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Abstract 
 
 
This travel bursary funded attendance at the XVII International Botrytis Symposium, 
held in Santa Cruz, Chile. The bursary recipient was an invited keynote speaker at 
this symposium. The keynote lecture covered aspects of Wine Australia research 
project CSU 1301 and dealt with the use of ATR FTIR and GC MS techniques for 
Botrytis cinerea detection and evaluation. In addition to the keynote presentation, a 
further oral presentation on laccase gene expression during the infection of grape 
berries by Botrytis cinerea was delivered. Several areas of research collaboration 
were discussed with international colleagues working on Botrytis. Selected 
highlights from the symposium presentations are discussed in this report. 
Knowledge gained as a result of the symposium attendance and associated study 
tour will be incorporated into current and planned research activities. Wine 
education packages delivered by Charles Sturt University will be updated to reflect 
the latest knowledge on Botrytis biology and management. 
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PROJECT OVERVIEW 

Name and Contact Details of Travel Grant Recipient 

Name                                 Prof C C Steel 

Postal Address              National Wine and Grape Industry Centre 
School of Agricultural and Wine Sciences 
Charles Sturt University 
Locked Bag 588 
Wagga Wagga NSW 2678 

 
 
Telephone /Fax 02 69 33 2721 
E-mail csteel@csu.edu.au 

 
 
 
Travel itinerary 

 
 
21 October 2016. Fly to Santiago, Chile. 

 
 
23 - 28 October 2016. Attend the XVII International Botrytis Symposium in 
Santa Cruz, Chile.  Participate in discussions around the latest developments with 
Botrytis management and research, explore future research directions. 

 
31 October -  4 November 2016. Associated study tour including visit to the 
National University of Cuyo, Mendoza. 

 
 
9 November 2016. Return travel to Australia 

 
 

mailto:csteel@csu.edu.au
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Executive Summary 
 
 
Objectives 

 
 
The objectives of this travel grant were as follows. 

 
 

• AGWA funded research on aspects of fungal diseases and their impacts on 
wine quality presented at an international wine conference 

 
 

• Knowledge gained as a result of conference attendance, research 
presentation and associated study tour evaluated in line with current and 
potential future AGWA funded research 

 

 
• Opportunities for future research collaboration explored with international 

institutions 
 
 

• Teaching and learning materials revised to reflect latest knowledge 
 
 
 
Outputs 

 
 
The International Botrytis Symposium, held every three years, is a gathering of 
research scientists working on aspects of Botrytis, a major fungal pathogen of a 
range of horticultural crops including grapes. The XVII Botrytis Symposium was 
held in Santa Cruz, Chile in October 2016. The Symposium was attended by 139 
Botrytis experts from around the world. The Symposium was an excellent venue to 
present AGWA-funded research on the impacts of Botrytis on grape and wine 
quality. The author presented an invited key note lecture and an additional oral 
presentation. Abstracts of these presentations are in an appendix to this report.  All 
abstracts presented can also be retrieved on-line. 
(http://www.xvii.botrytisymposium.agronomia.uchile.cl/document/Abstract%20Book 
%20XVII%20IBS%20UChile%202016%20def.pdf). 

 
 
Knowledge gained as a result of this travel grant is currently being evaluated in 
terms of existing and planned research directions. Some examples follow. 

 

 
• During the Symposium potential research collaborations were explored 

around the identification of fungal metabolites produced by Botrytis and 
their roles in the biology of the organism. On-going dialogue with researchers 
at the University of Cadiz has the potential to open up new avenues for 
research collaboration around grape and fungal metabolite identification. 
This collaboration will be pursued further during 2017 when one or more 
NWGIC researchers associated with AGWA project CSU 1301 intend to 

http://www.xvii.botrytisymposium.agronomia.uchile.cl/document/Abstract%20Book%20XVII%20IBS%20UChile%202016%20def.pdf
http://www.xvii.botrytisymposium.agronomia.uchile.cl/document/Abstract%20Book%20XVII%20IBS%20UChile%202016%20def.pdf
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travel to Europe. 
 
 

• The latest knowledge on laccase gene expression that has yet to be 
published was discussed with researchers from several European countries. 
This knowledge will be incorporated into a current PhD project that is being 
undertaken by a student at Charles Sturt University. The PhD student has 
already made contact with the relevant scientists in the Netherlands. 

 

 
• In his role as an Associate Editor for the Australian Journal of Grape and 

Wine Research, the author discussed possible manuscript submissions to 
this journal.  Already recognised of international importance, this will lift the 
international standing of this ASVO journal even further should these 
manuscript submissions eventuate. 

 

 
The recipient of this travel bursary is the Discipline Group Leader for the wine 
science and viticulture academics at CSU. As such he leads the wine and viticulture 
teaching team and is involved with curriculum development. The latest knowledge 
gained as a result of this travel bursary will be incorporated into education 
packages from 2017. 

 

 
Selected highlights of the XVII Botrytis Symposium 

 
 
The XVII Botrytis Symposium was held over five days, with approximately two 
thirds of the conference presentations in English and the remainder in Spanish, 
with simultaneous translation. The Symposium consisted of the following themes or 
sessions. 

 

 
Session 1, entitled ‘Botrytis, Industry and the Food Chain’ commenced with two 
keynote presentations around the importance of Botrytis in South America. The first 
of these presentations was delivered by Miguel Allamand who reviewed the impact 
of Botrytis on table grapes for export in Chile. The development of the table grape 
industry and how it has matured since the 1980s was presented. The biggest 
issues for the table grape industry in Chile are Botrytis contamination and fruit 
quality. If Botrytis is detected in export grapes then it has a major impact on 
consumer confidence and acceptability and can lead to market crashes. 
Improvements in canopy management, better use of fungicides and cluster thinning 
have led to improvements in Botrytis control. In some cases the numbers of berries 
left in bunch after cluster thinning are counted. 

 

 
The second keynote presentation in this session was delivered by Juan Carlos 
Gonzalez on Botrytis blight and the Colombian cut flower industry. The global cut 
flower industry is worth US$9.5 billion. Floriculture is an important industry for 
Colombia, which is ranked second in the world for cut-flower exports. Roses, which 
are highly susceptible to Botrytis, account for 50% of this industry. Losses due to 
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Botrytis are estimated to cost the Columbian cut-flower industry US$3.5M 
annually.  When flowers are cooled during storage water collects as a result of 
condensation which facilitates Botrytis infection. Dipping flowers in a fungicide 
solution is no longer a practice that is acceptable because of health concerns. 

 

 
Session 2 dealt with the detection, identification, ecology and epidemiology of 
Botrytis, and the author’s keynote presentation was delivered in this session. Odile 
Carisse (Canada) and Marc Fermaud (France) delivered a joint presentation on 
the aerobiology of Botrytis and conidia production and dispersal in grape and 
raspberry crops. Optimum sporulation occurred at 15 ⁰C and when the relative 
humidity was < 100%. Greater sporulation occurred under near UV light as 
opposed to IR. Using spore traps the authors demonstrated that pre-flowering 
Botrytis spores do not move more than four metres in the vineyard or orchard, while 
at harvest spores spread up to eight metres. It was hypothesised that this was due 
to a greater amount of inoculum around harvest. The overall aim of the work 
was to develop equations to describe sporulation under field conditions and hence 
predict disease outbreaks. 

 

 
Sessions 3 and 4 dealt with genetics and host adaptation, and Botrytis-‘omics’ and 
post-genomics. Aspects of fungicide resistance and Botrytis population structures 
were presented in these sessions. Julia Schumacher presented an interesting talk 
entitled, ‘Looking through the eyes of Botrytis: molecular genetics of photo-
perception and its consequences’.  Light influences conidia production in B. cinerea, 
and suppresses the formation of the sclerotia, or over-wintering structures. Most 
strains of B. cinerea produce 11 photoreceptors to ‘see’ light but a few strains were 
apparently ‘blind’ and non-responsive. This was thought to be due to a mutation 
in the Vel 1 gene. 

 

 
Session 5 which was spread over the afternoon of day two and the morning of day 
3 of the Symposium dealt with host-pathogen interactions. Jan Van Kan presented 
a joint paper with Michael Shaw on the isolation of B. cinerea and 
B.pseudocinerea from symptomless plants, including dandelions, lettuce, 
primula and cyclamen. The amount of Botrytis isolated from these symptomless 
hosts varied from location to location and year to year. These endophytic isolates 
were pathogenic when tested on tobacco and tomato host plants, and also the plant 
species from which they were originally isolated. A low inoculum density led to an 
endophytic state, consequently endophytic infections could switch to necrosis 
overnight. The consequences for epidemics are unknown. For instance, could 
cryptic, systemic Botrytis infections in plants growing in the mid-row in a vineyard 
be a potential inoculum for grape berry infections close to harvest? 
Following this presentation Paul Tudzynski delivered a key note presentation that 
set the scene for a series of presentations on reactive oxygen species. Following 
these presentations Isidro Collado discussed the biosynthesis of sesquiterpenes in 
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Botrytis. Botrydial is formed in the life cycle of Botrytis and is responsible for plant 
necrosis following infection. Furthermore botrydial may have a role as a signal in 
communication between Botrytis and other microbes. Some newly described 
eremophilenols produced by B. cinerea were discussed in relation to the regulation 
of spore formation and appresoria. Luis Larrondo concluded the first half of 
session 5 with a presentation on circadian clocks in Botrytis and Arabidopsis and 
how this regulates pathogenicity in Botrytis. 

 

 
Day 3 of the Symposium consisted of a series of presentations up until mid- 
morning when delegates departed on the conference excursion. Host-pathogen 
interactions were covered further with presentations around host barriers to Botrytis 
colonisation in grapes, susceptibility of apples to infection and molecular aspects of 
Botrytis infections in tomato. Also in this session Barbara Blanco-Ulate compared 
grey mould and noble rot infections in grapes. Different stages of noble rot 
development were looked at using genomics and metabolomics. 2084 metabolites 
of grape and fungal origin were examined by HPLC MS/MS. During noble rot 
infection many grape genes are up regulated, e.g. the phenylpropanoid pathway, 
and thiols. Flavonoid and terpene biosynthesis were down regulated in grey mould 
and up regulated in noble rot. 

 

 
The conference excursion involved a visit to a vineyard and winery, Viña los 
Vascos, 28 km north-west of Santa Cruz. The excursion concluded with a reception 
at a beach resort in the town of Pichilemu. 

 

 
Session 6 was a full day session around disease management. In this session we 
heard that Botrytis infections are estimated to cost > $US 2 billion pa, and that for 
New Zealand along the cost is estimated to be $NZ 218 million annually. Phil 
Elmer presented an excellent overview of Integrated Botrytis Management in New 
Zealand and discussed the need for greater use of cultural management 
procedures, particularly in relation to fungicide resistance. The use of a number of 
bio-pesticides for grey mould control of grapes was discussed. Subsequent 
presentations looked at the diversity of Trichoderma communities in Chile and the 
survival of Bacillus species used as bio-control agents on table grapes grown 
under plastic covers in Italy.  Although Bacillus species only survived on the surface 
of the grape berries for three days, this was still sufficient to have some impact on 
grey mould incidence to some extent. 

 

 
The focus of the second half of this session switched to chemical control and 
several presentations were focused around fungicide resistance which is a major 
problem in the management of Botrytis worldwide. There are now known to be 
nine possible mutations that can lead to resistance to fungicides such as Boscalid 
that inhibit succinate dehydrogenase. 

 
 
Session 7, and the final session of the conference continued the disease 
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management theme with a focus on cultural and integrated management pre- and 
post-harvest. There were presentations on established methods of Botrytis 
management, such as good canopy management in vineyards. Leaf plucking and 
removal of canopy trash reduced Botrytis grey mould in wine grapes from 19% to 
1.7% in some New Zealand vineyards. The use of sheep for leaf removal was also 
discussed,  and  that  grape  growers  needed  to  re-evaluate  pesticide  spray 
programs  to ensure  that  there  were  no pesticide  residues  in the meat  if  the 
animals were eventually used for human consumption. Botrytis management 
sometimes fails because of a lack of grower awareness, and so there were 
discussions around extension and technology transfer and the importance of getting 
the messages out to growers. The last keynote presentation of the Symposium was 
delivered by Themis Michailides who looked at simple techniques to help manage 
Botrytis infections in kiwi fruit, pomegranates and pistachio. Grey mould in kiwi fruit 
generally starts at the stem end of the fruit. Platting out the sepals and stem scar 
revealed that isolation of Botrytis from these tissues increases as the season 
progresses. Kiwi fruit growers now use this technique to monitor Botrytis infections 
and to decide if the fruit should go to market or be put in cold storage. The 
technique was also used for Botrytis shoot blight in pistachio, but the amount of 
Botrytis found indicated that the technique for this industry wasn’t commercially 
viable. 

 
 
The conference closed with the announcement that the next Botrytis symposium will 
be held in Avignon, France in either late 2019 or 2020. 

 
 
 
Conclusions 

 
 
This travel bursary provided the recipient with an opportunity to present his Wine 
Australia funded research to an international audience. It also allowed him to learn 
of the latest developments in Botrytis research. The opportunity to network with 
international researchers has opened up the possibility of future collaboration. 
Furthermore the associated travel has increased the recipient’s knowledge of the 
wine industry in South America. 

 
 
Wine Australia, the British Society for Plant Pathology and Charles Sturt University 
are thanked for their generous support in allowing this travel and conference 
attendance to take place. 



 

 

 

Appendix                Abstracts of oral presentations delivered by the author 
 

 
KEYNOTE 2.2. ORAL PRESENTATION 

 
USE OF ATTENUATED TOTAL REFLECTANCE FOURIER TRANSFORM INFRARED SPECTROSCOPY (ATR- 
FT-IR) AND GC-MS TECHNIQUES FOR Botrytis cinerea DETECTION AND EVALUATION OF GRAPE AND 

WINE QUALITY 
 

Christopher C Steel, Lachlan J Schwarz, Leigh M Schmidtke, John W Blackman, Andrew C Clark and 
Claudia Schueuermann 

 
National Wine and Grape Industry Centre, Charles Sturt University, Wagga Wagga NSW 2678, Australia. 

 
csteel@csu.edu.au 

 
Botrytis cinerea grey mould results in economic losses to grape and wine industries worldwide. 
Aside from diminishing yields, wine made from infected grapes can have unwanted fungal 
characteristics. Quantifying the amount of grey mould that can be tolerated in a batch of grapes 
before wine quality is compromised is difficult. ATR FTIR was used to discriminate grape berry 
samples infected with B. cinerea from uninfected samples. The technique also discriminated 
between berries infected with Penicillium expansum or Aspergillus spp.  While the technique requires 
further validation with field samples, successful discrimination of both individual berries and whole 
bunches inoculated with each of these three bunch rot pathogens was performed. To determine the 
impact Botrytis and other fungal bunch rot pathogens have on grape and wine quality, the formation 
of geosmin, methylisoborneol, 3-octanone, 1-octen-3-one and 1-octen-3-ol, compounds associated 
with mouldy, musty or mushroom-like aromas, were investigated. Inoculated synthetic grape juice 
medium, detached grape berries, grape bunches and wine made from infected fruit were analysed 
using HS-SPME-GC-MS.  Results were correlated to fungal biomass based on visual assessment and 
ergosterol content. To determine thresholds for bunch rot contamination Chardonnay grapes 
bunches from a commercial vineyard were divided in to one of five groups and scored for grey 
mould infection using a scale of 0 to 4 based on visual assessment, and then made into triplicate 
batches of wine for analysis. 3-octanone, 1-octen-3-one and 1-octen-3-ol were detected in grape 
juice samples at concentrations exceeding olfactory detection thresholds (ranges 0.75 – 5.11 µg/L, 
1.11 – 4.34 µg/L and 5.84 – 28.24 µg/L, respectively). These observations correlated well with the 
degree of grey mould infection present on the grapes. Low levels of these compounds (0.38 µg/L, 
0.50 µg/L and 1.41 µg/L, respectively) were also present in juice from apparently disease-free 
grapes. Geosmin and 2-methylisoborneol, two compounds previously reported in grey mould 
affected grape material, were not detected. However, 2,4,6- tricholoranisole was observed in trace 
amounts from bunches with high levels of grey mould infection. Concentrations of these 
compounds reduced upon fermentation and racking, with the most severely tainted wine samples 
having 0.98 µg/L and 5.35 µg/L of 3-octanone and 1-octen-3-ol, respectively while 1-octen-3-one 
was not detected in the final wine. 

mailto:csteel@csu.edu.au


 

 

 

O.5a.5: ORAL PRESENTATION 
 

LACCASE GENE EXPRESSION DURING THE INFECTION OF GRAPE BERRIES BY BOTRYTIS CINEREA 

U. V. Aruni Buddhika1, Christopher C. Steel1*, Sandra Savocchia1, Padraig Strappe2, 

Leigh M. Schmidtke1
 

 
1National Wine and Grape Industry Centre, School of Agricultural and Wine Sciences, Charles Sturt 

University, Wagga Wagga, NSW 2678, Australia; 
 

2School of Biomedical Sciences, Charles Sturt University, Wagga Wagga, NSW 2678, Australia. 
 

csteel@csu.edu.au 
 

Laccases produced by Botrytis cinerea during infection of grape bunches can lead to wine oxidation 
and subsequent detrimental effects on wine quality. The role of laccases in the development of 
Botrytis  bunch  rot  has  not  been  fully  elucidated  even  though  the  research  suggests  the 
involvement of three genes (LAC1, LAC2, LAC3) in laccase production by B. cinerea. The expression 
of these genes during infection by B. cinerea on grapes was examined by selecting one botrytis 
isolate (TN080) following an initial screening of virulence. Sterilised wine grapes (Chardonnay) were 
inoculated with a 10µl spore suspension (107spores∙ml-1) and incubated at 24°C. Berries were 
collected at different time intervals post-inoculation, frozen in liquid nitrogen and total RNA 
extracted, followed by cDNA synthesis, RT-qPCR with primers designed for the three LAC genes. 
Relative gene expression was normalised to the internal control, actin. Laccase enzyme activity was 
also assessed in berry extracts collected at the same time and expressed as U∙ml-1. All experiments 
were done using three biological replicates. The expression of LAC3 was greatest (15 fold) at one 
day post-inoculation and reduced gradually up to day 3. No expression of LAC2 and LAC1 genes 
were observed. Despite this gene expression, laccase enzyme activity in infected berry extracts was 
not observed until 3 days post-inoculation. The expression pattern of laccase transcripts implies 
the involvement of the LAC3 gene in disease development. LAC3 may also be a determinant of 
virulence during the infection of B. cinerea on grapes. This study implies that laccases may be 
important during the early stages of B. cinerea infection on grape berries. 

mailto:csteel@csu.edu.au

