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Abstract

Smoke taint in wine is an issue of increasing frequency and severity for the wine industry
nationally. Grapevines exposed to smoke during sensitive periods of growth produce wines
that can contain smoke-related aromas, flavours and compounds and be unpalatable.
Development, implementation and communication of a national smoke taint reduction
package for the wine industry is addressed in this project, which incorporates an
understanding of smoke complexity, wine grape sensitivity, smoke detection and
quantification, vineyard locations and grapevine growth stages. A web-based application
that predicts the seasonal smoke taint risk to grapes has been developed.



Executive Summary

Smoke derived taint in grapes and wine has resulted in a decline of product quality and
financial losses for many grape growers and wine producers within Australia. The issue of
smoke taint in wine is increasing in Australia as climatic conditions change. This report
details research that builds on our understanding of grapevine susceptibility to smoke
uptake and further investigates smoke complexity (density, duration, plume distribution,
composition) and smoke taint development in grapes with a view to reducing the incidence
and severity of smoke taint in grapes and wine.

This project has developed and communicated a computer based system to predict the
seasonal likelihood of smoke damage to grapes to assist with landscape management
(prescribed burning) and smoke taint reduction strategies (e.g. winemaking techniques).
This system is called the ‘Smoke Taint Risk calculator’ (STAR) and incorporates key
knowledge gained from this study such as an understanding of smoke complexity, varietal
susceptibility to smoke and smoke effects on key grapevine phenological stages. The
STAR model is an interactive, user friendly web based tool that can predict seasonal
smoke taint risk to grapes for any wine-producing location. The model assists landscape
managers to determine the best times to schedule burns and assists vignerons to implement
strategies to reduce the risk of smoke taint in grapes and wine. STAR operates by
automatically simulating grape growth stages to predict a time series of likely smoke taint
risk for key wine grape varieties. STAR uses real weather data from any weather station in
Australia and can make predictions for future weather scenarios using simulated weather of
any decile. STAR is a powerful communication tool in co-operative efforts to manage the
risk of smoke taint at the vineyard level.

The susceptibility of different grapevine varieties to smoke is critical to the estimation of
smoke taint risk. This study used chemical and sensory research to generate smoke taint
risk factors for the four key wine grape varieties of Merlot, Cabernet Sauvignon,
Chardonnay and Sauvignon Blanc. Results showed smoke taint risk factors to be highly
variable between variety and grapevine growth stage. Cabernet Sauvignon shows a high
risk probability (0.8) at berries pea size (E-L31) compared to Chardonnay (0.2), Sauvignon
Blanc (0.3) and Merlot (0.4) at the same stage. In comparison, the Cabernet Sauvignon
risk factor is lower at harvest (0.4) (E-L38) than that of Chardonnay (0.78), Sauvignon
Blanc (0.76) and Merlot (0.7). Further research is being conducted to elucidate the timing
of smoke effects to a wider range of grapevine varieties and stages.

This study revealed a relationship between the duration and density of smoke exposure and
the accumulation of smoke-related compounds and sensory attributes in wines. Smoke
exposure to grapevines that is of a high smoke density and/or for long durations was found
to accentuate smoke-related chemical and sensory attributes in wine. This research has a
further practical application for interpretation of smoke events in-field with vineyard based
smoke detecting equipment (nephelometers) established in-field to quantify the density and
duration of smoke exposure and as a smoke taint risk assessment tool. Field-based smoke
detecting equipment (such as nephelometer equipment) located within grape producing
regions can be used to detect the density and duration of smoke exposure. From our
current research, smoke detection in-field is useful as a tool to understand whether the
smoke event has been of significant duration and density to create potential smoke taint in
wine. This work is currently in further development.
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This study investigated the effect on grapes and wine of smoke derived from different hard
wood, softwood and grass fuel types. Results showed that the lignin derived compounds
that accumulate in wine do not reflect that of the vegetation source. Interestingly, results
suggest additional compounds that are likely to contribute to smoke taint. Some of these
compounds, such as syringyl derivatives, may be a better measure of smoke taint than the
guaiacol and 4-methylguaiacol compounds. However the elevated levels of syringyl
derivatives in wine suggest some mechanism of transformation that is being further
investigated. Grapevine smoke exposure to any of the fuel sources was not found to
elevate the concentration of metal elements in wine. This research also suggests that the
uptake of smoke compounds by berries is likely to be more significant than the
translocation through the foliage of grapevines.

This project has compiled comprehensive and up-to-date maps and a database of wine
grape vineyards in Western Australia. The information is held on the Client Resource
Information System (CRIS) and shared with the Department of Environment and
Conservation (DEC), local Shires, land managers and regional wine associations. This
information improves decision making as to the timing of prescribed burns on public land
and burn-off on private land by identifying the location of vineyards at risk to smoke
exposure. Vineyard location information is provided to the DEC to overlay their Master
Burn Planning (MBP). Various methods of vineyard mapping and data collection systems
are also being piloted around Australia. DPI Victoria has developed the HIN Mapper
application for iPad®to capture this information. Wine Tasmania has developed a web-
based map of vineyard locations indicating the grape status (such as dormant, growing or
ripening) in real time. The Phylloxera and Grape Industry Board of South Australia
maintains a registry of wine grape vineyards in South Australia.

Vineyard maps and datasets generated in this project have provided multiple on-going
benefits to the wine grape industry of WA. They assist to minimise the effect of smoke on
grapes and wine, the response to smoke events in vineyards, to enhance public safety from
wildfires, improvement of biosecurity surveillance and to facilitate extension of research
and development. Statistical information gained from this study has assisted with lobbying
state and local governments; providing information on the value of the wine industry and
its contribution to regional communities; information on vineyard planting and variety
trends and the capacity of the WA wine industry.

Research outlined in this report has been achieved in collaboration with Assoc. Prof.
Michael Renton and Mike Airey from the University of Western Australia, Crawley, and
David Kelly form Curtin University, Margaret River. This project was funded by the
GWRDC in response to the heightened incidence and severity of smoke taint to grapes and
wine nationally.



1. Background

As Australia is facing a warming climate with increasing bushfire incidences the issue of
smoke taint in grapes and wine has become a regular occurrence. Smoke affected wines
can exhibit ‘smoked meat’, ‘disinfectant’, ‘leather’, ‘burnt’, ‘smoky’, ‘salami’ and
‘ashtray’ aromas and flavours. Where significant smoke exposure occurs during sensitive
periods of vine development the resultant wine can be unfit for purpose. Unsaleable wines
result in financial losses for grape and wine producers with costs on-flowing from
associated damage to wine brands, market presence and future wine sales.

To demonstrate the importance of this issue for the wine industry nationally, smoke taint
has resulted in significant financial losses for vignerons in Western Australia (WA),
Victoria and South-Eastern New South Wales (NSW). The financial loss to vignerons in
WA was estimated to be $7.5 million in 2004 alone and in Victoria smoke taint has been
reported to have cost wine grape growers more than $300 million over the past five years
(ABC News 2010, Godwin 2011). Furthermore, isolated incidences of smoke taint damage
are increasingly being reported in Australian wine producing regions. Due to climate
change, an increase in fire events is occurring worldwide resulting in more frequent
exposure of viticultural areas to smoke (Mira de Ordufia 2010, Zybach et al. 2009).

Investigations into the nature and amelioration of smoke taint have been conducted by the
Department of Agriculture and Food WA (DAFWA) and Curtin University proving the
direct link between smoke exposure and the creation of smoke taint in wine, indicating a
variation in smoke assimilation by grapes during the grapevine growth cycle (Kennison et
al. 2007). From our initial investigations, there were gaps in our understanding of smoke
taint including the effect of smoke distance, duration, density, plumes and composition on
the creation of smoke taint in wine. We discovered no mechanism for relating smoke
uptake potential to seasonal grapevine phenology and no available tools or early detection
systems to assess the risk of smoke events at a vineyard level. Furthermore, national wine
producer databases were scant, reducing the effectiveness of fire planning and smoke
warning systems. This project endeavoured to fill these knowledge gaps, complete smoke
taint research requirements and provide a smoke taint reduction and risk management
package for the Australian wine industry.

This project focused on the comprehensive development, implementation and
communication of a national smoke taint reduction package for the wine industry. This
package builds on our previous research of grapevine susceptibility to smoke uptake and
further investigates smoke complexity (density, duration, plume distribution, composition)
on smoke taint development in grapes and wine. Vineyard based smoke detection
equipment (nephelometers) were established in-field to quantify the presence of smoke and
as a smoke taint risk assessment tool. A further understanding of smoke complexity
enabled the production of a computer based system to predict the seasonal likelihood of
smoke damage to grapes to assist with landscape management (prescribed burning) and
smoke taint reduction strategies (e.g. winemaking techniques). This system was validated
by the compilation and inclusion of vineyard site information (location, vine varieties and
phenology) into the database and piloted in WA during the 2011/12 season. This project
was funded by the GWRDC in response to the heightened incidence and severity of smoke
taint to grapes and wine nationally.



2. Project Aims and Performance Targets

As detailed in the original application to GWRDC the overall project objectives
concentrated on the development of a smoke taint reduction and risk management package.
This package incorporates:

1. Investigation of the effect of smoke distance, composition, concentration and duration
on entry into the vine and development of subsequent smoke taint in grapes and wine;

2. Determine the sensory smoke taint effect of wine made from grapes exposed to various
durations and densities of smoke;

3. Development and implementation of vineyard based nephelometer equipment to
monitor smoke presence, density and duration as an indicator of smoke taint damage;

4. Development of a model to predict seasonal vine phenological stage of development
(preferably web based to enable easy updates and user friendly) and associated
susceptibility to smoke uptake as a decision making tool for prescribed burning
activity;

5. Communication of information on smoke plume distribution and composition to
incorporate into a risk assessment and early warning system for implementing smoke
taint reduction strategies;

6. National pilot of comprehensive mapping and information collected from Western
Australian and Victorian vineyards (such as vineyard location, varieties and
phenology) as a standalone database to incorporate into a risk analysis model for
smoke taint susceptibility;

7. Improve communication between wine industry and forest managers and better
integration of planning systems for viticulture production and prescribed burns to
reduce risk of smoke taint damage in grapes and wine; and

8. Development and communication of a comprehensive smoke taint reduction package
containing tools that directly reduce the incidence of smoke uptake at the vineyard
level.

The project outputs and activities as stated in the project agreement are:

Year 1 Output D#]fn?;;e Activities

A Field trial, sensory and 06/10 Hire staff, obtain equipment for field operations and
mapping database develop early warning and modelling systems.
information captured and Establishment of field-based trials and collection of
first stage of early warning database information and modelling.
and modelling system
developed.

B Publish articles in industry 06/10 Compile information and write articles.
press.

C Trial report for year 1. 06/10 Analysis and summary of all data and developments of

project to date.




Due Date

Year 2 Output Activities
mm/yy

A Field trial information and 06/11 Conduct field based trials and collect knowledge on
knowledge of smoke plume smoke plumes and composition.
distribution and composition
captured for incorporation
into the model and tools.

B Model and early warning 06/11 Model and systems development.
system developed and first
stage of decision making and
risk assessment tool
developed.

C Vineyard mapping and 06/11 Continue collection and verification of database
database information information.
captured.

D Publish articles in industry 06/11 Compile information and write articles.
press.

E Trial report for year 2. 06/11 Analysis and summary of all data and developments of

project to date.

F Trial of decision making and 06/11 Key growers provide seasonal phenology information
risk assessment tool by forest incorporated into database model and used for
management agencies. consideration in planning prescribed burns.

Year 3 Output BUZIREIE Activities
mm/yy

A Early warning system, model 06/12 Test and verify systems in the field.
and decision making and risk
assessment tools developed.

B Vineyard mapping and 06/12 Complete collection and verification of mapping and
database information database information.
captured and integrated with
forest burn plans and
management systems.

C Knowledge and information 06/12 Collate information and develop extension materials
captured in an extension with collaborators for presentation of project results to
package for presentation to industry nationally.
industry.

D Publish articles in industry 06/12 Compile information and write article.
press.

E Smoke reduction toolkit 06/12 Assemble software and information into package.
produced. Up to 60% of vignerons in smoke susceptible areas
Phenology information access database to incorporate grape phenology
incorporated into database. information.
Up to 75% of vignerons in
smoke susceptible areas Demonstrate toolkit nationally to industry at workshops.
access toolkit for risk Demonstrate use of toolkit nationally; provide e-mail
assessment of grape links and updates to vignerons.
susceptibility to smoke.

F Final project report. 06/12 Analysis and summary of all data and developments of

project to date.
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3. Method

To address the specified project aims and performance targets for this project a number of
methodologies were employed. These methodologies are detailed in their following
respective areas.

3.1  Smoke Application to Field-Grown Grapevines

Throughout this research, a number of trials were conducted to provide additional
information to support the accurate development of the smoke taint risk reduction package.
Proven smoke application methodology was used in all field research. The predominant
research focus was on the application of smoke to key grapevine varieties at various
growth stages and the effect of smoke density and duration on the creation of smoke taint
in wine. All research related to smoke application to field-grown grapevines encompassed
wine production with chemical and sensory analysis.

3.1.1 Smoke Application Methodology
A proven smoke application methodology was employed in all field based research
investigating smoke effects on wine grape production. The methodology that had been
successfully developed and refined in our previous studies (Kennison et al. 2008, 2009,
2011) was again used in this project. The field-based smoke application apparatus
included tents (6 m long x 2.5 m high x 2 m wide) that were constructed around grapevines
(Figure 1). These tents were made of galvanised steel covered with a greenhouse grade
plastic (Solaweave®) for continued light transmission to grapevines to enable plant
photosynthesis and functioning (Figure 1A and 1B). Smoke was produced in a 50 L lidded
steel drum. Dry barley straw was used as the fuel source and, once ignited in the drum,
smoke was forced by air, produced by a 12 volt air pump, from the drum through outlet
hosing and into the tent (Figure 1C and 1D). The density and duration of smoke exposure
was measured with a portable nephelometer (VESDA LaserFOCUS™ VLF-250). A fuel
powered portable generator was used to provide power for the 12 volt air pump,
nephelometer and laptop computer. The location of field research and wine grape variety
used varied depending on the objective of the research. These factors are discussed further
in section 3.1.4 and 3.1.5.
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Figure 1. Smoke application apparatus showing (A) smoke drum, smoke tent and
supporting field equipment; (B) construction of smoke tent frame around field-grown
grapevines; (C) grapevines enclosed within the smoke tent; and (D) smoke being forced
through steel piping into the smoke tent for application to grapevines. Photos taken by
Peter Maloney © Western Australian Agriculture Authority, 2013.

3.1.2 Winemaking Methodology
The winemaking methodology employed in this study followed standard commercial
winemaking practice for red and white wine production. Small-lot wines (range from 11 to
15 kg) were made according to the commercially reproducible techniques employed in our
laboratories for the past 30 years. Purpose built small-lot winemaking equipment,
including a crusher-destemmer (Figure 2A) and waterbag press (Figure 2B) were utilised
during the winemaking process. All field-based smoke treatments were produced in three
replicates, therefore each wine was also made in three replicates.
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Figure 2. Equipment utilised during the small-lot winemaking process including (A)
crusher-destemmer and (B) press.

For red wine production, fruit was hand harvested when the total soluble solids (TSS)
content reached 22.2 + 1.5 °Brix as measured by refractometry (Iland et al. 2004). Fruit
was stored at <5°C overnight. Fruit was crushed and destemmed and 25 mg/L SO, was
added. Once must temperature reached 16°C it was inoculated with EC1118
Saccharomyces cerevisiae yeast (Lallemand Inc., Montreal, Canada) at a rate of 250 mg/L
plus 200 mg/L diammonium phosphate (DAP). Musts were fermented on-skins in 15 L
stainless steel fermentation vessels with hand plunging of the skin cap conducted twice
daily. Musts were fermented at a temperature of 16°C until TSS approached 0°Brix. All
wines were pressed off skins at the same time, transferred to 5 L enclosed glass
fermentation vessels and inoculated for malolactic fermentation with Oenococcus oeni
(Viniflora Oenos. Chr. Hansen, Denmark). During malolactic fermentation, wines were
maintained at 21°C until completion (indicated by < 0.1 g/L malic acid) as determined by
enzymatic analysis. On completion of malolactic fermentation, the sulphur dioxide (SO,)
concentration in wine was measured by aspiration (lland et al. 2004) and adjusted to 30
ppm. Wines were then cold stabilised for 28 days at 2°'C. On completion of cold
stabilisation, wines were filtered (at 5 um) and bottled.

For white wine production, fruit was hand harvested when the total soluble solids (TSS)
content reached 22 + 1.5 °Brix as measured by refractometry (lland et al. 2004). Fruit was
cooled during storage at <5 °C overnight. Fruit was crushed, destemmed, pressed off skins
with additions of 30 mg/L SO, and 5mg/L pectic enzyme added to final extracted juice.
Juice was transferred into 5 L enclosed glass containers, lidded and stored at 2°C for 7 to
14 days until the juice had settled. Once the juice had settled, the clear juice was siphoned
from the juice solids into a 5 L glass container. Once must temperature reached 16°C it
was inoculated with EC1118 Saccharomyces cerevisiae yeast (Lallemand Inc., Montreal,
Canada) at a rate of 250 mg/L plus 200 mg/L diammonium phosphate (DAP). Musts were
fermented at a temperature of 16 °C until residual sugar was less than 2.5 g/L as
determined by Clinitest® (Bayer Diagnostics, Bridgend, UK). Where required, wines were
then heat stabilised by bentonite addition as determined by a Bentotest (Rankine 2004).
After bentonite addition, wines were left to settle in enclosed 5 L glass containers for 3
weeks at 2°C. Wines were then racked off bentonite lees, SO, was adjusted where required
(up to 30 ppm FSO,) and wines were cold stabilised at 2°C for a minimum of six weeks.
On the completion of cold stabilisation, wine SO, was adjusted (to 35 ppm), wines were
filtered (membrane filter, 0.45 um, Sartorius Stedim Biotech, Goettingen, Germany) and
bottled.

3.1.3 Chemical Analysis of Smoke Compounds
Various chemical analysis methodologies were employed in this research to determine the
concentration of smoke-related compounds in samples produced in field trials. Grape
berry homogenates, grape juice and wine produced in trials were all analysed for smoke-
related compounds. Initially, the chemical analysis of samples focused on the detection of
two volatile phenols, guaiacol and 4-methylguaiacol. Analysis of guaiacol and 4-
methylguaiacol was undertaken due to these compounds being derived from the thermal
degradation of lignin (a component of the fuel source used to produce smoke in this
research), they are known to be present in smoke and to have ‘smoky’, ‘smoked meat’,
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‘burning’, ‘sharp’ and ‘phenolic’ aromas and flavours (Baltes et al. 1981, Boidron et al.
1988, Maga 1988). Guaiacol and 4-methylguaiacol were also selected for analysis as they
had previously been used as indicators of smoke taint intensity in similar field studies
(Kennison et al. 2009). To measure guaiacol and 4-methylguaiacol concentration, gas
chromatography-mass spectrometry (GC-MS) equipment was employed as per previously
reported methodology (Spillman et al. 1997, Pollnitz et al. 2004, Kennison et al. 2008). As
the project progressed, advances in the detection of smoke-related compounds have
occurred and additional compounds responsible for the smoke taint were isolated by
various laboratories. These compounds include free and bound p-coumaryl, coniferyl and
sinapyl alcohol (Singh et al. 2012) including those detected as glycosylated metabolites
(Hayasaka et al. 2010a, Dungey et al. 2011). As these methods represented the opportunity
for additional information to be obtained from our sample analysis, they were used where
possible with only recent analytical results detailed in this report.

3.1.4 Wine Sensory Analysis
A variety of wine sensory analysis techniques were used in this study to elucidate the
effect of smoke on the sensory characteristics of wine. The wine sensory analysis
techniques employed depended on the purpose and information that was sought from each
of the experiments. Of the many proven methods for wine sensory assessment available,
this study used Difference Tests and Quantitative Descriptive Analysis (QDA®) (Meilgaard
et al. 2007).

Difference tests, such as triangle tests, were used to determine whether a sensory
difference existed between samples for the smoke density and duration study. People that
participated in the difference test were selected based on their interest and availability,
being regular wine consumers in good health and over the age of 21 years. A total of 130
regular wine consumers participated in this type of wine sensory analysis for our study. A
large number of wine consumers were recruited for this study to ensure statistical
significance. Panellists were untrained as the focus of the study was to determine whether
regular wine consumers could detect a difference between the smoked and unsmoked
wines and at what level of smoke density and duration a difference was readily perceptible.
The sensory method used was the triangle test (Meilgaard et al. 2007) as per Australian
Standard 2542.2.2 (2005). Wine samples were evaluated by consumers in a dedicated
sensory facility that contains six separate sensory booths. Coloured lighting was used in
order to mask any potential colour differences in the wines. Each consumer was required
to assess three difference tests (a total of nine wines per consumer) that were presented in
International Standards Organisation (ISO) wine glasses. Each wine glass was coded with
three digits and was lidded to avoid aroma release and contamination of the tasting
environment. Each glass contained 20 mL of wine presented in an incomplete balanced
block design so that each wine was tasted a total of 30 times during the wine sensory
analysis. Samples of wine produced from fruit exposed to smoke (A) and the control
unsmoked wines (B) were presented in a balanced reference design (i.e. AAB, ABA, BAA,
BAB, ABB, BBA), randomised in presentation order to the consumers in order to control
bias.

Quantitative Descriptive Analysis (QDA®) was used for the analysis of wines from many
experiments in this project to quantitatively measure the key wine aromas and flavours.
QDA® was used according to the methodology described by Meilgaard et al. (2007).
Panellists were selected for QDA® training based on their interest and availability, for
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being regular wine consumers in good health, and for being non-smokers that have
participated in wine education at a tertiary level. The age of panellists ranged from 21 to
50 years and participants utilised in the wine testing phase consisted of panels of up to 11
people (six males and five females) who were selected based on their sensory performance
during the training phase. The QDA® training phase included panellists identifying and
agreeing on aroma and flavour descriptors to be used when evaluating wines. Panellists
were instructed on how to rank the intensity of the aroma and flavour descriptors on an
unstructured 100-point line scale and were evaluated on their performance in using the
scale. Prior to any formal wine evaluation, all test wines were informally tasted by a panel
of up to five winemakers for the presence of any off-flavours and to detect any wine faults.
All formal wine evaluation was performed in dedicated wine sensory facilities where each
panellist had their own tasting area, or booth, separate from other participants. Panellists
were randomly assigned to tasting stations where wines (30 mL) were presented in ISO
tasting glasses. All glasses were lidded with glass covers to avoid aroma contamination of
the tasting environment and from other samples. All wines were presented in a
randomised order in three digit coded glasses. Each glass was coded uniquely for each
panellist and presented so that each person did not receive the same wine at any one time.
Panellists were required to wait for two minutes between tasting test samples and were
encouraged to leave the tasting room to an external environment for regular breaks. All
panellist responses were recorded on data sheets that were collated and securely stored for
further data analysis.

3.1.5 Smoke Density and Duration
In this project, a key aspect in understanding smoke effects on grape and wine production
was to investigate the influence of smoke density and duration. These effects were
investigated to further understand the effect of smoke plumes. Smoke occurring in the
atmosphere, in plumes, is highly variable and can be influenced by climatic and wind
conditions (Garland et al. 2008). This smoke variability could potentially influence the
accumulation of smoke related compounds, aromas and flavours in wine and therefore
required further investigation.

Prior experiments have concentrated on the resultant wine chemical and sensory effects
without understanding the smoke exposure and conditions of the fire itself (Hgj et al. 2003,
Whiting and Krstic 2007). Controlled applications of smoke to field-grown grapevines
have been conducted, however information quantifying the smoke intensity utilised in
experimentation has been limited. Smoke has either been applied to grapevines at limited
densities (30% obs/m or 200 pg/m?) for single (30 min) or repeated (n = 8) durations
(Kennison et al. 2008 and 2009). As such, these experiments concentrated on heavy
smoke densities.

This project built on previous research to further investigate the influence of smoke density
and duration. As such, the project aimed to identify the minimum amount of smoke
required to create smoke related aromas and flavours in resultant wines. Smoke was
applied to field-grown Merlot grapevines within the growing period defined as having
heightened sensitivity for smoke uptake (seven days post veraison to harvest) (Kennison et
al. 2011). To investigate the effect of a range of smoke densities and durations, smoke was
applied to grapevines at high densities (5, 10 and 20% obs/m) for short durations (5, 10 and
20 min) and one low smoke density (2.5% obs/m) for long durations (10, 20, 40 and 80
min). All field smoke treatments were applied in triplicate utilising smoke generating and
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tent equipment as previously outlined. Control treatments, comprising unsmoked grapes,
were also incorporated in triplicate in these experiments. Red wines were produced by our
small-lot winemaking procedure and analysed by both chemical and sensory analysis.

3.1.6 Smoke Effects on Key Grapevine Varieties
Previous research has been comprehensive in understanding smoke effects on grapevines
throughout the production season. However this research has been limited in its focus on
the range of grapevine varieties investigated. For instance, the timing of smoke uptake and
taint development in wine is well understood at key phenological growth stages for Merlot
(Kennison et al. 2011). However, the influence of smoke on other varieties throughout the
growing and production season is unknown. A major focus of this project was to
investigate the effects of smoke exposure on a range of varieties throughout the production
season. As such, the key varieties Cabernet Sauvignon, Chardonnay and Sauvignon Blanc
were utilised in field-based trials based in the Margaret River wine production region.
Smoke was applied to the vines at key growth stages, as designated by the modified
Eichhorn-Lorenz (E-L) system of grapevine growth classification (Coombe 1995). Smoke
was applied to all varieties at the stages of pea-sized berries (berries 7 mm in diameter) (E-
L 31), onset of veraison (E-L 35), veraison plus seven days (E-L 35 + 7 days) and harvest
(E-L 38). Smoke treatments were applied to all varieties in triplicate for a period of 30
minutes. Control (unsmoked) grape treatments were also established in triplicate for each
variety. Wines were produced from all smoke treatments according to the red wine and
white wine production methodology previously described. Both grapes and wines were
analysed for the presence of smoke-related compounds and wine sensory analysis (by use
of Quantitative Descriptive Analysis methods - QDA®) to gain an understanding of smoke-
related aroma and flavour intensity (methods detailed previously).

3.1.7 Smoke Generated from a Range of Fuel Types
In this project, a key aspect of the investigation of smoke complexity was the composition
of smoke generated by different fuel types, its entry into the vine and subsequent smoke
taint in grapes and wine.

3.1.7.1 Assessment of fuel type on the accumulation of phenols as smoke taint in
wine
Smoke emissions of different fuels were investigated to examine whether the putative
smoke taint compounds that accumulate in wines reflect the lignin composition of the
vegetation that is pyrolysed in a bushfire event. The fuel types used in this study were
representative of the bush types that burn in wildfire and prescribed burning events that
may cause smoke taint in the Margaret River wine region of Western Australia.

3.1.7.2 Fuel composition and analysis
Five fuels were used in this study including the hardwood species jarrah (Eucalyptus
marginata Donn ex Sm.), karri (Eucalyptus diversicolor F. Muell.) and marri (Corymbia
calophylla Lindl.). To investigate the effect of the large differences in fuel cellulose,
hemicelluloses and lignin composition, the softwood species radiata pine (Pinus radiata D.
Don.) and a pasture grass, wild oats (Avena fatua L.) were included. Components of
foliage, duff, bark, twigs (diameter < 6 mm) and round wood (diameter > 6 mm) for each
fuel were collected from areas in Margaret River that had not been burnt for over ten years
and stored in thin layers for several weeks to equilibrate their moisture content. After
drying, one kilogram replicates were compiled for each fuel in proportion to the respective
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components that occur in a 10 years old fuel accumulation (Burrows, 1994; O’Connell and
Menage, 1982). For wild oats, all of its above ground biomass was considered as a single
component (100% fuel source) since all of it combusts during a fire event.

Sub samples of each fuel were analysed for lignin, cellulose and hemicelluloses using the
methods described by van Soest and Wine (1967) and the monolignol composition was
determined by pyrolysis gas chromatography mass spectrometry (py GC-MS). All analyses
were in triplicate.

3.1.7.3 Smoke exposure of Merlot vines

In smoke exposure trials in a commercial vineyard in Margaret River, replicate panels of
Merlot vines were exposed to smoke two weeks after veraison. Five replicate panels were
chosen for each fuel in a randomised block design with five control (unsmoked) replicates.
To generate smoke, 1 kg of fuel was combusted inside a purpose built pyrolysis chamber
that allowed a controlled replication of wild fire temperatures (Gould et al. 2007). Smoke
was delivered from the pyrolysis chamber via a flexible steel tube into a tent enclosing
each replicate vine panel as described by Kennison et al. (2008). Each smoke exposure
event lasted 30 min. The smoke density (PM 2.5 as measured by a VESDA Laser
FOCUS™ VLF-250 nephelometer; Xtralis, Mawson Lakes, South Australia) was recorded
for the duration of each smoke exposure and found to exceed the instrument’s maximum
reading of 32%. The control replicate panels were enclosed in an identical tent for the same
duration without an application of smoke.

3.1.7.4 Analysis of fuel emissions

Smoke samples from each replicate smoke exposure were collected and analysed for lignin
derived phenol composition and compared to samples taken at prescribed burning and
wildfires by thermal desorption gas chromatography mass spectrometry (TD GC-MS) as
described by Vitzthum von Eckstaedt et al. (2011).

3.1.7.5 Vine and harvest assessments
At harvest, the mass of fruit, the berry weight and leaf area were determined to investigate
relationships between the derived taint in each replicate and the replicate vine parameters.

3.1.7.6 Wine making

The fruit was harvested at commercial maturity with each replicate remaining separate.
Each replicate was crushed and destemmed with a 100 mg/L metabisulphite addition and
the total acids were adjusted to 7.0 g/L with tartaric acid. The musts were inoculated with
EC1118 yeast and a nitrogen supplement of 100 mg/L diammonium phosphate. The wines
were regularly hand plunged, pressed off skins at 3 °Brix with fermentation continuing to
dryness. Each replicate was divided into two, with half inoculated for malolactic
conversion. When malolactic fermentation had completed all wines received a 60 mg/L
metabisulphite addition and were tartrate stabilised before filtration to 0.2 micron and
bottling.

3.1.7.7 Analysis of free and glycosidically bound taint compounds in wine.

To investigate differences in the accumulation of lignin derived taint compounds in the
replicate wines, an adaptation of the GC-MS method described by Singh et al. (2011) was
used to quantify 21 phenols and the essential oil eucalyptol (Singh et al., 2012).
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3.1.7.8 Analysis of metal concentrations in wine

Research investigating the sensory effect of smoke taint in wine (Ristic et al., 2011: Parker
et al., 2012) has described a metallic taste to be found in smoke tainted wines. The smoke
treatment wines in our study were analysed for a range of metals and compared to the

unsmoked (control) replicates. Triplicate samples of each wine were heated to 150°C for
one hour to remove the ethanol and adjusted to pH 2 with nitric acid. The samples were
analysed by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) and Inductively
Coupled Plasma Optical Emission Spectroscopy (ICP-OES) for 39 metal elements.

3.1.8 Statistical Analysis
For the analysis of data in this research, the Genstat 11" Edition (VSN International
Limited, Hemel Hempstead, UK) statistical program was used. The significance of the
main effects of any treatments employed in this study and, where appropriate, their
interactions were analysed using analysis of variance (ANOVA) with mean comparisons
performed by least significant difference (LSD) multiple comparison tests at P < 0.05.
Wine sensory data produced from triangle tests was analysed by use of statistical tables
detailed by Meilgaard et al. (2007) and data from Quantitative Descriptive Analysis
(QDA®) was analysed by ANOVA and Principal Component Analysis (PCA).

3.2  Field-Based Smoke Detecting Equipment

Environmental smoke is highly variable, with optical smoke properties influenced by
combustion conditions, fire location, weather conditions and prevailing winds (Garland et
al. 2008). The measurement of smoke is complex with numerous equipment and analysis
methodologies available to detect and quantify smoke presence (Adam et al. 2004, Lee et
al. 2005). One type of analysis known to be highly sensitive and reliable for the detection
of smoke is nephelometry (Adam et al. 2004). Nephelometry equipment has been found to
be precise and accurate in the measurement of smoke presence and concentration
(Williamson and Bowman 2008) and has been successfully implemented in our earlier
research (Kennison et al. 2011). In all smoke experiments conducted in this study,
nephelometry equipment (VESDA Laser FOCUS™ VLF-250, Victoria, Australia) was
employed. Smoke density was recorded as the percentage of visual obscuration over a
distance of one metre and expressed in units of % obs/m. The nephelometer also measured
the duration (min) of each smoke density and was able to record date and time. The
nephelometers were used in this project not only for their accuracy and reliability but also
due to being cost effective and portable for field use. The units used in the

study were engineered to be mobile, static and weather proof.

3.2.1 Static Smoke Detecting Units
A number of nephelometers were placed in-field over the duration of the project to monitor
and detect the presence of smoke. Two units were placed in close proximity to vineyards
in the Manjimup and Pemberton regions of South West WA to detect the presence of
smoke in a susceptible area. These units were static and enclosed within weatherproof
housing (Figure 3) with remote data access capability over the Telstra 3G network (Figure
4). Nephelometers were connected to mains power to enable the constant recording and
data logging of any smoke exposure throughout the year. Data were retrieved and
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downloaded from the units regularly during the growing season and occasionally during
vine dormancy.

3.2.2  Mobile Smoke Detecting Units
Mobile nephelometers were engineered for field employment during fire events. Mobile
units included data storage and retrieval capabilities (through a secure USB storage device)
and a battery powered source (Figure 5). The units were mounted on a manoeuvrable
wheel based trolley for field deployment and transportation. Investigation of the
effectiveness of the field units commenced with deployment to field sites during prescribed
burns initiated by the forest management agency (Department of Environment and
Conservation). As such, the units were positioned for exposure to smoke from actual fire
events, to enable a further understanding of smoke density and duration and fire conditions
relevant to this research.

Figure 3. Field-based smoke detecting (nephelometer) equipment showing weather proof
housing.
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Figure 4. Field-based smoke detecting (nephelometer) equipment showing active smoke
detection unit, mains power connection, data storage and retrieval.

Figure 5. Mobile nepheloeter smoke detection equipment showing active smoke
detection unit, data storage, data retrieval and battery power source.
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3.3 Regional Grapevine Phenology Study

Phenological development and ripening in grapevines is considered to be mainly regulated
by temperature (Winkler et al. 1962, Jones and Davis, 2000, Jones 2003). Forecasted
increases in temperature are predicted to cause earlier development and therefore
advancement in grapevine phenological stages. From our research, the sensitivity to
smoke uptake is associated with grapevine phenology stage. Therefore, understanding
how temperature influences the timing of grapevine growth and development as well as
identifying variety specific differences in phenology and maturity is crucial. Several
process-based grapevine phenological models driven by temperature summations have
been developed. In this project we adapted the Spring Warming/Grapevine Flowering
Veraison Model (GVF) developed by Parker et al. (2011). We further developed the
model to simulate a greater range of grapevine growth stages. The model was calibrated
using historical phenology data collected from Western Australian vineyards for a range of
varieties.

Grapevines develop through a series of well defined growth stages during the growing
season. The Modified Eichorn and Lorenz (E-L) scale which describes 30 stages of
grapevine development from bud-burst to harvest ripeness (Coombe, 1995) was used to
record the phenological information collected from the vineyards. To validate the model
predictions, detailed phenological observations were taken from vineyards in four
climatically diverse growing regions in 2011/12 season.

3.3.1 Historical Phenology Records
Historical phenological records were collected from commercial vineyards throughout the
nine Gl wine growing regions of Western Australia: Great Southern, Pemberton,
Manjimup, Margaret River, Geographe, Blackwood Valley, Swan Districts, Peel and Perth
Hills. The Vineyard Mapping Project and Client and Resource information System (CRIS)
maps and data-base were used to identify representative vineyards within each region to
contact. Initially seventy-three vineyard businesses were contacted and the vignerons
invited to participate in the project by providing the grapevine growth stage/phenology
records and harvest °Brix/°Baume for the varieties grown on their vineyards. The
vignerons were contacted by email and follow up phone calls. Vignerons were informed
that their phenology data would be used to develop a predictive tool to help decision
making on the timing and location of prescribed burns to reduce the incidence of smoke
taint in grapes and wine. The model was jointly developed by the Department of
Agriculture and Food in collaboration with the University of Western Australia. Their data
and that from other vineyards and regions would be used to develop the model for the
different wine regions in Australia. Vignerons contacted were aware that wine grape
sensitivity to smoke uptake is dependent on the seasonal stage of grapevine development.
A spreadsheet (Figure 6) and guide describing the grapevine growth stages and modified
Eichhorn and Lorenz (E-L) system (Figure 7) was provided to assist vignerons to record
their phenology dates and harvest °Brix/°Baume. If vignerons kept records in a different
format these were provided and collated by the project in a standard format for use in the
model. Vignerons using the spreadsheet provided were asked to add other growth stages
for which they had records. The critical phenology stages required to develop the smoke
taint risk model were budburst, flowering, fruit set, bunch closure, veraison and harvest.
Vignerons were asked to provide the phenology dates for as many past vintages as
possible. The project provided assistance collecting phenology data from vignerons’ spray
records and vintage reports where required.
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NAME OF VINEYARD

Property ID

Property Address

GPS Coordinates Projected (UTM) [
Geographic
Dates:
Year Block Variety Bud burst Shoots Flowering 80% Fruit set Bunch Veraison Harvest Harvest
EL4 10cm beginning cap fall EL31 closure EL35 EL38 Brix or

EL12 EL19 EL25 EL32 Baume

Figure 6. Sample of spreadsheet for vignerons to record phenology dates for varieties on
their vineyard

Vignerons were requested to provide the dates for the key phenological stages including
budburst (E-L4), shoots 10cm long (E-L12), beginning of flowering (E-L19), full bloom
(E-L23), end of flowering (E-L25), fruit set/berries pea size (E-L31), bunch closure (E-
L32), veraison (E-L34), and berries harvest ripe (E-L38). The date of each stage was taken
as the date when 50% of the shoots, flowers, or berries had reached the specific stage. For
example the dates of veraison (E-L34) corresponded with the onset of the ripening period
identified as the date when 50% of berries had softened or changed colour from green to
translucent for white varieties, or changed colour for red varieties. Data on the °Brix or
°Baume at harvest was also collected where available as an indicator of the berry ripeness
at harvest. The data collection focused on the key varieties Merlot, Cabernet Sauvignon,
Chardonnay and Sauvignon Blanc. Data on other varieties were collected where available
and time permitted. These included Chenin Blanc, Semillon, Rousanne, Marsanne,
Viognier, Verdelho, Shiraz, Cabernet Franc, Zinfandel, Petit Verdot and Grenache. The
collection of historical phenology records is ongoing and the information used to update
the phenology model driving STAR.
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108 Growth stages of the grapevine Australian Journal of Grape and Wine Research 1,100-1 10,1995

Grapevine growth stages - The modified E-L system

Winter bud

Budswell

Woolly bud—brown wool visible

Green tip; first leaf tissue visible

Rosette of leaf tips visible

First leaf separated from shoot tip

2 to 3 leaves separated; shoots 2-4 cm long

4 Budburst —e—ree

4 leaves separated

5 leaves separated; shoots about 10 cm

12 Shoots 10 cm Inflorescence clear,
? long; inflorescence clear

5 leaves separated

6 leaves separated
7 leaves separated

8 leaves separaled, shoot clongating
rapidly; single flowers in compacl groups

1ualidojaAsp 8ouadSaIOLU| pUR J00US

10 leaves separated

12 leaves separaled; inflorescence well
developed, single flowers separated

18 14 leaves separated; flower caps still in

place, but cap colour fading from green

Aboul 16 leaves separated:; beginning of
flowering (first flower caps loosening)

1096 caps off
30% caps off

17-20 leaves separated; 50% caps off
(= full-bloom)

19 Flowering begins —m=e—me—

Buisiamo)4

23 Full bloom 50% caps off ==

809 caps off

cap-fall complete ¥

Young berries growing

27 Setting Bunch at right angles
to stem

Selting; young berries enlarging (>2 mm
diam.), bunch at right angles to stem

Berries pepper-corn size (¢ mm diam.);

bunches tending downwards
31 Berries pea size g:““,;hes hanging Berries pea-size (7 mm diam.)

Beginning of bunch closure, berries
touching (if bunches are tight)

wawdojaAsp £1leg

Berries still hard and green

Berries begin to soften;
Brix starts increasing

35 Veraison gzg :g?ozr:”ll?lgg ‘l’feggil’:s =~ 35 Berries begin to colour and enlarge

Berrries with intermediate Brix values

Buuadiy

Berries not quite ripe

38 Harvest Berries ripe Berries harvest-ripe

Berries over-ripe

After harvest; cane maturation complete
Beginning of leaf fall

End of leaf fall

30U8253UaS

Modified from Eichhorn and
Lorenz 1977 by B.G. Coombe

Figure 7. The modified Eichhorn and Lorenz (E-L) system for grapevine growth stages
(from Coombe 1995)
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3.3.2 Regional Grapevine Phenology
Detailed phenological observations were recorded on vineyards in four climatically diverse
regions in 2011/12: Gingin (Swan Districts), Donnybrook (Geographe), Margaret River
and Pemberton. Vineyards for the trial were selected on the basis of variety composition
and proximity to either a Bureau of Meteorology (BOM) or Department of Agriculture and
Food (DAFWA) weather station. The vineyards locations were within 1.3 km to 4.8 km of
the nearest BOM weather station. The vineyards were required to have the key varieties
Chardonnay, Cabernet Sauvignon, Shiraz and Sauvignon Blanc of mature age and in
commercial production. The vineyard location and varieties selected were chosen to give
the greatest range in seasonal growing temperatures and phenological development from
earliest budburst date to latest harvest date. The vineyards chosen were representative of
the phenological development of the selected varieties in their region.

A total of 25 vines were selected per variety per vineyard (100 vines per variety block)
with five groups of five