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Our three year vineyard study on using irrigation and supplemental nitrogen to reduce or delay appearance of Atypical Aging (ATA) wine flavor defect has recently concluded.  This project was the first to look directly at how vineyard practices affect the appearance of ATA symptoms in wines.  With involvement from a plant physiologist (Lakso), plant nutrition specialist (Cheng), enologist (Henick-Kling) and a flavor chemist (Acree), we were able to take a detailed look at two aspects of ATA: 1) how the vineyard practices affected vine function, yield, and quality; and 2) how the wines compared in flavor development, chemistry and the appearance of ATA symptoms.  Sensory and chemical analysis of the wines will continue, as we now have wines from three vintages (2001-2003) made from vineyard plots with defined treatments.  This will be an invaluable resource in determining chemical wine characteristics that are associated with the ATA problem.

In this article, I will try to provide highlights of our conclusions in the areas of vine function, yield, wine sensory characteristics, and differences in wine chemistry revealed by this study.

Atypical Aging. Wines with atypical aging (ATA) defect lose their varietal flavors very quickly - sometimes before the wine is one year old and before the wine is 3 years old.  With the disappearance of the varietal flavor, atypical flavors appear, which are described as “dish cloth”, “floor polish”, “linden blossom”, “furniture varnish” etc.

ATA primarily occurs in white wines, such as Riesling, Chardonnay, Pinot Gris, Cayuga White.  This defect was first identified and reported in Germany in early 1980’s.  Since then it has been reported in many European countries and other wine growing regions of the world.  We recognized this problem in the Northeast, Midwestern, and Western USA.  Based on the notes taken at large wine competitions, we estimate that the percentage of wines affected with ATA might be as high as 20%. It can potentially cause large economic loss to the grape and wine industry.   Wines become un-salable and is they are sold with dimished fruit flavor characteristics and som degree of off-odors then the reputation of the winery can be strongly damaged.
Presumed causes of ATA.  European researchers associated ATA with drought-induced vine stress particularly during the four weeks around veraison when fruit demand for nitrogen and water is high.   They also identified three chemicals – O-aminoacetophenone, indole, and skatole – as being associated with ATA.  

Our starting point with this project was to test the hypothesis that by removing water stress (through irrigation) or applying supplemental nitrogen (by foliar sprays around veraison, or soil application in mid July) we could reduce or delay appearance of ATA characters in the wine.  The identification of the three chemicals listed above also provided a starting point for determining whether or not the same chemicals were involved with ATA wines in the Finger Lakes, and if not – what other chemicals were involved in producing ATA characteristics in wine.

Experiment.  The vineyard experiment design was simple.  We established six different treatments with different combinations of irrigation and nitrogen fertilization.  Vines were either irrigated or not irrigated, and had either ‘no nitrogen’, ‘foliar nitrogen’ (5 applications of 12 lb urea per acre in 200 gallons per acre of water, applied weekly from 2 weeks before veraison until 2 weeks after veraison; a total of 30 lb actual N per acre) or ‘soil nitrogen’ (30 lb actual N per acre, applied in mid July, about 1 month before veraison) applied to the plots.

During the growing season, water status and photosynthesis were measured at 2 week intervals, and several leaf samples were collected to determine nitrogen content.  At harvest, fruit was measured for yield components (total yield, berry size, clusters per vine) and juice characteristics (Brix, pH, TA, yeast available nitrogen).  Fruit from each treatment was collected, and two lots of wine were made from each treatment.  Wines were tasted at 6 months, 1 year, 18 mo and 24 months The sensory studies of the 2001 wines has been completed and is underway for 2002 and 2003 wines., The wines were rated for 7 flavor attributes associated with ATA.  Wines from the experiment and other wines exhibiting ATA (or not) were analyzed for concentrations of specific aroma chemicals by a variety of techniques.  In 2002, dormant canes were collected to obtain pruning weights, and buds were evaluated for winter injury from the 2002-2003 winter.  Following budburst, the number of retained nodes and number of shoots arising from those nodes was evaluated.

Results. Data generated by this experiment was extensive, so rather than presenting all the tables and figures from the final report, I will summarize highlights from the results.

Weather.  The first two years of this experiment were drought years, with notable water stress showing up in mid July through early September.  In 2002 we also had unseasonably warm temperatures in September (in the 90s for several days).  The final year, 2003, was of course very wet and cool, which delayed maturity.  No vines were irrigated in 2003, so results from the final year probably reflect carryover effects from the previous two drought years.

Vine Function.  During the first two years, non-irrigated vines had severe water stress from late July through early September.  Vines with water stress also had reduced photosynthesis over a period of 5 to 8 weeks during the hottest part of the growing season.  Veraison in 2001 and 2002 occurred about midway through these periods of water stress. In 2003 there was no water stress, nor differences in photosynthesis.

Yield and Maturity.  Several measures of yield and maturity differed over the three vintages:

· In 2001 and 2002, irrigated vines had larger berries with higher sugar content at harvest. Brix on non-irrigated fruit was 2 to 3º lower than Brix on irrigated plots (regardless of N fertilization).  Berry weight was 0.1 to 0.4 grams higher in irrigated plots.  These differences are a clear result of reduced vine function over several weeks in the non-irrigated plots. 
· In 2003, smaller vine size in non-irrigated plots resulted in 50% lower yield than vines that had received irrigation in 2001 and 2002. Irrigated vines had higher pruning weight (about a pound higher), and less winter injury (22% dead buds vs 33%) than non-irrigated vines. There was no difference in cluster weight nor berry weight at harvest in 2003, but irrigated vines averaged 80 clusters per vine versus 40 clusters per vine on non-irrigated vines. Irrigated vines yielded 22 lb/ vine, while non-irrigated vines yielded 12.5 lb/vine.  
· Foliar nitrogen around veraison increased yeast-available nitrogen (YAN) in 2001 and 2002. Yeast available nitrogen (YAN) content in the grape must in 2003 was higher in all plots than in 2001 and 2002, and did not differ among treatments. YAN influences fermentation, and winemakers consider 400 to 500 mg/l YAN to be a target level.  YAN was well below this level in non-irrigated, non-fertilized plots in 2001 and 2002, but foliar N increased YAN from 180 to 277 mg/l in 2002 (non-irrigated) and from 152 to 252 mg/l in 2002.  In 2001, irrigation alone also increased YAN, but this did not happen in 2002.  In our wet season of 2003, YAN levels in ALL plots ranged from 405 to 461 mg/l, and foliar N did not appear to consistently affect YAN.
Wine Sensory Evaluation.  Wines were rated for seven characters: intensity of varietal flavor, bitterness, body, dish cloth, furniture varnish,  linden blossom, and vegetativeness.  Tastings are complete for 2001 wines, and still under way in 2002 and 2003 wines.  From the 2001 wines:

· Tasters were able to detect statistically significant differences in intensity of 6 of the 7 flavor characteristics in wines which were only 6 months old . Only scores for ‘vegetative’ did not differ significantly.  The different vineyard treatments produced wines with significantly different flavor profiles.
· Highest rating for varietal flavor was from the ‘irrigated, no N’ wines; lowest varietal flavor was from ‘non-irrigated, no N’ wines. These wines also had the highest ‘dish cloth’, ‘furniture polish’ and ‘bitterness’ ratings.  These are characteristic ATA flavors.  Non-irrigated vines with foliar N scored intermediate for some characters.

· Over time, intensity of the ATA defect increased and varietal flavor intensity decreased in both irrigated and non-irrigated fruit.  Irrigated fruit had higher varietal intensity to start with, and less ATA flavors than the non-irrigated fruit, so the progression of ATA was delayed in irrigated fruit.  Tasters were able to perceive some ATA off-flavors in all wines, however.

· 2002 wines are showing similar trends as the 2001 wines.
The overall conclusion from sensory evaluation of 2001 wines is that drought stress strongly affected development of ATA in the wine.  Foliar application of nitrogen without irrigation improved the intensity of varietal fruit flavors to about the same intensity as irrigated fruit with foliar or soil nitrogen. Irrigated fruit with no N ???
Aroma Chemistry.  Several experiments done by the Terry Acree’s group were able to rule out some previously-suspected trace concentration odorants associated with ATA sensory defects, and identified new possible candidates for further investigation and identification.

· O-aminoacetophenone, indole and skatole do not appear to be associated with ATA in New York. These chemicals were identified by German researchers as being associated with ATA in Germany, but analysis has failed to detect them in significant concentrations in NY wines with ATA.

· Terpene concentrations are not causally associated with ATA.  Terpenes are known components of varietal flavor in Riesling, so a hypothesis was that ATA could be associated with lower concentration of terpenes. While terpene concentrations varied,  the absolute amounts varied much less than would be detected  at sensorially.

· Unidentifed compounds with odor descriptors ‘animal’ and ‘urine’ that may be associated  with ATA were detected through gas chromatography/olfacometry.  These two ‘peaks’ that differed in wines with and without ATA have not yet been identified  chemically.  Further studies of wines produced by this experiment should yield further progress in identifying specific chemicals associated with the ATA flavor defect.

Summary. Foliar N applications before and during veraison increased the yeast available nitrogen (including ammonium and amino N) content in the grape must of 2001 harvest.  In both 2001 and 2002, irrigation increased berry size and sugar content by improving vine water status and maintaining leaf photosynthesis at high levels.  Irrigation also increased juice yeast available nitrogen content.  The amount of yeast available nitrogen was highest when both foliar N application and irrigation were provided.  It appears that foliar N application was very effective in increasing juice yeast available nitrogen even under water stress, whereas soil N application did not have any effect.

Both irrigation and foliar nitrogen treatments had significant effects on sensory characteristics of wine.  Irrigation or foliar N application improved varietal flavors and reduced off-flavors associated with ATA.

Major progress was also made in characterizing the ATA defect as it occurs in Finger Lakes wines. The ATA defect may reflect the loss or simply a deficiency of compounds that contribute to the aroma of the wine.  Or, the characteristic varietal fruit flavors of the wines becomes dominated (blocked) by the ATA off-flavors.  Chemically, the ATA defect odor was determined not to be caused by O-aminoacetophenone, as has been speculated.  In addition, two other chemicals considered as the off-odorants in ATA wine, skatole and indole, were not detected despite vigorous attempts to do so. These compounds are no longer considered contributors to the ATA off-odor profile. Two unknown chemical compounds were isolated by Gas Chromatography/ Olfactometry that appear to be key elements of ATA aroma.

Practical Conclusions.  For wine makers and vineyard managers faced with ATA development, this research provides tools that may help them reduce and hopefully eliminate the ATA problem and economic loss associated with it.  This study strongly supports the direct and indirect benefits of irrigation during the period around veraison.  In drought years, irrigation resulted in riper, higher quality fruit, and delayed appearance of ATA symptoms in wine. Irrigation also provided protection from a loss in vine size and ½ of potential production during the 2003 growing season – a carryover effect of the 2002 drought. Foliar N in not irrigated plots, applied around veraison, increased yeast available nitrogen in harvested fruit, providing partial protection against ATA. Furthermore, N applied at veraison did not lead to increased vegetative vine growth, because much of the N absorbed appeared to be translocated to the fruit.   Thus, foliar urea applications may be another management tool growers can use to minimize ATA.  In addition, it may assist in producing musts in dry years that are less susceptible to stuck fermentations. 

Characterization of the chemical components associated with ATA may allow development of rapid analytical methods to identify wines and juices prone to developing ATA.  This will assist in identifying vineyard and winemaking practices that are associated with ATA.  Wines produced by this experiment will be of continuing value in our analytical efforts to characterize the causes of ATA. Although no specific chemicals have yet been identified (it is still early in the ageing process) as the cause of ATA the formation of tri-dihydronaphtalene (TDN) as an indicator of the aging defect is compelling.
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