin blanc ou
rosé contient ces protéines (Manteau et Poins@dfd). Les années, cépages, et les process
de vinification semblent avoir une incidence s é®ncentrations en protéines présentes
dans les vins et le risque de casse protéique. déniter ceci, il existe de nombreux tests
permettant d’évalu