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    Abstract
A long-term experiment (28 years) conducted in a vineyard in the Chinon region (Loire Valley, France) compared a control (no addition of organic matter) and three types of organic amendments: dry crushed pruned vine-wood (VPW), cattle manure (CM), and spent mushroom compost (SMC). Each year, VPW was applied at the rate of 2 t/ha (VPW2), CM and SMC were added at two rates (medium and high) of 10 t/ha (CM10) and 20 t/ha (CM20) for cattle manure, and 8 t/ha (SMC8) and 16 t/ha (SMC16) for spent mushroom compost. Treatments were studied for their effects on berry and wine composition (soluble solids, titratable acidity, pH, anthocyanins, total polyphenol index, and minerals) and on the sensory characteristics of wine. High rates of organic amendments, particularly CM20, delayed berry maturation. Total soluble solids, anthocyanin, and tannin content in the juice were lowered, whereas pH, nitrogen, phosphorus, and potassium were significantly increased, compared with the control. Many of these effects were also found in the wine. As a consequence, the wine corresponding to the high rate of cattle manure had the lowest color intensity and aromatic persistency, with the highest herbaceous and animal odors, compared with other treatments. Heavy nitrogen supply to vines as a result of high rates of organic amendments could be the most important factor to explain these effects. If the goal of winegrowers is to produce top-quality grapes for top-quality wines, the application of high rates of organic amendments should be avoided and vine nitrogen nutrition should be managed with a flexible and adaptive approach in relation to environmental conditions.

	organic amendments
	berry and wine composition
	wine sensory characteristics

Many physical and chemical soil components can affect grape composition and wine quality (Jackson and Lombard 1993). Physical properties of soil, particularly drainage and the rate of soil water supply to the vine, are very important factors affecting wine quality (White et al. 2007). Applications of organic amendments can modify several soil factors such as nitrogen (N) and potassium (K) content, bulk density, and water-holding capacity (McConnell et al. 1993). However, these modifications are only significant in topsoil (Morlat and Chaussod 2008), although the vine root system often extends to a depth of one meter of soil or more. For this reason, it can be assumed that global conditions of vine water supply will not be greatly changed by organic amendments. Conversely, chemical modifications of soil due to the application of organic manures can play a significant role in the foliar nutrient status of the vine (Morlat 2008).
The effects of nitrogen, which result largely from the mineralization of soil organic matter, have been widely studied in recent decades. Vines grown under high N conditions were found to produce musts with less total acidity and skins with more anthocyanins, but soluble solids and the pH of berry juice were not affected (Ewart and Kliewer 1977). However, other researchers observed that high levels of nitrogen lowered soluble solids in must and reduced skin color (Delas and Pouget 1984). In a comparison of different nitrogen fertilization rates (0, 56, 112, and 224 kg N/ha for three years), researchers reported that the attainment of 21% soluble solids was delayed as rate of N fertilization increased (Spayd et al. 1994), but juice and wine titratable acidity did not vary. Juice and wine pH, wine potassium concentration, and juice total N increased linearly with increasing N fertilization rates. In a more recent study, nitrogen deficiency led to the smallest berries as well as to the highest phenolic content in both must and wine (Choné et al. 2001).
Several researchers have reported increases in the concentration of various nitrogenous compounds in must with the application of N fertilizer, including total N, ammonia, and free amino acids such as arginine and praline (Ough et al. 1968, Kliewer 1971, Bell et al. 1979, Bertrand et al. 1991). Under these conditions, yeast assimilable N content was increased, inducing overly rapid fermentation. According to Ough et al. (1989), high N levels led to high arginine content in the juice, which, in turn, was related to the undesirable chemical ethyl carbamate, found in wines stored for 10 years.
There are few studies on the effects of different organic manure additions on wine sensory characteristics. One study examined the effect of one application of sewage sludge compost at three rates on the volatile organic compounds and sensory characteristics of red Grenache wines for two consecutive vintages (Korboulewsky et al. 2004). The first year, after the addition of sewage sludge compost, wine quality decreased in relation to the high rate of compost, but during the second year, sensory qualities of the wines differed only slightly from one treatment to the other, in accordance with the mineralization rates, which were much lower in amended plots during the second summer.
The aim of this long-term study was to examine the effects of different organic amendments on the fruit composition and chemical and sensory characteristics of Cabernet franc red wine. These treatments were carried out and results collected over a 28-year period in an attempt to obtain a more complete picture of the role of organic amendments in grape and wine production. Thus, this study represents a unique opportunity to examine these nutritional issues over a period representative of the productive lifetime of most vineyards.
Materials and Methods
Vineyard and treatments
The experiment began in 1976 and was carried out over 28 years in a vineyard located in the Chinon region of the Loire Valley, France (47°11′1 N; 0°14′1 W; elevation: 75 m). It was planted with Cabernet franc vines grafted onto Couderc 3309C rootstock. Six treatments were compared: (1) control: no organic amendment; (2) VPW2: addition of dry crushed pruned vine-wood, at a mean single dose of ~2 t/ha/yr; (3) CM10: at a mean single dose of ~10 t cattle manure fresh wt/ha/yr; (4) SMC8: at a mean single dose of ~8 t spent mushroom compost fresh wt/ha/yr; (5) CM20: at a mean double dose of ~20 t cattle manure; and (6) SMC16: at a mean double dose of ~16 t spent mushroom compost fresh wt/ha/yr. A randomized block design was used and the experimental site was divided into 24 plots (six treatments repeated four times) of 28 x 6 m (three vine inter-rows and four vine rows), with two guard rows and four buffered vines. Measurements and sampling were made on 24 vines per plot of both central rows (control rows) of each treatment. More details on experimental conditions including soil and vine characteristics, as well as organic treatments and chemical fertilization, are presented in companion studies (Morlat and Chaussod 2008, Morlat 2008).

Berry and grape sampling at harvest for winemaking
Six years for grape sampling were selected. For the period 1976 to 1991, only 1987 was selected because organic treatments had no effects or only very slight effects on vine vigor and yield in the first stage of the experiment (Morlat 2008). From 1992 to 2004, these effects were frequently significant and it was relevant to select five years (1993, 1999, 2002, 2003, and 2004) over this period. Each year, the date of harvest was determined at the discretion of the Chinon Experimental Farm: 7 Oct 1987, 7 Oct 1993, 2 Oct 1999, 7 Oct 2002, 26 Sept 2003, and 4 Oct 2004. On the day of harvest, four samples of 384 berries were collected from the four replicates of each treatment. Berries were gathered from each side of the two control rows on 24 vines for each replicate, just before grapes were manually harvested and weighed. Three treatments (control, VPW2, CM20) in 1999 and 2002 and four treatments (control, VPW2, CM10, CM20) in 2003 and 2004 were chosen for winemaking. (No wine was made in 1987 and 1993 because there were no or very few differences in grape composition.) No wine was made from SMC8 and SMC16 treatments because of material constraints. In each treatment, 80 to 100 kg of grapes were sampled from the four replicates, and fermentations of 70 L of wine were made per treatment. Grapes, with the addition of 10 mg/kg sulfur dioxide, were transported to the experimental winery of the Unité Expérimentale Vigne et Vin, INRA, Angers, France.

Winemaking treatments
For each treatment, grapes were destemmed and crushed, treated with 40 mg/kg sulfur dioxide, and submitted to standard red wine vinification. Saccharomyces cerevisiae (strain 7013; INRA, Narbonne, France) was inoculated at 20 g/hL. The fermentation process was conducted in 100-L stainless-steel tanks (one fermentor for each treatment) placed in a room where the temperature was maintained at 21°C. Over the fermentation period (9 days on average) the daily pump-over frequency was twice per day during the first four days and once per day thereafter. Alcoholic fermentation was allowed to proceed until residual sugar levels were less than 2.0 g/L, as determined by checking the must density on a daily basis with a hand densitometer. After alcoholic fermentation wines were racked, the free-run juice was inoculated with Leuconostoc oenos (strain DSM 7008; Chr. Hansen, Hoersholm, Denmark) at 1.0 g/hL and malolactic fermentation was carried out at room temperature (20°C). After completion of malolactic fermentation, as determined by paper chromatography, wines were adjusted with 5–6 g/hL sulfur dioxide, and stored in a room at 12–13°C for one month. Wines were then submitted to cold stabilization (0–5°C) for 15 days, filtered (filter diameter: 3 μm), and immediately bottled. All wines were stored in an underground cellar at a temperature of 13°C and 80% air hygrometry until sensory evaluation.

Berry analyses
Berries from each sample were counted and weighed, and then divided into two subsamples, using a wooden board containing 100 holes for random sampling. A first subsample of 250 berries was juiced using a commercial fruit juicer. Soluble solids concentration (Brix) was determined using a hand refractometer with temperature compensation (model PR1; Atago, Tokyo, Japan). Titratable acidity was expressed as sulfuric acid (g/L) and pH was measured with an automated pH meter (Cogetude, Vendôme, France).
From a second subsample of 120 berries, skin extract was diluted with 1% HCl (v/v) at 70°C. The decanted solution was then centrifuged at 14,000 rpm for 15 min, and total anthocyanins were determined by their absorbance at 520 nm (Puissant and Léon 1967) using a UV/Vis spectrophotometer (model Uvikon 933; Kontron Instruments, Montigny le Bretonneux, France). On the same extract diluted with water, tannin measured using the total poly-phenol index (TPI) was determined at a wavelength of 280 nm by spectrophotometry (Ribéreau-Gayon 1970).
Total nitrogen (N) content of the berries was determined after digestion by a modified Kjeldahl method using concentrated sulfuric acid and hydrogen peroxide, in an automatic distillation unit (Vapodest; GENEQ, Montreal, Canada). Total phosphorus (P), potassium (K), and magnesium (Mg) contents of berries were measured following high-temperature dry oxidation of the organic matter and dissolution of the ash with hydrochloric acid (HCl). Digest analyte concentrations were obtained using inductively coupled plasma atomic emission spectrometer (Vista RL CCD Simultaneous; Varian, Mulgrave, Australia).

Alcoholic fermentation kinetics of must
In three main treatments (control, VPW2, and CM20) and for the years 1999, 2002, 2003, and 2004, changes in the must density during fermentation were measured daily using a hand densitometer. For each treatment, a mean adjusted curve was calculated with data obtained from the four studied years.

Wine analyses
Alcohol was measured in infrared using an InfraAlyser (model 400; Technicon, Tarrytown, NY). Titratable acidity, pH, total K, and anthocyanin and tannin contents were determined as previously described for berry composition. All these determinations were made on wines, only at the time of bottling. Because of material constraints, the anthocyanin and tannin contents were not measured before sensory evaluation.

Spectral parameters of wine color
The spectral parameters of wine color were measured with a Minolta CT 310 colorimeter in a 1-cm path-length colorimeter cell and using the system adopted by the Commission Internationale de l’Eclairage (CIE 1976). The CIELAB system describes wine color with three parameters that are L (degree of lightness), a (from red to green), and b (from yellow to blue). CIELAB parameters describe the coordinates of a specific color in a three-dimensional space and are calculated from transmittance made at wavelengths over the entire visible spectrum (Martin et al. 2007). For standard calculations, any point in the three-dimensional CIELAB color space can be characterized through its polar coordinates: L, which describes the degree of lightness from 0 (black) to 100 (light); hue angle (h°), which is expressed in degrees from 0° (red) to 90° (yellow), 180° (green), 270° (blue) and 360° (red); and chroma (C), which expresses the measurement of the hue intensity or saturation that varies from 0 to unlimited. L, h°, and C parameters were recorded for each wine at the time of the sensory evaluation (three replicates per wine).

Sensory evaluation of wines
The sensory characterization of wines was performed in two sessions: one session in 2005 for wines produced in 2003 and 2002 and one session in 2006 for wines produced in 2004 and 1999; that is, after one year (2003 and 2004) or two years (2002) of storage in an underground cellar. It was carried out after five years of storage for the 1999 wines. In each one of the two tasting sessions, wines from two vintages were anonymously evaluated together. The sensory analysis of wines was performed by the same 15 trained tasters from the Ecole Supérieure d’Agriculture, Angers. Tasters had been trained on Loire Valley red wines and more specifically on Cabernet franc wines, with fundamentals sessions on wine (basic tastes, sensations, and odor recognitions) and more specific sessions on the evaluation of Cabernet franc wine. Natural references (such as fruit juices, spices, vegetables) and references from the Le nez du vin book box (Lenoir 2004) were used for the panel training sessions on odor recognition of these different references (Table 1⇓). For taste and mouth feel, several concentrations of different molecules (tartaric acid, caffeine) were used. Collective and individual exercises were proposed to improve panel performance. A list including 35 attributes (Table 1⇓) had been defined by a consensus method during a previous study on Cabernet franc wine. The reliability and the performance of the panel had been validated during that previous study (not presented).
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Table 1  Descriptors and standards used in panel training for flavor profiling of Cabernet franc wines, 1999, 2002, 2003, and 2004.



Tasting took place in individual computerized booths under white light. Products were served in a completely balanced design. Six to eight wines were tested during each session. Tasters had to use a pectin solution (1.5 g/L AYD 250 Cargill in water) and water for mouth rinsing after each wine. They were also given white bread.
Panelists scored the wines using a 10-cm unstructured linear scale from 0 to 10 to rate the perceived intensity of each of the attributes previously selected (Jourjon et al. 2005). The scale was anchored on the left end with “low” intensity and on the right end with “high” intensity. Scores were collected by FIZZ software (version 2.10; Biosystems, Courtenon, France) according to the distance along the line.

Statistical analyses
All data were subjected to the ANOVA procedure for factorial analyses of variance, using Statbox software. For each year presented here (1987, 1993, 1999, 2004) the effects of organic treatments on berry weight and pH and on total soluble solids, titratable acidity, anthocyanins, tannin, and mineral nutrient contents in berries were analyzed by one-way analysis of variance. Chemical data of wines made in 1999, 2002, 2003, and 2004, for control, VPW2, CM10, and CM20 treatments were analyzed in the same way. In these variance analyses, the organic treatment factor was the only source of variation.
Data of sensory analysis and wine color components measurements were treated using a two-way variance analysis where organic treatments and vintage were the two studied variation sources. Data from each of the 15 judges were considered as a replicate for each sensory attribute. For most wines the aging duration was comparable (one or two years of storage), except for the 1999 wines (five years), which may modify the vintage effect. Nevertheless, we can consider that the good stability of temperature and hygrometry in the underground cellar of storage were not favorable for a rapid change in the wine sensory characteristics. All means comparisons were performed with the Newman–Keuls multiple range test at p ≤ 0.05.
For the control, VPW2, and CM20 treatments, mean alcoholic fermentation curves from four years (1999, 2002, 2003, and 2004) were compared using a polynomial nonlinear model that was a second-order equation as follows: Y = A + B.X + C.X2 (available in Microsoft Excel 2003 software). B and C slope data were treated with ANOVA, and the Newman–Keuls test was used for mean separation with a probability ratio at p ≤ 0.05.


Results
Fruit composition at harvest
Results obtained from 1987, 1993, 1999, and 2004, corresponding to the same years as those reported in companion studies (Morlat and Chaussod 2008, Morlat 2008), were chosen to study both organic and chemical fruit compositions. Organic treatments had no effect on the berry weight, which was close to 1.40 g in 1993, 1999, and 2004, and ~1.75 g in 1987 (Table 2⇓).
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Table 2  Impact of different organic treatments on berry weight and fruit composition at harvest in the Chinon long-term experiment, Loire Valley, France. Values are means of four replicates.



In 1987 and 1993, there was no significant difference among organic treatments for total soluble solids (TSS) content. In 1999 and 2004, TSS was significantly lower in CM20 and SMC16 treatments (17.6 and 17.4 Brix in 1999, and 22.2 and 22.9 Brix in 2004, respectively) than in the control and VPW2 (18.6 and 18.4 Brix in 1999, and 23.8 and 23.7 in 2004, respectively). In CM10 and SMC8 treatments, TSS contents were intermediary or not significantly different than those in control (Table 2⇑).
Titratable acidity (TA) of berries was only influenced by organic treatments in 1999, when it was significantly higher (6.34 g/L) in CM20 plots, but lower in SCM8 (5.73 g/L) and SCM16 (5.75 g/L) treatments. The control and VPW2 were intermediary (Table 2⇑).
In 1999 and 2004, juice pH was significantly higher in CM10, CM20, SMC8, and SMC16 treatments (Table 2⇑). More accurately, CM20 and SMC16 exhibited the significantly highest pH. No differences among organic treatments were found in other years.
Anthocyanin content in berry skin was only affected by the CM20 treatment, which had a significant negative effect in 1993, 1999, and 2004 (Table 2⇑). Anthocyanin content in SMC16 treatments was closest to that of CM20.
Tannin content of berry skin measured by the TPI (total polyphenol index) was significantly decreased in the SMC16 treatment, in 1993, 1999, and 2004. CM20 also showed a significant decrease in 1999.

Fruit mineral composition at harvest
Organic treatments induced significant differences of the total N content in berries over the four years studied. CM20 and SMC16 generally had the highest total N content (Table 3⇓) and, to the contrary, the control and VPW2 had the lowest, except in 2004 when N content in VPW2 was significantly higher than in the control. Berry N content was intermediate in CM10 and SMC8 treatments.
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Table 3  Impact of different organic treatments on mineral element concentrations of berries at harvest in the Chinon long-term experiment. Values are means of four replicates.



Differences in total phosphorus (P) concentration of berries were observed between organic treatments. The control had the lowest P (p ≤ 0.05) and the CM20 treatment showed the highest levels in the four years studied. In addition, other treatments exhibited intermediate P (Table 3⇑).
In the control and VPW2 treatments, total K concentrations were significantly lower in berries over the four years, while the CM20 treatment always significantly increased K, which was also the case for the SMC16 treatment in 1999 and in 2004. Other treatments were intermediate in K (Table 3⇑).
Total Mg concentration in berries was little modified by organic fertilizer treatments. In CM20 and partially in SMC16, total Mg was highest in 1987, 1993, and 1999, but no difference was observed in 2004 (Table 3⇑).

Changes in alcoholic fermentation of must
The mean adjusted curves of must density kinetics over the alcoholic fermentation period for three representative treatments (control, VPW2, CM20) are shown in Figure 1⇓. The rate of fermentation was significantly the highest in the CM20 treatment and showed significant highest values (p ≤ 0.05) of B and C slopes at 38.7 and 2.75, respectively. The rate of fermentation was the lowest in the control treatment (p ≤ 0.05), with B and C slopes at 31.5 and 1.8, respectively. It was intermediate in VPW2 treatment with values of B and C slopes of 34.3 and 2.15, respectively.
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Figure 1  Mean adjusted curves of must density changes during alcoholic fermentation using a second-order polynomial regression, for three organic amendments in the Chinon long-term experiment. Control: no organic amendment; VPW2: 2 t crushed pruned vine-wood (dry wt/ha/yr); CM20: 20 t cattle manure (fr wt/ha/yr). Values are means of four vintages (1999, 2002, 2003, and 2004).




Wine composition
Results presented here are means of values from wines made in 1999, 2002, 2003, and 2004 for each of the chosen treatments (control, VPW2, CM10, and CM20). Organic treatments affected concentrations of ethanol, total K, and anthocyanins and pH values in wines. Wine from CM20 plots had the highest ethanol and total K (p ≤ 0.05) and also the highest pH (p ≤ 0.05) (Table 4⇓). In contrast, this same treatment showed the lowest (p ≤ 0.05) anthocyanin concentration. The CM10 treatment increased pH and total K concentration, compared with the control, but ethanol and anthocyanin in wine were not significantly changed. No chemical characteristic of wine was affected by the VPW2 treatment. Titratable acidity and tannin content in wine were not modified by any of the organic fertilizer treatments.
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Table 4  Impact of four organic treatments on the averaged chemical composition of Cabernet franc red wines at the time of bottling. Values are means of four vintages (1999, 2002, 2003, and 2004).




Wine color spectral parameters
Organic treatments, vintages, and the [organic treatment] x [vintage] interaction had significant effects on different color spectral parameters (Table 5⇓). The CM20 treatment significantly increased the lightness index (L) (13.6), while the L index for VPW2 treatment was not significantly different (11.2) from that of the control (11.9). The 2004 vintage significantly decreased the L value (1.9) compared with 1999, 2002, and 2003 (16.0, 16.3, and 14.7, respectively). A significant [organic treatment] x [vintage] interaction indicated the opposite behavior for the CM20 treatment, depending on the vintage. In 1999 and 2002, L values were higher at 17.5 and 21.0, respectively, than in other treatments.
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Table 5  Impact of organic treatment, vintage, and their interaction on spectral parameters of color of Cabernet franc red wines. Values presented are both F ratios and means of three replicates carried out at the time of sensory analysis.



Chroma (C) was significantly highest in CM20 (57.2), slightly lower in the VPW2 treatment (51.8), and intermediate in the control (55.3). The 2004 vintage had the significantly lowest chroma (31.5) compared with the 1999 (62.0), 2002 (63.6), and 2003 (62.0) vintages. As already shown for wine lightness, there was a significant [organic treatment] x [vintage] interaction for wine chroma. In 2004, C was significantly higher (p ≤ 0.05) in the CM20 treatment (41.2) than in the control (31.0) and lowest in VPW2 (22.3). In 1999 and 2003, chroma was lower in the CM20 treatment than in VPW2 and the control.
Wine hue (h°) was significantly increased in the CM20 treatment (22.4), but VPW2 had no significant effect (19.0) compared with the control (19.7). In 1999 and 2002, h° was significantly higher at 26.2 and 25.9, respectively, than in 2003 (23.8), and was the lowest in 2004 (5.6). The significant [organic treatment] x [vintage] interaction indicated that in 1999 and 2002, h° values of CM20 (29.0 and 31.7, respectively) were significantly higher than in VPW2 (25.4 and 21.1, respectively) and the control (24 and 25.0, respectively). In contrast, for the CM20 treatment, the h° value in the 2003 vintage was lower (21.6) than for WPW2 (25.1) and control (24.7).

Effects of organic treatment and vintage on sensory attributes
F ratios were determined on the effects of organic treatment (OT), vintage (V), and [organic treatment] x [vintage] (OT x V) interaction on wine sensory characteristics, and means were calculated for sensory attributes in different modalities of organic treatments and vintages (Table 6⇓). Organic treatments were the control, VPW2, and CM20, in which grapes were harvested for winemaking in 1999, 2002, 2003, and 2004. Only results related to the sensory attributes that were common to the wines from the four studied vintages were selected, that is, 16 descriptors including one color attribute, eight aroma attributes, one retronasal attribute, and six taste attributes. Factors of variation had a significant impact (p ≤ 0.05) on five sensory attributes of wines for organic treatment and 11 sensory attributes for vintage. The effect of the OT x V interaction was significant (p ≤ 0.05) on five sensory attributes.
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Table 6  Impact of three organic treatments and four vintages on mean values of sensory attributes of Cabernet franc wines in the Chinon long-term experiment. Values are both F ratios and means of 15 replicates (15 tasters) per wine.



The averages of wine sensory attributes for different modalities of organic treatments (control, VPW2, CM10, CM20) within each vintage (1999, 2002, 2003, and 2004, except CM10 in 2003 and 2004) are shown in Table 7⇓. Only sensory attributes showing significant organic treatment effects for at least two years were selected, that is, one color attribute, four aroma attributes, two retronasal attribute, but no taste attribute.
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Table 7  Impact of three or four organic treatments in each of the four studied vintages on wine sensory attributes of Cabernet franc wines.



Organic treatments, vintage, and the OT x V interaction had a highly significant general effect on wine color intensity. The CM20 treatment significantly decreased color intensity, but VPW2 had no effect. Moreover, color intensity was strongly decreased in the 1999 vintage, but did not exhibit any significant difference in 2002, 2003, and 2004 (Table 6⇑). In CM20 and for 2002 and 2004, wine color intensity was highly significantly decreased, but increased in 2003 (Table 7⇑). In CM10, color intensity was significantly higher than in the control in 2003, but was not statistically different in 2004.
The wine aroma descriptors such as aroma intensity, fruity, f loral, spicy, fermentation, animal, and empyreumatic (coffee, chocolate) did not show any general significant impact from organic treatments (Table 6⇑). On the contrary, wines from the CM20 treatment exhibited the highest (p ≤ 0.05) herbaceous/vegetative odor at 3.54 in contrast to VPW2 (3.07) and the control (2.82). The highest aroma intensities (p ≤ 0.05) were in 2002 and 2003 wines and the lowest in 1999. The OT x V interaction was highly significant for aroma intensity and suggested that this attribute in CM20 wines could be the highest or the lowest according to the vintage (Table 7⇑). The 2004 wines had the lowest floral and animal odors, and the 2002 vintage had the highest (p ≤ 0.05) herbaceous/vegetative odor. No vintage impact was observed for fruity, spicy, fermentation, and empyreumatic odors. The CM20 treatment produced wines with the significantly highest aroma intensity, reaching 6.00 in 1999 and 2003. Other treatments were comparable in 1999, 2002, and 2003. No difference among treatments was observed in 2004. Wines made from the control in 1999 and 2002 significantly had the highest (p ≤ 0.05) red fruit aroma, as did CM20 wine in 2002. In 1999, wine from CM20 significantly presented the highest macerated fruit aroma, but the lowest in 2002. No difference existed among organic treatments in 2003 and 2004 for red fruit and macerated fruit aromas. The CM10 and CM20 treatments significantly increased animal odors in 2003 and 2004, but no difference between treatments was observed in 1999 and 2002. Wines made from the CM20 treatment scored the highest (p ≤ 0.05) empyreumatic odors in 1999 (2.86) and 2003 (2.39). A similar tendency existed for CM10 wine in 2003. In 2002, wines from CM20 and the control showed significantly lower empyreumatic odor intensities than wines from VPW2, whereas no difference was found among treatments in 2004.
In the retronasal sensory group, only the aroma intensity attribute exhibited a significant general effect of organic treatment and vintage factors (Table 6⇑). The wine aroma intensity significantly increased in the control and for the 2003 and 2004 vintages. The OT x V interaction was also significant, indicating that wines from the CM20 and VPW2 treatments had the highest aroma intensities in 2003, but the lowest in 2002 (data not shown). Considering annual results, only animal odor attribute was significantly influenced by organic treatments (Table 7⇑). In 1999, wine made from CM20 had the highest (p ≤ 0.05) animal aroma intensity, and wine from VPW2 the lowest. In 2003 and 2004, CM20 and CM10 wines were also in the group with higher animal aroma intensities. There was no difference among treatments in 2002.
Several sensory attributes from the taste group showed significant general effects of organic treatment and vintage factors, as well as significant OT x V interactions. Organic treatments had no impact on acidity, bitterness, and alcohol, but vintage influenced significantly these attributes (Table 6⇑). Compared with 1999 and 2002, wines made in 2003 and 2004 had significantly higher acidity and alcohol intensities and the OT x V interaction was not significant. Wines from 2002 showed the highest (p ≤ 0.05) bitterness intensity. The fat intensity in wine (the fullness in mouth without aggressiveness) was not significantly modified by organic treatment and vintage factors (Table 6⇑). Both organic treatment and vintage factors significantly influenced astringency intensity and length of wine, and the OT x V interaction was highly significant.
Compared to the control, wine made from the CM20 treatment had both significantly lower astringency intensity and length. For VPW2 wine, the astringency and length intensities were not significantly different from those of the control and CM20 treatments, respectively, and were the same as in CM20.
The astringency intensity of wine was significantly highest (p ≤ 0.05) in 2003 and lowest in 1999. Wines from 2003 and 2004 significantly had the highest length (aromatic persistency) intensities (p ≤ 0.05) and those from 2002 the lowest (Table 6⇑). For astringency and length sensory attributes, the OT x V interaction was highly significant, indicating that wines from the control had highest astringency (p ≤ 0.05) intensities in 2003 and 2002 and lowest in 1999; similarly, wine from CM20 had highest length intensity in 2003 and lowest in 2002.


Discussion
Results indicate that different organic amendments and doses applied each year over a 28-year period did not affect berry weight and that fruit yield was reduced in treatments with high levels of organic amendments over the period 1993 to 2004 (Morlat 2008). Since a possible major treatment effect can be due to the influence of nitrogen released by the mineralization of soil organic matter, our results need to be compared to those from several studies about nitrogen supply to the grapevine. In field trials, one study found that nitrogen supply did not affect berry weight in Shiraz vines grafted onto three different rootstocks (Teleki 5C, Schwarzmann, and Ramsey) (Holzapfel and Treeby 2007), while another study reported no effect of three levels of fertilization on berry diameter of Pione grafted onto SO4 rootstock (Okamoto et al. 2003). However, a significant positive effect of high levels of nitrogen supply (100 kg N/ha) on berry weight has been observed (Keller et al. 2001). In container experiments where C/N allocation in vine can be altered, nitrogen supply did not significantly affect berry size in Shiraz vines grafted onto Ramsey, Teleki 5C, and 101-14 Mgt rootstocks (Rogiers et al. 2004), whereas another study showed a significant reduction of berry weight of Merlot with excessive nitrogen levels, but no difference between mean and limited levels (Hilbert et al. 2003). Thus, most of the results reported in these studies indicate that nitrogen supply did not affect berry weight as recorded in our trial.
Organic treatments affected berry composition mainly in 1999 and 2004 (the last period of the experiment). Higher rates of organic amendments providing higher nitrogen levels decreased total soluble solids, but did not modify titratable acidity, as already shown in field (Spayd et al. 1994) or controlled (Hilbert et al. 2003) conditions, suggesting that only sugar accumulation of CM20 berries was delayed due to the high nitrogen supply. Similar results have been reported (Christensen et al. 1994, Korboulewsky et al. 2004), with authors attributing the decrease in total soluble solids in berries to an increase of vine vigor because of high N supply. In these conditions (reviewed by Bell and Henschke 2005), the balance in carbon partitioning is favorable to vegetative growth compared to reproductive growth and, in addition, the increase in vine vigor can lead to a deterioration of the microclimate quality of the grapes. However, in our study no increase in vine vigor measured by the pruning weight was observed. As cited by Hilbert et al. (2003), the high N supply in CM20 and SMC16 treatments could have a direct effect on berry composition, which was independent of indirect effects linked to carbon partitioning between reproductive and vegetative growth or the size of the berries (skin to must ratio).
Data from the present study indicate that juice pH increased with an increasing organic amendment rate, presumably in connection with both available nitrogen and K supplies. Spayd and colleagues (1994) reported that juice pH increased with decreasing titratable acidity and increasing ammonia concentration. In our trial, ammonia concentration of juice was not determined, but juice pH from 1999 and 2004 increased with decreasing titratable acidity (r2 = 0.900, p = 0.0000856, n = 12). Also, juice pH was closely and positively associated with juice K concentration (r2 = 0.806, p = 0.0019, n = 12). Similar results have been obtained (Ruhl and Fuda 1991), but Spayd et al. (1994) concluded that juice pH was not associated with juice K concentration in their study (r2 = 0.07, p = 0.443, n = 93).
Under our experimental conditions, total N, total P, and total K concentrations of juice significantly increased in treatments with high rates of organic amendments, presumably because of the higher soil richness due to the chemical composition of organic manures (Morlat and Chaussod 2008), particularly in CM10 and CM20 plots. Furthermore, according to results reported elsewhere (Ough et al. 1989), winegrowers who apply high rates of organic manures should be aware that high nitrogen content in juice could lead to significant amounts of ethyl carbamate in the resulting wines.
High rates of organic manures that provided much available nitrogen to the vines (Morlat and Chaussod 2008), such as those applied in the CM20 and SMC16 treatments, decreased anthocyanin and tannin content of berries, compared with the control. This reduction in phenolic compounds in berries could not be attributed to competition between fruit and shoot growth since pruning weight and grape yield were similar or lower than those in the control. In Merlot vines grown under controlled conditions with the same vegetative growth parameters and grape yield in different treatments, the anthocyanin content in the berry skins decreased with high N supply (Hilbert et al. 2003). The authors concluded that N supply had a direct effect on anthocyanin content and that high nitrogen supply affects the metabolic pathway of anthocyanins in different ways. According to Keller (2005), vine nitrogen status has a direct influence on the production of individual pigments in grape skin in addition to the indirect effect induced by modifications of vigor and fruit set. Our results suggest such an influence. Furthermore, it has been shown that excess P may inhibit the induction of phenylalanine ammonia-lyase and chalcone synthase activity and can lead to a reduction of the anthocyanin content in grapevine cell cultures (Kakegawa et al. 1995). This negative effect of P could partly explain the lower phenolic compound content in berries that we observed in CM20 and SMC16 plots where juice P content was the highest.
Wine chemical composition was significantly modified by high rates of organic amendments. The pH was actually increased because of high K concentration in wine and, hence, a risk of instability of the wine during aging. Alcohol concentration in wine, just like anthocyanin and tannin content, was reduced, in accordance with results obtained for berries. Most of these effects confirmed those of Spayd et al. (1994).
Our results clearly showed that the high dose of cattle manure in the CM20 treatment increased the alcoholic fermentation rate. It is well known that N is required by yeast for growth and fermentation (Bisson 1991). As a consequence, higher N content in grapes as the result of high rates of organic amendments is conducive to more rapid fermentation.
Sensory characteristics of Cabernet franc wine were significantly influenced by both vintage and organic treatments. Color, aroma, acidity, astringency, and alcohol intensities of wines made in 1999 were lower overall than those of wines from other vintages. In contrast, wines from 2003 and 2004 showed the highest intensities for the previous sensory attributes and the highest length intensities as well. The vintage effect is linked to weather conditions such as rainfall, temperature, and solar radiation (Jackson and Lombard 1993). Over the vegetative period (1 Apr to 31 Oct), the water climatic deficit, which is the difference between cumulative rainfall (R) and cumulative evapotranspiration (ET0) calculated using the Penman–Monteith method, represents a good synthesis of combined effects of climatic factors. Thus, R-ET0 was higher in 2003 and 2004 (−429 and −385 mm, respectively) than in 1999 and 2002 (−196.5 and −377 mm, respectively).
Organic treatments had a significant impact on several sensory characteristics of wine for the four vintages studied. The high dose of cattle manure (CM20) decreased color intensity as shown by the results of tasting and color measurements and as suggested by the lower anthocyanin concentration in the wine. Higher herbaceous/vegetative odors found in wines produced in CM20 could be linked to a lower degree of berry ripening observed for treatments with high rates of organic amendments. Response of Semillon to irrigation and N fertilization showed that both gave resulting wine a more herbaceous taste (Ureta and Yavar 1982). In our study, wines from two rates of cattle manure expressed the highest empyreumatic odor and animal odors. It has already been reported that wines from the highest rate of sewage sludge compost had the highest animal odor, which depressed the olfactory quality and led to lower overall wine quality (Korboulewsky et al. 2004). In addition, results reviewed by Bell and Henschke (2005) indicated that the concentration of nitrogen in juice has a great impact on the sensory profile of a wine. Overall, the moderate concentration of nitrogen produced a wine that had the best balance of preferred and less preferred or undesirable aroma descriptors. In our experiment, the control presented juices with moderate nitrogen concentrations and wines with the highest retronasal aroma intensity and aromatic persistency and often a higher red fruit aroma, which are desirable descriptors. These results are in agreement with those previously cited. Conversely, the CM20 treatment produced presented juices with high nitrogen concentration and wines with higher herbaceous/vegetative and animal aroma attributes, which are less desirable descriptors. In addition, the chemical characteristics of these wines, such as a higher pH and lower color intensity, suggested that they may have had a lower aging potential. The single dose of pruned vine-wood was more conducive to wines with desirable aromas than the highest rate of cattle manure. In our experiment, the control appeared to be the best treatment for wines because it was associated with a higher aroma intensity and a good balance of desirable (red fruits) and less desirable (herbaceous/vegetative and animal) odors; it also had a good aging potential because of higher color intensity, higher astringency, and lower pH.

Conclusion
Long-term additions of organic amendments in a viticultural soil significantly influenced grape maturation, berry composition, and wine chemical characteristics as well as wine sensory properties. Over the last six years of the experiment, treatments with the highest dose of organic amendments that provided the heaviest nitrogen supply through the mineralization of the soil organic matter negatively influenced both grape and wine characteristics. Total soluble solids and anthocyanin and tannin contents of berries were decreased. Total N, total P, total K, and pH increased in the juice. As a consequence, the chemical composition of the wine was modified similarly to that of the berries. In comparison with other treatments, wines from the treatment with high doses of cattle manure had both the lowest color intensity and aromatic persistency and also had more herbaceous and animal odors and aromas, which are less desirable descriptors. Wines made from the control generally had the highest intensities of the most desirable variables and scored the highest for red fruit aromas.
The effect of nitrogen on fruit composition, according to the dose and the type of organic amendments, depends on grapegrowing region (climate), soil type and composition, and prevailing weather conditions. Thus, grapegrowers who apply organic amendments to add organic matter to the soil must be aware of the long-term consequences on wine quality and should manage the addition of amendments and fertilization according to the factors mentioned above. Repeated additions of high doses of organic manures, especially cattle manure, should be avoided.
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