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  Yield, Must Composition, and Wine Quality Responses to Preveraison Water Deficits 
in Sparkling Base Wines of Chardonnay
Joaquim Bellvert,1* Jordi Marsal,1 Merce Mata,1 and Joan Girona1

1Efficient Use of Water Programme, Institut de Recerca i Tecnologia Agroalimentàries (IRTA), Parc de Gardeny, Edifici Fruitcentre, 
25003 Lleida, Spain. *Corresponding author (joaquim.bellvert@irta.es)

A field experiment was carried out over three consecutive seasons on Vitis vinifera cv. Chardonnay destined for spar-
kling base wine Cava. Four different irrigation treatments were applied: (i) control (C), fully irrigated, in which irriga-
tion was scheduled according to a water balance approach; (ii) RDIm, irrigated during stage II (from berry set to the on-
set of veraison) when Ψstem was less than -1.0 MPa and as C during other phenological stages; (iii) RDIs, irrigated during 
stage II when Ψstem was less than -1.2 MPa and as C during other phenological stages; and (iv) DI, irrigated when Ψstem 
was less than -1.2 MPa from flowering to harvest. Differences in yield and base wine composition were observed among 
years. Over the three years, reducing the quantity of water applied by 20% below that of C in the RDIm treatment was 
associated with an average reduction in grape yield of 19%. The reductions in grape yield observed in the RDIs and DI 
treatments were even greater at 35 and 48%, respectively. Water stress negatively affected aroma quality, titratable acidity, 
and malic acid and increased polyphenol concentration, which is unfavorable for oxidation issues. Therefore, C was the 
best irrigation strategy to maximize quality variables for sparkling base wines. However, to facilitate crop management 
by controlling excessive vegetative growth, it could be interesting to use the RDIm strategy at the cost of slightly reducing 
some sensory attributes such as floral and tree fruit aromas and wine structure. The adoption of RDIs or DI strategies are 
not recommended due to their negative effect on acidity and desirable aromas in sparkling base wines. 
Am J Enol Vitic 67:1-12 (2016)

  Reaction of Oxygen and Sulfite in Wine
John C. Danilewicz1*
144 Sandwich Road, Ash, Canterbury, Kent CT3 2AF, United Kingdom. *Corresponding author (jdanilewicz@btconnect.com)

In an ideal situation, when a polyphenol reacts with oxygen in a model wine, hydrogen peroxide is produced and the 
polyphenol is oxidized to a quinone. The main function of sulfite, which is the most abundant form of sulfur dioxide 
in wine, is to remove both products, which in real wine would be highly damaging. Consequently, for each oxygen that 
reacts, two sulfites would be consumed, giving a 1:2 reaction ratio in experimental ideal conditions. Eight wines were 
studied and most were found to have ratios reduced down to 1:1.7. This result indicates that sulfite is not wholly effec-
tive in protecting real wine from oxidative damage. To see why this ratio was reduced, a white wine was treated with a 
large amount of benzesulfinic acid, which is known to react very efficiently with quinones, and so would prevent their 
interaction with sulfite. The reaction ratio was found to be reduced to 1:1. This result was taken to indicate that sulfite 
reacts fully with hydrogen peroxide and that the reduced reaction ratio is due to only partial interaction with the prod-
ucts of polyphenol oxidation. Two of the white wines which reacted rapidly with oxygen manifested very low reaction 
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ratios. This was shown to be due to the presence of ascorbic acid (vitamin C), which is added to some white wines to 
give additional protection from oxidation. The effect of adding ascorbic acid to a white wine on the reaction of oxygen 
was also examined.
Am J Enol Vitic 67:13-17 (2016)

  Applied Water and Rootstock Affect Productivity and Anthocyanin Composition  
of Zinfandel in Central California
Clinton C. Nelson,1 James A. Kennedy,1,3 Yi Zhang,2 and S. Kaan Kurtural1,4*
1Department of Viticulture and Enology, 2360 East Barstow Ave., California State University, Fresno, CA 93740; 2Former postdoctoral schol-
ar, present address: Technical Manager, Grapery Inc., 501 N Driver Rd., Shafter, CA 93263; 3present address, Vice-President, Polyphenolics 
and Concentrate, Constellation Brands, Inc., 12667 Road 24, Madera, CA 93637; and 4present address, Department of Viticulture and Enol-
ogy, University of California, Davis, 1 Shields Ave., Davis, CA 95616. *Corresponding author (skkurtural@ucdavis.edu)

A field study was conducted in central California to characterize the effects of rootstock genotype and applied water 
amounts on the productivity and anthocyanin content of Zinfandel (Vitis vinifera L.) grape berry in a hot climate. 
Zinfandel grafted on either rootstock Freedom (Fresno 1613-59 × Dog Ridge 5, 27% V. vinifera hybrid; high vigor, 
nematode resistant) or Salt Creek (Vitis champinii; high vigor, phylloxera and nematode resistant, and salt tolerant) 
was studied during two growing seasons under sustained deficit irrigation (SDI) and regulated deficit irrigation (RDI). 
Midday leaf water stress (Yl), canopy architecture, yield, berry composition, and berry skin anthocyanin content were 
measured at harvest during the two growing seasons. The Yl of Zinfandel was consistently higher with SDI, while root-
stock genotype did not affect it. Zinfandel grafted on Freedom consistently had greater berry weight, cluster number 
and weight, and yield per vine compared to Salt Creek. The skin and seed mass and seed number per berry of Zinfan-
del were greater when grafted on Freedom compared to Salt Creek. There were few effects of applied water amounts 
or rootstocks on berry composition in either year. Total berry skin anthocyanin content of Zinfandel was consistently 
greater with SDI compared to RDI, and greater with Freedom in the second year of the study. The stable anthocyanin 
proportion of Zinfandel was consistently greater with Freedom rootstock. The RDI treatments reduced water footprint 
of Zinfandel regardless of rootstock, but the decrease in yield associated with it was commercially unacceptable. Our 
results suggest that SDI in combination with Freedom rootstock can enhance water productivity based on limited reduc-
tions in yield and higher anthocyanin content in berry skin in a resource-limited area. 
Am J Enol Vitic 67:18-28 (2016)

  Skin Particle Size Affects the Phenolic Attributes of Pinot noir Wine: Proof of Concept
Angela M. Sparrow,1* Richard E. Smart,2 Robert G. Dambergs,3 and Dugald C. Close1

1School of Land and Food, Tasmanian Institute of Agriculture, University of Tasmania, Australia; 2Smart Viticulture, 31 North Corner, 
Newlyn, Cornwall, TR185JG, United Kingdom; and 3Wine TQ, PO Box 3 Monash SA 5342, Australia.  
*Corresponding author (angela.sparrow@utas.edu.au)

Modifying the phenolic composition of Pinot noir wines can improve their quality, overcoming familiar challenges asso-
ciated with deficiencies of color, tannin, and aging potential. During fermentation, extraction of desirable components 
from the skin takes place primarily through the inner skin surface of the berry and from broken skin edges. Ostensibly, 
the extraction of phenolic compounds located in the skin may be enhanced by reducing the skin particle size. A theoreti-
cal analysis indicated that moderate fragmentation was sufficient to substantially decrease the surface area to perimeter 
ratio of grape skins. Three experiments showed that cutting grape skins into smaller fragments facilitated egress of color 
and tannin from the skin into the wine matrix. Homogenization of berry tissues resulted in a 6-fold increase in tannin, 
a 45% increase in stable pigment concentration, a 25% increase in wine color density, and a 20% increase in blue-purple 
coloration in wines at six months bottle age. Undifferentiated cutting of grapes caused a 6.5-fold increase in tannin, a 
70% increase in stable pigment concentration, a 60% increase in wine color density, and a 10% increase in blue-purple 
coloration. Wines made using a cutting technique that reduced grape skins to 6% of their original size without damaging 
the seeds were 3-fold higher in tannin, 95% higher in stable pigment concentration, had 50% greater wine color density, 
and had a 20% increase in blue-purple coloration. The effects of reducing skin particle size on phenolic extraction were 
found to be much greater than those achieved using pectolytic enzymes. This innovative skin fragmentation technique 
has the potential to increase skin-derived red wine phenolics and is a viable alternative to maceration techniques cur-
rently used during winemaking.
Am J Enol Vitic 67:29-37 (2016)
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  Visible-Near Infrared Reflectance Spectroscopy for Nondestructive Analysis 
of Red Wine Grapes
Michael Fadock,1 Ralph B. Brown,1,2 and Andrew G. Reynolds2*
1School of Engineering, University of Guelph, Guelph, Ontario, Canada N1G 2W1; and 2Cool Climate Oenology and Viticulture  
Institute, Brock University, St. Catharines, Ontario, Canada L2S 3A1. *Corresponding author (areynolds@brocku.ca) 

Samples of intact grape berries were collected weekly from veraison until harvest. Each sample comprised ~400 berries 
selected following the preharvest sampling protocol specified by the vineyard manager. The grape cultivars and corre-
sponding number of samples of each collected in 2009 and 2010 were as follows: Cabernet Sauvignon (43, 36), Cabernet 
franc (83, 80), and Syrah (38, 36). Reflectance spectra for the composite samples in a wavelength range of 350 to 850 
nm were collected with a diode array spectrometer. Chemical analyses for soluble solids content (Brix), pH, titratable 
acidity (TA), total phenols, and total anthocyanins were carried out for all samples. Chemometric calibrations for cor-
responding reflectance data were developed using trained partial least squares regression (PLSR) models with several 
preprocessing methods (smoothing, normalization, differentiation) and subjected to variable selection by recursive fea-
ture elimination. Trained models were externally validated with data from the alternate year. Best performing models 
for Brix, pH, TA, phenols, and anthocyanins in 2009 had root mean square errors (RMSEP) of 0.65, 0.05, 0.59 g/L, 31.2 
mg/L, and 75 mg/L, respectively, with corresponding R2 values of 0.84, 0.58, 0.56, 0.27, and 0.65. The best 2010 models 
had RMSEP of 0.65, 0.05, 0.86 g/L, 27.9 mg/L, and 111 mg/L, respectively, with corresponding R2 values of 0.89, 0.81, 
0.58, 0.25, and 0.17. The 2009 calibrations were used for estimating Brix and pH from spectral data of the samples col-
lected in the next growing season and yielded RMSEP performance of 0.87 and 0.05 with R2 values of 0.71 and 0.56, 
respectively. Principal component analysis decomposition of 2009 and 2010 reflectance data showed similarities in the 
resultant loadings, indicating a similar underlying data structure. Larger sample size may have improved success of the 
models, particularly for TA, anthocyanins, and phenols. These data have significance and applicability for precision 
viticulture whereby fruit of different composition might be segregated during mechanical harvest.
Am J Enol Vitic 67:38-46 (2016)

  Amino Acid Composition of Grape (Vitis vinifera L.) Juice in Response to 
Applications of Urea to the Soil or Foliage
Kirsten D. Hannam,1,2,6* Gerry H. Neilsen,1 Denise Neilsen,1 Andrew J. Midwood,3 Peter Millard,4 Zulin Zhang,3  
Barry Thornton,3 and Daniel Steinke5

1Agriculture and Agri-Food Canada, Pacific Agri-Food Research Centre, Summerland, B.C., Canada V0H 1Z0; 2Department of Biology, 
University of British Columbia Okanagan, Kelowna, British Columbia, V1V 1V7; 3The James Hutton Institute, Craigiebuckler, Scotland, 
AB15 8QH, U.K; 4Landcare Research, PO Box 40, Lincoln 7640, New Zealand; 5Agriculture and Agri-Food Canada, 3015 Ord Road, 
Kamloops, B.C., Canada V2B 8A9; and 6present address, Natural Resources Canada, Great Lakes Forestry Centre, 1219 Queen St. E., 
Sault Ste. Marie, ON, Canada P6A 2E5. *Corresponding author (kirsten.hannam@canada.ca)

High rates of nitrogen applied early in the growing season can cause grapevines to grow too large, be susceptible to dis-
ease, and produce grapes with undesirable properties. As a result, vineyard managers in the Okanagan Valley of British 
Columbia, Canada, tend to apply only low rates of nitrogen fertilizer. Consequently, grape juices from this region often 
have low levels of amino acids, which are an important source of nitrogen for the yeasts used in winemaking. Urea is a 
nitrogen-containing chemical that dissolves easily in water and is widely used as a nitrogen fertilizer. Some studies have 
found that late-season applications of urea to the soil or foliage (applied around the time when grapes begin to change 
color) can be used to increase the nitrogen content of grape juice and to avoid the undesirable effects sometimes as-
sociated with high nitrogen applications earlier in the year. However, it is unclear whether soil or foliar N applications 
are more effective at boosting grape juice N concentrations, and few studies have looked at changes in the amino acid 
composition of grape juice in response to these treatments. Such changes could have implications for wine quality. The 
effects of late-season applications of urea to the soil and to foliage on the concentration of amino acids in grape juice 
were compared over two growing seasons at two study sites (planted to Merlot and Pinot gris). Urea was applied three 
times (two weeks before veraison, at veraison, and two weeks after veraison) each year at a rate of 3.8 g urea-N/vine by 
either spraying 2% urea (by weight) to the foliage using a backpack sprayer (foliar N treatment) or applying granular 
urea to the soil below drip emitters (soil N treatment). Late-season foliar N applications were a more effective, efficient, 
and reliable method for boosting concentrations of amino acid in grape juice than late-season soil N applications. 
However, foliar N applications sometimes caused changes in grape juice amino acid profiles that did not occur when N 
was applied to the soil. The conditions under which such changes occur and the implications of these changes for wine 
quality require further investigation.
Am J Enol Vitic 67:47-55 (2016)
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  Comparison of Multivariate Regression Methods for the Analysis of Phenolics in  
Wine Made from Two Vitis vinifera Cultivars
Christopher W. Beaver1 and James F. Harbertson2*
1Viticulture and Enology Program, School of Food Science, Washington State University, Wine Science Center; and 2Associate Professor 
of Enology, Viticulture and Enology Program, School of Food Science, Washington State University, Wine Science Center, 2710 Crim-
son Way, Richland, WA 99354-1671. *Corresponding author: (jfharbertson@wsu.edu)

The quantification of key phenolic classes during different stages of red wine production has important industrial ap-
plications. Decisions of this nature require greater speed and economy than current bench or instrumental method-
ologies offer. Efforts to create rapid analysis have used models created from mathematical modeling of easily obtained 
spectra (UV/visible or near infrared) and reference phenolic measurements. In this work, we varied the way the sample 
was diluted to obtain the spectra, the reference phenolic measurement methodology, and the mathematical modeling 
method in an effort to find an optimal solution. One hundred samples of Washington Syrah and Cabernet Sauvignon 
musts from the Columbia Valley, Yakima Valley, and Horse Heaven Hills American Vineyard Areas were obtained 
from a commercial winery in 2011. We found that the mathematical modeling technique known as Ridge regression 
unanimously outperformed the other regression methods tested when calibrated with the modified assay at pH 7 and 
UV-visible sample dilution at 10-fold for only the Cabernet Sauvignon samples. Correlation coefficients obtained for 
anthocyanins, small and large polymeric pigments, tannins, and total iron reactive phenolics were 0.83, 0.78, 0.76, 0.92, 
and 0.90, respectively. Unfortunately, when the same multivariate regression evaluation was performed for Syrah, none 
of the methods tested gave accurate predictions, suggesting some cultivar specificity. 
Am J Enol Vitic 67:56-64 (2016)

  Physiological Interaction between Rootstock-Scion: Effects on Xylem Vessels in 
Cabernet Sauvignon and Merlot Grapevines
Emiliano Santarosa,1* Paulo Vitor Dutra de Souza,2 Jorge Ernesto de Araujo Mariath,3 and Gil Vicente Lourosa2

1Brazilian Agricultural Research Corporation–EMBRAPA/Embrapa Forestry–CNPF, Estrada da Ribeira, km 111 Caixa Postal 319, 
Colombo 83411-000, PR, Brazil; 2Department of Horticulture and Silviculture, Faculty of Agricultural and Life Sciences, Federal Uni-
versity of Rio Grande do Sul-UFRGS, Av. Bento Gonçalves 7712, ZIP 91501-970 Porto Alegre, RS, Brazil; and 3Department of Botany, 
Institute of Biosciences, Federal University of Rio Grande do Sul–UFRGS, Av. Bento Gonçalves 7712, ZIP 91501-970 Porto Alegre, RS, 
Brazil. *Corresponding author (emiliano.santarosa@embrapa.br) 

The interaction between rootstock and scion can interfere with the vegetative and productive balance of grapevines. 
Characteristics of the vascular connection and vascularization pattern are defined by meristematic activity and forma-
tion of new tissues, given the interaction between the genotypes of the scion and rootstock. However, little is known 
about the physiology of the rootstock-scion interaction and the anatomical variables associated with this process. In this 
context, the aim of the present research was to assess the influence of rootstock-scion interaction on the characteristics 
of growth and features of the xylem vessels of the Vitis vinifera L. cultivars Cabernet Sauvignon and Merlot. We inves-
tigated Cabernet Sauvignon and Merlot cultivars grafted on the rootstock genotypes Paulsen 1103 (Vitis berlandieri 
Planch. × Vitis rupestris Scheele), Mgt. 101-14 (Vitis riparia Michx × V. rupestris), and SO4 (V. berlandieri × V. riparia). 
We evaluated vegetative growth variables and performed an image analysis of the vascular system by quantifying the 
xylem and vessels (diameter, total number, density, frequency) in different portions of the scion stem. The rootstock-
scion interaction caused differences in vegetative growth and was associated with differences in the vascular system. The 
vegetative growth of the combinations of Cabernet Sauvignon on Paulsen 1103 and Merlot on SO4 was higher than that 
of both varieties on Mgt. 101-14. The rootstock-scion combinations that are more vigorous showed vessels with larger 
mean diameter, larger xylem area, and higher frequency of vessels larger than 50 µm. The vines grafted on Mgt. 101-14 
resulted in more frequency of vessels lower than 40 µm. For all combinations, the vessels’ features were altered from the 
apex to base sections (stem morphology). The physiological interaction between rootstock-scion resulted in modifica-
tions of the vascular system in grapevines, altering the xylem vessels features according to the specific rootstock-scion 
combination.
Am J Enol Vitic 67:65-76 (2016)
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  Grape Yield and Quality Response to Cover Crops and Amendments  
in a Vineyard in Nova Scotia, Canada
Aime J. Messiga,1 Kyle S. Gallant,2 Mehdi Sharifi,1* Andrew Hammermeister,2 Keith Fuller,3 Martin Tango,4  
and Sherry Fillmore3

1Environmental and Resource Sciences/Studies Program, Trent University, Peterborough, ON K9J 7B8, Canada; 2Department of Plant 
and Animal Sciences, Faculty of Agriculture, Dalhousie University, Truro, NS B2N 5E3, Canada; 3Atlantic Food and Horticulture 
Research Centre, Agriculture and Agri-Food Canada, Kentville, NS B4N 1J5, Canada; and 4School of Engineering, Acadia University, 
Wolfville, NS B4P 2R6, Canada. *Corresponding author (mehdisharifi@trentu.ca)

Local waste products and cover crops have increasingly been used in vineyards to reduce the cost of synthetic fertiliz-
ers and their associated environmental impacts and yield instability. The effects of cover crop mixtures combined with 
organic and industrial wastes were assessed on grape yield and quality in two full growing seasons, 2011 and 2012, in 
Eastern Canada. The experimental treatments were arranged in a nested design with three replicates. Four cover crop 
mixtures: (i) oats+pea+hairy vetch (OPV), (ii) mixture of oats and red clover (ORCl), (iii) timothy+alsike+red clover 
(TM), and (iv) control with no cover crop (CONT) were applied to main plots, and five fertility treatments (fertilizer 
without N [NDEF], full synthetic fertilizer [FERT], wood ash [WA], municipal solid food waste [MSFW], and mussel 
sediment [MS]) to subplots. In this study, we demonstrated that grape yield for the most productive cover crop and 
amendment combinations were ORCl × MS (9.52 Mg/ha) > OPV × MSFW (9.49 Mg/ha) > TM × WA (8.81 Mg/ha) > 
ORCl × MSFW (8.28 Mg/ha). In addition, TM also resulted in the highest berry sugar concentrations among the cover 
crops when combined with MS (16.03 Brix) and MSFW (15.98 Brix). We concluded that a suitable combination of cover 
crops and soil amendments can improve yield and quality of winegrapes in the cool, humid climate of Eastern Canada.
Am J Enol Vitic 67:77-85 (2016)

  A New Description and the Rate of Development of Inflorescence Primordia  
over a Full Season in Vitis vinifera L. cv. Chardonnay
Peter W. Noyce,1,2* John D.I. Harper,1 Christopher C. Steel,1 and Robyn M. Wood1,3

1National Wine and Grape Industry Centre, School of Agricultural & Wine Sciences, Charles Stuart University, Locked Bag 588, Wagga 
Wagga, NSW 2678, Australia; 27 Courallie Ave., Pymble, NSW 2073, Australia; and 3PO Box 790, Ararat, Victoria 3377, Australia.  
*Corresponding author (pwnoyce@gmail.com)

The grapevine reproductive cycle occurs over two seasons, and there is much that is unknown about the formation and 
maturation of grapevine bunches in latent buds (the bud where bunches are first formed and then grow during season 
1 before emerging as full bunches in season 2). Thus, our goal was to describe the developmental stages, time of first 
formation, and the fate of all developing bunches in primary latent buds in relation to the time of year and general 
growth stages of the whole grapevine. We also compared the size of developing bunches in the primary, secondary, and 
tertiary buds of the whole latent bud. Using a dissecting microscope, latent buds of Chardonnay grapevines were dis-
sected throughout season 1, during dormancy (winter rest), and prior to budburst in season 2. At least four tiny bunches 
were started early in season 1, from mid-October to late November, with no other bunches started later at any time in 
season 1 or 2. These early bunches developed quickly, with two developing by the end of season 1 to the stages which 
would eventually end up as full mature bunches the next season. Growth of these developing bunches in the latent bud 
continued over dormancy. At least two early bunches did not grow to form full mature bunches but ended up as tendrils 
by budburst of season 2. Secondary buds had smaller and fewer developing bunches, and tertiary buds had none. This is 
the first report of grapevine bunch development in the latent bud over the entire first season and of the fate of all early 
bunches that were started at the beginning of season 1. These findings will assist further investigations on the grapevine 
latent bud.
Am J Enol Vitic 67:86-93 (2016)

  Determination of Energy Savings in Alcoholic Wine Fermentation According to the 
IPMVP Protocol
Rubén Celorrio,1 Julio Blanco,1* Emilio Martínez,1 Eduardo Jiménez,1 and Juan C. Saenz-Díez1

1Department of Mechanical Engineering, University of La Rioja, Edificio Departamental - C/Luis de Ulloa, 20 - 26004 Logroño,  
La Rioja, Spain. *Corresponding author (julio.blanco@unirioja.es)

Alcoholic fermentation in wines is a complex process that is hard to model and can vary according to many different pa-
rameters. Temperature is a key parameter throughout the fermentation process that must be controlled to avoid quality 
problems or even interruptions in fermentation. We sought to establish a method for conducting energy analyses of the 

http://www.ajevonline.org/content/67/1/77
http://www.ajevonline.org/content/67/1/86


6    ASEV Technical Update      November 2017   Volume 12   Number 1

must fermentation process so as to learn how much energy is actually required by the process and what its cooling needs 
are. This enables decisions to be made with a view to keeping the process within the settings required and determining 
how much energy is needed for that purpose. Once these points have been determined, benchmarks can be established 
to which the actual energy used in the process can be compared to determine how efficient the process is. This enables 
the power of the cooling machinery to be optimized, which means that its maximum power use is reduced. The choice 
of cooling strategies also can also influence the total energy demand in the fermentation process. The model proposed 
provides valuable information, not just for energy processes, but for controlling the development of the product itself. 
The fermentation process and conditions determine the quality of the end product. The model can confirm whether a 
fermentation process is progressing as desired or whether there is a deviation that needs to be corrected in real time. 
Moreover, the information compiled can help enologists make decisions during the fermentation process and prevent 
unwanted developments in the product. Once fermentation is completed, this information can also help winemakers 
analyze the process variables applied to obtain the product, thus making it easier to reproduce the same variables in 
order to achieve continuous improvement of the product.
Am J Enol Vitic 67:94-104 (2016)

  Cover Crop and Root Pruning Effects on the Rooting Pattern of SO4 Rootstock  
Grafted to Cabernet Sauvignon
W. Gill Giese,1* Tony K. Wolf,2 Ciro Velasco-Cruz,3 and Lucas Roberts4

1Winemaker/viticulturist, Shelton Vineyards, Dobson, NC 27017; 2Director and Professor of Viticulture, AHS Jr. Agricultural Research 
and Extension Center, Virginia Tech, 595 Laurel Grove Rd., Winchester, VA 22602; 3Research Professor, Estadistica, Colegio de Pos-
graduados, Carretera Mexico-Texcoco Km. 36.5, Montecillo, Texcoco 56230, Estado de Mexico, Mexico; and 4Senior Consultant,  The 
Hartford Financial Services Group, Inc., One Hartford Plaza, Hartford, CT 06155. *Corresponding author (ggiese@sheltonvineyards.com) 

Root biomass, root intercepts, and root-length density of SO4 rootstock grafted to Cabernet Sauvignon and exposed to 
under-trellis cover cropping (CC) and root pruning (RP) or no root pruning (NRP) were evaluated over three years. This 
was a long-term field study, as the cover crops had been in place from 2005 to 2014 and annual root pruning had been 
applied annually from 2005 to 2010. The efficacy of these management tools to limit/optimize excessive vine vigor 
of mature Cabernet Sauvignon vines grown in a humid environment was evaluated previously, and the current study 
examined the treatment effects on the vines’ root systems. The CC treatments included tall fescue (Festuca arundi na-
cea Shreb.) cvs. KY-31, with and without RP, Elite II without RP, and an 0.9 m wide, under-trellis, herbicide strip with 
KY-31 fescue interrows, with and without RP. Approximately 70% of grapevine root biomass was observed at <60 cm 
soil depth, regardless of treatment or year. Rooting depth distributions were fitted to the model  Y = (1- βd), originally 
applied to forest trees, where d is soil depth (cm), Y is the cumulative root fraction from the soil surface to depth d, and 
the unknown parameter β is a measure of soil vertical root distribution used as a response variable to test for treatment 
differences. All root distributions across treatments and years, except KY-31 fescue/NRP in 2008, generated β values 
greater than 0.970, similar to β values from other grapevine root distribution studies. The modest treatment impact on 
root biomass and distribution suggests that the mature grapevines adapted to CC and annual RP in this environment, 
and partially explains the minimal impact on soil water content and vine water potential previously reported from this 
experiment. The deep soils and humid growing conditions described in this study are common throughout the eastern 
U.S., and the condition of excessive vine vigor is a major challenge to the industry in the region. Although excessive 
vine vigor has been much studied and cover crop competition with vine roots has often been cited as the reason for 
decreased or reduced vine growth, few studies have investigated root growth associated with vigorous aboveground 
vine growth. This study contributes some initial descriptive information and insight about cover crop effects on, and 
competition with, the vine root system in this environment in a field setting.
Am J Enol Vitic 67:105-115 (2016)

  Determination of Energy Savings in Alcoholic Wine Fermentation According  
to the IPMVP Protocol (continued)
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  Monoterpenes in cv. Zilavka Free-Run Musts from Prefermentatively  
Macerated Pomace
Milenko Blesic,1* Mehmed Zele,1 Dejan Bavcar,2 Nermina Spaho,1 and Mirela Smajic-Murtic1

1Faculty of Agricultural and Food Sciences, University of Sarajevo, Zmaja od Bosne 8, 71000 Sarajevo, Bosnia and Herzegovina; and 
2Agricultural Institute of Slovenia, Hacquetova 17, SI-1000 Ljubljana, Slovenia. *Corresponding author (m.blesic@ppf.unsa.ba)

This research evaluated, for the first time, monoterpene potentials of the Herzegovinian autochthonous cv. Zilavka 
(Vitis vinifera). Zilavka grapes are considered aroma neutral, resulting in traditional winemaking practices with quick 
removal of must from skins. Based on some preliminary findings of terpenes in Zilavka grapes, three prefermentative 
maceration treatments on grapes from two consecutive vintages (2011, 2012) were examined as possible ways to transfer 
monoterpenes from grapes to musts. The vintages themselves were quite different. In 2011, the grapes were harvested 
on 12 Sept, the usual harvest time for Zilavka in Herzegovina, and in 2012, the harvest was on 14 Aug. According to 
local winegrowers, the most probable reasons for the unusually fast ripening and early harvest of grapes in 2012 were 
the very high temperatures and lack of rainfall during June, July, and August of that year. These differences caused more 
than double the concentrations of free volatile monoterpenes in grapes from 2012 in comparison with those from 2011, 
indicating the crucial importance of weather conditions during grape ripening for terpene synthesis and accumula-
tion in grapes. Increasing the temperatures applied in 20-hr prefermentative maceration treatments from 6°C through 
12 to 20°C did not cause significantly increased concentrations of all five of the monoterpenes examined (linalool, 
α-terpineol, citronellol, nerol, and geraniol; FVmT) in musts. Based on the research findings, 20-hr prefermentative 
maceration on temperatures up to 12°C could be an appropriate way to enrich Zilavka musts, and likely the resulting 
wines, with wine-odor monoterpenes. 
Am J Enol Vitic 67:116-119 (2016)

  Genotyping of Grapevine Varieties from Garfagnana (Northern Tuscany):  
Evidence of a Historical Center of Diversity
Claudio D’Onofrio,1* Catia Fausto,1 Fabiola Matarese,1 Alberto Materazzi,1 Giancarlo Scalabrelli,1 Fabiana Fiorani,2 and Ivo Poli2

1Department of Agriculture, Food and Environment (DAFE), University of Pisa, Via del Borghetto 80, 56124 Pisa, Italy; and 2Unione 
Comuni di Garfagnana, Via Vittorio Emanuele 9, 55032 Castelnuovo di Garfagnana, Lucca, Italy.  
*Corresponding author (claudio.donofrio@unipi.it)

The aim of this research was to recover, characterize, and increase the value of local grapevine varieties from Garfag-
nana, a mountain area situated in the north of Tuscany (in central Italy). A total of 130 accessions (vines) were identified 
in old vineyards, characterized by OIV morphological-phenological and productive parameters, and genotyped using 
14 microsatellite loci. Microsatellite analysis led to the identification of 50 genotypes. Some matched Tuscan genotypes, 
others corresponded to varieties cultivated in other Italian and European regions, and 18 appeared to be genotypes 
currently identified only in Garfagnana and presumably autochthonous of this area. The cluster and similarity analyses 
based on both microsatellites and morphology showed a clear grouping of the majority of the autochthonous geno-
types from Garfagnana. The parentage analysis also revealed that Garfagnana autochthonous genotypes are highly first 
degree-related among them, suggesting that Garfagnana is a distinct historical center of diversity of cultivated varieties. 
All varieties have been uploaded in the Italian Vitis Database (www.vitisdb.it).
Am J Enol Vitic 67:120-126 (2016)

  Validation and Comparison of Two Tunable Diode Laser Absorption  
Spectroscopy-Based Carbon Dioxide Sensors for Bottled Wine
Lorenzo Cocola1*
1National Research Council – Institute of Photonics and Nanotechnologies (CNR-IFN), Via Trasea 7, I-35131, Padova, Italy.  
*Corresponding author (lcocolao@dei.unipd.it)

The purpose of this work is an evaluation of the applicability of two different carbon dioxide sensors with respect to the 
wine and bottling production fields. The instruments considered both use gas-phase carbon dioxide detection through 
absorption spectroscopy. This research explored the applicability of this method to extract useful measurements of dis-
solved carbon dioxide in the liquid phase and the sample pressure. Furthermore, limitations of the measurement are 
pointed out.
Am J Enol Vitic 67:127-131 (2016)

http://www.ajevonline.org/content/67/1/116
http://www.ajevonline.org/content/67/1/120
http://www.ajevonline.org/content/67/1/127


8    ASEV Technical Update      November 2017   Volume 12   Number 1

  Review: Characterization and Role of Grape Solids during Alcoholic Fermentation 
under Enological Conditions
Erick Casalta,1* Aude Vernhet,1 Jean-Marie Sablayrolles,1 Catherine Tesnière,1 and Jean-Michel Salmon2

1INRA, UMR 1083, Science for Enology, bat. 28, 2 place Viala, F34060 Montpellier, France; and 2INRA, UE 999, Experimental Unit of 
Pech Rouge, F11430 Gruissan, France. *Corresponding author (casalta@supagro.inra.fr)

During wine production, grape solids have a large impact on fermentation characteristics and the organoleptic qualities 
of the resulting wine. We reviewed the research carried out on grape solids, beginning by focusing on the origin, physical 
characteristics, and composition of these solids and the change in these aspects occurring during fermentation. We then 
considered the effect of solids on fermentation, the role of sterols, the control of solids, and the interactions between 
solids and other nutrients. Solids exert their effects on alcoholic fermentation mainly by modulating lipid supply. The 
balance between solid content and nitrogen is a key factor in fermentation control. The study of grape solids is recent 
and requires further development. Knowledge of the composition of these solids and of sterol uptake mechanisms by 
yeast should facilitate improvements in fermentation control.
Am J Enol Vitic 67:133-138 (2016)

  Evaluation of Primary Bud Freezing Tolerance of Twenty-three Winegrape Cultivars 
New to the Eastern United States
Imed E. Dami,1* Shouxin Li,2 and Yi Zhang3

1Associate Professor and 2Research Associate, Department of Horticulture and Crop Science, Ohio Agricultural Research and Develop-
ment Center, Ohio State University, 1680 Madison Avenue, Wooster, OH 44691; and 3Viticulture Director, Grapery Inc., Bakersfield, CA 
93309. *Corresponding author (dami.1@osu.edu) 

The objectives of this study were to measure the primary bud freezing tolerance (FT) of 23 Vitis vinifera winegrape cul-
tivars in Ohio and to compare three statistical methods (mode-date, piecewise regression, and annual mean LT50 [AFT])
for determining the minimum low temperature that will kill 50% of primary buds (LT50). Minimum LT50 was most ac-
curately determined using the AFT method, which distinguished a 1°C difference among cultivars in primary bud FT. 
The results from this study can be used to assist selection of V. vinifera cultivars suitable for vineyard sites where freezing 
temperatures limit winegrape production.
Am J Enol Vitic 67:139-145 (2016)

  Fe(II):Fe(III) Ratio and Redox Status of White Wines
John C. Danilewicz1*
144 Sandwich Road, Ash, Canterbury, Kent CT3 2AF, United Kingdom. *Corresponding author (jdanilewicz@btconnect.com)

Wine can take up a considerable amount of oxygen, which is beneficial to a point for red wine but detrimental for 
white wine. Phenols are the principal reactants, but they cannot react with oxygen directly and require the intermedi-
ate assistance of iron (Fe). Iron exists in an oxidized ferric (Fe(III)) form and a reduced Ferrous (Fe(II)) form. Oxygen 
converts Fe(II) to Fe(III) and phenols reduce Fe(III) back to Fe(II), a process known as redox cycling, in which overall 
phenols are oxidized. At any time, the Fe(II):Fe(III) concentration ratio will depend on how fast Fe(II) reacts with oxy-
gen relative to the rate at which phenols react with Fe(III) to regenerate Fe(II). Due to the speed of the Fe(II) oxidation, 
oxygen concentration should be the main determinant of this ratio. A simple procedure is devised to measure this ratio 
at any time with minimal wine disturbance by using Ferrozine. This substance binds Fe(II) selectively to give a colored 
product, the concentration of which may be determined with a spectrometer. The amount of Fe(III) is determined by 
converting all the Fe to Fe(II) with ascorbic acid and subtracting the value initially obtained for Fe(II). Screwcaps afford 
high protection against oxygen ingress into bottles so that little Fe(II) is oxidized, resulting in a high Fe(II):Fe(III) ratio 
in the bottled wine. Wines from bottles closed with natural corks and wines in boxes contained measurable amounts of 
oxygen, which resulted in more Fe(II) oxidation and a lower Fe(II):Fe(III) ratio. Saturation of wine with air resulted in 
Fe(II) oxidation and a progressive reduction in the ratio, which reaches equilibrium after several days. It is proposed that 
wines which oxidized most rapidly would manifest high ratios at equilibrium. 
Am J Enol Vitic 67:146-152 (2016)
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  Effects of Various Vineyard Floor Management Techniques on Weed Community Shifts 
and Grapevine Water Relations
Kerri L. Steenwerth,1 Arturo Calderón-Orellana,1,2 Robert C. Hanifin,1 Chris Storm,3 and Andrew J. McElrone1*
1USDA/ARS Crops Pathology and Genetics Research Unit, Davis, CA; 2Department of Engineering and Soils, University of Chile, Chile; 
and 3Vino Farms, Inc., Lodi, CA. *Corresponding author (andrew.mcelrone@ars.usda.gov)

Adoption of permanent cover crops and no-till systems is considered integral to achieving the California state air qual-
ity standards regulating airborne particulate matter, as indicated in Senate Bill 656. Imposition of such management 
techniques in a vineyard could create competition with vines for limited water resources. We evaluated the effects of 
cover crops that were either tilled or just mowed on vineyard floor composition, weed populations, vine water relations 
and growth, and fruit composition over three years within a mature commercial Merlot vineyard subjected to deficit 
irrigation in Lodi, San Joaquin Valley, California. The vineyard floor in this experiment supported resident vegetation 
that was tilled (standard grower practice), an oat cover crop, or a legume/oat cover crop. The two planted cover crops 
were either tilled or mowed (i.e., no-till). Biomass of cover crops, weeds, and legumes varied by year and treatment, but 
consistent effects among treatments were not observed. Weed species composition and cover segregated with the pres-
ence or absence of tillage rather than cover crop type and the weed species composition of the resident vegetation was 
distinct from those in the cover crop treatments. Some treatments, like ‘Oats/Legumes + NoTill’, ‘Oats + NoTill’, ‘Oats/
Legumes + Till’, and ‘Resident Vegetation + Till’ reduced soil water content (Өv) in at least one of the three shallow soil 
layers spanning 0 to 30 cm, 30 to 60 cm, and 60 to 100 cm in 2008, and ‘Oats/Legumes + NoTill’ also dried the two upper 
layers in 2009, but these differences had no consistent influence on plant water status. Distinctions in Өv between years 
were attributed partly to the cessation of rainfall two months earlier in 2008 than in 2009, despite similar total annual 
quantities. Significant reductions in Өv imposed by the ‘Oats/Legumes + NoTill’ treatments reduced vine vegetative 
growth in two of three years, but these effects did not manifest in yield and fruit composition. Values for the Ravaz index 
for two of the three years indicate that the vineyard was overcropped for all treatments, but maximizing production in 
this region is a common practice. Weak competitive effects of the cover crops for water were likely associated with the 
use of a well-established mature vineyard and demonstrated that these management strategies could be employed to 
improve air quality to meet California air quality regulations with limited effects on vine water status and production. 
Am J Enol Vitic 67:153-162 (2016)

  A Condenser to Recover Organic Volatile Compounds during Vinification 
Lorenzo Guerrini,1* Piernicola Masella,1 Paolo Spugnoli,1 Silvia Spinelli,1 Luca Calamai,2 and Alessandro Parenti1

1Dipartimento di Gestione dei Sistemi Agrari, Alimentari e Forestali (GESAAF), Università degli Studi di Firenze, Piazzale delle Cas-
cine 15, 50144, Firenze, Italy; and 2Dipartimento di Scienze delle Produzioni Agroalimentari e dell’Ambiente (DISPAA), Università degli 
Studi di Firenze, Piazzale delle Cascine 18, 50144, Firenze, Italy. *Corresponding author (lorenzo.guerrini@unifi.it) 

Volatile compounds are lost during grape must fermentation, which ultimately affects the wine’s aroma. An innova-
tive condensation device was designed to trap organic volatile compounds that would otherwise be lost. Trials were 
performed on Sangiovese and Syrah grapes and involved continuous condensation of vapor (condensed fractions, CFs)
escaping from fermentation tanks. Daily measurements were taken of the ethanol content and volatile compound com-
position of the collected fractions. Predominant compounds were alcohols and esters of secondary origin, which have 
a significant impact on wine aroma. The fraction volatile profile changed as a function of fermentation time. The recov-
ered fractions were added back to their respective wines for sensory evaluation. The re-addition of recovered fractions 
into the finished wine was perceivable and may have the potential to be used as a coadjutant to reinforce wine aroma. 
Moreover, the technique could be an effective tool for enologists to differentiate wines or characterize other alcohol-
based beverages.
Am J Enol Vitic 67:163-168 (2016)

http://www.ajevonline.org/content/67/2/153
http://www.ajevonline.org/content/67/2/163


10    ASEV Technical Update      November 2017   Volume 12   Number 1

  Accentuated Cut Edges (ACE): Effects of Skin Fragmentation on the Composition  
and Sensory Attributes of Pinot noir Wines
Angela M. Sparrow,1* Helen E. Holt,2 Wes Pearson,3 Robert G. Dambergs,4 and Dugald C. Close1

1School of Land and Food, Tasmanian Institute of Agriculture, University of Tasmania, PO Box 46, Kings Meadows, Tasmania 7249, 
Australia; 2PO Box 270 Jamison Centre, ACT, 2614, Australia; 3Australian Wine Research Institute, Waite Precinct, Hartley Grove, Ur-
rbrae, SA 5064, Australia; and 4Wine TQ, PO Box 3, Monash, SA 5342, Australia. *Corresponding author (angela.sparrow@utas.edu.au)

The phenolic composition, aroma, and sensory profiles were evaluated for Pinot noir wines made using four different 
maceration techniques that modified the floating pomace cap during fermentation: (1) daily plunging, (2) reduced skin 
particle size (accentuated cut edges = ACE), (3) submerged cap, and (4) ACE plus submerged cap. Wines were analyzed 
throughout vinification to assess the phenolic attributes: anthocyanin, tannin, nonbleachable pigments, color density, 
and hue using rapid analytical techniques. At six months bottle age (230 days postinoculation), sensory and aroma 
analyses were conducted on the finished wines. ACE macerated wines were found to have the highest proportion of red 
color, tannin, nonbleachable pigments, fruit and floral aromas, bitterness, and astringency, while submerging the pom-
ace cap resulted in a lower concentration of phenolic components than for ACE wines but a significantly higher phenolic 
content and dark cherry aromas and flavor than control wine. These findings suggest that the employment of either 
maceration technique has the potential to make a considerable difference to the wine style produced from a given parcel 
of fruit and may provide an opportunity to press wines earlier in the fermentation. Linear regression analyses were con-
ducted to compare descriptive wine parameters with instrumental phenolic measurements and demonstrated several 
strong correlations: red color appearance was correlated with both color density (r2 = 0.95) and nonbleachable pigment 
(r2 = 0.95); dark fruit flavor was correlated with both color density (r2 = 0.85) and nonbleachable pigment (r2 = 0.85); and 
astringency was correlated with both tannin (r2 = 0.97) and nonbleachable pigment (r2 = 0.87), demonstrating that tech-
niques of rapid chemical analysis were able to provide valuable insights into the sensory properties of the wine and may 
become useful tools for monitoring the development of the wine during vinification. While submerged cap vinification 
also increased the tannin and stable pigment profiles of the wine, ACE maceration was found to be significantly more 
effective and is likely to be more readily adapted for application in commercial wineries.
Am J Enol Vitic 67:169-178 (2016)

  Analysis of Total Arsenic Content in California Wines and Comparison to  
Various Health Risk Criteria
Dennis J. Paustenbach,1* Allison L. Insley,2 Joshua R. Maskrey,2 Jennifer L. Bare,2 Kenneth M. Unice,2 Vincent B. Conrad,3 
Lykourgos Iordanidis,3 Daniel W. Reynolds,3 Kimberly S. DiNatale,3 and Andrew D. Monnot1 

1Cardno ChemRisk, LLC, 101 2nd St., Suite 700, San Francisco, CA 94105; 2Cardno ChemRisk, LLC, 20 Stanwix St., Suite 505, Pittsburgh, 
PA 15222; and 3RJ Lee Group, 350 Hochberg Rd., Monroeville, PA 15146. *Corresponding author (Dennis.Paustenbach@cardno.com)

Recent media reports have discussed concerns over arsenic concentrations in California wines after some wines were 
found to contain arsenic concentrations greater than the U.S. Environmental Protection Agency Maximum Contami-
nant Level for drinking water. Arsenic occurs naturally in soil, water, and other environmental media. The concentra-
tion of arsenic in wine may be influenced by these natural sources, from the use of arsenic in agricultural and industrial 
practices, or from winemaking practices. The objective of this study was to characterize the total arsenic concentration 
in California wines, compare an average person’s exposure to arsenic in wine to a total dietary exposure to arsenic, and 
assess the relationship between total arsenic concentrations and the type (red, white, blush) and price of wines. Total 
arsenic concentrations in 101 wines produced or bottled in California were measured. Of these wines, 28 were identified 
in media reports as containing arsenic concentrations greater than the drinking water standard. The remaining 73 wines 
were randomly purchased at local retailers. The group of wines cited in media reports was found to have a significantly 
greater average total arsenic concentration than the randomly selected wines. Additionally, blush wines were found to 
contain the greatest average total arsenic concentration, followed by white wines, then red wines. In this analysis, it was 
determined that lower-priced wines generally contained higher arsenic concentrations. Regarding dietary intake, it was 
determined that an average person’s wine consumption accounted for a small fraction (less than 8%) of a typical adult’s 
dietary arsenic intake. Lastly, the concentrations of total arsenic in all wines evaluated were less than the two current 
arsenic guidelines for wine of 100 and 200 µg/L. These results indicate that arsenic in wine does not represent a health 
risk for consumers.
Am J Enol Vitic 67:179-187 (2016)
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  Impact of Pediococcus spp. on Pinot noir Wine Quality and Growth of Brettanomyces
Matthew T. Strickland,1 Lauren M. Schopp,2 Charles G. Edwards,2 and James P. Osborne1*
1Department of Food Science and Technology, Oregon State University, Corvallis, OR 97331; 2School of Food Science, Washington State 
University, Pullman, WA 99164-6376. *Corresponding author (james.osborne@oregonstate.edu).

Pediococcus spp. have been isolated from wines all over the world and are generally associated with spoilage. Despite 
this, little is known concerning the occurrence of these organisms in Pacific Northwest wines and their impact, if any, 
on quality. In this study, species of Pediococcus isolated from Oregon and Washington state wines were inoculated into 
Pinot noir wine after alcoholic fermentation and then chemically and sensorially analyzed after 60 days. Pediococci iso-
lates exhibited differences in production of various spoilage compounds. Despite achieving extensive populations (>106 
CFU/mL), generally low concentrations of biogenic amines were detected (<3 mg/L total); the exception being those 
wines inoculated with P. inopinatus OW8 (>5 mg/L). For diacetyl, some wines contained low levels (<0.5 mg/L), while 
others contained excessive amounts (>15 mg/L). Furthermore, growth of some pediococci resulted in a loss of red color 
and polymeric pigment content, potentially due to acetaldehyde degradation. Sensory analyses revealed differences in 
aroma (“floral,” “overall fruit,” “red fruit,” and “buttery”) and flavor (“sour” and “astringency”) between wines inoculated 
with different species and/or strains. Co-inoculation of P. parvulus and B. bruxellensis resulted in wines containing lower 
concentrations of 4-ethylphenol but reaching higher populations than in separate inoculations. This study demonstrated 
the variability that exists between Pediococcus species and strains in the production of various spoilage products and the 
potential range of sensory effects these bacteria can have on a Pinot noir wine. 
Am J Enol Vitic 67:188-198 (2016)

  The Basis of Defoliation Effects on Reproductive Parameters in Vitis vinifera L. cv. 
Chardonnay Lies in the Latent Bud
Peter W. Noyce,1,2* Christopher C. Steel,1 John D.I. Harper,1 and Robyn M. Wood1,3

1National Wine and Grape Industry Centre, School of Agricultural & Wine Sciences, Charles Sturt University, Locked Bag 588, Wagga 
Wagga, NSW 2678, Australia; 27 Courallie Ave., Pymble, NSW 2073, Australia; and 3PO Box 790, Ararat, Victoria 3377, Australia.  
*Corresponding author (pwnoyce@gmail.com)

Loss of grapevine leaves is common, but little is known about the basic causes of its effect on the size of grape berries or 
size of grapevine bunches. We propose that low sugar stores in the grapevine, produced by extensive leaf loss, reduce the 
numbers of bunches started and limit their size during development in the latent bud (the bud where bunches are first 
formed and then grow during season 1 before emerging as full bunches the next season). From early in season 1 (De-
cember), Chardonnay grapevines had leaves progressively removed as new leaves appeared throughout season 1 until 
season end, with the bunches left on. The leaf removal resulted in low sugar stores in the grapevine at season end and 
consequently, smaller early embryo bunches in the latent buds by dormancy and at pre-budburst in season 2. Grapevines 
with leaves removed and those with none removed had similar numbers of embryo bunches at winter dormancy and by 
pre-budburst in season 2. However, in grapevines where leaves were removed, some post-budburst bunches died due to 
lack of sugar, resulting in fewer bunches in season 2. Low grapevine sugar stores during the spring of season 2 ensured 
that fewer bunches were started and also delayed growth, with fewer, smaller bunches at post-budburst in season 3. 
Thus, our study indicted that leaf removal effects were due to low sugar stores, reducing the number of bunches started 
and reducing their size in latent buds, and also causing death of mature bunches in the immediate post-budburst period.
Am J Enol Vitic 67:199-205 (2016)
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  Postveraison Shoot Trimming Reduces Cluster Compactness without Compromising 
Fruit Quality Attributes in Organically Grown Sangiovese Grapevines
Bhaskar Bondada,1,5* José Ignacio Covarrubias,2 Paola Tessarin,1 Aparecida Conceiçao Boliani,3 Gilmar Marodin,4  
and Adamo Domenico Rombolà1

1Department of Agricultural Sciences, School of Agriculture and Veterinary Medicine, University of Bologna, 40127 Bologna, Italy; 
2Facultad de Ciencias Agronómicas, Universidad de Chile, Av. Santa Rosa 11315, Santiago, Chile; 3Department of Phytotecnic, Food 
Sciences and Socio-Economy, Faculty of Agricultural Engineering, State, University Paulista, CEP: 15385-000, Ilha Solteira, São Paulo, 
Brasil; 4Departamento de Horticultura e Silvicultura, Faculdade de Agronomia, Universidade Federal do Rio Grande do Sul, Porto 
Alegre, Brasil; and 5current address: Washington State University Tri-Cities, Department of Horticulture, 2710 Crimson Way, Richland, 
WA 99354. *Corresponding author (bbondada@wsu.edu; adamo.rombola@unibo.it)

Vine performance following preveraison shoot trimming is well documented; however, the consequences of such treat-
ments later in the season are poorly understood. Therefore, a four-year study was conducted in a mature vineyard of 
Sangiovese (clone 12T) grafted onto Kober 5BB rootstock at a spacing of 1 m × 2.8 m (intra- and interrow) to analyze the 
influence of postveraison shoot trimming on vine growth characteristics, cluster architecture (cluster compactness), and 
yield from a physiological viewpoint. The treatments consisted of shoot trimming during postveraison in a randomized 
block design with eight replications; each replication comprised of six vines. Three treatments were imposed when the 
soluble solids reached 15 Brix in August (40-45 days before expected harvest): light trimming (14 nodes), severe trim-
ming (10 nodes), and an untrimmed control. Following the treatments, various vine growth characteristics, cluster mor-
phology, and fruit quality attributes were measured. Postveraison shoot trimming, especially severe trimming, reduced 
cluster weight, cluster compactness, productivity, and total yield. In terms of fruit quality attributes, these reductions 
were manifested as lowering of Brix and pH, with minor effects on TA, yeast assimilable nitrogen, the anthocyanin pro-
file, and total anthocyanins. These results demonstrated that postveraison shoot trimming can be a valuable production 
practice in reducing cluster compactness without compromising overall fruit quality attributes in Sangiovese.
Am J Enol Vitic 67:206-211 (2016)

  New Stable QTLs for Berry Firmness in Table Grapes
José Correa,1 Maribel Mamani,1,2 Claudia Muñoz-Espinoza,1 Mauricio González-Agüero,1 Bruno G. Defilippi,1 Reinaldo 
Campos-Vargas,3 Manuel Pinto,1 and Patricio Hinrichsen1*
1Instituto de Investigaciones Agropecuarias, INIA La Platina, Santiago 8831314, Chile; 2Facultad de Ciencias Agronómicas, Universi-
dad de Chile, Santiago 8820808, Chile; and 3Centro de Biotecnología Vegetal, Facultad Ciencias Biológicas, Universidad Andrés Bello, 
Santiago 8370146, Chile. *Corresponding author (phinrichsen@inia.cl)

Berry firmness is one of the most important quality traits in table grape production and, consequently, a key aspect for 
table grape breeding programs. Because crops are usually harvested far from production centers, grapes have to be “good 
travelers,” and the best travelers are varieties that have the firmest berries. In order to develop new genotypes with firm 
berries, breeders need to understand the genetic basis of the trait. We present the result of three years of phenotypic 
and genetic evaluation of a crossing of two varieties of table grapes, segregating for firmness. Results showed that even 
though the heritability was ~90%, season had an important effect on this trait. Quantitative trait loci (QTL; i.e., regions 
of the genome where the probability of finding the genes responsible for a characteristic is higher) analysis and genetic 
mapping showed that the determinants for this trait are located on two of the 19 chromosomes (or linkage groups) of 
the grapevine: linkage groups 8 and 18. This is the first time that a stable QTL for berry firmness across seasons has 
been identified on linkage group 8. Together these two QTLs explained ~27.6% of the phenotypic variance. Among the 
tens of genes found in these two QTLs, we highlighted a cation/calcium exchanger, a xylosyltransferase, a probable cel-
lulose synthase, and a putative invertase, all related to cell wall metabolism. This study shows that berry firmness has a 
clear genetic basis. These results could also be useful information for table grape breeders, helping them to select new 
improved varieties.
Am J Enol Vitic 67:212-217 (2016)

http://www.ajevonline.org/content/67/2/206
http://www.ajevonline.org/content/67/2/212


13    ASEV Technical Update      November 2017   Volume 12   Number 1

  Salinity Negatively Affects Pollen Tube Growth and Fruit Set in Grapevines  
and Is Not Mitigated by Silicon
Tintu Baby,1 Cassandra Collins,1 Stephen D. Tyerman,1,2 and Matthew Gilliham1,2*
1School of Agriculture, Food and Wine, Waite Research Institute, University of Adelaide, PMB 1, Glen Osmond, SA 5064, Australia; and 
2ARC Centre of Excellence in Plant Energy Biology, University of Adelaide, PMB 1, Glen Osmond, SA 5064, Australia. 
*Corresponding author (matthew.gilliham@adelaide.edu.au) 

In arid and semiarid vineyards, salinity causes yield losses and a decrease in wine quality. This is increasingly becoming 
a problem in wine regions in California and Australia and is an emerging issue elsewhere due to climate change and 
misuse of irrigation water or land resources. While there is a body of work on the use of rootstocks to decrease salt (so-
dium chloride) accumulation in fruit and decrease yield losses, little is known about how salinity actually reduces yield. 
The focus of this research is on how salinity affects the reproductive performance of grapevine and to see if a common 
treatment for reducing salt damage in other crops, the application of silicon, has any effect on mitigating salt damage in 
grapevine. Shiraz vines were grown in controlled conditions. Reproductive performance measures of vines were taken 
from control and salt-treated vines. Salt treatment was found to reduce yield by reducing fruit set through increased 
flower abscission and interruption of normal berry development. Pollen tube growth was tracked in flowers and was 
reduced under saline conditions, which correlated with a reduced number of fertilized flowers and their conversion to 
berries. Pollen viability and the ability of pollen to germinate on female flower parts were not affected by salinity. Silicon 
did not restrict sodium or chloride ion accumulation in the reproductive organs or ameliorate the deleterious effects 
of salinity on reproductive capacity. However, we did observe improved instantaneous water use efficiency in silicon-
treated vines compared to control vines. This study suggests that fertilization is sensitive to salt accumulation and salt 
exposure should be avoided to minimize salinity impacts on fruit yield in the field.
Am J Enol Vitic 67:218-228 (2016)

  Assessment of Vineyard Canopy Porosity Using Machine Vision
Maria P. Diago,1 Mark Krasnow,2 Marijan Bubola,3 Borja Millan,1 and Javier Tardaguila1*
1Instituto de Ciencias de la Vid y del Vino (University of La Rioja, CSIC, Gobierno de La Rioja), 26006 Logroño, Spain; 2Culinary  
Institute of America, 1946 Campus Drive, Hyde Park, NY; and 3Institute of Agriculture and Tourism, Karla Huguesa 8, 52440 Poreč, 
Croatia. *Corresponding author (javier.tardaguila@unirioja.es) 

Canopy porosity is a key viticultural factor, as canopy gaps favor fruit exposure and air circulation, both benefits to fruit 
quality and health. Point quadrat analysis (PQA) as a standard method to assess canopy gaps is laborious and time con-
suming and therefore has limited utility. A new, objective, noninvasive, image-based method was developed and com-
pared with PQA to assess the percent of canopy gaps in vineyards of different viticultural conditions and planted with 
diverse varieties in New Zealand, Croatia, and Spain. The regressions between the canopy porosity, expressed as percent 
of gaps, using both methods were very high in each site for all cultivars and for the global model. Image acquisition of 
grapevines can be equally carried out at any time of the day (morning, midday, or afternoon) and from any of the two 
sides of the canopy, as the differences in natural illumination did not significantly affect the algorithm’s performance. Us-
ing this new diagnostic method, canopy management could be optimized to configure a desired amount of canopy gaps, 
with the aim of improving fruit quality and health. Considering the easy-to-use and fast implementation of the image-
based method and the possibility of fine-tuning canopy management, it is expected that image analysis techniques will 
gain acceptance in viticulture, especially if they are available on smart devices.
Am J Enol Vitic 67:229-238 (2016)

  Impact of Frozen Storage on the Free Volatile Compound Profile of Grape Berries
Étienne Ouellet1 and Karine Pedneault1,2*
1Centre de développement bioalimentaire du Québec, La Pocatière, Canada, G0R 1Z0; and 2Department of Food Science, Université 
Laval, Quebec, QC, Canada, G1V 0A6. *Corresponding author: (karinepedneault@gmail.com)

Fruits stored at temperatures above 4°C are subject to rapid deterioration due to microorganisms, enzymes, or oxidation 
reactions. Although freezing is not part of the usual winemaking process, freezing grape berry samples during veraison 
and harvest in order to postpone time-consuming analyses is common practice. In this study, the volatile composition 
of fresh juice from two grape varieties (Thompson and Flame) was compared with those of frozen juice and juice ex-
tracted from previously frozen grapes. Results showed that freezing the juice or extracting juice from previously frozen 
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grapes had a significant impact on the volatile compound profile when compared to fresh samples and that these dif-
ferences were cultivar-dependent. Freezing of fruit juice or the whole berries affected many compounds usually related 
to herbaceous, fruity, and floral notes in juices. Results suggest that care should be taken when performing free volatile 
compound analyses from frozen grape berries or juice, and that other preservation methods should be investigated to 
preserve grape berries for scientific investigations.
Am J Enol Vitic 67:239-244 (2016)

  Effects of Co-Inoculation on Wine-Quality Attributes of the High-Acid,  
Red Hybrid Variety Chambourcin
Laura J. Homich,1 Joshua A. Scheinberg,1 Ryan J. Elias,1 and Denise M. Gardner1*
1Department of Food Science, 202 Rodney A. Erickson Food Science Bldg., University Park, PA 16802. 
*Corresponding author (dxg241@psu.edu)

In the present study, the results of co-inoculation (i.e., simultaneous inoculation of must with yeast and bacteria) were 
compared with those of traditional sequential fermentation (i.e., inoculation of bacteria after completion of the primary 
yeast fermentation) in the vinification of wine made from the red, high-acid French-American hybrid variety Cham-
bourcin. Previous research has indicated that the use of co-inoculation may offer potential benefits to wine producers, 
including minimizing overall production time and improving wine quality. Our findings indicate that production time 
was decreased in co-inoculated treatments, offering an advantage to producers for improving winemaking efficiency. 
Additionally, minimal chemical differences were found between the sequential and co-inoculation treatments. A lack 
of perceived sensory differences was also noted. Therefore, this study demonstrates that co-inoculation can be used as a 
winemaking technique for the vinification of high-acid red varieties, such as Chambourcin, without altering wine qual-
ity, while also improving production efficiency.
Am J Enol Vitic 67:245-250 (2016)

  Light-Emitting Diodes as Supplemental Lighting in Viticulture Field Research
Cassandra M. Plank,1,4* Edward W. Hellman,2 and Thayne Montague3
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2Professor of Viticulture, Texas Tech University and Texas A&M University, Texas A&M AgriLife Research & Extension Center, Lub-
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A light emitting diode (LED) system was evaluated as a tool for field research to investigate light effects on grapevines. 
Preliminary laboratory trials were conducted to develop response curves for photosynthetically active radiation (PAR) 
and temperature in relation to distance from LED light source. LED panels were subsequently deployed in a three-year 
field study comprising three light exposure treatments on developing fruit clusters of Vitis vinifera cv. Cabernet Sauvi-
gnon: (1) clusters exposed to direct sunlight, (2) clusters shaded by canopy, and (3) canopy-shaded clusters exposed to 
supplemental LED light. Laboratory trials and vineyard field studies demonstrated LED panels could provide supple-
mental light over a broad range of PAR, up to and exceeding the photosynthetic light saturation point for exterior leaves 
of grapevine, by adjusting distance of LED panel to target. Although bench trials indicated significant convective heat 
close to the LED panel, field studies detected few temperature differences among cluster treatments. Varying results were 
primarily attributed to temperature measurement locations related to experimental objectives; bench trials measured 
target surface temperature, whereas field studies monitored whole cluster temperature. LED panels were effectively de-
ployed to provide supplemental light to shaded grape clusters without significantly altering cluster temperature.
Am J Enol Vitic 67:251-256 (2016)

  Impact of Frozen Storage on the Free Volatile Compound Profile of Grape Berries 
(continued)
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  Effects of Vineyard and Winemaking Practices Impacting Berry Size on Evolution of 
Phenolics during Winemaking
L. Federico Casassa,1 Richard C. Larsen,2 and James F. Harbertson2*
1Wine and Viticulture Department, California Polytechnic State University, San Luis Obispo, CA 93407; and 2Viticulture and Enology 
Program, Washington State University, Wine Science Center, 2710 Crimson Way, Richland, WA 99354.  
*Corresponding author (jfharbertson@wsu.edu)

In this study, we sought to uncover interactions between a vineyard practice that impacts berry size, such as regulated 
deficit irrigation (RDI), an irrigation technique whereby water is supplied at rates at or below the full evapotranspiration 
(ETc), and a winemaking technique that is carried out to emulate a different berry size to that originally present in the 
berry population (saignée). Because extended maceration (EM) is known to alter the concentration and partitioning 
of wine tannins and anthocyanins, it was also included in the experimental design. Four different RDI protocols were 
applied to Cabernet Sauvignon grapes in the vineyard: (100% ETc, 70% ETc, 25/100% ETc, and 25% ETc). Fruit lots were 
then processed in the winery by applying EM, saignée, and a traditional maceration protocol. None of the four RDI 
treatments affected anthocyanin extraction: the amount of extracted anthocyanins in the wines was roughly propor-
tional to the initial anthocyanin content in the fruit of each treatment. Thus, quantitative differences in anthocyanin 
extraction favored 25% ETc and 25/100% ETc wines. Likewise, there was no effect of the RDI treatments on tannin ex-
traction. Saignée increased the anthocyanin content at day 5, but these differences subsided by day 120 irrespective of 
the RDI treatments, which translated into equivalent wine color saturation in saignée and control wines. Saignée also in-
creased tannin content relative to the control wines, and these differences were long-lasting. The results also suggest that 
from the perspective of tannin extraction, the effect of saignée was more pronounced when applied to fruit lots having 
larger berry weight (100% ETc:1.01 g/berry and 70% ETc:0.96 g/berry). The application of EM reduced anthocyanins and 
wine color saturation but increased tannin extraction from seeds. On the other hand, control and saignée wines had an 
equivalent proportion of skin- and seed-derived tannins. Overall, the effect on phenolic and chromatic measurements 
of the winemaking techniques applied in the winery was more evident and long-lasting than that of the RDI treatments 
applied in the vineyard.
Am J Enol Vitic 67:257-268 (2016)

  Impact of Undervine Management on Vine Growth, Yield, Fruit Composition,  
and Wine Sensory Analyses in Cabernet franc
Adam Karl,1 Ian A. Merwin,2 Michael G. Brown,3 Rebecca A. Hervieux,4 and Justine E. Vanden Heuvel5*
1Former Master of Science Student, 2Professor Emeritus, 3Research Support Specialist, and 4Former Master of Professional Studies 
Student, Horticulture Section, 134A Plant Science, Cornell University, Ithaca, NY 14853; and 5Associate Professor, Horticulture Section, 
School of Integrative Plant Science, Cornell University, Ithaca, NY 14853 and NYSAES, Geneva, NY 14456.  
*Corresponding author (jev32@cornell.edu)

Four undervine management treatments were established in a young Cabernet franc vineyard in Lansing, NY, in 2010, 
with the goal of reducing herbicide use and potentially limiting vine vigor: cultivation (CULT), native vegetation (NV), 
white clover (WC, Trifolium repens annually-seeded at 10 kg/ha), and glyphosate herbicide (GLY, the control). Vine size 
was reduced by the NV and WC treatments compared to vines in the GLY plots, but fruit yields were also reduced. Juice 
chemistry was not impacted by treatments and panelists were unable to consistently differentiate wines from treatments 
in any of the three vintages (2011 to 2013). The smaller vine size and yields of NV and WC vines in comparison to GLY 
vines suggested the potential for undervine cover crops to limit vine vigor in comparison to conventional practices, 
perhaps reducing the need for expensive canopy management interventions through the season. The greater yields of 
GLY vines, the similarity in juice chemistry among treatments, and the lack of wine sensory differences among treat-
ments suggested that herbicide use promoted higher yields without a sacrifice in fruit and wine composition. Cost of 
maintaining the undervine management treatments was lowest ($84/ha) for the NV treatment and highest ($1036/ha) 
for the CULT treatment, but since yield was reduced in NV and WC, the GLY strategy produced up to $6891/ha more 
revenue than other treatments.
Am J Enol Vitic 67:269-280 (2016)
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  Under-Trellis Cover Crop and Rootstock Affect Growth, Yield Components,  
and Fruit Composition of Cabernet Sauvignon
Cain C. Hickey,1 Tremain A. Hatch,1 Jonathan Stallings,2 and Tony K. Wolf 1*
1Alson H. Smith, Jr. Agricultural Research and Extension Center, Virginia Tech, 595 Laurel Grove Rd., Winchester, VA 22602; and 
2North Carolina State University, Department of Statistics, 2311 Stinson Drive, Campus Box 8203, Raleigh, NC 27695.  
*Corresponding author (vitis@vt.edu)

Managing vegetative growth of grapevines is important for fruit and wine quality. We compared the use of an under-
trellis cover crop (CC) with an under-trellis herbicide-treated strip (HTS) and compared three different rootstocks 
(101-14, 420-A, riparia Gloire) as a proactive means to regulate vine size and potentially improve fruit quality of Cab-
ernet Sauvignon in a long-term study. While CC reduced vine pruning weight and increased fruit-zone exposure, it 
also reduced crop yield by an average of 610 kg/ha/year and offered little improvement in fruit quality when compared 
to HTS. Vines grafted to riparia occasionally had reduced vine pruning weights and increased crop yield components 
compared to the other two rootstocks. Rootstock 420-A consistently reduced juice pH compared to 101-14 and riparia. 
Inconsistent improvements in grape anthocyanins and phenolics were observed in riparia (both) and 101-14 (phenolics 
only) when compared to 420-A. Though more pronounced in the early years of the experiment, CC reduced vine size 
more consistently than did rootstock choice. As such, under-trellis cover crops offer a proactive means to regulate vine 
size and reduce operational costs associated with canopy management, but only if an average of 610 kg/ha reduction in 
crop yield is affordable. Though uncertain if similar effects will be realized with other scion varieties, riparia warrants 
consideration as a rootstock that can tandemly increase crop yield and decrease vine size. On the other hand, the reduc-
tion in juice pH conferred by 420-A rootstock could prove beneficial in situations where elevated fruit and wine pH are 
frequently encountered.
Am J Enol Vitic 67:281-295 (2016)

  Impact of the [GAR+] Prion on Fermentation and Bacterial Community Composition 
with Saccharomyces cerevisiae UCD932
Gordon A. Walker,1 Anna Hjelmeland,1 Nicholas A. Bokulich,1,3 David A. Mills,1,2 Susan E. Ebeler,1 and Linda F. Bisson1*
1Department of Viticulture and Enology, 2Department of Food Science and Technology, Robert Mondavi Institute, University of Cali-
fornia, Davis, CA 95616; and 3Present address: Department of Medicine, Langone Medical Center, New York University, NY.  
*Corresponding author (lfbisson@ucdavis.edu)

Adoption of sound fermentation management practices greatly reduces the incidence of sluggish and stuck wine fer-
mentations. However, there are incidences where difficulties in fermentation progression arise that are not due to the 
typical, known causes of yeast stress. This work demonstrates that one mechanism for reduction in yeast fermentative 
capacity is due to the establishment of a prion within the cell population. Prions are heritable protein conformations that 
can modify cell metabolic behavior. In the case of fermentation progression, establishment of the [GAR+] prion allows 
the cell to circumvent glucose repression, reduce rates of glucose influx and catabolism, and maintain viability under 
conditions of stress. We have shown in this paper that the [GAR+] phenotype in wine strains is indeed due to the estab-
lishment of a heritable prion state and that creation of that state is associated with a reduction of fermentation capacity 
and ability to dominate the broader microbial community. Comparison of [GAR+] and [gar-] cells showed that [GAR+] 
strains failed to exclude bacteria from growing concomitantly with the yeast, reduced fermentation rates, and changed 
the aroma profile of the wine consistent with bacterial activity. Use of adequate levels of sulfur dioxide blocked these 
effects in [GAR+] strains. We hypothesize that the bacterial induction of the [GAR+] prion by yeast during fermentation 
is another possible mechanism by which stuck/sluggish fermentations may become established.
Am J Enol Vitic 67:296-307 (2016)
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  Evaluation of Energy Saving Using a New Yeast Combined with Temperature 
Management in Sparkling Base Wine Fermentation
Valentina Giovenzana,1 Roberto Beghi,1* Paola Vagnoli,2 Francesco Iacono,3 Riccardo Guidetti,1 and Tiziana Nardi4,5
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The increasing interest in environmental sustainability will drive wine suppliers to provide quantitative information 
about energy-saving solutions for their processes and products and their impact on the environment. Heat removal ac-
counts for ~90% of the total energy requirements of the winery and is mostly related to the temperature control of the 
wine tanks used for fermentation and maturation. The aim of this work was to evaluate the effects of a selected wine 
yeast, chosen to optimize sensory characteristics and minimize SO2 production at temperatures higher than the standard 
for winemaking, on energy consumption during the fermentation process of the Franciacorta base wine. Fermentations 
using the new yeast strain were conducted at 15 and 19°C, and energy consumption was compared. Also, the sensory, 
chemical, and aromatic features of the sparkling base Franciacorta wines were measured. Fermentation required 21.6 
Wh/Lgrape must at 15°C and 7.7 Wh/Lgrape must at 19°C, reducing energy use by ~65% at the higher temperature. Use of the 
tested yeast had positive effects on energy saving during fermentation without compromising sensory, chemical, and 
aromatic profiles of the resulting wine. This work suggests possible methods for wineries to adopt a more sustainable 
winemaking process that lowers energy consumption and decreases SO2 content in wines, which may introduce eco-
labeling strategies and price-premium policies.
Am J Enol Vitic 67:308-314 (2016)

  Effect of Postharvest Defoliation on Carbon and Nitrogen Resources of  
High-Yielding Sauvignon blanc Grapevines
Marc M. Greven,1* Sue M. Neal,1 D. Stuart Tustin,2 Helen Boldingh,3 Jeff Bennett,1 and Maria Carmo Vasconcelos4
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We quantified the importance of postharvest carbohydrate assimilation and nitrogen availability to replenish vine re-
serves, over and above maintaining optimal growth, productivity, and fruit quality of high-yielding, vigorous Sauvignon 
blanc grapevines. To create different carbohydrate (CHO) and nitrogen (N) reserve concentrations, our factorial-design 
trial consisted of a postharvest defoliation treatment overlaid with a pruning treatment for which 48 and 72 nodes 
were retained on four- and six-cane vertical shoot positioned vines, respectively. For defoliation (Defol), all the leaves 
of the vines were removed immediately after fruit harvest, compared to foliated vines (Fol) that went through normal 
senescence. From just after ectodormancy in 2008, samples of root and trunk tissue were taken throughout the years for 
CHO and N analyses, and results compared with annual yield data. In the seasons following the treatments, both the 
defoliation and node number treatments reduced vine growth and yield. Additionally, differences in CHO and N of the 
permanent structure were found. Depleted winter reserves in trunk and root were replenished during the next growth 
cycle, suggesting that grapevine N and CHO partitioning favor survival of the permanent structure over increasing vine 
size and yield. However, after two consecutive years of defoliation, the cumulative effects of smaller, less fruitful canes 
from year 1 and reduced carbohydrates from the subsequent year, did reduce both yield and vegetative growth in the 
third growing season. Therefore, even the short-lived postharvest canopy in cool climates contributes to the vine CHO 
economy. Defoliation or excessive crop loads affected carbohydrate reserves in vines, but only after a few consecutive 
years of low recharge was this manifested in lower yields and poorer vegetative growth.
Am J Enol Vitic 67:315-326 (2016)
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  Impacts and Interactions of Abscisic Acid and Gibberellic Acid on  
Sovereign Coronation and Skookum Seedless Table Grapes
Andrew Reynolds,1* Naomi Robbins,2,5 Hyun-Suk Lee,3 and Elena Kotsaki4  
1Professor, 2Undergraduate thesis student, 3Technical assistant, and 4Graduate student, Cool Climate Oenology and Viticulture Institute, 
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Gibberellic acid (GA; 0, 15, 30 mg/L) and abscisic acid (ABA; 0, 150, 300 mg/L) treatments were applied alone and in 
combination on Sovereign Coronation and Skookum Seedless (Coronation and Skookum, respectively) table grapes in 
Ontario in 2013 and 2014 to assess their effects on cluster and berry size, berry composition, and sensory characteristics. 
The hypothesis was to produce larger and more attractive clusters using GA while accelerating fruit maturity through 
use of ABA. Two sites (Hipple, Lambert) were used for Coronation and one (Lambert) for Skookum. Trials were ran-
domized complete block designs with factorialized treatment arrangements containing four blocks. GA was applied 
three times (prebloom, seven days postbloom, 14 days postbloom); ABA was applied twice (one and two weeks preverai-
son). The following data were collected: yield components (yield, cluster weight, berry weight), berry composition (Brix, 
titratable acidity [TA], pH, color intensity, anthocyanins), and sensory variables. GA increased yield, cluster weight, and 
berry weight in Coronation. GA seemed to delay ripening, with reduced Brix, color, and anthocyanins but also lower TA 
(both sites). ABA increased berry pH (both sites) and color intensity and anthocyanins (Hipple 2013). Yield was reduced 
by GA in Skookum, but cluster weight increased (2013). Brix and berry pH increased and TA decreased with increasing 
GA in Skookum, and ABA increased Brix and pH. In Coronation, GA enhanced several sensory variables, e.g., cluster 
attractiveness and color intensity (both sites), juiciness (Hipple), and labrusca flavor (Lambert). ABA likewise increased 
cluster attractiveness, color intensity, and labrusca flavor. In Skookum, GA increased flesh firmness, fruity flavor, and 
juiciness, while ABA enhanced cluster attractiveness, golden color, and visual liking. Overall, GA consistently increased 
yield components with minimal impacts on berry composition, while ABA increased Brix, pH, color, and anthocyanins 
but decreased TA. 
Am J Enol Vitic 67:327-338 (2016)

  Climatic Niche Characterization of 13 North American Vitis Species
Steven T. Callen,1,2 Laura L. Klein,1,2 and Allison J. Miller1,2*
1Biology Department, Saint Louis University, 3507 Laclede Ave, St. Louis, MO 63103; and 2Missouri Botanical Garden, 4344 Shaw Blvd, 
St. Louis, MO 63110. *Corresponding author (amille75@slu.edu)

The majority of viticulture is based on cultivation of the European grapevine species Vitis vinifera ssp. vinifera. However, 
in North America there are ~19 native Vitis species, many of which have played an important role in the generation 
of scions used in regions where pure V. vinifera doesn’t do well and for rootstocks used in various regions around the 
globe. As changing climates present novel challenges to viticulture, scientists and breeders are looking to native North 
American Vitis species as sources of potentially valuable germplasm for scion and rootstock development. The goal of 
this study was to characterize the climates in which native North American Vitis species grow and to ask whether native 
populations of genetically similar Vitis species occur in similar climates. To do this, we compiled more than 7000 local-
ity points for 13 North American Vitis species. We downloaded geographic information systems data on temperature 
and precipitation for each locality point and then generated environmental niche models for each species. We compared 
the climates in which the different species occurred and asked what components of climate (temperature, precipitation) 
differed among species. Our results indicate that Vitis species occur under a wide range of climatic conditions, includ-
ing warm and wet (V. shuttleworthii), warm and dry (V. mustangensis), cold and wet (V. labrusca), and cold and dry (V. 
riparia) climates. Some closely related North American Vitis species exhibit similarities in their climatic niches, while 
other groups of closely related Vitis species exhibit notably different climatic niches. Additionally, we identified novel 
geographic locations where some species could potentially flourish. These data provide valuable insights into the types 
of climates occupied by natural populations of North American grapevines and may be useful in the development of 
rootstocks to suit specific climates now and in the future.
Am J Enol Vitic 67:339-349 (2016)
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  Monitoring Volatile Aroma Compounds during Fermentation in a  
Chemically Defined Grape Juice Medium Deficient in Leucine
Jade J. Haggerty,1 Dennis K. Taylor,1 and Vladimir Jiranek1*
1School of Agriculture, Food & Wine, University of Adelaide, Waite campus, PMB 1, Glen Osmond, 5064, Australia.  
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Understanding the genetic basis of a complex attribute such as aroma compound production by yeast can benefit from 
a reductionist approach whereby the role of a subset of genes in this phenomenon is examined under controlled con-
ditions. A recently reported library of yeast clones, each bearing a different set of yeast genome fragments containing 
about four genes each, are a new tool for such research. To ensure their genetic stability, such clones must, however, be 
grown in a medium devoid of leucine, an amino acid ordinarily present in grape juice and involved in formation of some 
relevant compounds. A chemically defined medium provides a way of ensuring leucine deficiency and controlling the 
formulation of the test medium in a way not normally possible with a grape juice. As a prelude to fully exploiting this 
medium and clone combination, this study sought to determine if the clone would grow and perform as expected in 
such a reduced condition and whether the aroma compounds formed reflected those seen in published reports of work 
undertaken with similar media. The findings confirm the appropriateness of this experimental design and open the door 
for further work aimed at understanding yeast aroma compound production. 
Am J Enol Vitic 67:350-355 (2016)

  Preveraison Water Deficit Accelerates Berry Color Change in Merlot Grapevines
Jose C. Herrera1* and Simone D. Castellarin2
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The onset of berry ripening is commonly known as “veraison” and, in red varieties, is associated with the berry color 
change from green to red. As a first noticeable sign of ripening, veraison is considered one of the major phenological 
stages. The date of veraison is usually recorded in commercial vineyards and used as a phenological reference for the ap-
plication of several viticultural practices, such as deficit irrigation. Deficit irrigation can accelerate the ripening process 
and increase the accumulation of pigments in the berry skin by enhancing the anthocyanin biosynthesis. Moreover, 
previous research has observed that this effect is larger when water deficit is imposed at preveraison stages. However, 
the impact of water deficit on the timing and progression of berry color change in the vineyard has not been much in-
vestigated. Here, we present the results of three years of observations (2011 to 2013) on the progression of color change 
in Merlot vines subjected to water deficit (WD) or irrigation (C) regimes. In general, water deficit did not affect the date 
when berries started changing color, but it did accelerate the pigmentation process in all three years. WD berries com-
pleted pigmentation five days before C on average. These results suggest that preveraison WD shortens the phase of color 
transition in the vineyard, potentially favoring a longer ripening time. Moreover, the shortening of the color transition 
might contribute to the anthocyanin/sugar uncoupling observed during ripening under water deficit.
Am J Enol Vitic 67:356-360 (2016)

  Review of Aroma Formation through Metabolic Pathways of Saccharomyces cerevisiae 
in Beverage Fermentations
Marissa B. Hirst1 and Chandra L. Richter1*
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Fermentation has historically played an important role in the production of several commodities, such as bread and 
alcoholic beverages. Today fermentation can be used to produce specific flavor compounds in multiple industries. Fla-
vor compounds are secondary metabolites produced during fermentation in addition to primary metabolites such as 
ethanol. Secondary metabolism is influenced by fermentable carbon, nitrogen makeup, and the fermentation environ-
ment. A better understanding of how these variables affect the physiology of yeast strains to produce flavor compounds 
may improve a number of industrial commodities. Systems biology is an attractive method for studying the complex 
dynamics of secondary metabolism. While applying a systems biology approach to winemaking or brewing is not a new 
concept, making direct linkages between -omics data and the production of flavor compounds is a novel approach to im-
proving flavor production in fermentation. Thus far, the bulk of the work in which systems biology methods have been 
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applied to fermentation relies heavily on laboratory strains of Saccharomyces cerevisiae that lack metabolism-relevant 
genes present in industrial yeast strains. Therefore, investigation of industrial strains using systems biology will provide 
a deeper understanding of secondary metabolism in the industrial setting. Ultimately, integrating multiple -omics ap-
proaches will lay the foundation for predictive models of S. cerevisiae fermentation and optimal flavor production.
Am J Enol Vitic 67:361-370 (2016)

  Scientific Opinion: Improving the Definition of Grape Phylloxera Biotypes and 
Standardizing Biotype Screening Protocols
Astrid Forneck,1* Kevin S. Powell,2 and M. Andrew Walker3

1University of Natural Resources and Life Sciences, Vienna, Division of Viticulture and Pomology, Konrad-Lorenz Str. 24, A-3430 Tulln, 
Austria; 2Department of Economic Development, Jobs, Transport & Resources, Biosciences Research Division, 124 Chiltern Valley 
Road, Rutherglen, Victoria, 3685 Australia; and 3University of California, Davis, Department of Viticulture and Enology, Davis, CA 
95616. *Corresponding author (astrid.forneck@boku.ac.at)

Grape phylloxera biotypes are defined by their specific performance on, or preference for, a particular host (e.g., feeding 
on a particular rootstock). Numerous studies have phenotyped phylloxera, particularly in regard to their performance 
on various hosts, but the results are difficult to compare because of the lack of a homogenous nomenclature and a stan-
dardized protocol for phenotyping. In an effort to improve communication within the scientific community, we offer 
a simplification of the phylloxera biotype classification to allow clear data interpretation and effective communication. 
We also introduce the standard techniques employed for phylloxera phenotyping and discuss their advantages and dis-
advantages.
Am J Enol Vitic 67:371-376 (2016)

  Chemistry of Manganese and Interaction with Iron and Copper in Wine
John C. Danilewicz1*
144 Sandwich Road, Ash, Canterbury, Kent CT3 2AF, United Kingdom. *Corresponding author (jdanilewicz@btconnect.com) 

The catalytic action of metals in wine oxidation is becoming better understood. The main reductants of wine, the poly-
phenols, cannot interact directly with oxygen (O2), and metals act as a “bridge” between the two. Iron (Fe), which is 
present in small amounts, is able to cycle between an oxidized form, Fe(III), and a reduced form, Fe(II). As a result, 
Fe(II) reacts with (O2), and the Fe(III) that is produced oxidizes polyphenols. Furthermore, copper (Cu) greatly fa-
cilitates the reaction of Fe(II) with O2 and so accelerates wine oxidation. Some reports suggest that manganese (Mn), 
which is present in similar concentrations to Fe in wine, may also participate in the catalytic process. This study was 
therefore undertaken to examine the possibility that Mn may interact with Fe and Cu in wine to facilitate its oxidation. 
An initial examination showed that Mn cannot cycle between its oxidized form, Mn(III), and its reduced form, Mn(II), 
in the same way as Fe, as Mn(II) does not react with Fe(III) or O2 in wine conditions. However, Mn is shown to acceler-
ate the reaction of Fe(II) with O2, which, it is suggested, is the result of the interaction of Mn(II) with an intermediate 
Fe-O2 complex. As a result, Mn enhances the combined catalytic action of Fe and Cu in the oxidation of a polyphenol 
in model wine. Mn is known to be a very effective catalyst of sulfite oxidation, but it is shown that a polyphenol inhibits 
this process. Consequently, as with Fe, Mn cannot catalyze the direct reaction of sulfite with oxygen in wine conditions. 
Mn produced a modest increase in the rate of oxidation of a Sauvignon blanc wine. However, a more substantial effect 
was obtained by raising the Fe and Cu concentration, though still in the normal wine range.  
Am J Enol Vitic 67:377-384 (2016)

  Review of Aroma Formation through Metabolic Pathways of Saccharomyces cerevisiae 
in Beverage Fermentations  (continued)
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  Impact of Mechanical Harvesting and Optical Berry Sorting on  
Grape and Wine Composition
David A. Hendrickson,1 Larry A. Lerno,1 Anna K. Hjelmeland,1 Susan E. Ebeler,1 Hildegarde Heymann,1 Helene Hopfer,1  
Karen L. Block,1 Charles A. Brenneman,1 and Anita Oberholster1*
1Department of Viticulture and Enology, University of California, Davis, One Shields Avenue, Davis, CA 95616.  
*Corresponding author (aoberholster@ucdavis.edu)

The impact of mechanical harvesting, optical berry sorting, and their possible synergistic effect on grape and wine com-
position was investigated. Pinot noir grapes from the Russian River Valley American Viticultural Area were harvested 
by hand, by a standard bow-rod mechanical harvester, or by a mechanical harvester with a Selectiv’ Process on-board. 
For each harvest method, half of the grapes were unsorted and half were optically sorted at the winery. The grapes, 
wines at bottling, and wines after three months of bottle aging were analyzed by reversed-phase high-performance liq-
uid chromatography (RP-HPLC), ultraviolet-visible spectroscopy (UV-vis), and headspace solid-phase microextraction 
(HS-SPME) gas chromatography mass spectrometry (GC-MS) for color expression and phenolic and aroma profiling. 
The machine-harvested grapes had higher levels of β-damascenone, linalool, β-myrcene, and α-terpinene, potentially 
caused by glycosidic hydrolysis triggered by berry damage during harvest or from induced synthesis as a wounding 
response. In general, differences in wine composition attributable to harvest method were diminished or eliminated 
by optical sorting. The machine harvester with the Selectiv’ Process on-board led to wines with the most phenolics, 
although these differences may have been decreased or eliminated had the grapes been crushed before fermentation as 
the wines were produced by whole-berry fermentation. Descriptive sensory analysis conducted on wines three months 
after bottling determined that the wines made from hand-harvested fruit had significantly greater tropical fruit aroma, 
while wines made from optically sorted treatments had less hue saturation. With only two significant differences among 
the 18 aroma, taste, and mouthfeel attributes tested, it was concluded that all treatments led to wines of similar character.
Am J Enol Vitic 67:385-397 (2016)

  Arrested Sugar Accumulation and Altered Organic Acid Metabolism in Grape Berries 
Affected by Berry Shrivel Syndrome
Markus Keller,1* Pradeep M. Shrestha,1,2 Geoffrey E. Hall,1,3 Bhaskar R. Bondada,4 and Joan R. Davenport1

1Irrigated Agriculture Research and Extension Center, Washington State University, Prosser, WA 99350; 2Woodland, CA 95776; 3Ste. 
Michelle Wine Estates, Dundee, OR 97115; and 4Ste. Michelle Wine Estates WSU Wine Science Center, Washington State University, 
Richland, WA 99354. *Corresponding author (mkeller@wsu.edu)

Berry shrivel (BS) and bunch-stem necrosis (BSN) are thought to be two, possibly related, physiological disorders that 
affect ripening grape berries. This study monitored changes in BS and BSN symptoms and fruit composition of Cabernet 
Sauvignon in a commercial vineyard in arid southeastern Washington over four growing seasons. The results support 
the idea that BS is a physiological rather than pathological disorder and is restricted to the ripening period. The vines 
of four adjacent rows were geolocated using GPS over three years to determine if BS was associated with specific vines 
or specific locations within the vineyard. Like BSN, the BS syndrome was seemingly restricted to individual clusters 
rather than individual vines, and it was spatially unpredictable from year to year. No consistent patterns were observed 
for the appearance of BS within or between vines. Vines propagated from BS-afflicted shoots only rarely displayed BS 
symptoms. Detailed observations on symptom development suggest that BS might be a partly asymptomatic or early 
form of BSN. Nevertheless, unlike the majority of BS symptoms, BSN symptoms rarely affected entire clusters. Moreover, 
BSN symptoms also appeared suddenly during the late ripening phase after apparently normal ripening, that is, without 
the early changes in berry size and fruit composition that characterized BS. Visible BS symptoms were preceded by a 
cessation of sugar, potassium, and oxalate accumulation in the berries, but other organic acids differed little between 
healthy and BS berries. This study suggests that the characteristic sour taste of BS berries is not due to high organic acid 
concentration but instead arises from a combination of low sugar:acid ratio due to low sugar content, low pH due to low 
potassium, and a concentration effect on hydrogen ions as a result of berry shrinkage.
Am J Enol Vitic 67:398-406 (2016)
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  Impact of Crop Control Strategies on Performance of High-Yielding  
Sangiovese Grapevines
Oriana Silvestroni,1 Vania Lanari,1 Tania Lattanzi,1 Alberto Palliotti,2 and Paolo Sabbatini3*
1Dipartimento di Scienze Agrarie, Alimentari e Ambientali, Università Politecnica delle Marche, Via Brecce Bianche, 60131 Ancona, 
Italy; 2Dipartimento di Scienze Agrarie, Alimentari e Ambientali, Università di Perugia, Borgo XX giugno 74, 06121 Perugia, Italy; and 
3Department of Horticulture, Plant & Soil Sciences Building, Michigan State University, East Lansing, MI 48824.  
*Corresponding author (sabbatin@msu.edu)

Climate change will require grapegrowers to develop improved viticultural practices to control vine yield and the rate of 
fruit maturation. The impacts of five canopy management regimens on vegetative growth, yield, and grape quality were 
investigated over three years, and carryover effects on vines in the fourth year were examined. Winter pruning (Wp, the 
control), shoot thinning (St), shoot thinning with preanthesis defoliation (St+Dpa), shoot thinning with preveraison 
defoliation (St+Dpv), and shoot thinning with preveraison defoliation plus cluster thinning (St+Dpv+Ct) were applied 
to Sangiovese vines from 2011 to 2013. Neither St nor St+Dpv changed yield or grape quality compared to Wp. The 
St+Dpa treatment reduced leaf area and yield by 33% compared to Wp and St and led to increased sugar concentra-
tions and a carryover effect into 2014 that reduced vine capacity. A management strategy that combines shoot thinning 
with preanthesis defoliation, which will increase sugar concentrations and suppress yield, offers the strongest potential 
for long-term regulation of vine yield and grape quality. However, in a nonirrigated vineyard of medium vigor, Wp, St, 
and St+Dpv could be used to achieve yield and fruit quality levels that meet defined thresholds while reducing costs in 
respect to other additional interventions such as Dpa or Ct.
Am J Enol Vitic 67:407-418 (2016)

  Postbudburst Spur Pruning Reduces Yield and Delays Fruit Sugar Accumulation in 
Sangiovese in Central Italy
Tommaso Frioni,1 Sergio Tombesi,1 Oriana Silvestroni,2 Vania Lanari,2 Andrea Bellincontro,3 Paolo Sabbatini,4  
Matteo Gatti,5 Stefano Poni,5* and Alberto Palliotti1
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timento di Scienze Agrarie, Alimentari ed Ambientali, Università Politecnica delle Marche, Via delle Brecce Bianche, 60131 Ancona, 
Italy; 3Dipartimento per l’Innovazione dei Sistemi Biologici, Agroalimentari e Forestali, Università della Tuscia, Via S. Camillo de Lellis, 
Viterbo, Italy; 4Department of Horticulture, Michigan State University, 1066 Bogue Street, East Lansing, MI 48824; and 5Dipartimento 
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*Corresponding author (stefano.poni@unicatt.it)

Winter pruning is a customary operation in vineyards intended to regulate vine vigor and yield and is performed dur-
ing the dormant period. However, delaying winter pruning until initial vegetative growth has started might result in an 
overall delayed annual cycle. Such a delay might be useful in warm environments where summer heat due to climate 
change is endangering grape composition. Therefore, the influence of pruning date on yield control and ripening rate 
of spur-pruned Sangiovese grapevines was investigated over two years (2013 and 2014). Winter pruning was applied on 
1 or 4 Feb (mid dormancy); 1 or 5 March (late dormancy); 2 or 7 April (bud swell); 2 or 7 May (flowers closely pressed 
together); and 1 or 6 June (40 to 50% of flower caps fallen), respectively. Vine yield and fruit composition at harvest were 
not affected by shifting from the standard pruning dates of February and March to early April. By contrast, the number 
of inflorescences  from compound buds was significantly reduced for vines pruned in early May. No inflorescences were 
retained on vines pruned at the beginning of June. Early May pruning reduced fruit set and berry weight, and fruit 
ripening was slower when compared to the other dates. At harvest, must soluble solids and titratable acidity were 1.6 
Brix lower and 1.8 g/L higher, respectively, for the May treatment as compared to the standard pruning dates. The May 
pruning date also achieved higher total anthocyanins and phenolic concentrations than the standard. Delay achieved by 
the May pruning was fully offset in the given environment. More studies are needed to better calibrate winter pruning 
date for managing yield and berry maturation rate. 
Am J Enol Vitic 67:419-425 (2016)
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  Deficit Irrigation Alters Grapevine Growth, Physiology, and Fruit Microclimate
Markus Keller,1* Pascual Romero,2 Hemant Gohil,3,4 Russell P. Smithyman,5 William R. Riley,5 L. Federico Casassa,6,7  
and James F. Harbertson6

1Department of Horticulture, Irrigated Agriculture Research and Extension Center, Washington State University, Prosser, WA 99350; 
2Irrigation and Stress Physiology Group, Instituto Murciano de Investigación y Desarollo Agrario y Alimentario, 30150 La Alberca, 
Murcia, Spain; 3Viticulture and Enology Program, Washington State University, Prosser, WA 99350; 4Cooperative Extension of 
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The present study evaluated the response of field-grown Cabernet Sauvignon winegrapes to different deficit irrigation 
regimes in arid eastern Washington. Deficit irrigation did not enhance vineyard water-use efficiency. However, replac-
ing only 25% of the total seasonal vineyard water demand was economically unsustainable, as it led to a decline in plant 
capacity and yield. By contrast, the same restriction of water supply imposed early during fruit development, followed by 
an increase to 100% water supply during ripening, proved to be an interesting irrigation management option for Caber-
net Sauvignon. This regime limited plant vigor and berry size and conserved irrigation water, while avoiding detrimental 
long-term effects on vine growth and yield. Water restriction led to a smaller, somewhat more open canopy, which in 
turn resulted in higher berry temperatures as a result of smaller berries that were more exposed to sunlight. These results 
suggest that potential changes in fruit composition due to water deficit may be related to alterations in canopy size and 
microclimate, in addition to decreases in berry size.
Am J Enol Vitic 67:426-435 (2016)

  Nutrient Uptake and Distribution in Young Pinot noir Grapevines over Two Seasons
R. Paul Schreiner1*
1USDA-ARS-Horticultural Crops Research Laboratory, 3420 NW Orchard Ave., Corvallis, OR 97330.  
*Corresponding author (paul.schreiner@ars.usda.gov)

Nutrient uptake and use in four-year-old Pinot noir grapevines was determined over two years in order to quantify the 
amounts of nutrients required, the time that nutrients are actively taken up from soil, and how they are used within the 
vine. For nitrogen, maximal uptake had occurred early in the season, with most uptake occurring before bloom. Uptake 
of phosphorus and sulfur were also early compared to other nutrients, with similar quantities of these elements taken up 
between budbreak and bloom and between bloom and veraison. All other nutrients had peak uptake between bloom and 
veraison. Even in these young vines, ~35% of the nitrogen required by the canopy by the time fruit coloration began was 
remobilized from reserves in the roots and trunks. A smaller amount of potassium and sulfur were reused from stored 
reserves in the roots and trunks. The total quantities of different nutrients that were taken up from soil are presented 
and discussed.
Am J Enol Vitic 67:436-448 (2016)

  Sulfur Dioxide–Oxygen Consumption Ratio Reveals Differences in  
Bottled Wine Oxidation
Andrew L. Waterhouse,1* Scott Frost,1 Maurizio Ugliano,2 Annegret R. Cantu,1 Bruce L. Currie,1 Mauri Anderson,1  
Alexander W. Chassy,1 Stéphane Vidal,3 Jean-Baptiste Diéval,3 Olav Aagaard,3 and Hildegarde Heymann1
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ter-Clermont, Belgium. *Corresponding author (alwaterhouse@ucdavis.edu)

The question being addressed was how different treatments of a wine before bottling would affect its reaction to different 
amounts of oxygen coming through the closures during bottle aging. Specifically, we were looking at various markers 
for oxidation to see if particular prebottling treatments would alter the oxidative evolution of the wine. Therefore, as the 
wines aged, we measured dissolved and headspace oxygen, total consumed oxygen, SO2, aldehydes, esters, and other 
standard wine parameters. Closures that permitted more oxygen to enter the wine did result in more wine oxidation.  
Wines that had been aged on lees before bottling seemed better protected from oxidation, perhaps because that aging 
removed some oxidation products in the wine. We did observe that when we compared the amount of oxygen versus 
SO2 consumed by the wine during aging, that if much more oxygen was consumed than SO2, the wines developed an 
oxidized character. We propose that analyzing this ratio could be a new way to assess wine oxidation.
Am J Enol Vitic 67:449-459 (2016)
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  Prediction of Phenolic Composition of Shiraz Wines Using Attenuated Total 
Reflectance Mid-Infrared (ATR-MIR) Spectroscopy
Renata Ristic,1 Daniel Cozzolino,1,2 David W. Jeffery,1 Joanna M. Gambetta,1 and Susan E.P. Bastian1*
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*Corresponding author (sue.bastian@adelaide.edu.au)

Phenolic compounds from red wine grapes play a major role in red wine color, flavor, and mouthfeel sensory attributes, 
and thus influence wine aging, stability, and consumer liking. Additionally, they are powerful antioxidants that have 
been linked to beneficial health effects. Wine phenolic compounds mainly originate from grapes but can be imparted 
during winemaking through the use of oak storage or addition of enological supplements. As such, their concentrations 
in wine depend on the grape variety, harvest date, viticultural management, and applied winemaking techniques, which 
are tailored to achieve greater wine complexity (i.e., wine with multiple layers of desirable flavors) and balance between 
phenolics with other wine components to meet wine consumer preferences. Such wines are often perceived as higher in 
quality score or grade and may command a higher retail price. Due to the importance of phenolic compounds to wine 
quality and style, there is interest in developing rapid methodologies for analysis of wine color and phenolic composi-
tion. Among the array of analytical approaches that can be employed, techniques based on infrared spectroscopy (ana-
lyzing how infrared light interacts with molecules) are attractive because they are fast, can be nondestructive, require 
minimal preparation of samples, and provide significant savings in both time and cost. This study evaluated the use of 
attenuated total reflection (ATR) mid-infrared (MIR) spectroscopy for the measurement of important phenolic param-
eters in Australian Shiraz wines of different quality levels obtained from 24 wine geographical indications. Wine quality 
for the wines was also assessed by an expert panel and linked to phenolic composition. The capacity of the ATR-MIR 
spectroscopy to predict wine color and aspects of phenolic composition of Shiraz wines was demonstrated, although the 
robustness, specificity, and accuracy of the MIR calibration could be improved through the analysis of a greater range 
of samples. 
Am J Enol Vitic 67:460-465 (2016)

  SSR Analysis of 338 Accessions Planted in Penedès (Spain) Reveals 28 Unreported 
Molecular Profiles of Vitis vinifera L.
Gemma Marsal,1 Josep Maria Mateo-Sanz,2 Joan Miquel Canals,1 Fernando Zamora,1 and Francesca Fort1*  
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lans, 26 43007-Tarragona. Spain. *Corresponding author (mariafrancesca.fort@urv.cat)
A collection of 338 grapevine accessions from 24 countries planted on the estates of Bodegues Sumarroca (AOC 
Penedès) was genotyped with 20 microsatellite markers. A total of 294 different molecular profiles were obtained; 28 
of them are presented for the first time. Twenty-six accession names are considered new synonyms and are commonly 
used in several regions.
Am J Enol Vitic 67:466-470 (2016)
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