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Technical notes

Smoke taint decision-making: simple steps for reliable sensory 
testing
Around the world, human-induced climate change is causing bushfires to become more 
frequent and severe. The smoke drift across vineyards from these fires is a threat to grape 
and wine quality. Chemical analysis of volatile phenols and their related glycosides in 
grapes will indicate the level of smoke exposure a vineyard has received. However, the pres-
ence of elevated levels of smoke markers – especially when only slightly elevated – can 
leave producers with difficult decisions to make regarding harvest, with high financial and 
emotional consequences. 

Predicting how smoky a finished wine will taste based on chemical data alone is challeng-
ing. This is partly due to the varied background concentration of smoke compounds in 
unaffected grapes as well as the large variation in tasters’ sensitivity to them in finished 
wine. Smoke compounds will also interact with the high number of other odorants in 
wines, making it very difficult to predict whether a certain concentration of smoke phenols 
will be perceptible in different wine varieties or styles. 

Grape and wine producers need sufficient information to avoid picking and processing fruit 
that will give rise to smoke-affected wine, and also to avoid leaving grapes in a vineyard that 
would have produced wine with no noticeable smoke characters. Sensory analysis, if carried 
out properly, provides reliable data to aid in sound decision-making. This article provides 
a brief refresher on sensory analysis methods and describes straightforward steps that can 
be adopted in a winery or region for evaluating potentially smoke-affected wines. Figure 1 
presents a summary of the main aspects to consider when running a smoke sensory test. 

There is great variability in sensitivity to aroma compounds  

A wine’s aroma is signalled by olfactory receptor cells, while its flavour relies on signals from 
taste and touch receptors as well as the sense of smell. Humans’ sense of smell arises from 
volatile compounds interacting with smell receptors during inhaling through the nostrils 
(ortho-nasal olfaction) and from the back of the throat when exhaling while tasting (retro-
nasal olfaction). Volatile aroma compounds bind readily to these receptors connected to 
the olfactory bulb, and the signal is processed in the piriform cortex part of the brain before 
being integrated with taste and mouth-feel signals in the high cortical processing areas of 
the brain to form a wine’s overall ‘flavour’. 
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The sense of smell is of particular importance to smoke taint, as the known smoke-related 
compounds excite this sense. Although smoke-related glycosides (aromas bound to sugars) 
are often referred to as non-volatile in the scientific literature, they do in fact excite the 
sense of smell by breaking apart in the mouth during tasting and drinking, adding their 
volatile component to the free volatile pool in the wine, contributing further to the smoky 
flavour (retronasal aroma in this case) of the affected wine. Anecdotally, some smoke-
affected wines may seem ‘acrid’, ‘harsh’ or ‘bitter’ on the palate; however, there is currently 
no scientific evidence that smoke-related compounds impart tastes or mouth-feel sensa-
tions directly, and no link between bitterness and smoke influence has been found (Parker 
et al. 2012). 

There is very large genetic variation in the expression of the approximately 400 types of 
human olfactory receptors, with up to a third of the genes encoding these receptors differ-

Figure 1. Summary of the main aspects required to conduct a reliable smoke panel rating sensory test. Critical 
steps are highlighted in bold. 

•Screen volunteers for sensitivity to smoke phenol compounds
•Conduct practice sessions with smoke-affected wines
•Use at least eight assessors

Assessor 
qualification

•Choose a well-ventilated assessment area
•Avoid odours, noises and visual distractions
•Code bottles and glasses with unique 3-digit codes

Test room

•Include a clean control wine in each set
•Use standardised conditions
•Present sets of similar varieties/styles
•Include replicates

Test set-up

•Use a random tasting order
•Limit the number of wines (<20)
•Ensure independent, blind assessment
•Enforce 2-minute breaks between samples

Evaluation

• Assess panel performance
• Conduct statistical analysis compared to clean control (AWRI 

assistance)
• Compare sensory data with chemical data (AWRI assistance)
• Interpret results based on business risk

Test results

207 482 979 314 355

low high
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ing between individuals (Mainland et al. 2014). This genetic variation is particularly impor-
tant to recognise, as assessors with certain genotypes may result in phenotypes that have 
severely diminished sensitivity or might even completely lack the corresponding receptors 
in the nose for smoke compounds. They would therefore not be able to detect smoke taint, 
even if they are highly sensitive to other wine faults or taints. 

Selecting smoke taint sensory assessors

A group of ‘qualified’ (screened and trained) assessors is necessary for smoke assessments 
as opposed to one or two highly ‘expert’ but ‘unqualified’ evaluators. When convening a 
smoke panel, whether within a company or for a regional panel, screening assessors for 
their ability to sense smoke compounds and providing evaluation training is extremely 
important. Winemaking experience, ability to give a quality score, or seniority do not influ-
ence the genetic lottery which dictates sensitivity to specific compounds – as such, staff 
from all departments of a business (e.g. office, laboratory, packaging) should be considered 
for participation on smoke taint panels, not just those with prior wine tasting experience. 

Simple screening tests to ‘qualify’ an assessor for a smoke panel are essential, and should 
include a series of difference tests of volatile phenol mixtures and phenol glycosides in 
water. At least one ‘practice’ training session to familiarise assessors with the sensory pro-
tocol is highly recommended, and allows further checking of assessors’ performance and 
their ability to discriminate. The AWRI can assist with providing samples and guidance for 
conducting screening and familiarisation sessions. Successful completion of both screen-
ing and training qualifies the assessor to participate in the panel. Insensitive assessors can 
be encouraged to take on other roles in the procedure such as coding glasses, preparing 
samples or data analysis. At least 8, and ideally 12, assessors are needed for calculation of an 
average taint intensity value and to conduct robust statistical analysis. This panel size will 
give sufficient sensitivity for a sensory test to detect low levels of smoke aroma and flavour. 

Small panels of fewer than eight people can be used, but will be less sensitive and, rather 
than averages, a count of the number of positive responses is used, with criteria set for 
determining if samples are affected or not affected. This type of test has been found to give 
some inconclusive results and will not necessarily pick up low levels of taint. As such, it is 
not the AWRI’s recommended approach.

Preparing samples for evaluation

Many smoke sensory assessments will involve small-lot ‘bucket’ ferments of grape samples. 
In this case, it is recommended that the grapes are tested for smoke phenol compounds 
and glycosides at the same time as the small-lot ferment starts, so both sets of data can be 
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used to make decisions. For regional panels, sample submission should be conducted with 
a level of confidentiality and there should be agreement in advance about how results will 
be shared.

Wines produced for sensory evaluation should be made following a standardised proto-
col and be free of lees sediment, with decanting prior to assessment desirable. A proce-
dure and a demonstration video describing how to conduct small-lot fermentations are 
available from the smoke page on the AWRI website. Strong off-odours from winemaking 
artifacts (e.g. volatile acidity, reductive or oxidative odours) should be avoided if possible, 
as they can mask smoke character and greatly complicate the interpretation of sensory 
results. Wines produced using the small-lot ferment protocol generally come from quite 
unripe fruit – often sampled weeks before commercial harvest dates – and can be prone 
to overt sourness, bitterness and astringency as well as low fruit flavour. It is therefore 
recommended that assessments of these types of samples only evaluate the intensity of 
smoke characters and possibly general wine-like aroma or flavour, and avoid conflating the 
evaluation with quality scoring or other tasks. Comments on the tasting form should be 
encouraged to allow assessors to note other perceived off-odours, limiting what is known 
as ‘attribute dumping’; for example, scoring a reductive wine as smoke-affected.

A person not participating in the evaluation should label and pour all the samples in private. 
Test wine bottles should be labelled with unique three-digit numbers as the assessors must 
not know the identity of the samples. These ‘blinding’ codes will also be written on the 
glasses presented for evaluation, using a white board marker. A uniform volume (30 mL) 
and temperature (room temperature) should be used. If possible, inexpensive plastic petri 
dishes (widely available online) could be used to cover the glasses to prevent wine odours 
from building up in the room. 

It is critical that a randomised presentation order across tasters is used to minimise order 
effects. This can be achieved either by shuffling the coded wine glasses randomly after 
pouring or instructing each assessor to follow an individual sequence available online or 
by using sensory data acquisition software. The common left-to-right tasting or occasional 
wine show practice of having show judges start in different places or taste in opposite direc-
tions along a line-up of wines is not adequate in this instance. This practical but flawed 
approach does not overcome potential strong carry-over effects and most wines would be 
tasted beside the same two wines for nearly all assessors. 

Tasters should face away from each other where possible, and the tasting room should 
have no background odours. Adaptation to background odours is very common. Con-
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sider the sensory experience when first entering an exotic restaurant compared to half an 
hour into a dinner. The initial aromas disappear, blocked by the brain to allow for new 
signals to emerge. In a sensory test, when the background room aroma is the same as the 
target aroma, sensory adaptation will greatly diminish the overall sensitivity of the test. 
The authors have observed some smoke assessments run in a winery adjacent to a recently 
burnt-out vineyard, or in a room near an open fire at the cellar door: this is not good prac-
tice for assessing wines for smoke taint! 

A negative control (a known unaffected ‘clean’ wine) must be included in each set of wines 
tasted and the assessors should be aware that negative controls will be included. A major 
psychological effect on sensory assessors – and especially those evaluating taints – is 
an expectation bias, which results in false positive scores. This effect cannot be entirely 
eliminated no matter how experienced or well-trained a panel is. For example, the authors 
recorded a panel of senior winemakers give a mean smoke score for a clean Chardonnay 
wine, made from fruit with no exposure to bushfire smoke, of 4.1 out of 10 during one 
evaluation. This type of bias can be reduced by not giving any background information to 
the assessors about the sample set; making sure assessors know that clean controls will be 
included and that some scores of zero for smoke are expected; ensuring that assessors are 
aware that their performance will be tracked; and, most importantly, comparing the overall 
results for each wine to that of a clean, unaffected wine assessed in the same set. Conclu-
sions about potentially smoke-affected wines should be considered relative to the known 
clean control. The clean negative control wines should be of the same style and ideally same 
grape variety as the test wines; for example, if wines from small-lot ferments are being 
assessed, a wine from a small-lot ferment of known clean fruit should be included as the 
negative control.

A positive control, with obvious and known levels of smoke flavour could also be included, 
at least from time to time, to ensure assessors are still able to recognise smoke taint com-
pounds. Some form of replication, presenting control samples twice for example, allows for 
assessment of panel performance and identification of assessors having a ‘bad day’. Repli-
cating the entire assessment should be considered, especially for ambiguous samples with 
large financial consequences at stake.  

Conducting the sensory evaluation session

Prior to the evaluation, a panel leader should inform the panel of standard protocols as well 
as remind assessors that clean unaffected wines will be presented; that their performance 
will be tracked, and that individual assessor results will not be shared. Assessors should be 
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urged to focus on their senses and engage on the task at hand – not answering emails or 
calls during the assessment. The evaluation must be conducted by the assessors completely 
independently, without any talking about the samples or any other discussion during the 
tasting. Assessors should try to refrain from facial expressions or sounds of disgust when 
tasting so as to not influence other assessors. 

The phenol glycosides in wines made from smoke-affected grapes can take up to several 
minutes to break down in-mouth and release their odour, so at least two minutes of rest is 
strongly recommended before moving onto the next sample, with assessors encouraged to 
rinse with water between samples. This will help protect against ‘carry-over’ of glycosides 
from a smoke-affected wine to the next sample in the evaluation. Strongly affected wines 
may take even longer to clear from the taster’s senses, meaning that both water and palate 
‘cleansers’ (unflavoured crackers) may be appropriate. 

Scores (0-10) for the intensity of smoke taint are recorded using a line scale. The AWRI 
can provide access to sensory software for use by smoke sensory panels. Before any dis-
cussion is held among panel members, taint scores and comments should be submitted, 
with no further changes allowed to be made. No more than 20 samples are recommended 
to be assessed in a session, which will take at least one hour when appropriate breaks are 
enforced. 

Participants should be thanked for their time and effort and given feedback promptly and 
regularly, to keep them motivated. A small treat following the tasting, such as chocolate, will 
help with motivation, especially if non-winemaker assessors are used. Individual results 
should be kept confidential. Poorly performing assessors should be informed tactfully but 
encouraged that they can improve and that poor performance in smoke taint assessments 
does not reflect general wine quality sensory skills. 

Data analysis and interpretation

The AWRI can provide assistance to regional or company-based smoke panels with analysis 
of the data from sensory tests that are conducted using the recommended protocol. Briefly, 
an analysis of variance will be conducted by the AWRI on the smoke intensity scores with 
both wines and assessors as factors in the analysis, so that variation in assessors’ use of 
the scale can be accounted for. If statistical evidence for a difference between the wines is 
found, a means comparison test is used to determine which samples differed from the clean 
control wine included in the set. A summary table will be provided to the panel organiser 
showing which samples are significantly different from the control.
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When making business decisions based on sensory data, consideration should be given 
to both the identification of a statistically significant effect and the absolute mean inten-
sity value obtained for a wine, relative to the control scores. For example, it may be found 
that a clean, known unaffected control wine has an intensity score of 1.7 on the 0 to 10 
scale, while two ‘significantly different’ wines may have scores of 2.3 and 7.8, respectively. 
However, the interpretations might change if the clean control was instead scored 0.5 by 
the panel. Common scores for clean controls for the AWRI panel range from approxi-
mately 0.5 up to 2.0. Scores for clean control wines approaching 3.0 may be cause to 
investigate panel performance or the choice of control wine. Overtly ‘flinty’, ‘struck-
match’, or heavily toasted oak characters should be avoided in control wines as these 
aromas may also confuse assessors.  

A note on odour threshold values

Odour detection thresholds for aroma compounds can be misunderstood. There is some-
times confusion about what sensory thresholds for smoke-related phenol compounds 
mean and what conclusions can be drawn from them. An odour detection threshold test 
determines the lowest concentration of generally a single compound – in a particular wine, 
for a particular group of people – that is distinguishable from a blank sample. It is not an 
absolute threshold below which no human can detect the compound! In fact, threshold 
results are commonly reported as an average of the threshold measurements of a given 
group of assessors, which means 50% of the assessors detected the compound below this 
value, while the other 50% responded above this value. It is not uncommon for the range of 
sensitivity to span a 10- or 100-fold difference for the least to most sensitive people studied.  

Caution should also be used when considering the concentrations of phenol compounds 
in a chemical analysis report in relation to sensory detection threshold values. If a phenol 
compound is found in a wine slightly below the sensory detection threshold, this does not 
mean it cannot have a sensory effect, especially if it is present with similar compounds at a 
similar levels. Likewise, a concentration of a smoke phenol slightly above the sensory detec-
tion threshold does not necessarily mean the compound will contribute smoky flavour, as 
the fruity or other characters in a wine can overwhelm the effect of the smoke phenols. 
These threshold values are not a replacement or proxy for the sensory practices described 
in this article. However, if concentrations are all well below the reported threshold, or well 
above, then there is a stronger position to consider their likely influence. The values also 
provide a good guide regarding the potency of one compound compared to another.
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Conclusions 

Although conducting formal sensory testing using a fairly large panel of assessors may 
seem daunting at first, these protocols are easily learnt and repeated. Several regional smoke 
sensory panels across Australia were set up and run in a short timeframe by local associa-
tions with support from the AWRI during the 2019–2020 season, following the widespread 
bushfires. 

The AWRI has a dedicated smoke sensory panel, currently with a pool of 16 qualified asses-
sors, who regularly assess wines from research studies, industry trials and wines submitted 
following smoke events. Several wine companies have also convened smoke sensory panels 
following the principles outlined in this article. 

There is extensive material regarding smoke taint on the AWRI website (www.awri.com.au/
industry_support/winemaking_resources/smoke-taint/) including demonstration videos 
and methods for conducting small-lot fermentations and smoke sensory assessments. The 
AWRI website also has a section on sensory methods. For further information or advice 
regarding smoke sensory panel set-up, running tests or inquiries on submitting wines to 
the AWRI smoke sensory panel, please contact the AWRI helpdesk team (helpdesk@awri.
com.au), who can direct inquiries to the appropriate person. 

To be most prudent, data collected from a smoke sensory panel should be coupled with 
chemical analysis to provide the richest, most reliable information possible to decision-
makers. Predetermined action criteria regarding decisions to harvest or not harvest, based 
on the chemical data and the sensory test results should be formulated by considering busi-
ness risk tolerance. Reliable sensory panel data will make dealing with these tough deci-
sions much easier.

References
Mainland, J.D., Keller, A., Li, Y.R., Zhou, T., Trimmer, C., Snyder, L.L., Moberly, A.H., Adipietro, K.A., Liu, W.L.L., 

Zhuang, H., Zhan, S., Lee, S.S., Lin, A., Matsunami, H. 2014. The missense of smell: functional variability in the 
human odorant receptor repertoire. Nat. Neurosci. 17: 114-120. 

Parker, M. Osidacz, P., Baldock, G.A., Hayasaka, Y., Black, C.A., Pardon, K.H., Jeffery, D.W., Geue, J.P., Herderich, 
M.J., Francis, I.L. 2012. Contribution of several volatile phenols and their glycoconjugates to smoke-related 
sensory properties of red wine. J. Agric. Food Chem. 60 (10): 2629–2637.

Damian Espinase Nandorfy, Senior Scientist, damian.espinasenandorfy@awri.com.au
Eleanor Bilogrevic, Scientist

Patricia Williamson, Research Scientist
Leigh Francis, Research Manager

 

http://www.awri.com.au/industry_support/winemaking_resources/smoke-taint/
http://www.awri.com.au/industry_support/winemaking_resources/smoke-taint/
mailto:helpdesk@awri.com.au
mailto:helpdesk@awri.com.au

	In this issue
	Technical notes
	Smoke taint decision-making: simple steps for reliable sensory testing
	
The effects of fermentation temperature on the composition of red wines 

	Current literature
	AWRI publications
	AWRI events calendar
	Oenology
	General
	Parr, W.V., Grose, C., Hedderley, D., Maraboli, M.M., Master, O., Valentin, D. Pinot Noir programme: exploring Pinot Noir’s enigmatic attributes: quality, complexity and varietal typicality. New Zealand Winegrower 124, 96–98; 2020.
	Pittari, E., Moio, L., Piombino, P. Interactions between polyphenols and volatile compounds in wine: a literature review on physicochemical and sensory insights. Applied Sciences 11(3):1157; 2021.
	Rebelo, J., Compés, R., Faria, S., Gonçalves, T., Pinilla, V., Simón-Elorz, K. Covid-19 lockdown and wine consumption frequency in Portugal and Spain. AAWE Working Paper 263, 1–28; 2021.

	Juice and wine handling
	Dumitriu, G.-D., Teodosiu, C., Gabur, I., Cotea, V.V., Peinado, R.A., López de Lerma, N. Alternative winemaking techniques to improve the content of phenolic and aromatic compounds in wines. Agriculture 11(33):233; 2021.
	García, R.L., Gutiérrez-Gamboa, G., Medel-Marabolí, M., Díaz-Gálvez, I. Lowering wine alcohol content by reverse osmosis and spinning cone columns: effects on sensory characteristics of the beverages. IVES Technical Reviews: Vine & Wine 4621, 1–2; 2021.
	Lasky, M.S. Winemaker trial: flash détente as a mitigation technique for smoke-exposed grapes. Wine Business Monthly 28(1), 112–115; 2021.
	Logan, S. Solid progress on optimising flotation. Australian & New Zealand Grapegrower & Winemaker 686, 36–42; 2021.
	Sommer, S., Tondini, F. Sustainable replacement strategies for bentonite in wine using alternative protein fining agents. Sustainability 13(4):1860; 2021.
	Yang, B.Y., Kilmartin, P., Deed, R. Pinot Noir programme: the influence of microoxygenation on a young New Zealand Pinot Noir wine. New Zealand Winegrower 124, 94–95; 2020.

	Microbiology and molecular biology
	Vilela, A. An overview of CRISPR-based technologies in wine yeasts to improve wine flavor and safety. Fermentation 7(1):5; 2021.
	Windholtz, S., Dutilh, L., Lucas, M., Maupeu, J., Vallet-Courbin, A., Farris, L., Coulon, J., Masneuf-Pomarède, I. Population dynamics and yeast diversity in early winemaking stages without sulfites revealed by three complementary approaches. Applied Scie

	Analysis and composition
	Bruce, R.C., Lestringant, P., Brenneman, C.A., Heymann, H., Oberholster, A. The impact of optical berry sorting on red wine composition and sensory properties. Foods 10(2):402; 2021.
	Copper, A.W., Collins, C., Bastian, S.E.P., Johnson, T.E., Capone, D.L. Preliminary investigation of potent thiols in Cypriot wines made from indigenous grape varieties Xynisteri, Maratheftiko and Giannoudhi. OENO one 55(1), 223–234; 2021.
	Crook, A.A., Zamora-Olivares, D., Bhinderwala, F., Woods, J., Winkler, M., Rivera, S., Shannon, C.E., Wagner, H.R., Zhuang, D.L., Lynch, J.E., Berryhill, N.R., Runnebaum, R.C., Anslyn, E.V., Powers, R. Combination of two analytical techniques improves win
	Koranga, M., Pandey, R., Joshi, M., Kumar, M. Analysis of white wine using machine learning algorithms. Materials Today: Proceedings March, 1–7; 2021.
	Mendes, E., Duarte, N. Mid-infrared spectroscopy as a valuable tool to tackle food analysis: a literature review on coffee, dairies, honey, olive oil and wine. Foods 10(2):477; 2021.
	Minute, F., Giotto, F., Filipe-Ribeiro, L., Cosme, F., Nunes, F.M. Alternative methods for measuring the susceptibility of white wines to pinking alteration: derivative spectroscopy and CIEL*a*b* colour analysis. Foods 10(3):533; 2021.
	Vilanova, M., Genisheva, Z., Tubío, M., Alvarez, K., Lissarrague, J.R., Oliveira, J.M. Rootstock effect on volatile composition of Albariño wines. Applied Sciences 11(5):2135; 2021.
	Waterhouse, A.L., Miao, Y. Can chemical analysis predict wine aging capacity? Foods 10(3):654; 2021.
	Wine Australia A fast and furious smoke taint project brings interesting results. R&D at Work February, 1; 2021.

	Marketing and packaging
	Madden-Grey, S. Unsealing the potential of aluminium can technology. Australian & New Zealand Grapegrower & Winemaker 685, 42–46; 2021.
	Pascal, C.L., Koralewski, M-E., Vidal, S. Small amounts of oxygen, induced by controlled closure permeability, modulate the aromatic profile of wines. Infowine - Internet Journal of Viticulture and Enology March, 1–6; 2021.

	Environment
	Baiano, A. An overview on sustainability in the wine production chain. Beverages 7(1):15; 2021.
	Catchpole, A. Selling sustainability. Harpers Wine & Spirit 198, 8–9; 2021.
	Gbejewoh, O., Keesstra, S., Blancquaert, E. The 3Ps (profit, planet, and people) of sustainability amidst climate change: a South African grape and wine perspective. Sustainability 13(5):2910; 2021.
	Jeffery, I. A lesson on winery self-sustainability: design solutions for a ‘zero-carbon’ winery. Australian & New Zealand Grapegrower & Winemaker 685, 55–59; 2021.
	Pessina, D., Galli, L.E., Santoro, S., Facchinetti, D. Sustainability of machinery traffic in vineyard. Sustainability 12(5):2475; 2021.
	Ramos, M.C., Martínez de Toda, F. Projected changes in the Rioja DOCa vines under climate change. Infowine - Internet Journal of Viticulture and Enology 2(1), 1–11; 2021.

	Sensory
	Coppin, G., Audrin, C., Monseau, C., Deneulin, P. Is knowledge emotion? The subjective emotional responses to wines depend on level of self-reported expertise and sensitivity to key information about the wine. Food Research International 142:110192; 2021.
	del Pozo Bayón, M.Á. Wine-related and human-physiological factors affecting aroma release during wine consumption. Infowine – Internet Journal of Viticulture and Enology 3(1), 1–6; 2021.
	Mora, M., Dupas de Matos, A., Vázquez-Araújo, L., Puente, V., Hernando, J., Chaya, C. Exploring young consumers’ attitudes and emotions to sensory and physicochemical properties of different red wines. Food Research International 143:110303; 2021.
	Wang, Q.J., Niaura, T., Kantono, K. How does wine ageing influence perceived complexity? Temporal-Choose-All-That-Apply (TCATA) reveals temporal drivers of complexity in experts and novices. Food Quality & Preference 92:104230; 2021.


	Viticulture
	General
	Carey, R. Optical grape sorters. Wine Business Monthly 28(2), 84–91; 2021.
	Trought, M. Modelling change. New Zealand Winegrower 124, 48; 2020.

	Physiology and biotechnology
	Burbidge, C.A., Ford, C.M., Melino, V.J., Wong, D.C.J., Jia, Y., Dow Jenkins, C.L., Soole, K.L., Castellarin, S.D., Darriet, P., Rienth, M., Bonghi, C., Walker, R.P., Famiani, F., Sweetman, C. Biosynthesis and cellular functions of tartaric acid in grapev

	Climate and soils
	Abad, J., Hermoso de Mendoza, I., Marín, D., Orcaray, L., Santesteban, L.G. Cover crops in viticulture. A systematic review (1): implications on soil characteristics and biodiversity in vineyard. OENO one 55(1), 295–312; 2021.
	Deloire, A., Rogiers, S., Šuklje, K., Antalick, G., Zeyu, X., Pellegrino, A. Grapevine berry shrivelling, water loss and cell death: an increasing challenge for growers in the context of climate change. IVES Technical Reviews: Vine & Wine 4615, 1–2; 2021.
	Friedel, M., Hendgen, M., Kauer, R., Döring, J. Viticultural management systems and soil. Wine & Viticulture Journal 36(2), 42–52; 2021.
	Marín, D., Armengol, J., Carbonell-Bejerano, P., Escalona, J., Gramaje, D., Hernández-Montes, E., Intrigliolo, D., Martínez-Zapater, J., Medrano, H., Mirás-Avalos, J., Palomares-Rius, J., Romero-Azorín, P., Savé, R., Santesteban, L., de Herralde, F. Chall
	Müller, E., Walg, O. Getting the timing right for vineyard soil management. Das Deutsche Weinmagazin 26, 24–27; 2020.
	Ramos, M.C., Martínez de Toda, F. Projecting changes in phenology and grape composition of ‘Tempranillo’ and ‘Grenache’ varieties under climate warming in Rioja DOCa. Vitis 59(4), 181–190; 2021.
	Rose, B. Keeping vineyard soil productive: limiting the impact of nutrient deficiencies. Australian & New Zealand Grapegrower & Winemaker 686, 18–22; 2021.
	Stanchi, S., Zecca, O., Hudek, C., Pintaldi, E., Viglietti, D., D’Amico, M.E., Colombo, N., Goslino, D., Letey, M., Freppaz, M. Effect of soil management on erosion in mountain vineyards (N-W Italy). Sustainability 13(4):1991; 2021.
	Suter, B., Destrac Irvine, A., Gowdy, M., Dai, Z., van Leeuwen, C. Adapting wine grape ripening to global change requires a multi-trait approach. Frontiers in Plant Science 12:624867; 2021.

	Vineyard management systems
	Ammoniaci, M., Kartsiotis, S.-P., Perria, R., Storchi, P. State of the art of monitoring technologies and data processing for precision viticulture. Agriculture 11(3):201; 2021.
	Botelho, M., Ribeiro, H., Cruz, A., Duarte, D.F., Faria, D.L., de Castro, R., Ricardo-da-Silva, J. Mechanical pruning and soil organic amendments in vineyards of Syrah: effects on grape composition. OENO one 55(1), 267–277; 2021.
	Buesa, I., Yeves, A., Sanz, F., Chirivella, C., Intrigliolo, D.S. Effect of delaying winter pruning of Bobal and Tempranillo grapevines on vine performance, grape and wine composition. Australian Journal of Grape and Wine Research 27(1), 94–105; 2021.
	Greenspan, M. Organic weed control just became difficult again: loss of an organic herbicide sets organic growers back to where they used to be. Wine Business Monthly 28(4), 32–37; 2021.
	Greenspan, M., Lyttle, L. Grapevine pruning to maintain sap flow: some basic principles should be applied to pruning to sustain vine health over the long term. Wine Business Monthly 28, 96–101; 2021.
	Moran, M.A., Bastian, S.E., Petrie, P.R., Sadras, V.O. Impact of late pruning and elevated ambient temperature on Shiraz wine chemical and sensory attributes. Australian Journal of Grape and Wine Research 27(1), 42–51; 2021.
	Oger, B., Laurent, C., Vismara, P., Tisseyre, B. Is the optimal strategy to decide on sampling route always the same from field to field using the same sampling method to estimate yield? OENO one 55(1), 133–144; 2021.
	Schiefer, H-C., Thim, G. Understanding the impact of minimal pruning on yield and quality. Das Deutsche Weinmagazin 26, 28–31; 2020.

	Pests and diseases
	Buzón-Durán, L., Langa-Lomba, N., González-García, V., Casanova-Gascón, J., Martín-Gil, J., Pérez-Lebeña, E., Martín-Ramos, P. On the applicability of chitosan oligomers-amino acid conjugate complexes as eco-friendly fungicides against grapevine trunk pat
	Carro-Huerga, G., Mayo-Prieto, S., Rodríguez-González, Á., González-López, Ó., Gutiérrez, S., Casquero, P.A. Influence of fungicide application and vine age on Trichoderma diversity as source of biological control agents. Agronomy 11(3):446; 2021.
	Henderson, B., Sosnowski, M.R., McCarthy, M.G., Scott, E.S. Incidence and severity of Eutypa dieback in grapevines are related to total surface area of pruning wounds. Australian Journal of Grape and Wine Research 27(1), 87–93; 2021.
	Kehrli, P., Rösti, J., Lorenzini, F., Deneulin, P., Lindner, C. Influence of processed Halyomorpha halys bugs on the aroma and taste of ‘Chardonnay’ and ‘Merlot’ musts and wines. Vitis 60(1), 43–49; 2021.
	Smart, R. Is Australia protected against phylloxera? The argument for further research into the GTD problem. Australian & New Zealand Grapegrower & Winemaker 686, 25–28; 2021.

	Vine improvement and varieties
	Bicknell, B., Grigg, D. You say Grenache Blanc, I say Garnatxa Blanca: what a little known Spanish variety may offer to Australian producers. Australian & New Zealand Grapegrower & Winemaker 686, 30–34; 2021.
	Götz, G. A comparison of new Riesling clones. Rebe & Wein 2, 24–28; 2021.
	Hartley, C. Chardonnay roots discovered. Winestate 44(1), 20–21; 2021.
	Hulme, S. Explore the South in 12 grapes. Decanter 46(Italy), 78–88; 2021.
	Loose, S. Changing demands for grapevine varietals in Germany. Das Deutsche Weinmagazin 23/24, 39–41; 2020.
	Maltman, A. The root of the matter. Decanter 46(6), 80–83; 2021.
	Martinson, T., Reisch, B., Wiepz, R. The central role of mapping populations in marker-assisted grape breeding. Wine Business Monthly 28(2), 102–109; 2021.
	Mercer, C. Bordeaux gives go-ahead for new grapes. Decanter 46(7), 9; 2021.
	Monis, J. The national clean plant network role in the development and maintenance of grapevine propagation material. Wine Business Monthly 28(1), 116–121; 2021.
	Sargolzaei, M., Rustioni, L., Cola, G., Ricciardi, V., Bianco, P.A., Maghradze, D., Failla, O., Quaglino, F., Toffolatti, S.L., De Lorenzis, G. Georgian grapevine cultivars: ancient biodiversity for future viticulture. Frontiers in Plant Science 12:630122
	Squire, S. Blaufränkisch uncorked: bull’s blood – a legacy. Australian & New Zealand Grapegrower & Winemaker 686, 50–54; 2021.
	Traucki, D. I’ll have mine rare, please. WBM: Australia’s Wine Business Magazine January/February, 56; 2021.

	Water and nutrition
	Levin, A.D., Deloire, A., Gambetta, G.A. Does water deficit negatively impact wine grape yield over the long-term? Wine Business Monthly 28(2), 110–113; 2021.
	Skinner, P.W., Ishii, R., O’Mahony, M., Matthews, M.A. Do grape growers hold the keys to “terroir”? Sensory analysis of wines made from vines of differing phosphorus status. Wine Business Monthly 28(1), 122–127; 2021.
	Yuste, J., Alburquerque, M.V., Yuste, J.R. Grapevine physiology. Irrigation deficit in cv. Tempranillo (Vitis vinifera L): Effects of dryland farming on yield, and on vegetative and qualitative vineyard aspects in Valle del Duero. La Semana Vitivinicola 3


	  
	 
	Essling, M. Ask the AWRI: use of elicitors in viticulture. Australian & New Zealand Grapegrower & Winemaker 686, 35; 2021.
	Varela, C., Bartel, C., Espinase Nandorfy, D., Bilogrevic, E., Tran, T., Heinrich, A., Balzan, T., Bindon, K., Borneman, A. Volatile aroma composition and sensory profile of Shiraz and Cabernet Sauvignon wine produced with novel Metschnikowia pulcherrima 
	Mierczynska-Vasilev, A., Bindon, K., Gawel, R., Smith, P., Vasilev, K., Butt, H-J., Koynov, K. Fluorescence correlation spectroscopy to unravel the interactions between macromolecules in wine. Food Chemistry 352:129343; 2021.
	Scrimgeour, N., Hirlam, K., Wilkes, E., Parker, M. A burning need: developing a rapid screening method for smoke-affected grapes and wine. Wine & Viticulture Journal 36(2), 33–35; 2021.
	Roach, M., Borneman, A., Schmidt, S., Krstic, M. Applying genomics to grapevine clones. Wine & Viticulture Journal 36(2), 39–41; 2021.
	Dry, P. Blaufränkisch. Wine & Viticulture Journal 36(2), 59; 2021.
	Day, M.P., Espinase Nandorfy, D., Bekker, M.Z., Bindon, K.A., Solomon, M., Smith, P.A., Schmidt, S.A. Aeration of Vitis vinifera Shiraz fermentation and its effect on wine chemical composition and sensory attributes. Australian Journal of Grape and Wine R
	Zhou-Tsang, A., Wu, Y., Henderson, S.W., Walker, A.R., Borneman, A.R., Walker, R.R., Gilliham, M. Grapevine salt tolerance. Australian Journal of Grape and Wine Research 27(2), 149–168; 2021.
	Cowey, G., Coulter, A. Ask the AWRI: how much sulfur dioxide (SO2) is needed at bottling? Australian & New Zealand Grapegrower & Winemaker 687, 76–77; 2021.
	Capone, D.L., Barker, A., Pearson, W., Francis, I.L. Influence of inclusion of grapevine leaves, rachis and peduncles during fermentation on the flavour and volatile composition of Vitis vinifera cv. Shiraz wine. Australian Journal of Grape and Wine Resea
	Teng, B., Hayasaka, Y., Smith, P.A., Bindon, K.A. Precipitation of tannin-anthocyanin derivatives in wine is influenced by acetaldehyde concentration and tannin molecular mass with implications for the development of nonbleachable pigments. Journal of Agr



