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The National Wine and Grape Industry Centre
delivers high-value research, education, training
and extension to the Australian Wine Industry.
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The NSW Wine
Industry Association
represents the interests
of the wine industry in
New South Wales
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The National Wine and Grape Industry Centre is
an alliance between NSW Department of Primary
Industries, the NSW Wine Industry Association
and Charles Sturt University.
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RESEARCH

EXTENSION
Leading provider of
information for the
agricultural sector

EDUCATION

Leading provider of
education for the wine
industry
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TRAINING

Introduction
Extraordinary times
It is with great pleasure that I welcome you to
read, benefit and grow from the information
contained within The Grapevine Management
Guide 2020–2021.
While compiling this edition of the GVMG, it
made me reflect on what has been a year of
extraordinary times. After experiencing the
ongoing relentless drought across many regions,
followed closely by spring and summer bushfires
and the resultant smoke taint affects to wine
grape production, my role as development officer
changed. I was providing support to industry and
information on policy development to decision
makers to address the effects on industry from
these natural disasters and COVID-19.
The government focused itself toward recovery
and assisting industry in the best way it could by
providing relief packages and grant funding to
support individuals, businesses and regions in the
wine industry. I sincerely hope you were able to
benefit in some way from the initiatives rolled out
across NSW.

publications are a crucial means of packaging
information for producers, and as such, I
recommend this current edition to you.

Feedback please
The NSW DPI wants to make sure that the
information we are providing is what you need
to make your business grow. We would like to
receive any feedback that you care to offer –
good, bad or indifferent. This will help us to make
future editions even more useful. Please contact
us with your suggestions by mail, phone or email.
Darren Fahey
Development Officer – Viticulture
NSW Department of Primary Industries
Orange Agricultural Institute
1447 Forest Road Orange NSW 2800
Mobile: 0457 842 874
Email: darren.fahey@dpi.nsw.gov.au
Web: www.dpi.nsw.gov.au

Introduction

Interestingly, all of my contributions for this year’s
GVMG were written while working from home.
While working remotely is not a new thing for me,
it did bring to mind the importance of conducting
research, fieldwork and demonstration trials out
in the vineyards across the regions. Both the
netting trial (page 34) and the biodiversity trials
(page 28) are perfect examples of this.
Further contributions from researchers, vineyard
managers and viticulturists make this year’s
guide one that is full of practical information that
can be implemented readily and easily into any
vineyard operation.
NSW DPI would like to thank Adrian Engelfield for
his contributions to the GVMG over the years and
hopefully, by the time you read this version, we
will have filled his role with a new employee ready
to take on the Wine Australia regional program
in the Riverina and assist with Skills Development
across the rest of NSW.
The Grapevine Management Guide 2020–2021
is one of NSW DPI’s flagship publications. Such
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A leader in viticulture and wine science research, education and
industry training.
Our research aims to increase the development, sustainability and
profitability of the wine industry, delivering solutions throughout the
value chain.

OUR KEY AREAS OF RESEARCH
Vine health and disease management
Diagnostics
Pest and disease management
Grapevine trunk diseases
Bunch rots and wine quality
Vine science
Vine physiology and nutrition
Root functioning
Flowering and berry growth
Wine science
Fruit and wine composition
Process engineering
Sensory and consumer sciences
Wine styles

OUR RESEARCH AIMS
Reduce costs in the vineyard and cellar
Develop decision support tools
Improve understanding of grape maturation cycles, harvest dates and
wine styles
Improve pest and disease detection, and management options

WHAT WE’RE INVESTIGATING
Solutions to the negative impact of warmer growing environments on
vine and wine production
Methods to manage the alcohol content and desired flavour
characteristics of wines
Sustainable resource management, including water and soils
How to reduce chemical spray applications and other inputs through the
development of more environmentally friendly methods and products

An alliance between

csu.edu.au/nwgic

nwgic@csu.edu.au

+61 2 6933 2940

@NWGICWagga

Charles Sturt University CRICOS 00005F. © 2019 Charles Sturt University. F5928.

NATIONAL WINE
AND GRAPE
INDUSTRY CENTRE

Current NWGIC research
Research aims: to accurately define bunch rot
contamination thresholds for wine grapes and
find solutions for winemakers to allow them to
cope with situations where these thresholds have
been exceeded. Outcomes from the project will
provide the industry with better indicators of
bunch rot thresholds before the fruit has to be
rejected or downgraded.
Industry outcomes and relevance: current
management practices for bunch rots include a
combination of cultural practices (e.g. canopy
management, varietal selection) and chemical
control. While these practices are effective in low
disease pressure years, bunch rot management
frequently fails in years that have high rainfall. In
severe seasons when bunch rots are a problem,
growers often waste money on applying
fungicides when disease control practices may
be too late and fungal taints have reached an
unacceptable level. Establishing bunch rot
thresholds and early bunch rot detection will help
prevent this economic loss to the wine industry.
Aside from yield losses, bunch rots can affect
wine quality by producing off flavours and taints.
If detected, this leads to the downgrading or
possible rejection of fruit at the winery with a
huge cost to the industry, particularly in years that
have high rainfall. If the fungal contamination
is not detected or is ignored, the result can be
inferior quality wine which has the potential to
damage the reputation of Australian wine as a
quality product. Detecting fungal taints in grapes
before they are turned into wine will circumvent
this problem and reduce wine production costs.
Researchers and students involved:
Professor Christopher Steel (Charles Sturt, NWGIC)
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC Training Centre for Innovative Wine
Production [ARC TC-IWP])
Dr Andrew Clark (Charles Sturt, NWGIC)
Dr Yu (Michael) Qu (Charles Sturt, NWGIC)
Dr Bob Dambergs (Charles Sturt, NWGIC)
Time frame: 2018–2020
Funding bodies and collaborators: Wine
Australia and Charles Sturt University.

Rapid pre-harvest grape assessment
to quantify fungal biomarkers
Research aims: to develop in-field assessment
capability for grape quality, composition and
fungal taint compounds. This work builds on
our expertise for quantifying volatiles linked
to grape fungal infection and will extend
to volatiles linked to wine faults and taints.
New instrumentation will aid growers and
winemakers to ensure quality, thereby offering
better wine to consumers, but could also be
applied more broadly to other horticultural
crops.
New instrumentation that collects targeted
chemical signatures from the volatile
compounds of grapes will be developed and
used to fingerprint biomarkers associated with
taint compounds, with an initial emphasis
on Botrytis detection. Non-specific grape
composition measures will also be assessed for
objective grape quality measures.
Industry outcomes and relevance: harvest
decisions are often pressured by transport,
winery logistics and the need to coordinate
with the ripening of other grape varieties.
Vintage compression, late rain and associated
mould growth and off-flavours add to the
challenges. Rapid objective methods to assess
grape quality and mould taints would help
decision-making and grading of grapes but
currently no methods exist.
Researchers and students involved:
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Professor Christopher Steel (Charles Sturt,
NWGIC)
Dr Morphy Dumlao (Charles Sturt, NWGIC, ARC
TC-IWP)
Jiang Liang (Charles Sturt PhD student, NWGIC,
ARC TC-IWP)
Associate Professor Alex Donald (UNSW)
Anthony Tran (UNSW)
Time frame: 2019–2022
Funding bodies and collaborators: the
Australian Research Council Training Centre for
Innovative Wine Production in collaboration
with the University of New South Wales.
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Current NWGIC research

Determining thresholds for bunch
rot tolerance in wine and detecting
unwanted fungal aromas

Producing volatile organic compounds
with biocontrol properties by
Aureobasidium pullulans
Research aims: increasing restrictions with
fungicide use means growers must find
alternative disease control methods. This
project seeks to investigate the mode of action
of Aureobasidium pullulans, a yeast-like fungus
with known biocontrol properties. Reports in the
literature indicate that A. pullulans produces a
number of volatile organic compounds (VOCs)
that are potentially antimicrobial. Using solid
phase microextraction-gas chromatography mass
spectrometry (SPME-GC-MS), this research aims
to identify VOCs produced by A. pullulans that
are antimicrobial against Alternaria solani and
Botrytis cinerea, two fungal pathogens of grapes
and tomatoes. Further aims include determining
the optimum culture conditions for VOC
production along with elucidating how VOCs
inhibit fungal growth.
Industry outcomes and relevance: lack of
fungicide availability due to nil MRL restrictions
in destination export countries means that many
effective fungicides cannot be applied to wine
grapes post-véraison. This research will open new
avenues for managing grapevine diseases without
relying solely on fungicides.
Researchers and students involved:
Sashika Yalage Don (Charles Sturt PhD candidate,
NWGIC)
Professor Christopher Steel (Charles Sturt, NWGIC)
Professor Leigh Schmidtke (Charles Sturt, NWGIC,
ARC TC-IWP)
Time frame: 2017–2020
Funding bodies and collaborators: Australian
Government Research Training Program
scholarship from Charles Sturt University.

Grapevine trunk disease management
for vineyard longevity in diverse
climates of Australia
Research aims:
1. investigate spore dispersal patterns of Eutypa
dieback and Botryosphaeria dieback (BD)
pathogens throughout the growing season
2. use remedial surgery techniques to manage
BD-infected vines
3. develop DNA-based diagnostic tools to
detect and quantify grapevine trunk disease
pathogens from the environment and

grapevine plant materials
4. investigate the infection thresholds of
Botryosphaeria dieback in nursery plant
materials and the effects of water stress in the
development of the diseases in young vines
5. understand the health status of nursery plant
materials and its effect on the establishment
and productivity in vineyards.
Industry outcomes and relevance: improving
our understanding of grapevine trunk disease
pathogen epidemiology will allow targeted
control methods, thereby reducing vineyard
inputs. It will also provide growers with better
disease forecasting and management options,
ultimately improving vineyard performance.
Researchers and students involved:
Associate Professor Sandra Savocchia (Charles
Sturt, NWGIC)
Dr Regina Billones Baaijens (Charles Sturt, NWGIC)
Mrs Meifang Liu (Charles Sturt, NWGIC)
Professor Christopher Steel (Charles Sturt, NWGIC)
Dr Mark Sosnowski (South Australian Research
and Development Institute SARDI)
Mr Matthew Ayres (SARDI)
Professor Eileen Scott (University of Adelaide)
Time frame: 2017–2020 with extension to 2022
Funding bodies and collaborators: South
Australian Research and Development Institute
(SARDI), funded by Wine Australia with leverage
funding from Charles Sturt University.

Evaluating and demonstrating new
disease-resistant red and white
grapevine selections in cool and warm
wine regions in NSW
Research aims: evaluating new grape varieties
for their performance is crucial to determine their
suitability for a region. Assessing the resultant
wines is equally important to validate market
potential. Breeding grapevine varieties with
disease resistance is a high priority, particularly
resistance to the two major diseases, downy
mildew (Plasmopara viticola) and powdery
mildew (Erysiphe necator syn. Uncinula necator).
Downy mildew requires high humidity and
rainfall to germinate and grow, whereas powdery
mildew develops under a wide range of climatic
conditions.
The drivers for breeding disease-resistant wine
grape varieties include:
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Australia via the Commonwealth Scientific
and Industrial Research Organisation (strategic
alliance).

Vineyard water balance and drought
resilience – a pilot study in the Orange
wine region

From the first generation crosses made by
CSIRO, a total of 20 white and 20 red varieties
exhibiting promising viticultural and winemaking
characteristics have been selected and planted in
diverse grape growing regions around Australia.
NSW DPI evaluates these selections in the
Orange and Riverina regions in New South Wales
(South Eastern Australia) for productivity, grape
composition and wine attributes. The results
from the Riverina region showed considerable
differences in yield, yield parameters and must
composition. Experimental wines made from
these selections showed not only a considerable
range in the overall scores, but also differences in
aromas and attributes. These varieties will allow
reduced production costs of wines exhibiting style
characteristics similar to current major varieties.

Research aims:

Industry outcomes and relevance: this project
will benefit a range of different stakeholders in
the Australian wine industry. Growers will benefit
from reduced fungicide requirements, which will
lead to substantial savings during the growing
season. The wineries will benefit from receiving
grapes that have fewer residues, being potentially
more marketable. Industry representatives,
contractors, consultants and consumers should
also benefit from the new information on the
suitability of these resistant varieties that are
evaluated in this project.

Industry outcomes and relevance: Australian
viticulture is set to be increasingly challenged
by water availability with predictions for more
frequent and severe droughts, drier winters
and a long-term decline in annual rainfall. A key
to adapting to these changes will be reducing
reliance on irrigation, using what irrigation
is available as strategically as possible, and
adjusting management practices to reduce
the difference between water demand and
supply. This research hopes to understand the
size of that difference in relation to different
soil types, canopies and climate, and the
extent to which changes in the whole vineyard
management system could allow productivity to
be maintained through seasons of limited water
availability.

New knowledge on the performance and basic
adaptation capacity of new red and white
varieties for warm and cool climates will allow
growers and winemakers to choose the most
suitable variety for their production process. We
will aim to determine growth characteristics,
berry and wine composition (and style) for warm
and cool grape growing regions and provide basic
knowledge on these varieties in relation to yield
and components including bunch compactness.
Researchers involved:
Dr Bruno Holzapfel (NSW DPI, NWGIC)
Di Hubbard (Charles Sturt, NWGIC)
Dr Gerhard Rossouw (Charles Sturt, NWGIC)
Darren Fahey (NSW DPI)
Time frame: 2017–2022
Funding bodies and collaborators: Wine

1. determine the depth of water uptake and total
water storage capacity within the root zone
at vineyards representative of three of the
region’s main soil types
2. collect a dataset consisting of mid-row and
under-vine soil water dynamics, whole vine
transpiration, rainfall, irrigation and potential
evapotranspiration
3. compare measured soil and vine water use
dynamics from field trials with existing vineyard
water balance models
4. provide a basis to simulate and test potential
management strategies to reduce drought risk
and adapt production systems to a warmer and
drier climate.

Researchers involved:
Dr Jason Smith (Charles Sturt, NWGIC)
Dr Bruno Holzapfel (NSW DPI, NWGIC)
Time frame: 2019–2023
Funding bodies and collaborators: Charles
Sturt University and the New South Department
of Primary Industries through the National Wine
and Grape Industry Centre. Peter Hedberg and
David McKenzie, See Saw Wines, Ross Hill and
Angullong Wines.
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Current NWGIC research

• lowering production costs by reducing spray
applications and thus the need for labour,
chemicals and fuel
• improving the microbial activity of the soil
in the vineyard by reducing the compaction
caused by tractor usage
• providing a healthier vineyard environment.

Vine nutrition

development and composition.

Diagnosing irregular growth characteristics of
vegetative tissues can be challenging, especially
when a nutrient disorder is suspected. Field
manuals can be helpful but they are not cultivar
specific and do not show the progression of the
symptoms as they develop over time and with
increasing severity. Our research attempts to
provide clarity on symptom development for
both red and white varieties.

Industry outcomes and relevance: improving
vineyard performance and efficient and
sustainable vineyard management.

Research aims:
1. to characterise nutrient deficiency and toxicity
symptoms in red and white varieties
2. to develop an app that provides information
easily and quickly to growers on nutritional
disorders in red and white varieties.
Industry outcomes and relevance: the
smartphone diagnostic app will use underlying
artificial intelligence to help with nutrient
disorder identification. In conjunction with leaf
tissue sampling it will help a grower to better
understand vine nutrient requirements.
Researchers involved:
Dr Suzy Rogiers (NSW DPI, NWGIC, ARC TC-IWP)
Dr Bruno Holzapfel (NSW DPI, NWGIC)
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Associate Professor Lihong Zheng (Charles Sturt,
NWGIC)
Dr Manoranjan Paul (Charles Sturt, NWGIC)
Dr Tintu Baby (Charles Sturt, NWGIC)
Dr Motiur Rahaman (Charles Sturt, NWGIC)
Alexander Oczkowski (Charles Sturt, NWGIC)
Darren Fahey (NSW DPI)
Time frame: 2018–2021
Funding bodies and collaborators: NSW
Department of Primary Industries, Wine Australia
and Charles Sturt University.

Vascular transport in the grape berry
Research aims: fruits, roots and leaves are
interconnected by a dynamic vascular system
allowing transport of essential materials and
a system for whole plant communication and
integration. Long distance transport through the
grapevine’s vascular network ultimately defines
fruit size and composition, affecting yield and
wine style. This project aims to understand how
the grapevine's transport system drives berry

Researchers involved:
Dr Suzy Rogiers (NSW DPI, NWGIC, ARC TC-IWP)
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Professor Steve Tyerman (University of Adelaide)
Dr Vinay Pagay (University of Adelaide, ARC TCIWP)
Dr Bill Price (Western Sydney University)
Dr Timothy Stait-Gardner (Western Sydney
University)
Dr Zeyu Xiao (Charles Sturt, NWGIC, ARC TC-IWP)
Time frame: 2018–2022
Funding bodies and collaborators: Australian
Research Council in collaboration with the
University of Adelaide.

The link between cell vitality and
potassium in grape berries
The cessation of potassium (K) accumulation
into the berry during the mid to late-ripening
stage of wine grape berries coincides with the
loss of cell vitality within the mesocarp. This
loss of vitality and cell membrane integrity can
be associated with berry weight loss and berry
shrivel. The cause and contributing factors to
mesocarp cell death are not clear. That said,
hypoxia has been linked to mesocarp cell death
in ripening berries, suggesting that respiration
and the hypoxia response in berries may play
important roles in cell vitality regulation.
Moreover, ion transport and K homeostasis are
thought to be involved in programmed cell
death because K is important to maintaining
membrane function.
Research aims: to investigate the potential
contributing factors to mesocarp cell vitality
and to provide insights into the developmental
transition from ripening to senescence in wine
grapes.
Industry outcomes and relevance: berry
cell death is associated with shrivelling and
this will ultimately impact on the yield and
composition of berries. Shrivelling results in
higher sugar levels and this will lead to higher
alcohol content in wine. Moreover, the loss
of membrane integrity can lead to reactions
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Researcher/s students involved:
Ms Yin Liu (Charles Sturt PhD student, NWGIC,
ARC TC-IWP)
Dr Suzy Rogiers (NSW DPI, NWGIC, ARC TC-IWP)
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Professor Steve Tyerman (University of Adelaide)
Dr Vinay Pagay (University of Adelaide)
Time frame: 2019–2022
Funding bodies and collaborators: Australian
Research Council in collaboration with the
University of Adelaide.

Assessing bushfire smoke exposure
levels on grape and wine composition
Research aims: vineyard smoke exposure
results in uptake of volatile phenolic
compounds in grapes with varying outcomes
depending on grape maturation, duration of
smoke exposure, intensity and temperature.
Smoke derived phenolic compounds become
glycosylated in the berry and these are cleaved
during fermentation to produce undesirable
sensory outcomes in the wines. This project
aims to determine measures of smoke exposure
as evidenced by the levels of glycosoyated
phenolic compounds in Chardonnay, Shiraz
and Pinot Noir with wine sensory outcomes to
inform harvest decisions for grapes exposed to
bushfire smoke.
Industry outcomes and relevance: establishing
threshold levels of glycosylated phenolic
compounds in grapes as markers of smoke
exposure levels and linking these to wine
sensory outcomes will enable informed decisions
for harvest after future bushfires.
Researchers and students involved:
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Dr John Blackman (Charles Sturt, NWGIC)
Dr Andrew Clark (Charles Sturt, NWGIC)
Dr Sijing Li (Charles Sturt, NWGIC)
Johnny Clark (Charles Sturt, NWGIC)
Time frame: 2021–2022
Funding bodies and collaborators: Wine
Australia, New South Wales Wine Industry

Association, Australian Wine Research Institute,
New South Wales Department of Primary
Industries.

Managing wine pH in a changing
climate
Grape production is limited to a narrow climate
range. Global warming is challenging where
particular cultivars can be grown for optimal
quality. The decline in respiratory malate that
is associated with higher temperatures has
adverse effects on grape and wine acid levels.
This is often addressed in the winery with the
addition of expensive tartaric acid, resulting
in greater winemaking costs. Berry potassium
content has also been increasing with climate
change and this has can have negative
consequences as it neutralises organic acids.
This element can alter microbiological stability
and fermentation processes, can increase
oxidation and alter wine colour. The formation
of insoluble K bitartrate during winemaking
is also problematic. The project objective is to
explore the potential to control berry pH in the
vineyard through the addition of ameliorants to
limit potassium uptake by the vines. Competing
elements such as calcium or magnesium, which
are antagonists for potassium uptake, will be
applied and consequences on berry acidity will
be monitored.
Research aims:
1. to better understand the relationship
between vineyard cultural strategies and site
characteristics on berry composition and its
ultimate effect on wine acidity
2. to devise a management strategy so that
appropriate sugar-acid balance is achieved
and maintained.
Industry outcomes and relevance: improving
vineyard performance and efficient and
sustainable vineyard management.
Researchers involved:
Dr Suzy Rogiers (NSW DPI, NWGIC, ARC TC-IWP)
Dr Bruno Holzapfel (NSW DPI, NWGIC)
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Dr Tintu Baby (Charles Sturt, NWGIC)
Dr Zeyu Xiao (Charles Sturt, NWGIC, ARC TC-IWP)
Dr Rob Walker (CSIRO)
Darren Fahey (NSW DPI)
Time frame: 2019 –2022
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Current NWGIC research

between cell metabolites as they are no longer
compartmentalised from each other, and thus
changes in important sensory attributes may
occur.

Funding bodies and collaborators: NSW
Department of Primary Industries, CSIRO, Wine
Australia and Charles Sturt University.

The effect of metal speciation on wine
development, shelf-life and sensory
properties
Research aims: to produce wine with improved
bottle development by understanding how
metal speciation influences wine ageing inbottle, and providing options to minimise
detrimental influences of metals through wine
production processes. Specific objectives
include:

1. determine the influence of metal speciation
and wine composition on the amount of
sulfur dioxide consumed per mg/L oxygen in
red and white wines
2. assess the reversibility of key copper
speciation forms and their activity on
mechanisms directly relevant to the
development of red and white wines
3. establish the influence of ascorbic acid on
the stability and activity of copper (I) sulfide
during wine ageing
4. determine the effect of metal speciation and
metal concentration ratios on mechanisms
that contribute to colour and flavour
development in wine
5. establish a link between metal speciation and
steps in the wine production process that
allow efficient removal of metals from wine
and juice.
Industry outcomes and relevance: the
Australian wine industry will be the immediate
beneficiary by applying the operations that
stem from previously untapped fundamental
research results. Improving our understanding
of how sulfur dioxide reacts in wine might allow
a reduction in the amount of the preservative
used, which should be viewed as a positive
by consumers. Likewise, the greater our
understanding of the effects of metal forms on
wine development will allow identification of
the potential for negative wine development.
This will be particularly important for the
ascorbic acid-metal speciation interplay,
given the widespread use of ascorbic acid
in Australian white wines. Options to allow
remediation of the metal speciation profile

during wine production will also be provided.

Researcher/s students involved:
Dr Andrew Clark (Charles Sturt, NWGIC)
Dr Nikos Kontoudakis (The University of Athens,
NWGIC)
Dr John Blackman (Charles Sturt, NWGIC)
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Dr Geoffrey Scollary (NWGIC)
Time frame: 2018–2022
Funding body: Wine Australia.

Benchmarking regional and
subregional influences on
Shiraz fine wines
Research aims: this multidisciplinary project
will define the sensory properties of Shiraz
wines from selected regions in New South
Wales, Victoria and South Australia and identify
the sensory and chemical attributes associated
with typicality from these regions by drawing
upon the collective expertise of climate
scientists, wine scientists and sensory experts.
Geographical indications (GI) will be selected
based on commercial reputation for consistent
fine wine production and systematic searches
of climate data (SILO/AWAP) to match
regions with similar and differing climatic
conditions as designated by climatic indices
(Huglin, cool night, rainfall). Typicality and
regionality of fine Shiraz wines will be identified
using comprehensive sensory profiling of a
selection of wines chosen by an expert panel
of winemakers. Specific terroir markers will
be identified using a range of targeted and
untargeted chemical analyses. In addition, an
international sommelier delegation will sort and
ascribe preferences to a selection of premium
Shiraz/Syrah wines.
Industry outcomes and relevance: a
concept of terroir is important for fine wine
producers who aim to associate their product
with unique geographical areas, associated
mesoclimates and landscapes that influence
wine typicality. Defining a terroir influence
for fine wine producers will enhance the
uniqueness of Australian wines in a global
context. Commoditisation of agricultural

8 | Compiled by Darren Fahey – NSW DPI Development Officer – Viticulture

products arises from global financial pressures
to lower inputs and expenses while enhancing
profitability. The ability for fine wine producers
to substantiate uniqueness claims will reverse
this trend, enabling product positioning within
markets as distinctive and exclusive wines that
command premium prices in a global context.
This project is strongly aligned with the Wine
Australia Strategic Plan Priority 1, increasing
demand and Strategy 3, building Australian
grape and wine excellence, wine provenance
and measures of quality.

Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Dr Leigh Francis (Australian Wine Research
Institute)
Time frame: 2017–2020
Funding bodies and collaborators: Wine
Australia, NWGIC and The Australian Wine
Research Institute.

Researcher/s students involved:
Dr John Blackman (Charles Sturt, NWGIC)
Dr Andrew Hall (Charles Sturt)
Professor Leigh Schmidtke (Charles Sturt,
NWGIC, ARC TC-IWP)
Dr Andrew Clark (Charles Sturt, NWGIC)
Dr Sijing Li (Charles Sturt, NWGIC)
Dr Leigh Francis (Australian Wine Research
Institute, AWRI)
Wes Pearson (Charles Sturt PhD candidate,
NWGIC, AWRI)
Time frame: 2017–2020
Funding bodies and collaborators: Wine
Australia in collaboration with The Australian
Wine Research Institute.

Defining regional sensory variability
of premium Shiraz wines

Current NWGIC research

Research aims: to better understand the
sensory characteristics defining Shiraz wines
produced in different regions of Australia, along
with the development and testing of a novel
sensory method. This project forms the basis
for Wes Pearson's PhD submission and is closely
aligned to the NWGIC project 'Benchmarking
regional and subregional influences on Shiraz
fine wines'.
Industry outcomes and relevance: industry
will gain more fundamental knowledge of
the wines they are producing and the regions
from which they are produced. Also, the
development of a new rapid sensory method to
be used by industry.
Researcher/s students involved:
Wes Pearson (Charles Sturt PhD candidate,
NWGIC, AWRI)
Dr John Blackman (Charles Sturt, NWGIC)
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Wealth of experience and
familiar faces at the NWGIC
The National Wine and Grape Industry Centre
(NWGIC) is pleased to announce new additions to
the research team, welcoming some familiar faces.
Dr Gerhard Rossouw (Figure 1) re-joined Charles
Sturt University and the NWGIC in April 2020
after spending the last two years with CSIRO in
Adelaide. Dr Rossouw was a PhD student at the
centre between 2013 and 2016 before conducting
further research whilst being employed as an
associate lecturer with Charles Sturt University
for 18 months. Gerhard’s new role as a lecturer in
viticulture will involve teaching in many subjects
including Grape and Wine Science, Integrated
Vineyard Management and Vine Physiology and
Performance.
Dr Rossouw’s career started by studying
Viticulture and Oenology at the University
of Stellenbosch in South Africa before being
employed in the wine industry for nearly five
years. His industry experience includes various
vineyard management and wine production
related roles. Gerhard’s past research activities
include evaluating the implications of water
supply and canopy biomass on grapevine
physiological responses, particularly carbohydrate
and nitrogen use.
He has also evaluated the implications of herbicide
drift on grapevine vegetative and reproductive
development. More recently, Dr Rossouw has
been assessing new powdery and downy mildew
resistant grapevine varieties, particularly in terms
of their suitability for Australian conditions.
Gerhard is looking forward to continuing his
research in viticulture at the NWGIC.

methods using spectroscopy and chemometrics.
His research is focused on practical outcomes for
grape growers and winemakers, something he
will continue at the NWGIC.
Charles Sturt winemaker Johnny Clark also
joined the NWGIC team in 2020 after working over
twenty vintages in Australia, Europe and North
America. He holds a degree in Wine Marketing
and a Master’s in Oenology from the University
of Adelaide and is looking forward to making the
most of the close connection between research
and winemaking at the NWGIC.
The Centre farewelled Dr Dennis Greer after 18
years at Charles Sturt University and winemaker
Campbell Meeks.

Figure 1. Dr Gerhard Rossouw.

Dr Bob Dambergs’ (Figure 2) research in
developing rapid grape and wine analysis has
brought him to the National Wine and Grape
Industry Centre many times to share his expertise;
now he is part of the team. Dr Dambergs has
joined Charles Sturt University as a senior lecturer
in wine production after 15 years as a senior
research scientist at the Australian Wine Research
Institute (AWRI).
The central theme for Dr Dambergs’ research
involves the link between grape and wine
quality, and manipulating quality during
the winemaking process. This has included
developing rapid grape and wine analysis

Figure 2. Dr Bob Dambergs.
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Disease research
Comparison of Botrytis infection
quantification methods using laboratoryinfected Cabernet Sauvignon grape bunches
Dr Y Qiu and Professor Christopher Steel; Charles Sturt University and NWGIC

Introduction
Wine grape bunch rot caused by the filamentous
fungus Botrytis cinerea, especially close to
harvest after rainfall, is a worldwide problem
for the grape and wine industry. Yield loss is
one of the most obvious direct consequences
of bunch rot, however, fungal rots growing on
the berry before vinification cause changes in
grape composition as well as unwanted aroma
and flavour compounds forming in the resulting
wine. While Botrytis bunch rot contamination
thresholds for wine grapes are still not fully
understood, more accurate and rapid methods
of Botrytis detection and quantification are
needed in the wine industry.

Materials and methods
Laboratory infected grape bunch
preparation
Cabernet sauvignon bunches (EL 38, 12.7 °Bé)
with no apparent disease symptoms or damage
were hand-harvested from a local Riverina
vineyard on 14 March 2019. Grapes were stored
at 4 °C overnight at the NWGIC before use.
A spore suspension of a mixture of five B. cinerea
isolates adjusted to 0.5 × 10⁶ spores per mL
was used as inoculum. Bunches were wounded
randomly with a sterile needle to encourage
fungal development. The spore suspension
was sprayed evenly onto the bunches, which
were then incubated for five days at room
temperature (~21 °C). Un-inoculated grape
bunches incubated under the same conditions
served as controls.

Disease research

In this study at the National Wine and Grape
Industry Centre (NWGIC), Cabernet Sauvignon
grapes infected with B. cinerea under controlled
laboratory conditions were used to investigate
the effectiveness and accuracy of several
methods to estimate fungal biomass in wine
grape bunches. The techniques investigated
included visual assessment, measurements of
the fungal sterol ergosterol, enzyme assays

for the quantification of D-gluconic acid,
Botrytis antigen detection using a lateral flow
device (LFD), quantitative polymerase chain
reaction (qPCR), and Loop-mediated Isothermal
Amplification (LAMP).

Figure 3. Grape bunches inoculated with Botrytis cinerea under laboratory conditions. They were sorted into four
infection levels based on visual classification after 5 days of incubation at room temperature (~21 °C).
GRAPE VINE MANAGEMENT GUIDE 2020–21 | 11

Grape bunches were then sorted into one
of four infection levels (approximately 9 kg
each); clean (i.e. un-inoculated control), low,
medium-low and medium based on visual
appearance (Figure 3). The grapes were then
vinified (3 ferments at each infection level)
following standard NWGIC wine production
protocols. Grape must samples for analysis
were taken after destemming and crushing.
Must samples were further destructed and
homogenised using an UltraTurrax T25 high
speed grinder and stored at -20 °C.

Fungal ergosterol measurement
Fungal ergosterol was extracted from
approximately 20 g homogenised grape
must. Extracted ergosterol was quantified
on a Waters 600 HPLC. A series of diluted
ergosterol standards (Sigma-Aldrich) was
used to generate the calibration curve for
quantification (Steel et al. 2020).

Figure 4. The photometric analyser (Cube reader) reading the
LFD placed on a reading frame (white), the score is displayed
on the screen.

D-gluconic acid and fungal antigen
measurement
Homogenised grape must (10 mL) was
centrifuged at 6000 rpm for 10 minutes
to obtain clear grape juice for D-gluconic
acid and fungal antigen measurement.
D-gluconic acid was measured with three
different commercial enzyme-based assay
test kits. Botrytis antigens were assayed
using a commercially available fungal
antigen detection LFD (Mologic, UK)
(Figure 4 to Figure 6) embedded with the
BC12.CA4 monoclonal antibody specific
to B. cinerea. The LFDs were read with a
photometric analyser (Cube reader) and a
score (based on the colour intensity of the
detection line) was recorded.

Figure 5. LFDs after testing showing the detection line (Dt) and
control line (Ctr). The 'Blank' column represents testing buffer
only, where 1-3 = healthy grape without infection, 4-6 = low
level infection, 7-9 = medium-low level infection and 10-12 =
medium level infection.

Figure 6. The LFD workflow setup. The tip of each strip is immersed in diluted grape juice (150 µL) for ten
minutes before the score is read.
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Quantitative PCR and LAMP assay

Discussion

Total genomic DNA from approximately 1 g
(wet weight) of homogenised grape must was
extracted using a rapid extraction kit from
Geneworks before undergoing qPCR and
LAMP analysis. The primers and probes used
for TaqMan qPCR were suggested by Suarez et
al. (2005) and the primer pairs for LAMP were
designed by Tomlinson et al. (2010). A series
dilution of a synthesised DNA fragment based
on targeted amplification regions was used as
the standard for quantification. The TaqMan
qPCR was carried out in a Roto-gene-6000
real time PCR thermocycler (Corbett Research,
AU) and the LAMP assays were carried out in a
Genie II isothermal cycler (Optigene, UK).

Accurately measuring Botrytis infection levels in
grape bunches before harvesting has been long
sought after in the wine industry. In this study,
measuring ergosterol, Botrytis antigens and
specific fungal genetic material in grape must
showed a significant correlation with Botrytis
infection level.

Results
Laboratory infected grape bunches sorted into
the four contamination levels based on visual
classification were analysed using several
quantification methods (Table 1). The fungal
ergosterol concentration of the grape positively
correlated with the visual classification.
Antigen detection and qPCR also successfully
distinguished different infection levels.
Although the LAMP assay was specific for
Botrytis, it failed to distinguish different
infection levels. The enzyme-based assay kits
for D-gluconic acid either failed to distinguish
clean grape samples from infected grape
samples, or failed to categorise them according
to infection levels.

However, not all the techniques are suitable
for in-field estimates of Botrytis contamination
in the vineyard or grape receiving area of the
winery. Using HPLC and qPCR to measure
ergosterol and genetic material respectively
takes days. However, using the LFD kit to detect
Botrytis antigens only takes minutes. Hence
the detection of Botrytis antigens using a
commercially available kit is the most promising
technique in the field at the moment.
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Infection level
Clean

Low

Medium-Low

Medium

Vis (%)

0

2

5

10

erg (mg/kg)

0.76 ± 0.08

0.93 ± 0.18

1.27 ± 0.11

1.91 ± 0.22

LFD

Not detected

112 ± 5.20

144 ± 9.85

179 ± 1.73

qPCR (copies/µL)

Not detected

2836 ± 656

5595 ± 325

9636 ± 2411

LAMP (sec)

Not detected

766 ± 32

778 ± 51

745 ± 99

Konelab (mg/L)

52.61 ± 7.18

39.87 ± 0.75

48.43 ± 11.10

57.31 ± 14.21

Megazyme (mg/L)

61.93 ± 7.80

161.81 ± 2.42

158.38 ± 2.78

166.82 ± 5.70

Vinessential (mg/L)

Not detected

5.33 ± 0.58

5.00 ± 3.61

3.33 ± 1.53

Notes: Vis (%) = infection percentage based on visual classification; erg (mg/kg) = fungal ergosterol weight (mg) per
kilogram grape must (wet weight) determined by HPLC; LFD = readings of the fungal antigen lateral flow device scored
with a photometric analyser (Cube reader); qPCR (copies/µL) = number of copies of the targeted DNA fragment per µL
grape must determined by TaqMan quantitative PCR; LAMP (sec) = detection time in seconds by isothermal Loop Mediated
Amplification (LAMP) assay; Konelab (mg/L), Megazyme (mg/L), Vinessential (mg/L) = D-gluconic acid measurement
using three commercially available test kits either on the bench top or through automatic instrument.
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Table 1. Measurements of fungal contamination from grape bunches with different methods.

Phytotoxins produced by the
Botryosphaeriaceae and their role in
grapevine trunk diseases
Emily Malone; NWGIC
Charles Sturt University PhD graduate Dr
Pierluigi Reveglia’s (Figure 7) research focused
on Botryosphaeria dieback (BD), a type of
grapevine trunk disease (GTD) that causes
cankers, dieback and eventually vine death;
severely affecting the long-term sustainability of
vineyards.
At least 27 species of the Botryosphaeriaceae
are associated with BD worldwide, although
only 11 species have been reported in Australian
vineyards.
Dr Reveglia said his research through the NWGIC
studying the most widespread and virulent
species in Australian vineyards was a mix
between analytical chemistry, plant pathology
and molecular biology.
“In Europe, BD often presents with foliar
symptoms. The development of these
symptoms is usually associated with phytotoxic
(toxic to plants) metabolites produced by the
pathogens,” said Dr Reveglia.

“Before my research, there was limited
information about the phytotoxic metabolites
produced by the species causing BD in Australia.
“I have isolated and then biologically and
chemically characterised different phytotoxins
produced by BD pathogens from vineyards in
South Australia and NSW.”
The research also involved studying the role of
these phytotoxic metabolites in the virulence
and symptom expression by conducting
experiments on artificially-infected and
naturally-infected grapevine plants.
This research has given us insight into the
role of phytotoxins, paving the way for future
research to assist in field diagnosis and control
of BD in Australian vineyards.
Read his full PhD thesis here https://
researchoutput.Charles Sturt.edu.au/en/
publications/isolation-and-characterisation-ofphytotoxins-produced-by-the-bot

Figure 7. Dr Pierluigi Reveglia doing PCR analyses in the laboratory.
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The effects of Aspergillus rot on grapes
and wine: fumonisin production by
A. niger and A. welwitschiae associated
with Australian wine grapes
Dilhani Perera, Christopher Steel, Sandra Savocchia and Paul Prenzler;
Charles Sturt University

Introduction
Aspergillus rot is one of several fungal bunch
rot diseases found in grapes that can result in
yield losses, particularly in seasons with high
rainfall (Figure 8). Aspergillus rot is potentially
a concern to the wine industry as some strains
produce the mycotoxins ochratoxin A (OTA)
and fumonisins that are harmful to human
and animal health (Paterson et al. 2018). OTA
production is minimal in Australian vineyards
(Leong et al. 2006), however there is currently no
data on fumonisin production by black aspergilli
associated with wine grapes in Australia. The aims
of this study were to assess the ability of black
aspergilli associated with Australian wine grapes
to produce fumonisins, thereby assessing the
risk associated with fumonisins for the Australian
grape and wine industry.

Methods
Aspergillus isolates were collected from Australian
wine grapes and confirmed as belonging to the
genus Aspergillus using morphological features
(Figure 9) and molecular characterisation.
These isolates were screened for fumonisin
production in agar medium. Fungal cultures
were extracted and fumonisins were quantified

by liquid chromatography mass spectrometry
(LC-MS). Two isolates of A. niger and one isolate
of A. welwitschiae were assessed for fumonisin
production in synthetic grape juice medium
(SGJM) under four temperature regimes (20 °C, 25
°C, 30 °C and 35 °C) and three water activity (wa)
levels (0.92, 0.95 and 0.98).

Results
The occurrence of fumonisin positive
Aspergillus isolates
Out of 38 Aspergillus isolates, six produced
fumonisins. These isolates were collected
from Pinot Noir, Chardonnay and Nebbiolo
grapes collected from two vineyard locations in
NSW and South Australia (Table 2).

The occurrence of fumonisin positive A.
niger and A. welwitschiae in Australian
vineyards
Among the 38 isolates, four were identified as A.
niger and nine were identified as A. welwitschiae.
Three of the four A. niger isolates produced
fumonisins. Out of the nine A. welwitschiae
isolates, only three produced fumonisins
(Figure 10). The remaining isolates were not
identified to species level as none of them
produced fumonisins.

Figure 8. Grapes bunches infected with black aspergilli. Photo: Chris Steel.
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Table 2. Fumonisin positive isolates collected from wine grapes from different vineyard locations.
Grape variety

Number of grape
bunches

Number of isolates

Number of fumonisin
positive isolates

Canberra

Shiraz

6

4

0

Griffith

Semillon

22

18

0

Hilltops

Cabernet Sauvignon

4

0

0

Mudgee

Pinot Noir

6

5

1

Orange

Chardonnay

4

2

0

Wagga Wagga

Not recorded

5

4

0

Young

Nebbiolo

4

3

3

South Australia

Chardonnay

6

2

2

Disease research

Vineyard location

Figure 9. Different morphologies of Aspergillus isolates collected from Australian wine grapes. Photo:
Dilhani Perera.
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Effects of temperature and water activity
on fumonisin production
Fumonisin production amongst isolates varied.
The maximum produced in SGJM was 25.3 mg/kg
by A. welwitschiae at 0.98 wa and 20 °C, whereas
the maximum produced by A. niger was 1.6 mg/
kg under the same conditions. A. welwitschiae
produced fumonisin over a broader range of
temperatures (20–30 °C) and water activity levels
(0.95–0.98 wa). Conversely, A. niger produced
quantifiable amounts of fumonisins only between
20–25 °C and 0.98 wa. None of the isolates
produced fumonisins at 0.92 wa within the
temperature conditions used and at 35 °C within
all water activity levels.

Discussion
We report the presence of fumonisin producing
A. niger and A. welwitschiae associated with wine
grapes for the first time in Australian vineyards.
Although Aspergillus isolates were found in
wine grape samples collected from almost all
vineyard locations, fumonisin positive A. niger
and A. welwitschiae were only detected in grapes
sampled from a few locations. This indicates that
the incidence of fumonisin positive Aspergillus
isolates in Australian vineyards could be minimal,
however we only examined isolates from a small
number of vineyards in NSW.
Although A. welwitschiae isolates collected in this
study produced higher amounts of fumonisins
than A. niger, both species produced a maximum
amount of fumonisins under similar temperature
(20–25 °C) and water activity conditions (0.95–
0.98 wa). The water activity of grape berries close

to harvest ranges from 0.95–0.98 wa, where grape
berries are mainly susceptible to Aspergillus
infection. This indicates that black aspergilli may
produce maximum amounts of fumonisins close
to harvest in grapes that are grown in agroecological zones with temperatures between 20
and 25 °C. However, mycotoxin production under
field conditions is known to be mitigated by
biotic and abiotic factors (Abrunhosa et al. 2002).
Therefore, further research needs to investigate
the occurrence of fumonisins in grapes under
field conditions.
In conclusion, the results from all the experiments
conducted in this study suggest that the risk
associated with fumonisins for the Australian
grape and wine industry is likely to be minimal.
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Figure 10. Fumonisin production among A. niger and A. welwitschiae isolates collected from Australian wine grapes.
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Biological control of grapevine trunk
diseases using bacterial endophytes
from grapevines
Emily Malone; NWGIC
Research at the National Wine and Grape Industry
Centre (NWGIC) has identified a bacterial strain
naturally occurring in grapevines that may be
useful in suppressing grapevine trunk diseases.
The research by Charles Sturt University (Charles
Sturt) PhD student Ms Jennifer Niem (Figure 11)
is focused on grapevine trunk diseases (GTDs)
caused by different species of fungi. These
diseases can affect all major grapevine varieties
grown in Australia resulting in dieback, yield
losses and eventually vine death.
Ms Niem’s research has identified a particular
strain of bacterium from the Pseudomonas group,
which is showing great potential as a biological
control agent.
“Several strains of the Pseudomonas bacteria were
collected from the woody tissues of grapevines in
Wagga Wagga, Hilltops and the Hunter Valley in
NSW,” Ms Niem said.
“These were tested in the laboratory for their
ability to inhibit fungal growth, which causes two
of the most important GTDs found in Australia,
Eutypa dieback and Botryosphaeria dieback.”
The most effective bacterial strains were further
tested in grapevines for their ability to suppress
GTDs in plants.

“This is an exciting finding because we have
identified a strain of the bacteria that is effective
at suppressing GTDs and also demonstrated
that it can establish and colonise itself in the
grapevine,” Professor Savocchia said.
“Much more research is needed but this is
showing great promise as a biological control
agent that could provide the industry with a new
way to tackle these devastating diseases.”
Ms Niem is in the final stages of completing
her PhD and her research is funded by Charles
Sturt and a Wine Australia scholarship. She is
supervised by Professor Savocchia, Dr Regina
Billones-Baaijens and Dr Benjamin Stodart from
the Charles Sturt School of Agricultural and Wine
Sciences.

Take home points
• the research has identified a strain of bacterium
from the Pseudomonas group, which is showing
great potential as a biological control agent
• this bacterium is effective at suppressing GTDs
and can establish and colonise itself in the
grapevine
• more research and development is needed
before a biological control agent could be
available for use by the industry.

“One strain was very effective in reducing the rate
of infection by 80 per cent, so the next step was
to see if this bacterial strain could be successfully
introduced to nursery plants and potted vines in
the glasshouse,” Ms Niem said.
“We dipped the cuttings in bacterial suspensions
and found that the bacteria were absorbed by
the cuttings without any negative effects on
rooting. This method could potentially be used
by nurseries to protect their plants from GTDs.
We also injected the bacteria into potted vines
and found that after six months, the plant was
completely colonised by the bacteria.”
Ms Niem’s supervisor, Charles Sturt Associate
Professor Sandra Savocchia, said this is an
important breakthrough that may pave the way
for the future development of biological control
of GTDs.

Figure 11. Ms Jennifer Niem in the glasshouse.
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Entomopathogenic fungi as potential
biocontrol agents of grapevine
phylloxera
Gyongyver Korosi; Charles Sturt University and NWGIC

Introduction
Phylloxera is an economically important pest of
grapevines worldwide. The root galling form of
phylloxera feeds on the roots of all Vitis species,
including V. vinifera (European grapevine)
where it causes vine decline and eventually
plant death. Neither chemical nor biological
control options for phylloxera are available in
Australia, therefore it is managed by adhering
to strict quarantine regulations and by planting
on phylloxera-resistant rootstocks. This project
aimed to determine if entomopathogenic fungi,
such as Beauveria and Metarhizium, could be
used as biological control agents against the root
galling form of phylloxera and if they could be
introduced endophytically into grapevines.

(Figure 12). This endophytic establishment
(Figure 13) was detected at four weeks postapplication up until the experiments were
terminated at eight weeks.
During these experiments, a still water
hydroponic system (Kratky 2004) was used to
successfully grow whole Vitis vinifera plants in a
non-soil environment (Figure 14).

Research highlights

Four conventionally managed vineyards each
from New South Wales (NSW) and Victoria were
surveyed to isolate entomopathogenic fungi from
the soil. The Victorian vineyards were known to be
phylloxera-infested while the NSW vineyards were
phylloxera-free. From the collected soil samples,
60% contained a fungal isolate from either or both
of Beauveria or Metarhizium. DNA sequencing was
used to identify the isolates as Beauveria spp. (B.
bassiana, B. australis and B. pseudobassiana) and
Metarhizium spp. (M. guizhouense, M. robertsii,
M. brunneum, M. flavoviride var. pemphigi, M.
pingshaense and M. majus).

Endophytic Beauveria establishment
The next part of the study was to determine if
B. bassiana can establish as an endophyte in the
roots of V. vinifera. The leaf tissue of V. vinifera
has previously been shown to be colonised
endophytically by B. bassiana (Jaber 2014,
Rondot and Reineke 2018) but the roots were not
investigated during those studies. Endophytic
establishment of B. bassiana in V. vinifera roots
was achieved by drenching the roots with a
conidial suspension and mixing conidia grown
on solid rice culture into the potting media

Figure 12. Vitis vinifera plants growing in potting
media mixed with conidia grown on solid rice culture.

Effects of entomopathogenic fungi
Beauveria and Metarhizium spp. on green
peach aphid and phylloxera
The efficacy of selected isolates from the vineyard
soil surveys was assessed against green peach
aphid (Myzus persicae) and phylloxera. Eight
Beauveria spp. and 15 Metarhizium spp. isolates
were selected. Isolates belonging to the species
M. robertsii, M. brunneum, M. guizhouense, M.
pingshaense, B. bassiana and B. australis resulted
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Isolating entomopathogenic fungi from
vineyard soil

in 100% green peach aphid mortality in 9–14
days post-inoculation with a conidial suspension
(Figure 15). However, 100% mortality was not
achieved by any of the isolates tested on either
Australian or European endemic phylloxera
during the same time. Some significant
differences between phylloxera survival
treated with various fungal isolates and control
treatments were observed, however, the number
of surviving insects treated with fungal isolates
at the end of the trial period was > 50 % of the
starting number. While the survival reduction
is statistically significant, it is not akin to aphid
control.

Early stages of infection by
entomopathogenic fungi Beauveria and
Metarhizium spp. on black bean aphid and
phylloxera
The first three days of the infection cycle by a
single isolate of B. bassiana and M. pingshaense
on black bean aphid (Aphis fabae) and phylloxera
were more closely investigated. Using scanning
electron microscopy, the conidia of both fungal
isolates adhered to the cuticle of both insects in
one day (Figure 16). Two days post-inoculation,
conidia from both fungal isolates were seen
germinating on the surfaces of both insect
species. Three days post-inoculation, both fungal
isolates produced an abundance of fungal
mycelia on the cadavers of black bean aphids,
while no conidia or fungal hyphae of either fungal
isolate were observed on radicola phylloxera.
This indicates that the infection cycle by these
entomopathogenic fungi can be completed in
aphids but not in phylloxera.

Figure 13. Beauveria bassiana (white fungus) growing
out of sterilised Vitis vinifera roots on Beauveria
selective media.

Summary
The objective of this research was to investigate
the efficacy of entomopathogenic fungi
originating from Australian vineyards against
phylloxera. Native entomopathogenic Beauveria
spp. and Metarhizium spp. were isolated and
identified from vineyard soils in Australia. The
virulence and pathogenicity of a selection of
these isolates were tested on green peach aphid
and phylloxera, showing that aphids are more
susceptible to these fungi than phylloxera. The
infection cycle of the entomopathogenic fungi
was completed in aphids but not in phylloxera.
This research also established that B. bassiana can
endophytically establish in V. vinifera roots.

Figure 14. Vitis vinifera plants growing in a non-sterile,
soil-free still water hydroponic system.
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Figure 16. Phylloxera head with Metarhizium pingshaense conidia (white arrow) adhered to the cuticle one day
post-inoculation.
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Figure 15. Beauveria sp. (A) and Metarhizium sp. (B) growing on green peach aphid cadavers.

Vineyard management research
Early leaf removal helps reduce grape sunburn
Emily Malone; NWGIC
Research at the NWGIC has identified the best
time to remove leaves from the vine to reduce
sunburn damage to grapes.

We studied three different defoliation timings in
Chardonnay berries:

3. a third group of vines where the leaves were
removed at véraison (mid-January) when the
sun was at its fiercest and the grapes at their
most vulnerable.
Key findings
• leaf removal led to higher final concentrations
of all photoprotective compounds when
compared to the non-defoliated control
• marked differences were observed in the
accumulation patterns of the photoprotective
compounds between berries defoliated early
(end of flowering) and those defoliated later
(véraison)
• in all three treatments, sunburn damage was
higher in grapes on vines defoliated at véraison
• there were no significant differences between
yield, total soluble sugars, pH, titratable acidity
and YAN between treatments within each
vineyard.
The focus of this research through Wine
Australia’s Incubator Initiative was developed
from the priorities identified by Wine Australia’s
Regional Program partners in NSW to support
growers in finding locally tested solutions to
industry problems.

1. a control group where leaves were not
removed at all
2. a second group where leaves were removed at
the end of flowering in December

Read more about the project in Wine Australia’s
RD&E https://www.wineaustralia.com/news/
articles/grape-sunburn-damage-preventionassessed

Figure 17. Dr Joanna Gambetta installing equipment
in an Orange Vineyard in 2019.

Figure 18. Light sensitive tape monitoring light
interception by bunches.

In a Wine Australia-funded project, Charles Sturt
University (Charles Sturt) postdoctoral researcher
Dr Joanna Gambetta investigated the effect of
defoliation timing on Chardonnay grapes in
two vineyards in Orange, NSW (Figure 17 and
Figure 18).
Early leaf removal led to a higher accumulation
of photo-protective compounds in the grapes
earlier in the season, allowing them to adjust to
hotter conditions and reducing the incidence of
sunburn.
“Sunburn can affect up to 15 per cent of wine
grape berries in Australia in a season because
of high-light in combination with high ambient
temperatures and ultraviolet (UV) radiation,” Dr
Gambetta said.
This can lead to downgraded fruit causing
significant economic losses to growers and
wineries.
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Australian Wine Research Institute
Advanced Viticulture Course
Adrian Englefield; formerly NSW DPI Development Officer – Viticulture

The intensive three-day course covered
the latest techniques and technologies in
viticulture, travelling to four separate regions
visiting sites to meet and hear from practitioners
at the cutting-edge of Australian viticulture.
Topics covered everything from propagation
to climate change, biological controls, solarpowered pumps, clones, drones and soil pits.
The following case studies are provided from
three participants who experienced this great
initiative.

Thomas Cant, Mount View Estate,
Hunter Valley
Tell us about you
I currently manage the vineyard at Mount
View Estate in the Lower Hunter Valley. I have
been working in the industry since the 2013
harvest where I started as a vineyard hand
in Tumbarumba. I completed a Diploma of
Agriculture in 2015 and am currently working
on a Bachelor of Applied Science in Viticulture
through Charles Sturt University.

in the 2000s by planting rootstock vines, which
he still sells to a major nursery. Another success
story from the Riverlands was Ashley Radcliff
from Ricca Terra Wines, the Riverland’s first
5-star Halliday winery. They are producing warm
climate alternative varieties which are proving to
be very successful in the Australian market.
Biological controls were one of the ‘hot topics’
at the course. James Altman from Biological
Services breeds beneficial insects to combat and
fight problematic insects in vineyards. The main
insect for vineyards was a native predatory mite,
Typhlodromus doreenae, which feeds on rust as
well as blister, bud and bunch mites. Following
on with the same topic, Mary Retallack from
Retallack Viticulture educated us on creating
environments in and around the vineyard to
boost and sustain beneficial insect populations.
She encouraged us to consider inter-row crop
grass species like wallaby grass or buckwheat,
as well as native flowering species planted
around the vineyard to provide alternative food
sources. She also suggested we revisit our spray
programs.

I saw the scholarship as a great opportunity
to grow my understanding and knowledge of
current vineyard practices.

Attending the AWRI Advanced Viticulture
Course helped broaden my understanding of
how I could reduce my reliance on chemicals
and offered alternative methods that could
be introduced on a regional scale. I plan to
implement a more responsive spray program
that accurately reflects the conditions and
pressures of each season. I will also begin to
monitor more closely the beneficial creatures
present in our vineyard and learn how to create a
more favourable environment for them.

Tell us about your experience on the
course

Chrissie Smith, Clonakilla,
Murrumbateman

Why did you apply?

The team at the AWRI did a fantastic job at
putting together the Advanced Viticulture
Course. There were many great presentations by
industry leaders, entrepreneurs and businesses
that are significant within our industry. David
Zadow from Zadow Vineyards in Blanchetown,
Riverlands, demonstrated that by diversifying
he was able to outlast the industry downturn

Tell us about you
I work at Clonakilla Winery in Murrumbateman
in the Winery, Vineyard and Cellar door. I have
only been working in viticulture for 12 months
and am in my first year of studying Wine Science.
I enjoy being involved in all aspects of the
vineyard and the winemaking.
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With funding from the NSW DPI Skills
Development Program and support from the
NSW Wine Industry Association, Viticulture
Development Officer Adrian Englefield took a
small group of budding viticulturists to South
Australia for the inaugural Advanced Viticulture
Course that was developed and presented by
the Australian Wine Research Institute (AWRI).

Why did you apply?
I applied for the NSW DPI scholarship for the
AWRI Advanced Viticulture Course as I wanted
to learn and experience the practices that other
vineyards are implementing and see what
research and innovations are being undertaken
throughout the industry.

Tell us about your experience on the course
I was nervous about applying because I am
fairly new to viticulture, but the AWRI Advanced
Viticulture Course was great for all levels of
experience, giving you an introduction to a big
range of topics and an opportunity to meet and
learn from others in the industry.
At Clonakilla we are trying to implement as many
organic practices as possible in the vineyard. Mary
Retallacks from Retallack Viticulture presented
an interesting talk on ways to encourage more
beneficial insects into the vineyard to aid in
reducing pesticide use. There are many predatory
beneficials available for commercial sale and
release and it was great to visit the Primary
Industries and Regions South Australia (PIRSA)
Research Centre to see the insects being bred.

insectary plants such as Christmas bush, prickly
tea-tree and wallaby grasses has been shown to
increase the presence of natural predators by 27%
(Retallacks project) and can help attract predatory
birds. The wallaby grasses also improved organic
matter and once established, outcompeted weeds
for under vine weed management. Chris Penfold
also spoke about his research on under vine cover
options, with medic and ryegrass showing as
some of the best performers for vine yields, soil
quality and financial viability in 3-year vineyard
trials (Figure 20).
At the Nurioopta research station, Ian Dry
introduced us to some ‘Microvines’, a CSIRO
project crossing Vitis vinifera with a wild Chinese
Vitis species to produce vines that are downy
mildew and powdery mildew resistant, selfpruning and high density with all tendrils turning
into bunches. The aim is to backcross the resistant
vines with premium wine grape varieties to
provide Australia with disease-resistant varieties.

We saw a drone demonstration by Parabug
that was able to spread beneficial insects into
the vineyards (Figure 19). In conjunction with
introducing ‘beneficials’, planting more native

Water, or lack of, is obviously a big concern for
many. We looked at sensors for irrigation that
measure plant water stress to turn on irrigation
as well as solar-powered water pumps. A current
study by the South Australian Research and
Development Institute (SARDI) indicated that
keeping groundwater levels to 30–40% during dry
winter seasons resulted in better bunch numbers

Figure 19. A drone taking flight to distribute beneficial
predatory insects.

Figure 20. Chris Penfold from the University of Adelaide
explaining his research on using native grass species in
midrow and undervine management, while Con Simos
of the AWRI looks on. Photo: Adrian Englefield.
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as opposed to watering pre-budburst that just
increased the canopy rather than fruit yield.
Of course there were plenty of opportunities to
taste the hard work of all the vineyards on the trip.
A standout for me was tasting Ricca Terra wine
from some varieties that are responding well to
heat and dry conditions such as Touriga Nacional
and Arinto. Ricca Terra showcased their efforts in
wanting to produce quality wines in the Riverland.
I think it is not only our winery, but the Canberra
Wine Region and the wine industry nationally
who are looking for ways to work smarter
and more ecologically friendly. The Advanced
Viticulture Course was a great way to see what
research and resources are out there for the
industry to use.

Brendan Jarrett, See Saw Wines, Orange
Tell us about who you are

I applied for the course with the hope of being
able to see the different ways people in the
industry where doing things across different
regions, hoping to see what was new and whether
I could incorporate new ideas into the business I
am currently working in.

Tell us about your experience on the course
The main learning outcome for me was the
importance of rootstock in saving water and
planting the right rootstock for the soil and
environment they are going into, compared to
having vines going in on their own roots, which is
what has principally been done in the past.
I also learnt about the new technologies available
that would improve productivity and efficiency.
Also just seeing how people in the industry do
things differently was very interesting.
The main change we would be looking at
implementing will be using the right rootstock
in the right areas when replanting occurs. We
will also be considering adopting the new
technologies to have better productivity and
efficiency in vineyards. The current practises we
are looking to change include using less water
and inputs to grow the crop and to target weaker
areas through technology such as variable
spreading to increase the productivity across
whole areas.

Vineyard management research

I have grown up and worked in the vineyard
industry my whole life as my parents own
vineyards in the Orange region. I have only been
working full time in the industry for a few years
now. I currently work for See Saw wines as the
vineyard manager. In my career I would like
to develop a better understanding of growing
grapes and also strive to find ways to be more
productive and efficient in increasing yield and
quality as a grape grower.

Why did you apply?

Figure 21. NSW participants taking some time out in McLaren Vale on the 3-day AWRI Advanced Viticulture
Course; L-R Lucy Horden, Dan Shaw, Brendan Jarrett, Thomas Cant and Chrissie Smith. Photo: Adrian Englefield.
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Biodiversity planting trials
Darren Fahey; NSW DPI Development Officer – Viticulture

Background
Increasing the plant and animal diversity
within an ecosystem is thought to increase the
system’s resilience by buffering the extremes
it experiences to sustain it. Introducing native
plants to the vineyard offers many benefits from
increasing beneficial predatory insects such as
lacewings and ladybird beetles to providing
pollen, nectar and shelter.

growing edges (ground covers and grasses) into
the protective area (spiky shrubs) and into the
inner sanctum (trees) providing a habitat haven,
as described by the Habitat Network in Figure 28.

Vineyards tend to lack this diversity, so a Wine
Australia Greater NSW/ACT Regional Program
project was set up to establish plots of native
grasses, flowering shrubs and small trees to
improve the overall biodiversity in vineyards.
The first plot was established in September 2019
at Keith Tulloch Wines in the Hunter Valley. Two
other plots are located in the Orange region, at
Philip Shaw Wines and Nashdale Wines and were
planted in March 2020.
The project is based on previous research by Mary
Retallack of Retallack Viticulture.

Establishment
The Hunter Valley site was sprayed and cultivated
by disc ploughing before planting to break up
existing couch grass cover and soil structure after
prolonged drought. The Orange sites were only
disc cultivated and this was done after significant
rainfall. A blend of compost and mulch low in
phosphorus was applied to 15 cm deep across all
plots (Figure 22).

Figure 22. To prepare for planting, the site at Nashdale
Wines near Orange was cultivated, then a low
phosphorus compost/mulch blend was applied.

An array of native plants was used across the sites,
providing great colours (Figure 23 to Figure 25). A
complete list of the native plants used in the trial
is listed in Table 3. Due to differences in climates
between the sites, certain species were planted
based on Landcare advice provided in each
region. All plants used in the project are from
locally grown provenance collected seed.
Plots were positioned as close as practical to
existing native plantings to assist with attracting
insects and birds to the newly established
plantings (Figure 26). The plots were laid out such
that ground covers and grasses were planted
to the boundary edges, the small spikey shrubs
were put towards the middle and finally trees
were placed down the centre line of each plot
(Figure 27). This type of planting is designed to
attract birds and insects as they pass the low

Figure 23. Bulbine bulbosa (Native Leek). Photo:
Australian National Botanic Gardens.
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Table 3. Plants used in biodiversity trial plots in the
Hunter Valley (HV) and Orange (O).

Figure 24. Olearia elliptica (Silky daisy bush). Photo:
Brian G, Flickr.

Botanical name

Common name

Location

Banksia marginata

Silver banksia

O

Bulbine bulbosa

Native leek

O

Bursaria Spinosa

Native
blackthorn

HV and O

Dianella revoluta

Spreading fax lily HV

Grevillea

Spider flower

HV

Hakea

Needle bush

HV

Hardenbergia
violacea

False sarsaparilla O

Leptospermum

Tea tree

HV and O

Lomandra longifolia

Basket grass

HV and O

Microlaena stipoides

Weeping grass

HV and O

Olearia elliptica

Sticky daisy bush O

Ozothamnus

Rice flower

Pelargonium

Native geranium HV

Pultenaea

Prickly bush pea

HV and O

Themeda triandra

Kangaroo grass

HV and O

Viola hederacea

Native violet

HV

HV

Vineyard management research

Figure 25. Hardenbergia violacea (False Sarsaparilla).
Photo: Arizona State University.

Figure 26. Distribution and location of the biodiversity plots (red patches) at Keith Tulloch Wines in the Hunter
Valley. Note the plots are positioned along and adjacent to existing plantings along the watercourse.
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Monitoring

Family

Common name

Baseline monitoring of insect populations
was undertaken at the Hunter Valley sites in
November 2019, just after planting. A full list of
the insects found during baseline monitoring in
all areas is in Table 4.

Miridae

Grass bugs

Mordellidae

Tumbling flower beetles

Muscidae

House flies

Nymphalidae

Brown butterflies

Sticky traps were placed in three locations:

Phalacridae

Shining flower beetles

Phlaeothripidae

Thrips

Phoridae

Humped back flies

Pieridae

Cabbage white butterflies

Protoneuridae

Thread tails

Psyllidae

Psyllids

Data are still being analysed on insect populations
related to each monitoring location. Ongoing
yearly monitoring will enable us to assess and
compare changes as the plants develop, ensuring
we capture the full effect of the plots on the
vineyard system.

Ricaniidae

Passion vine hopper

Scatopsidae

Dung midges

Sciaridae

Dark-winged fungus gnats

Sepsidae

Black scavenger flies

Silvanidae

Silvan flat bark beetles

Table 4. The insects found during baseline monitoring.

Staphylinidae

Rove beetles

Syrphidae

Hoverflies

• where the plots were established
• within adjacent vineyard rows
• away from both vines and biodiversity plots as
a control for comparison.
The traps were collected after 7 days in the field.

Family

Common name

Tachinidae

Tachinid flies

Aderidae

Ant-like leaf beetles

Tephritidae

Fruit flies

Aeolothripidae

Thrips

Thripidae

Thrips

Agromyzidae

Leaf-miner flies

Triozidae

Jumping plant lice

Anthicidae

Ant-like flower beetles

Zopheridae

Ironclad beetles

Aphididae

Aphids

Apidae

Bees

Bethylidae

Parasitoid wasps

Bombyliidae

Bee flies

Braconidae

Parasitoid wasps

Calliphoridae

Blowflies

Ceratopogonidae

Biting midges

Chironomidae

Non-biting midges

Chloropidae

Grass flies

Chrysomelidae

Leaf beetles

Cicadellidae

Leaf hoppers

Coccinellidae

Ladybugs

Corylophidae

Hooded beetles

Culicidae

Mosquitos

Curculionidae

True weevils

Delphacidae

Planthoppers

Drosophilidae

Fruit flies

Elateridae

Click beetles

Ephydridae cf.

Shore flies

Hesperiidae

Skippers

Hybotidae

Dance flies

Hydraenidae

Moss beetles

Latridiidae

Brown scavenger beetles

Lygaeidae

Milkwood bugs

Take home messages
• sourcing locally grown plants from
provenance seed supplies will ensure greater
success when planting and site suitability.
Allow 3–6 months to obtain the plants from
the suppliers as many species included in this
work were grown to order. Seek advice from
local Landcare groups on what works best in
your region
• select a range of ground covers, grasses,
shrubs and small trees which provide
successive flowering periods for nectar and
pollen and habitat all year
• allow sufficient time to prepare the areas
before planting as grasses and weeds may
require spraying out and surface cultivation
can take weeks
• use only low phosphorus compost and
mulches to prevent plant losses from toxicity
• align planting areas to nearby existing native
plantings to encourage the movement of
fauna into newly established plots
• allow time and expenses for fencing and/or
protecting the plantings from rabbits, hares,
foxes, kangaroos and birds immediately
after planting to avoid considerable losses
(Figure 29).
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Figure 27. The planting at the Philip Shaw Koomooloo vineyard site in Orange shows the planting density and
positioning of each species, with ground covers and grasses planted toward the edges and small shrubs and
trees planted toward the centre of each plot.

Figure 29. Fencing may be required immediately after planting to prevent losses as animals eat and pull plants
from the ground before roots have taken hold.
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Figure 28. Improving linear corridors to increase farm productivity and support wildlife.
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Protecting your investment with netting
Darren Fahey; NSW DPI Development Officer – Viticulture

Introduction
Grape growing has never been an easy task and
now climatic extremes are placing even greater
pressure on producing quality wine grapes.
Damage to fruit from hail, sunburn and heatwaves,
increased foraging from birds, and more recently
kangaroo and even bat attacks at harvest, are
becoming more common across most regions.

aforementioned climatic and pest pressures were
monitored throughout the trial period.

Materials and methods

Growing grapes under enclosed permanent
structures like other horticultural crops such as
apples and cherries is seen as an expensive and
cumbersome solution, especially given current
over-row equipment used in vineyards. An
alternative that may be suitable for vineyards is
single netted row products such as Drape Net®.
While successfully used in orchards across the
globe, little research has been undertaken on
their use in vineyards.

The coloured netting used at both sites was
supplied by Drape Net®. The net is UV stable highdensity polyethylene with a mesh size of 6 mm x
1.8 mm and a unit mass of 60 g/m². The screening
factor is 12%, 18% and 24% respectively for the
white, green and black netting. Four-metre-wide
nets were applied individually over each row
before bunch closure and were left in place until
after harvest at each site (Figure 30). Any excess
net from each side of the vine row was rolled up
and tied together using cable ties at every third
or fourth post. The mesh size allows for easy
application and removal of netting with minimal
propensity to catch on clips and post ends.

This Wine Australia Regional Program Greater
NSW/ACT funded demonstration trial aimed to
evaluate the effects of using single row netting on
grapevines over an extended timeframe. Separate
sites in the Hunter Valley and Orange were chosen
to assess differences in temperature, humidity,
solar radiation, spray coverage, yield and berry
quality differences under white, green and
black netting against a control (no netting). The

Three Thermochron iButton temperature
and humidity loggers and five OptoLeaf solar
radiation film slides were positioned at regular
intervals along each treatment row at both sites
(Figure 31). Temperature and humidity loggers
were set to collect data every 30 minutes during
the trial. Film slides were positioned horizontally
for a 7-day exposure period on three separate
occasions throughout the trial.

Figure 30. Single row drape netting applied at the Hunter Valley trial site at bunch closure.
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Just before harvest, 5 replicates from each
treatment were assessed for bunch weight and
berry weight. Samples were stored at -20 °C for
analysis of pH, titratable acidity, °Brix, malic acid,
total anthocyanins (Shiraz at Hunter Valley),
brown pigments (Chardonnay at Orange) and
phenolics at the NWGIC. Yield as t/ha was
calculated using bunch weight × bunches/vine
× vines/ha. All data were subjected to a one-way
ANOVA using least significant differences (LSD) at
the 5% probability level.

Figure 31. OptoLeaf solar radiation film slides and
Thermochron iButton temperature and humidity
loggers positioned in the bunch zone in the control
row (top) and under black netting (bottom).

TeeJet® water-sensitive papers (Figure 32) were
used to assess spray coverage under the netting
treatments compared to the uncovered control.
Spray coverage was only assessed at the Hunter
Valley site due to the reduced requirement to
spray vines for disease this vintage.

• Temperature and humidity did not differ
between treatments (Figure 33 and Figure 34).
• Berry and bunch weights did not differ between
treatments.
• Solar radiation was significantly reduced under
coloured netting on each of the seven-day
exposure periods at both sites (Table 5). The
film fade percentage loss rate of Optoleaf
film is correlated to solar radiation. Both sites
had a declining trend in solar radiation under
each of the nets from white, green and black
respectively, when mean differences were
analysed across all data points (Figure 35).
• Fruit quality differences only occurred at the
Shiraz site. Anthocyanins, Brix° and titratable
acidity (TA) were significantly lower and malic
acid was significantly higher under the black
netting compared with no netting.
• No bird, kangaroo or bat damage occurred
under the single row net treatments at either
site. In contrast, the Orange site suffered
80–90% fruit loss from bird damage in the unnetted rows adjacent to the trial. No hail was
recorded during the trial period.
Table 5. Optoleaf film fade percentage losses over a
7-day exposure. Means of five replicates per treatment
at each 7-day exposure interval. Values with different
letters are significantly different (p < 0.05).
Site

Treatment First
reading
(7-day
period)

Second
reading
(7-day
period)

Third
reading
(7-day
period)

Orange

Control

38.5c

53.6b

50.8c

White net

45.2b

60.5ab

67.3b

Green net

53.5a

66.7a

67.8a

Black net

55.1a

71.2a

78.4a

Control

50.4c

51.0c

50.9c

White net

65.7b

66.7b

66.2b

Green net

66.7b

81.4a

80.2a

Black net

76.5a

79.4a

77.6a

Hunter
Valley
Figure 32. TeeJet® water-sensitive papers after spray
application. Image source: Spraying Systems Co.
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Results

Figure 33. Temperatures recorded in the control (no net) and black netted treatment at Orange.

Figure 34. Temperatures recorded in the control (no net) and black netted treatment at the Hunter Valley.
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Figure 35. Solar radiation mean differences between treatments across both sites, all data combined and means
presented (n=15/treatment).

Spray coverage

without netting (Figure 36, top left) but particle
size deposition was finer after passing through
the nets. It is inconclusive to suggest disease
control measures lack efficacy under netting
treatments from this one example, further
studies are required.

Vineyard management research

Given the seasonal conditions, the opportunity
to fully assess spray coverage was limited and
only occurred once at the Hunter Valley site. This
data was obtained after the harvest period. The
highest spray coverage occurred on the rows

Figure 36. Estimated spray coverage percentage assessed using the Snap Card App under the different
treatments at the Hunter Valley site. Top left = control (no net), top right = white netting, bottom left = green
netting and bottom right = black netting.
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Discussion
The nets were installed using different methods
at each site. In the Hunter Valley they were
applied mainly by hand using a large team of
people on either side of the vine row, adjusting
the net as it was spooled out from a tractor with
forklift attachments. Cable ties were applied at
the base of trunks and posts along the row once
any excess net was rolled up, leaving no gaps
for entry. The installation was done primarily by
machine at Orange, again with cable ties used
to secure any excess netting below the drip line.
Both applications went smoothly, with limited
interruption as the net slides easily, without
resistance or being caught on either wooden or
steel posts. During the installation at Orange, a
practice run of four individual rows at once was
conducted; this was successful both when rolling
out the netting and when collecting it back in
(Figure 37 and Figure 38).
Using netting from bunch closure to harvest
during the 2019–20 vintage in two different
climatic locations on two different varieties
delivered some interesting findings.
The drape netting is marketed has having reduced
screening factors. This correlated well with the
decay of Optoleaf films, decreasing from white to
green and finally black netting, which resulted in
lowest levels of solar radiation interception.
This reduction in solar radiation during the study
had the greatest influence on grape quality
parameters in Shiraz wine grapes (Table 6),
with the black netting resulting in decreased
anthocyanins and Brix° at the Hunter Valley site.
Ristic et al. (2007) found extreme shading can
decrease anythocyanins in Shiraz fruit, however
in the same study there was no difference in
ripening and sugar accumulation as there was
in this study. The retention of higher malic
acid levels recorded under black netting at the
same site is interesting because temperature
differences between the treatments were
only subtle, albeit mainly at the maximum.

Increased temperature has long been known as a
considerable factor in the respiration-led losses of
malic acid in wine grapes (Kliewer 1964).
While there was no statistical differences in
temperature and humidity across this vintage,
the diurnal temperature variation at both sites
appeared buffered. Perhaps the continuation of
this demonstration may provide further detail in a
season with greater weather variables.
In relation to protection from fauna, this form
of drape net was far superior to both uncovered
areas and the over-row bird netting used at
Orange, where birds were found feeding on
grapes underneath the nets throughout the day.

Take home messages
Single row drape netting:
• was easy to apply and remove, due to mesh size
• had little effect on temperature and humidity
across two different climatic grape growing
zones, although further studies across
numerous seasons are required to gain a
greater understanding of use and management
under different seasonal conditions
• had no effect on the yields measured
• reduced colour, titratable acidity and Brix° in
Shiraz grapes, so greater caution will be needed
if using black netting on this variety
• had little effect on Chardonnay grape quality
• provides good protection from all forms of
fauna which may wish to consume grapes
during the harvest period.
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Table 6. Shiraz berry quality parameters from the 2019-2020 vintage in the Hunter Valley.
°Brix

pH

TA (g/L)

Malic acid (mg/L)

Anthocyanins (mg/berry)

Control

25.38 b

3.9

4.422 a

0.850 c

1.600 a

White net

25.94 a

3.98

3.944 bc

0.899 c

1.538 a

Green net

25.84 a

4.04

4.085 b

1.050 b

1.526 a

Black net

24.74 c

4.01

4.173 b

1.168 a

1.370 b

Values with different letters are significantly different (p < 0.05).
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Figure 37. The netting company is experimenting with applying four single rows at the same time and this image
was taken at the Orange site to see the process in action. The attachment can run out a single row or anywhere
up to four rows at once.

Figure 38. Uncapped timber and steel posts were no interruption as the net mesh size does not get caught,
providing quick retrieval of the nets across four single rows at once. An advantage if wet weather arises late in
the season, compared to the time and labour required to remove existing bird netting.
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Sap flow sensors and managing
grapevine irrigation
Dr Michael Forster; Edaphic Scientific Pty Ltd and Griffith University

Introduction
Sap flow is the water flow within grapevines,
which is essentially equivalent to total vine
water use or transpiration. Sap flow sensors are a
useful tool for managing irrigation because they
can provide precise data on vine water demand
(litres or mm per vine or hectare) as well as
irrigation timing. Sap flow sensors allow seasonal
adjustments to irrigation, whether the grapevine
is growing, flowering or in véraison. This article
introduces sap flow data and how sap flow
sensors can quantify total vine water demand and
irrigation timing.

Choosing a sap flow sensor
There are various types of sap flow sensor models
and methods. The physical design of a sap flow
sensor can be a needle type, which is drilled
into the vine, or a collar type that is wrapped
around the trunk (Figure 39). The needle type is
ideally suited to grapevines because they can be
installed within 5 minutes and require no ongoing
maintenance. The collar type requires regular
maintenance, such as cleaning and drying to

prevent moisture build-up, sensor corrosion and
damage to the vine trunk. The collar sensors are
also extremely sensitive to temperature changes,
so they need large amounts of insulation and foil.
Therefore, collar style sap flow sensors can be
difficult to install accurately.
Sap flow sensors also require calibration,
otherwise they can underestimate true vine water
use by an average of 30 per cent. Calibrating
sap flow sensors involves using devices such as
potometers and lysimeters, which are expensive,
difficult and time consuming. Therefore, it is
recommended to use a sap flow sensor that
has been pre-calibrated. The Implexx Sap Flow
Sensor is a pre-calibrated sap flow sensor ready to
measure grapevine water use.

A weekly sap flow pattern
During the 2019–2020 growing season, Implexx
Sap Flow Sensors were used to measured sap
flow in Shiraz and Chardonnay grapevines at the
NSW DPI Griffith Research Station as part of a
Wine Australia Riverina Regional Program funded
project. An example dataset from the first week

Figure 39. Sap flow sensors can be A) needle design, where narrow needles are drilled into the vine trunk, such
as the Implexx Sap Flow Sensor, or B) collar design, where the sensor is tightly wrapped around the trunk, such as
the SF-5M Sap Flow Sensor.
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of November 2019 is presented in Figure 40. Sap
flow was minimal overnight and increased to a
peak around solar noon. Sap flow was higher on
hotter, drier days and lower on cloudy or rainy
days. Sap flow can also occur to a small extent
overnight when the air temperature is high and
relative humidity is low.
Sap flow will vary between vines and varieties.
For example, Figure 40 shows sap flow in a
Shiraz grapevine peaked at around 0.7 litres per
hour whereas a Chardonnay vine at the same
location, peaked at around 0.4 litres per hour. The
differences between vines and varieties are due
to numerous factors such as total vine leaf area,
canopy area, vine size and cultivar differences in
the ability to regulate stomatal aperture.

Total vine water demand
The most important information a sap flow sensor
can provide is the total vine water use (litres of
water per hour or per day). Understanding the
actual amount of grapevine water required is
critical for efficient use of water resources and
managing irrigation. By knowing the water output
from a vineyard, sap flow sensors can improve
vineyard water use efficiency and potentially
lower irrigation costs.

Generally, grapevine water use is approximately
5 to 20 litres per day, but this can vary according
to the season, time of year, variety, weather
conditions, and other factors. For context, water
use for a 4 m tall apple tree is around 20 litres
per day, a 6 m tall pear tree is approximately 100
litres per day, and water use in the largest trees
in the world, the Californian redwoods (Sequoia
sempervirens), is approximately 2000 litres per day!

Vine transpiration and sap flow sensors
Sap flow can be divided by total leaf area to give
transpiration (mm per hour or per day). Figure 42
shows the transpiration of Shiraz and Chardonnay
(i.e. the sap flow data presented in Figure 40
divided by total leaf area).
The difference between Shiraz and Chardonnay
total vine sap flow was caused by the Shiraz vine
having a larger total canopy leaf area than the
Chardonnay vine. Vine transpiration is similar
once canopy size has been considered.
Grapevine transpiration can be directly compared
against evapotranspiration measured via a
weather station (Figure 43). Evapotranspiration,
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Figure 41 presents the same data from Figure 40
but expressed as litres per day. Excluding the
rainy day (Day 3), sap flow per day ranged

between 6 and 12 litres for Shiraz and 4 to 6
litres for Chardonnay. The total daily sap flow will
vary according to weather conditions, but these
values provide an insight into how much water an
individual vine requires.

Figure 40. An example 7-day sap flow dataset (litres per hour) from Shiraz (blue line) and Chardonnay (orange
line) vines during the first week of November 2019, from NSW Department of Primary Industries Griffith Research
Station. It rained on Day 3.
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also known as potential evapotranspiration (ETo),
was calculated via the Penman-Monteith (PM FAO56) method. Actual transpiration of the grapevine
can be modelled by including total vine leaf area
or canopy area in a modified PM FAO-56 model.

This is also known as a type of crop factor which is
presented in Figure 43 as Penman-Monteith ETc.
The sap flow or transpiration data measured from
the grapevine should be equal (or similar) to the
ETc value. This is shown in Figure 43, where the

Figure 41. Total daily vine sap flow (litres per day) for the same Shiraz (blue bars) and Chardonnay (orange bars)
presented in Figure 40.

Figure 42. Transpiration (mm per hour) can be easily calculated by dividing total vine sap flow by total vine leaf
or canopy area. Transpiration rates are similar for Shiraz (blue line) and Chardonnay (orange line), indicating that
the differences in sap flow (shown in Figure 40 and Figure 41) were due to the Shiraz having a larger leaf area/
canopy than the Chardonnay vine.
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ETc for Shiraz and Chardonnay is similar to
Penman-Monteith ETc.
From Figure 43, total vine water demand
for the Shiraz and Chardonnay vines was
approximately 3 mm per day. Note that actual
vine transpiration is 2 to 3 times lower than
ETo. Therefore, if irrigation management was
based only on a regional weather station’s ETo
values, the amount of irrigation could be 2 to
3 times more than is required by the vines. In
this example, an irrigation decision based only
on ETo may lead to over-irrigation.
In theory, irrigation can simply replace the
amount of water that was transpired by the
grapevine. In this example, in Griffith during
the first week of November, that is around 3
mm per day per vine. However, in practice,
one drop of water does not necessarily replace
one drop of sap flow. There are other factors to
consider such as leaky pipes or valves, surface
run-off and drainage. Therefore, an additional
amount, such as 10 or 20 per cent, should be
added to the total irrigation.

Irrigation scheduling or timing

The simplest approach is to periodically replace
the daily water demand, or transpiration, from
the grapevine. For example, if the daily data from
Figure 42 are summed for the 7 days, then the
measured Shiraz grapevine water demand was
approximately 50 litres. An irrigation strategy will
then irrigate around 50 litres of water per Shiraz
vine once per week or 25 litres twice per week.
This is a simple irrigation strategy that can work
very well. However, sap flow sensors can also be
used for more precision irrigation strategies.
When there is ample soil moisture, grapevine
transpiration will equal crop evapotranspiration
as shown in Figure 43. As soil moisture decreases,
grapevine transpiration will also decrease relative
to crop evapotranspiration. This pattern indicates
that the vine is experiencing mild water stress and
this is when irrigation should start.
Figure 44 shows two weeks of soil moisture
(measured at 200 mm soil depth with a TEROS-11
Soil Water and Temperature Sensor), Shiraz and
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When to start and stop irrigation is based
on many factors including electricity costs,

available staff, as well as the time of day and
season. Irrigation scheduling can be based on
grapevine hydration or water stress levels, but
irrigating according to the plant’s requirements is
a more efficient use of water resources. Therefore,
sap flow sensors can be used to determine
irrigation scheduling.

Figure 43. A 7-day comparison of potential evapotranspiration (Penman-Monteith ETo FAO-56) versus a model
crop evapotranspiration (Penman-Monteith ETc) and Shiraz and Chardonnay transpiration. In theory, Shiraz and
Chardonnay ETc should equal the model Penman-Monteith ETc.
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Chardonnay transpiration (ETc), and PenmanMonteith crop evapotranspiration (PM ETc). The
data were collected between November 8 and
21 2019, from the NSW DPI Griffith Research
Station. The vines received irrigation on Day
1 and there was no subsequent irrigation or
rainfall during the two weeks.

Figure 45 displays the transpiration ratio for the
same data presented in Figure 44. When the
transpiration ratio is 1, then grapevine ETc and
PM ETc are equal. When the transpiration ratio
decreases, the vines are experiencing water
stress. The smaller the transpiration ratio, the
greater the water stress in the grapevine.

At the start, Shiraz and Chardonnay ETc equalled,
or was slightly greater than, PM ETc. This pattern
indicates that the measured grapevines had
access to ample soil moisture and were under
no water stress. From approximately Day 7 and
Day 8, Shiraz and Chardonnay ETc decreased
relative to PM ETc. Such a pattern indicates
that vines are starting to experience mild water
stress. Towards the end of the two weeks, Shiraz
and Chardonnay ETc were substantially lower
than PM ETc. This pattern indicates that vines are
experiencing water stress. Therefore, the results
from Figure 44 suggest that irrigation should
have commenced around Day 7 or 8 for these
measured vines.

Irrigation timing can be based on the
transpiration ratio where irrigation should
start when the transpiration ratio is less than
1. A transpiration ratio of 0.95 is a conservative
strategy whereas a transpiration ratio of 0.9
may be more optimal. In Figure 45, the red
dashed line indicates when the transpiration
ratio is 0.9. From this evaluation, Shiraz irrigation
should have commenced from Day 7 whereas
Chardonnay irrigation should have commenced
from Day 10.

Transpiration ratio and irrigation
timing
The transpiration ratio is a value that indicates
when irrigation should commence. The
transpiration ratio is grapevine transpiration
divided by the weather station PM ETc. Irrigation
should commence when the transpiration ratio
decreases below a critical threshold.

Conclusion
Sap flow sensors directly measure grapevine
water use. Total vine sap flow can be converted
to transpiration by dividing sap flow by total
leaf area. Sap flow or transpiration values can
be used to determine vine water demand. The
amount of irrigation can replenish the amount of
water use. The transpiration ratio is calculated by
dividing vine transpiration by Penman-Monteith
crop evapotranspiration. Irrigation timing can
then be determined by the transpiration ratio.

Figure 44. A two-week dry-down period where irrigation was only applied on Day 1. Soil water volumetric
content (%, black line) at 200 mm depth decreased. Shiraz (blue bars) and Chardonnay (orange bars) transpiration
was compared against crop evapotranspiration (PM ETc, grey bars) from a weather station.
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Figure 45. The transpiration ratio indicates when irrigation should commence. The red dashed line shows
a transpiration ratio of 0.9. When grapevine transpiration is below the red dashed line, irrigation should
commence. In this example, Shiraz irrigation should have commenced on Day 7 and Chardonnay on Day 10.
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‘Going in and under’ – a case study
in applying irrigation differently to
control weeds
Sam Statham; Rosnay Wines

Introduction
Two years into one of Australia’s worst droughts,
the decision was made in 2019 to implement a
new strategy for delivering irrigation at Rosnay
Organic Wines in Canowindra.
Sam Statham and his family have grown
wine grapes, olives and figs there since 1997.
However, the ongoing drought, reduced water
allocations and the need to manage persistent
weeds organically required new thinking and a
different approach.
While sub-surface irrigation is not new, moving it
away from the vines and out into the midrow area
in vineyards is somewhat novel. Based on limited
published information from a trial conducted
in Central Otago New Zealand, Sam went about
sourcing sub-surface drip technology in Australia
that would fit their requirements.

to allow sheep to graze under the vines all year
round. However, the sheep were seen to be
walking on their back legs and eating grape flowers
and leaves in preference to stalky tussock grasses.
The next strategy was to use undervine
cultivation, initially using a knife weeder then
a rotary weeder. Again, after observation we
realised that this not only damages vines (vines
were ripped up when the sensors failed on the
tool) but also affects shallow vine roots and soil
fungi. Organic herbicides such as nonanoic acid
(e.g. Slasher®) were trialled in conjunction with
cultivation, but again the rhizomatous perennial
weeds were growing back and the vine vigour
continued to decline.

This also led to a decision to raise the vine cordon

Eventually we realised that there was a
contradiction at play in all these strategies; water
and nutrients were being applied to the part of the
vineyard where weeds were the most difficult to
control. It would be smarter to irrigate and fertigate
away from the vines. The team at Rosnay had
been watching a neighbouring vineyard (Gardners
Ground) where they had already installed subsurface irrigation 30 cm from the vine rows. After
a difficult first year while the vines adapted to the
new water position, they were having success.
The Statham’s decided to take it a step further by
ripping the drip tube right up the centre of the 3 m
inter-row, thus taking the water well away from the
vine row and the weed problem.

Figure 46. Weed mass concentrated along the drip line
at Rosnay.

Figure 47. Rhizomes of Johnson grass highly prevalent
in the undervine area at Rosnay.

So what was the problem?
Whether farming organically or not, farmers know
that weeds always adapt to our control strategies.
At Rosnay, for nearly 10 years these included
winter grazing with sheep and summer mowing
with a swing arm mower. This strategy led to a
proliferation of perennial tussock and rhizomatous
weeds such as phalaris, paspalum, couch, Kikuyu
and Johnson grass (Figure 46 and Figure 47).
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So what was done?
The old Dripmaster drip tubes were 20 years old
and the differential pressure control was failing,
resulting in excessive vigour near the risers and
lack of pressure at the extremities of the rows.
Irrigation manufacturers have since developed
improved drippers that are more suited to subsoil application as they are non-siphoning, root
resistant copper-impregnated drippers (Figure 48).

Based on row lengths of up to 280 m, the
Statham’s chose Uniram AS XR 20010 2.3L/hr
@ 0.7 m spacing (20 mm tube with 1 mm wall
thickness). This was installed with a Yeoman’s
plough at 15 cm beneath the surface in the
middle of the inter-row (1.5 m away from the
vines; Figure 49 and Figure 50).
This was fairly efficient compared with trenching
the tube in, but connecting the tube to the
existing sub-main risers was more work than the
ripping in of the tube. So we decided to invest in
a TerraTrencher™, which is a chainsaw modified
into a narrow, lightweight trenching machine.
The blind tube was then trenched across to the
sub-surface drip tube and connected with a tee
junction. The top end of each sub-surface tube
had a vacuum relief valve (Figure 51) installed
to prevent soil being sucked back into the
drippers and the bottom end of each row had
a flushing valve (Figure 52). We decided not to
use a flushing sub-main in favour of being able
to see easily if there were pressure problems or
blockages in any single row.

Figure 50. The sub-surface irrigation is 15 cm deep.

Figure 49. The rip line at the centre between two vine
rows ready for sub-surface irrigation placement.

Figure 51. Raised vacuum relief valves were installed
to prevent soil from entering the system.
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Figure 48. Non-siphoning, root resistant copperimpregnated drippers.

What was the outcome?
The outcome was much better weed control,
with the phalaris tussocks and paspalum under
the vines dying off by mid-summer (Figure 53).
Other weeds grew over the new irrigation tube
in the middle of the row (Figure 54), but these
were quite easily kept under control with slashing,
adding some organic matter back under the vines.

The materials for the new system cost
approximately $3,000 per hectare. The
installation has not been fully costed as we
did it ourselves but could be considered at
approximately $1,000 per hectare.
For further information on this case study
contact Sam Statham at Rosnay Wines on
info@rosnay.com.au.

Another positive outcome was increased
uniformity in the vine row as all the vines
were receiving even amounts of irrigation and
fertigation with organic nutrients. This resulted in
better quality fruit and yield in the 2020 vintage
compared with previous vintages (Figure 55).

Figure 52. Flushing valves were positioned at the end
of each row for ease of maintenance.
Figure 54. The majority of weed growth is now centred
along the midrow, away from the undervine area. The
remnant undervine weed mass is now a mulch cover.

Figure 53. The undervine weed mass died off and now
provides mulch.

Figure 55. Enhanced fruit quality and yield resulted
from the new irrigation system.
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'Exercise Sour Grapes' harvests
sweet collaboration
Leonie Martin; NSW DPI
‘Exercise Sour Grapes’ gathered industry,
growers and regulators together to discuss
and plan for a serious biosecurity issue – a
phylloxera outbreak in New South Wales. The
two-day workshop (Figure 56) was hosted by
NSW DPI, NSW Wine and Vinehealth Australia
in Orange during October 2019.
The exercise aimed to simulate a possible
phylloxera incursion in the Orange wine
growing region, which is phylloxerafree. The group worked through various
themes, including biosecurity incident
management, supplier disruption, stakeholder
communications and the path to recovery.
There was invigorating discussion from the
participants over the two days. The exercise
raised some important questions for both
industry and NSW DPI and reinforced just
how vulnerable the supply chain is to a
phylloxera incursion.

Some of the suggestions were:
• a call for a review of the National Phylloxera
Management Protocol
• create additional industry resource
materials to provide specific guidance
around phylloxera management during an
incursion
• develop biosecurity guidance protocols for
agri-tourism operators
• develop a management guide for new
phylloxera detections that includes roles,
responsibilities and resourcing across
industry and government
• create a working group to drive this work.
The workshop also highlighted the
importance of relationships between industry
and government and the vital role that each
play in building preparedness and capability,
not only across NSW but nationally.

Figure 56. Angus Barnes from the NSW Wine Industry Association speaking at Exercise Sour Grapes.
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Undervine cover crop case study
Brendan Kaczorowski; Keith Tulloch Wines

Keith Tulloch Wines Hermitage Road vineyard
consists of two hectares of Semillon that were
planted in 1990 on their own roots at 2,000 vines
per hectare. The soils are silty sand over clay with
very low organic matter levels, prone to erosion
and with some salinity issues. Irrigation was
installed in 2018.

Aim
To trial a section of the vineyard with undervine
cover crops as an alternative to traditional
undervine spraying with herbicides. We hoped
the cover crop would promote soil health
and increase the biodiversity in the vineyard,
essentially being living, green mulch. The aim
was to keep the cover crop no higher than the
irrigation wire, which should enable it to smother
out-competing ‘weeds’ and prevent erosion.

Methods
At the start of winter 2019, the undervine area
was sprayed, the mound was disturbed with a cutoff plough and the loose soil was thrown back on
to the undervine area using a disc. The undervine
area was then hand seeded with white clover at
3 kg/ha. White clover was selected for several
reasons:
• it grows well all year round in the Hunter Valley
and only to a height of about 30 cm
• once established, it is capable of asexual (or
vegetative) reproduction by generating stolons
• in conjunction with rhizobia, it can fix nitrogen
in the soil
• it does not have a deep root system that would
compete with the vines.
To promote seed growth, the clover was irrigated
when required but often this was only when the
vines were scheduled for irrigation. To help the
clover establish, a few passes were made to spot
spray the competing weeds and grasses, then
those areas were reseeded with clover. Slashing
the mid-row in two passes with the slasher offset
to one side helped to promote clover growth and
suppress competing plants that were in the tyre
track/mid-row area.

maintained with slashing. The soil has improved
levels of organic matter, water retention and
is cooler in heatwaves (Table 7). However, in
areas where the cover crop has not established
well or has not spread outward and smothered
the competing weeds, it is difficult, laborious
and time-consuming to hand-hoe the problem
marshmallow weeds and thistles growing in the
available spaces.
We will continue to work on this small area until it
is all well-established before implementing these
changes to other areas over in the vineyard. The
things we would do differently include:
• seed the clover much wider than just on the
vine mound, seeding from tyre track to tyre
track could help the clover dominate the
competing weeds and provide a nice buffer
zone out into the mid-row
• adding another crop type to seed with the
white clover to increase the diversity in the
vineyard.
Table 7. Soil temperatures recorded on two occasions
in December showing reduced temperatures in the
undervine area with the clover cover crop.
Average soil temperature at midday in the undervine areas
Date

Without the cover crop

With the cover crop

5.12.19

27.9 °C

23.6 °C

10.12.19

31.8 °C

27.7 °C

Results and conclusion
Where the white clover established well
(Figure 57), we are very pleased with the results.
The undervine area requires no maintenance
and the mid-row vineyard floor area is easily

Figure 57. Alisdair Tulloch and Brendan Kaczorowski
of Keith Tulloch wines are impressed with how the
white clover cover crop established as an alternative to
undervine weed spraying.
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Nutrition research
Correct petiole sampling for accurate vine
nutrient analyses
Tintu Baby¹ and Suzy Rogiers²
¹ NWGIC, Charles Sturt; ² NSW DPI, NWGIC and ARC TC-IWP

Correct plant tissue sampling is important
for determining vine nutrient status and
understanding which nutrients to apply either to
the soil or foliage. Currently the recommendation
by the Australian Wine Research Institute states
that petioles should be sampled opposite the
basal bunch at 80% flowering. However, how
important is it that we sample the entire petiole?
To answer this question we set out to determine
if there are nutrient gradients along the petiole.
We wanted to know if the outcome of the analysis
would differ if one segment of the petiole is
omitted. This can occur if the petiole is cut
perhaps 1 cm above the petiole junction with the
shoot, rather than breaking the petiole off directly
at the base of this junction. It could also occur if
the leaf end of the petiole is removed by cutting it
far below the junction with the leaf blade.

These results imply that, for an accurate
determination of plant tissue status, it is
important that the entire petiole is sampled.
It is also important that the sampler is
consistent in taking either petioles from
opposite the lower or upper inflorescence, or
a consistent combination of both positions
This study was a component of a larger project
on Vine Nutrition and is funded by NSW DPI, Wine
Australia and Charles Sturt University.
Project contact: Suzy Rogiers
suzy.rogiers@dpi.nsw.gov.au

Results showed there were gradients in nutrient
concentrations along the petiole (Figure 58). Most
often the highest concentrations (on a dry weight
basis) were evident in the portion of the petiole
that is closest to the blade (B, Ca, K, Mg and P).
The lowest concentrations were usually apparent
in the middle portion of the blade. However, Zn
was highest in the portion nearest to the shoot.
We also found that the node position from which
the petiole is taken also influences results. Most
nutrients (Ca, Fe, Mg, Mn, P, S and Zn) were
somewhat higher in those petioles collected
opposite the lower inflorescence position
compared to those that were collected from the
upper position (the younger inflorescence further
along towards the tip of the shoot). The exception
was K, which was higher in petioles opposite the
upper inflorescence.
As expected, there were also variety differences.
Shiraz, Cabernet Sauvignon and Chardonnay
vines accumulated different amounts of nutrients
in their petioles despite being grown under
identical management and in the same block.
This may be related to differences in nutrient
uptake capacity and/or partitioning between the
different vine components.

Highest in B, Ca, K, Mg and P
Highest in Mn but lowest
in B, Ca, Cu, K, Mg and P
Highest in Zn

Figure 58. There is a nutrient gradient along the
petiole, usually the middle portion is lowest. Which
end of the petiole has the highest level is determined
by the specific nutrient.
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How rootstock influences grape potassium
Zeyu Xiao¹, Kerry DeGaris², Tintu Baby³, Suzanne McLoughlin⁴, Bruno Holzapfel⁵, Rob
Walker⁶, Leigh Schmidtke¹ and Suzy Rogiers⁷
¹ NWGIC, Charles Sturt, ARC TC-IWP; ² Limestone Coast Grape and Wine Council Inc.; ³ NWGIC, Charles Sturt;
⁴ Vinehealth Australia; ⁵ NSW DPI, NWGIC; ⁶ CSIRO, NWGIC, Charles Sturt; ⁷ NSW DPI, NWGIC, ARC TC-IWP

Excess potassium concentration [K] in the grape
juice reduces the amount of free tartaric acid,
resulting in potassium bitartrate formation.
This affects the final pH, which is one of the
most important factors that determine grape
juice and wine quality (Boulton 1980, Kodur
2011). A common amelioration strategy is
adding tartaric acid during winemaking, which
can be costly. Industry observation in the
Limestone Coast found the [K] in the juice varies
amongst vintages and excess [K] appears to be
exacerbated by stressful growing conditions
such as heatwaves.
This study investigated the feasibility of
using rootstocks to lower berry potassium
concentrations in Cabernet Sauvignon
grapevines grown in the Coonawarra wine
region. The objective was to provide new
insights into the potential of particular
rootstocks to modify potassium uptake by
Cabernet Sauvignon grapevines and their
partitioning and accumulation into grape
berries.

Methodology
We characterised the concentrations of K,
calcium (Ca) and magnesium (Mg) cations in
soil and various grapevine tissue, including the
petiole and berry, using inductively coupled
plasma atomic emission spectroscopy (ICP-AES),
from a rootstock trialling vineyard located in
the Limestone Coast of South Australia. The
trial consisted of Cabernet Sauvignon (clone
CW44) vines grafted to 8 rootstocks including
Richter 110 (110R; V. berlandieri × V. rupestris),
Ramsey (V. champinii), Paulsen 1103 (1103P; V.
berlandieri × V. rupestris), Börner (V. riparia × V.
cinerea), Ruggeri 140 (140RU; V. berlandieri × V.
rupestris), Merbein 5489 (M5489; V. berlandieri
x V. berlandieri), Merbein 5512 (M5512; V.
berlandieri x V. berlandieri) and own roots (V.
vinifera).

Results summary
The soil cation profile and other soil
compositional parameters were consistent
across the trial site at the sampled depths.

Rootstock modified petiole [K] and [Mg] at
flowering and [K] and [Ca] at harvest, but did
not affect whole berry [K], [Ca] or [Mg]. The two
rootstocks released by CSIRO, M5512 and M5489,
were successful at achieving both low [K] and
juice pH at harvest. Additionally, K, Ca and Mg
accumulation into grape berries coincided with
each other.

Conclusion and recommendations
This trial of Cabernet Sauvignon on the ‘Terra
Rosa’ soil has generated some promising
results in identifying the suitable rootstocks
for optimising pH and titratable acidity (TA) in
grape juice. Juice of own roots had a higher pH
compared with M5512, M5489, 110R and 140RU
and lower TA than 110R and 140RU. M5512 and
M5489 have shown some potential in lowering
[K] in the petiole and juice as well as lowering
juice pH, while achieving the same sugar and
colour ripeness as own roots. The lowest pH
and highest TA were found in berries from
140RU and 110R, both of which did not have
particularly low berry [K]. These results indicate
that juice pH and TA are driven by not only the
presence of K but other factors such as tartaric,
malic and other acids and ions in the solution.
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Smartphone app to assess grapevine
nutrient disorders
Suzy Rogiers¹, Tintu Baby², Alex Oczkowski², Motiur Rahaman², Lihong Zheng²,
Manoranjan Paul², Bruno Holzapfel³, Leigh Schmidtke⁴ and Rob Walker⁵
¹ NSW DPI, NWGIC, ARC TC-IWP; ² NWGIC, Charles Sturt; ³ NSW DPI, NWGIC; ⁴ NWGIC, Charles Sturt, ARC
TC-IWP; ⁵ CSIRO, NWGIC, Charles Sturt

Assessing grapevine nutrient disorders using
visual symptoms can be confusing. Field manuals
are available to help with the diagnosis, but the
images of the symptoms are not variety specific,
nor do they show the symptoms as the disorder
progresses in severity. A team at the National
Wine and Grape Industry Centre is developing a
smartphone-based imaging tool with underlying
artificial intelligence (AI) that will carry out the
diagnosis in real-time.
A diagnostic smartphone app will give a
grower immediate information on the cause of
the problem and as a critical second step, links
to resources on how to address the problem.
With this app, a grower can walk along the row of
grapes and use their smartphone to take images
of the disorder. The app will use underlying AI
to immediately diagnose the problem and then
provide links to fact sheets and other information
sources on how to best deal with the issue.
An image library of the symptoms is currently
being developed. We are doing this by growing
vines in solutions that have either too much or
too little of a particular nutrient. So far we have
been able to create symptoms of Mg, K, Fe and N
deficiency and for B toxicity in Chardonnay and
Shiraz (Figure 59 to Figure 63). We have captured
images of the disorders as they progress over
time and these images are being used to develop
and train the algorithms that will perform the
diagnoses.

We are working with the School of Computing
and Mathematics at Charles Sturt University who
have expertise in machine and deep learning.
We strongly recommend that the app be used
in conjunction with petiole tissue sampling.
Information on tissue sampling times and
technique can be found in the following AWRI
fact sheet https://www.awri.com.au/wp-content/
uploads/5_nutrition_petiole_analysis.pdf
The app is still in its early stages but we hope
to release it by 2022. User-focused trials of the
prototype will be conducted in the coming
months.
The project is funded by Wine Australia, NSW DPI
and Charles Sturt.
Project Contact: Suzy Rogiers
suzy.rogiers@dpi.nsw.gov.au

Further reading
Baby T, Holzapfel BP, Oczkowski A, Rahaman DMM,
Paul M, Zheng L, Schmidtke LM, Walker RR and
Rogiers SY. 2019. Vine Nutrition: a diagnostic
smartphone app for vine nutritional disorders. 17th
Australian Wine Industry Technical Conference
(AWITC 2019), Adelaide, Australia.
Rahaman DMM, Baby T, Oczkowski A, Paul M, Zheng
L, Schmidtke LM, Holzapfel BP, Walker RR and
Rogiers SY. 2019. Grapevine nutritional disorder
detection using image processing. PSIVT 2019,
Image and Video Technology, pp 184–196, https://
doi.org/10.1007/978-3-030-34879-3_15

Figure 59. Magnesium deficiency in Chardonnay leaves.
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Figure 60. Potassium deficiency in Chardonnay leaves.

Nutrition research

Figure 61. Potassium deficiency in Shiraz leaves.

Figure 62. Nitrogen deficiency in Shiraz leaves.

Figure 63. Boron toxicity in Shiraz leaves.
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Effects of viticultural conditions and juice
composition on oxidative and reductive
wine development
Xinyi Zhang and Dr Andrew Clark; Charles Sturt University and NWGIC
Volatile sulfur (VSCs) and aldehyde (VACs)
compounds can contribute reductive (rotten
eggs, cabbage, garlic, swage and rubber) and
oxidative (farm-feed, hay, cooked vegetables,
cider, dried fruit and fusel) off-flavours to
wine, respectively. Therefore, it is necessary to
understand the prevailing factors influencing the
accumulation of these compounds during wine
production and maturation.
In this project by Charles Sturt University PhD
student Xinyi Zhang (Figure 64), two novel
procedures were devised to more efficiently
measure the total concentrations of aldehyde
compounds in wine. Subsequently, two major
experiments were conducted to study the
potential linkage between specific viticultural
conditions and wine composition/ageing, with
a focus on the accumulation of reductive and
oxidative off-flavours related compounds.
The first experiment involved assessing the
effects of copper (Cu) and sulfur dioxide (SO2)
concentrations in juice/must on wine composition
and subsequent bottle ageing of the wine.
Increased concentrations of Cu in Chardonnay
juice affected the total Cu concentration in the
wine after both fermentation and 15 months of
bottle ageing. In Shiraz wines, the concentrations
of Cu in the wine were largely independent of
the Cu concentration in the must. Both Cu and
SO2 concentrations in Chardonnay juice had
long-term influences on the concentrations of
compounds relevant to reductive (hydrogen
sulfide and methanethiol) and oxidative
(3-methylbutanal and phenylacetaldehyde)
off-flavours. For Shiraz, Cu and SO2 only
influenced the concentrations of oxidative
aroma compounds (hexanal, 3-methylbutanal
and phenylacetaldehyde). Therefore, this work
provides clear evidence that Cu and SO2 additions
to juice/must can affect volatile sulfur and
aldehyde compounds during wine production
and after 15-months of bottle ageing.
The second major experiment assessed the
effects of three viticultural factors (vineyard
location, grape variety and grape maturity),

four bottle ages (0, 8, 16 and 24 months), and
three different levels of oxygen availability
during bottle ageing on Shiraz and Cabernet
Sauvignon wine composition. The evolution of
82 wine composition-related parameters was
tracked over the two years. Using a variety of
chemical and statistical (chemometrics) analysis
procedures, each viticultural factor and bottle
ageing condition was able to be distinguished.
The influences from viticultural factors were more
decisive, while bottle ageing treatments only
introduced subtle, but still significant, effects on
red wine composition during bottle ageing.
The results of this work have provided a variety of
wine compositional parameters that are worthy
of further investigation as potential markers for
specific viticultural or bottle ageing conditions.

Key points
• Cu and SO2 additions to juice/must can affect
volatile sulfur and aldehyde compounds during
wine production, even after 15 months of
bottle ageing
• Different bottle ageing conditions can
introduce subtle influence on wine
composition, which has been determined by
viticultural related factors.

Figure 64. PhD student Xinyi Zhang.
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t: 02 6933 2435
e: csuwinery@csu.edu.au
www.csu.edu.au/winery

It’s easy to waste money on waste!
Angus Johnston; Tyrrell’s Wines
A Wine Australia Regional Program project
looked at ways vineyards, wineries, cellar doors
and restaurants could reduce waste going
to landfills across two wine regions of NSW.
Angus Johnston from Jackson Environment and
Planning Pty Ltd was contracted to deliver the
project in both the Hunter Valley and Orange. In
a nutshell, this project proved that by allocating a
small amount of time and attention to reviewing
their waste collection arrangements, one
operation in the Hunter Valley, Tyrrell’s Wines,
could cut their waste costs by over 55%.
Goal: to reduce waste disposed to
landfill and the associated costs of waste
management
Tyrrell’s Wines is a long-standing family-owned
viticulture and winemaking business located in
the Hunter Valley of NSW. They are a medium to
large business in this industry, with more than 50
employees and an annual turnover of more than
$20 million.
The business focuses on growing grapes,
making high-quality wines and selling them.
So, while operations include a cellar door, they
do not include a restaurant, café or providing
accommodation. Wine bottling has been
outsourced, but Tyrrell’s retain a warehouse for
product storage and distribution.
As part of a business waste assessment
(Figure 65), Chris Tyrrell sought out recent
invoices and the agreement with the waste
contractor. Neither could be easily found on file,
so their contractor was asked to supply copies.
After persistent enquiries, Chris finally received a
one-page agreement that had expired 12 months
ago, along with several recent invoices.
After reviewing this information, Chris discovered
he was being charged over $48,000 per year
in equipment rental and service fees. Chris
consulted an external waste specialist and
confirmed that these charges were much higher
than he should expect. He then called his
contractor in for a site inspection and meeting
to review Tyrrell’s waste management needs and
associated charges.

Like a lot of winemaking businesses, Tyrrell's
already did a good job of source-separating
their wastes. In addition to 3 x 3,000 litre bins of
waste collected weekly, they had:
• 7 × 240 litre commingled recycling bins
collected weekly
• 2 × compactor/balers for cardboard and
plastic film (Figure 66) (rented)
• 1 × bale lifting cradle (rented), with bales
collected fortnightly.
Based on bin capacity and typical waste
densities, it appeared Tyrrell’s was diverting
about 60% of an estimated 42 tonnes of waste
generated each year. This is a good result for
any business, and close to the NSW target of
70% diversion for commercial enterprises.
However, the question still remained: why was
waste costing so much?
A few contributing factors included:
• bottling had moved off-site since waste
services were last reviewed, reducing waste
quantities overall
• no one staff member was specifically tasked
with regular review of waste contractor
invoices or the waste contract
• the contractor charges fees per bin ‘lift’ (not
by weight)
• waste bins were larger than required and
were being collected before they were filled
• the volume of cardboard being generated
did not justify the cost of a compactor
• the compactors and lifting cradle incurred
rental fees
• small recycling bins (240 litres) cost more per
litre to collect than large recycling bins and
Tyrrell's had seven.
So, what did Tyrrell’s do?
• halved the capacity of their three general
waste bins to 1,500 litres
• retained one compactor/baler just for film
plastic, with bales collected monthly
• installed two 3,000 litre cardboard cages that
only required collection monthly
• replaced the seven 240 litre commingled
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recycling bins with two 1,100 litre bins
• negotiated bin lift fees closer to typical
market rates.
Tyrrell’s waste costs were reduced to just
under $20,000 per year; over 55% reduction
in cost. During the review it also became clear
that total waste generated was closer to 35
tonnes per year, with over 75% diversion from
landfill. This is an achievement that Tyrrell’s
Wines can feel proud to promote to their
customers.
As a winemaking business, what can you do?

Figure 65. Inspecting bins to understand waste
generation.

Wine research

1. review contracts and test the market
preferably annually but at least every two
years
2. review waste contractor invoices preferably
monthly but at least quarterly
3. assign responsibility for these reviews to a
specific staff member
4. where waste costs exceed $5,000 each
year, seek independent specialist advice
– subsidised waste assessments are often
provided by governments (e.g. Bin Trim).

Figure 66. Do we still need two compactors/balers?
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Effect of high and extremely high
temperatures on berry tannin
composition in Shiraz
Julia Gouot and Dr Celia Barril; Charles Sturt University and NWGIC
Heatwaves have increased in frequency
and severity during the spring and summer
months and there is strong evidence that this
phenomenon will continue. For example, recordbreaking temperatures have been recorded
every summer for the last three years. These
extremes are known to significantly affect
grapevine phenology and physiology as well as
the microclimate under which each bunch ripens.
In already warm to hot grape growing regions, it
is therefore essential for vineyard management
practices and longer-term planning to understand
when, to what extent, and how severe heatwaves
will affect fruit and wine quality.
This project by Charles Sturt University PhD
student Julia Gouot investigated the effect
of high temperatures (>40 °C and >45-50
°C, respectively) during berry development
and ripening on well-irrigated potted Shiraz
grapevines (Figure 67).
Under these experimental conditions, tannin
accumulation was only affected for a short
period following extreme but short heat stress.
In most cases, tannin content was lower in
heated berries, but most differences were no
longer evident by harvest unless berries were
visually damaged. Shiraz berries exhibited an
elastic response to heat stress and differences
in berry tannin content and composition were
most likely indirectly driven (smaller berries,
seed development disruption, and possible
deregulation of genes).
The research highlighted basic trends under
controlled conditions that could assist grape
growers and winemakers to plan for and manage
the effects of extreme heat. In the short term,
understanding berry physiological responses to
high temperature can help producers predict
when berry survival is at risk.
Growers already have several methods to
mitigate heatwave effects such as hydro-cooling,
berry sunscreen and shade cloth. However, the
present research provided further insight into
heat-stress sensitivity during berry development
and maturation.

Viticulture implications and
recommendations
Berry survival should be the first concern
when heatwaves are forecast. In well-irrigated
Shiraz vines, green berries were damaged
at lower temperatures (40–45 °C) than red
berries (50–53 °C). Beyond maintaining vine
water status and having sufficient canopy to
shade the fruit, there is only a limited number
of short-term mitigation methods that can
be applied in the vineyard. Measures such as
artificial shading may not be economically
viable and widespread use of hydro-cooling is
unlikely to be seen as sustainable water use.
If maximum temperatures keep increasing,
current grape-growing regions may no longer
be suitable for grape production or for the
varieties currently grown within a region. This is
particularly concerning if the grape value is not
high enough to make it financially viable (no
added-value, resources too expensive).
This project has shown there are maximum
temperatures beyond which grapes cannot
survive, depending on the phenological stages.
Through this research, growers are gaining
knowledge on when berries are at risk, helping
to fine-tune the timing of mitigation methods
for more optimal and cost-effective protection.

Winemaking implications and
recommendations
Understanding and predicting the effect of
temperature on berry phenolic composition
and extractability at harvest may allow
adaptation of winemaking protocols. Firstly,
when berries are not too damaged but
phenolics are reduced at harvest, several
corrective measures exist to increase
extractability such as using enzymes, higher
fermentation temperature and cold-soaking.
Secondly, when berries are damaged close
to harvest, e.g. necrosed with incomplete
desiccation, heat-stressed berries may still be
used for winemaking in small proportions.
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To conclude, further research could be
undertaken to test the upper limit at key
times of other widely-grown varieties (e.g.
Cabernet Sauvignon) or varieties known
to be more heat tolerant (e.g. Touriga
Nacional) and plan for areas of viability
according to climate predictions.
Ms Gouot has submitted her thesis and the
research was supervised by Dr Celia Barril,
Dr Bruno Holzapfel and Dr Jason Smith.

Figure 67. Ms Julia Gouot in the glasshouse inspecting Shiraz grapevines.
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These might be suitable for blending or for
making a lighter red wine, where a mix of
damaged and undamaged berries could
compensate for the lack of skin colour. Finally,
if despite all attempts in the vineyards, grapes
are significantly damaged and desiccated,
winemaking could be fully compromised. With
this sort of damage, growers may not harvest
at all unless another economically viable use of
desiccated grapes or seeds (by-products) was
available; for example, grape seed powder is
suitable as a fining agent to replace bentonite.

NSW DPI Agriculture –
Horticulture Leaders and
Development Officers
Director Horticulture
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Notes
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