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Management of mycotoxin producing moulds in vineyards 

Media summary 

Black Aspergillus moulds, including Aspergillus carbonarius, develop on damaged grapes 
before harvest. A. carbonarius produces a mycotoxin, ochratoxin A (OA), that is an 
undesirable fungal by-product in dried grapes. To ensw·e the integrity of Australian dried 
grapes, research was conducted to develop a dried grape OA testing service and improve 
knowledge of disease development and management in vineyards. After the evaluation of OA 
kit tests, an industry-based testing service was established for the rapid quantification of OA 
in samples of dried grapes provided by processors. Studies of Aspergillus moulds in 
vineyards showed that soil under vines was the main source of A. carbonarius and air 
movement distributed spores from the soil to the surface of berries. High temperature and 
moisture reduced the survival of A. carbonarius in vineyard soils. Strategies to reduce 
infection of grapes by A. carbonarius and Aspergillus bunch rot include minimal vineyard 
cultivation and the use of varieties with resistance to rain damage. This research also 
identified other options for reducing the development of Aspergillus bunch rot that need 
further evaluation. These include the use of appropriate cover cropping or soil amendment 
and irrigation practices, and the pre-harvest treatment of bunches with a selected fungicide. 

Technical summary 

Industry issues 
Black Aspergillus moulds mostly develop on damaged grapes just before or during harvest. 
They include Aspergillus niger, A. carbonarius and A. aculeatus. A. carbonarius (and to a 
minor extent A. niger) can produce ochratoxin A (OA), an w1desirable contaminant of grape 
products. Consumer concetns about levels of OA in food products including dried grapes 
highlighted the need to ensure that dried grapes were not contaminated with OA. To achieve 
this and ensure the integrity of Australian dried grapes on domestic and inten1ational markets, 
the Australian dried grape industry developed an OA Management Strategy. Two important 
components of this strategy were the identification of contaminated fruit at the processing 
stage and the management of mycotoxin producing moulds in vineyards. R&D in this project 
addressed the need to develop an industry-based OA testing service and management 
practices in vineyards that minimised the risk of Aspergillus mould and OA development in 
dried grapes. 

Project Objectives 
The main objectives of this project were to: 
(1) Compare tests for the detection of OA in dried grapes and establish a testing service using 
the most reliable, low cost test to add value to related projects and develop a history of OA 
contamination levels in Australian and imported dried grapes. 
(2) Study the pre-harvest development of moulds that produce mycotoxins (especially OA) in 
dried grapes ( eg. Aspergillus carbonarius ). 
(3) Investigate the effects of environmental conditions, chemical and biological treatments 
and vineyard management practices on the development of mycotoxin producing moulds. 
( 4) Develop management practices that minimise mould growth on fresh and drying grapes, 
and mycotoxin contamination in dried grapes. 

Summary of R&D outcomes 
Comparison of methods for quantifYing OA in dried grapes 
Two ELISA kit tests for the rapid quantification of OA in dried grapes were compared at the 
Dried Fruit Quality Centre (DFQC), Mildura Vic. in 1999-2001. 
• The BioKits® OA Assay procedure was reliable, easy to use and sufficiently sensitive to 

identify OA contamination in dried grapes at levels required in an OA testing service. 
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Development o[an industrv service for quanti6;ing OA in dried grapes 
• A protocol for testing samples of dried grapes for OA using the BioKits® OA Assay was 

developed and a testing service was established at the DFQC. 
• From 2000/01 to 2003/04, the service was used to test more than 880 samples of dried 

grapes for product compliance and industry research purposes. 
• Data from the testing service were used to develop a history of OA levels in Australian 

and imported dried grapes. 

Incidence of black Aspergillus spp. in dried grape vineyard 
• Dried grape vineyards in the Sunraysia district were surveyed for the incidence of black 

Aspergillus spp. in 2000-03. 
• Incidence of black Aspergillus spp. was highest in soil and in trellis-dried grapes on vines. 
• Incidence of A. carbonarius was highest in surface soil under vines and in air near the 

soil surface. Incidence of A. carbonarius in soil varied between vineyards and seasons. 
• Incidence of A. carbonarius in trellis-dried grapes appeared to be associated with 

populations of A. carbonarius in vineyard soil. The study indicated that spores of A. 
carbonarius are dispersed by wind (in air and dust) from the soil to vine foliage and grape 
berries. 

Susceptibility of dried grape varieties (Sultana and Sunmuscat) to infection by A. carbonarius 
Bunches approaching maturity on vines oftvvo dried grape varieties, Sultana and Sunmuscat, 
were assessed for susceptibility to mould development after simulated rain damage. 
• The severity of beny splitting, beny discolouration and mould development was lower on 

Sunmuscat than on Sultana. Counts of A. carbonarius in dried grapes were also lower on 
Sumnuscat. 

Factors a[(ecting the development of bunch nwulds caused bv A. carbonarius in. vinevards: 
Effects of moisture and temperature on the survival of A. carbonarius in soil. 
• In dry soil, temperatures of 15-35°C were most favourable for the survival of A. 

carbonarius. Survival was reduced at 45-50°C and 5°C. 
• Moisture reduced the survival of A. carbonarius in soil. Highest reductions in survival 

·.·were observed when initial soil saturation was over 50% by weight at optimum 
temperatures for the fungus. 

• Incidence of A. carbonarius in moist clay loam was lower than in moist sandy loam. 
• Reductions in the survival of A. carbonarius in the presence of moisture are likely to be 

higher in summer in vineyard soils with higher water-holding capacities. 

Evaluation o[management practices [or reducing incidence o[A. carbonarius in vineyards: 
Effects of organic amendments on the survival of A. carbonarius in soil. 
• In soils amended with lucerne hay, pinewood saw dust or red gum wood saw dust with or 

without moisture, lucerne hay completely prevented the growth of A. carbonarius in 
moist soil. All amendments increased the incidence of saprophytes in moist soil. 

• Lucerne hay may release substances that adversely affect the growth of A. carbonarius in 
moist soil. 

• The results indicated that some amendments (including those associated with the use of 
selected cover crops) could be used to reduce populations of A. carbonarius in soils. 

Effects of soil solarisation on the incidence of black Aspergillus spp. 
• Soil solarisation increased populations of black Aspergillus spp. in soil. 
• Populations of black Aspergillus spp. were also higher in air and on/in grapes on vines in 

solarised plots. 
• The results indicated that solarisation alone could not be used to reduce populations of 

black Aspergillus spp. in vineyard soils. 
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Effects of cultivation and irrigation on the incidence of A. carbonarius in vineyard soil 
• Populations of A. carbonarius in soils were studied in vineyards with different cultivation 

and irrigation practices. 
• Incidence of A. carbonarius was lower in soils of vineyards with minimal cultivation than 

in soils with frequent cultivation. 
• Populations of A. carbonarius were higher in dry soil than in moist soil. Incidence of A. 

carbonarius in soil decreased after irrigation but later increased when the soil dried. 
• Potentially, minimal cultivation and irrigation practices could be used to minimise soil

borne inoculum of A. carbonarius in vineyards. 

Effects of fungicides on the survival of A. carbonarius. 
• The effects of fungicides (Spin® Flo, Rovral® Aquaflo, Flint®, Switch®, Kocide® Blue and 

Peratec®) at dilutions of 1 ;000-20,000ppm on the survival of A. carbonarius over 14 days 
were studied in vitro. 

• Spin® Flo prevented growth of A. carbonarius at all concentrations for the duration of the 
tests. Switch® and Peratec® prevented growth only at high concentrations. 

• Potentially, fungicides such as Spin® Flo, Switch® or Peratec® could be used in vineyards 
to reduce the incidence of A. carbonarius in grape bunches. 

Effects of vine covers on the incidence of black Aspergillus spp. and rot in grape bunches 
• Field studies assessed the effects of plastic vine covers on the development of bunch rot 

and on the incidence ofblackAspergillus spp. in dried grapes. 
• The use of white plastic vine covers substantially reduced the severity of bunch rot when 

pre-harvest rain favoured rot development. In the absence of suitable conditions for rot 
development, incidence of most black Aspergillus spp., especially A. carbonarius, was 
higher in dried grapes produced on vines with covers than on vines without covers. 

• The results showed that vine covers could be used to reduce the severity of bunch rot in 
seasons when rain between veraison and harvest causes berry damage. 

Effects of potassium metabisulphite (PMS) on the development of rot caused by A. 
carbonarius on rain-damaged grapes 
• The application of PMS to damaged berries two days after rain simulation and one day 
after inoculation did not affect subsequent mould development and counts of viable A. 
carbonarius spores in dried grapes. 
• The results indicated that spraying bunches with PMS after berries have been damaged by 
rain will not control of Aspergillus bunch rot. 

Recommendations for industry 
Management of A. carbonarius and other black Aspergillus bunch moulds in dried grape 
vinevards: Preliminarv strategies 
• Preliminary strategies for the management of A. carbonarius in dried grape vineyards 

include 
( 1) minimising incidence of A. carbonarius in vineyards by vineyard floor management 
( eg. minimal cultivation, appropriate cover cropping and irrigation) that reduces the 
incidence of fungal inoculum in soil under vines, 
(2) minimising incidence of A. carbonarius in grape bunches ( eg. by applying a selected 
fungicide treatment), 
(3) preventing pest and disease damage to berries and bunches, especially betweeri 
veraison and harvest, by controlling pests and diseases such as lightbrown apple moth and 
powdery mildew, 
( 4) minimising mechanical and enviromnental damage to berries and bunches ( eg. 
sunburn and rain damage) by the using varieties resistant to rain damage and by 
appropriate irrigation and canopy management, and 
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( 5) discouraging berry infection and bunch mould development by producing loose 
bunches that are well dispersed through aerated, open canopies by the use of vine and 
vineyard management practices. · 

• Integration of these strategies should minimise the development of bunch rot caused by A. 
carbonarius in vineyards. 

Recommendations for future R&D 
Further R&D in the following areas would provide benefits for the dried grape industry. 

Sustainable management of A. carbonarius in vineyards 
(1) In this project, studies of the incidence of A. carbonarius in vineyards indicated an 
apparent association between populations of A. carbonarius in vineyard soil and in trellis
dried grapes on vines. Furthermore, there were indications that Aspergillus bunch rot severity 
was related to the number of Aspergillus spores in bunches. Further studies of relationships 
between A. carbonarius populations in vineyard soil, in bunches and bunch rot severity could 
determine threshold populations in soil and bunches that are associated with significant bunch 
rot development. The maintenance of populations below these thresholds , especially in the 
period between beny softening and harvest, would then be targets for mould management 
strategies. 

(2) Studies in this project indicated that various factors (alone or in combination) influenced 
the incidence of A. carbonarius in vineyard soils. These included the presence of organic 
materials in soil (eg. vine trash, cover crop materials or amendments) and soil moisture 
(associated with rainfall or in·igation), temperature and disturbance. However, more research 
is needed to detennine the specific effects of these factors as a basis for improving mould 
management practices. In particular, further studies are needed to determine the 

(a) Effects of grapevine trash, especially fallen berries in soil on the incidence of A. 
carbonarius. 
(b) Types of cover crops that will provide the highest reduction of populations of A. 
carbonarius when organic material from these crops is incorporated into soils. 
(c) Effects of cultivation (frequency) and inigation (type and duration) on the incidence of 
A. carbonarius in vineyard soils with different water-holding capacities under different 
temperatures (reflecting spring and summer temperature regimes). 

(3) Initial evaluations in this project showed that fungicide treatments could be used to reduce 
pre-harvest populations of A. carbonarius in bunches. More research is needed to identify the 
most cost-effective treatments for minimising the incidence of A. carbonarius in bunches and 
the severity of Aspergillus bunch rot. 

Development of berry rot caused by A. carbonarius and OA in dried grapes 
Other studies have indicated that the growth of A. carbonarius and the subsequent 
development of Aspergillus rot are strongly associated with the production of OA in grapes. 
Occasionally, however, there are reports of OA in grapes in the apparent absence of mould 
development. Further studies are needed to determine whether A. carbonarius can produce 
~a tent infections in grapes before veraison ( eg. at flowering) and to detennine whether these 

latent infections can produce OA. A greater understanding of the effects of drying rate on the 
production of OA in infected grapes is also required. 

Revision of the dried grape industry's OA Management Strategy and Best Practice Manual 
When strategies for the management of Aspergillus moulds in vineyards are refined after 
further R&D, the revised strategies should be incorporated into revisions of the dried grape 
industry's OA Management Strategy and Best Practice Manual. 
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Technology transfer 
• Information about the biology and management of mycotoxin producing moulds in 

vineyards was communicated to scientific and industry audiences through more than 35 
presentations and more than 25 publications. 

• Presentations included those given to dried grape producers and industry representatives at 
industry seminars, workshops, discussion group meetings and field days in Victoria, South 
Australia and New South Wales. Oral and poster presentations were also given at 
international scientific and industry meetings, workshops and conferences in Denmark, 
Turkey, UK and New Zealand. 

• Publications relating to work on the project included reports for project stakeholders and 
industry, articles iii industry and scientific journals, and papers in proceedings of scientific 
and industry conferences and workshops. 

Key project outcomes 
These include: 
• Evaluation of kit tests for the rapid quantification of OA in dried grapes. 
• Development of an industry-based service for analysing levels of OA in dried grapes. 
• Increased knowledge of the incidence of black Aspergillus spp., especially A. 

carbonarius, in vineyards. 
• Improved lmowledge of factors affecting the survival of A. carbonarius in soil and factors 

affecting the development of Aspergillus bunch moulds in vineyards. 
• Know ledge of the effects of vine and vineyard management practices on the incidence of 

A. carbonarius in bunches of dried grape varieties and the development of Aspergillus 
rot. 

• Preliminary management recommendations for minimising the incidence of A. 
carbonarius in bunches and the development of Aspergillus rot and OA in grapes . 

Adoption of these recommendations will reduce the risk of OA contamination in dried 
grapes, and ensure a more consistent supply of high quality dried grapes that meet the 
requirements of domestic and expmi markets. 
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1. Introduction 

Management of mycotoxin producing moulds in vineyards 

Bob Emmett, Benozir Kazi, Ailsa Hocking and Ross Skitmer 

1.1 Background 

Industry issues 
Black Aspergillus moulds and ochratoxin A 
Ochratoxin A (OA) is a mycotoxin that can affect human health (Creppy et al. 1985, Kuiper
Goodman and Scott 1989, Creppy 1999, Jonsyn 1999, Petzinger and Ziegler 2000, Brow et al. 2002, 
Petzinger and Weidenbach 2002). It can cause kidney disease and affect the immune system of 
humans. It may also be carcinogenic and have teratogenic effects. OA, for example, has been 
associated with Balkan endemic nephropathy, a degenerative kidney disease in which patients suffer 
from urinary tract tumours (IARC 1993). OA may also be a cause of testicular cancer because major 
features of the descriptive epidemiology of testicular cancer are associated with exposure to OA 
(Schwartz 2002). 

In recent years, the presence of OA in food has been an issue of increasing importance and levels of 
tolerance for OA in a variety of foods are being established, When this project commenced, surveys 
in Europe (Zimmerli and Dick 1996, Majerus and Ottender 1996) had detected OA in wines, 
sometimes at unacceptable levels. Ochratoxin A had also been reported in dried fruit produced in 
Greece and Turkey, and in a variety of other plant products ( eg. cereals, coffee beans, beans and 
pulses; Kuiper-Goodman and Scott 1989, Micco et al. 1989, Pohland et al. 1992, Stegen et a/1997, 
J0rgensen 1998). 

OA in grapes is produced by black Aspergillus moulds (Aspergillus section Nigri) and predominantly 
by A. carbonarius, with a minor contribution by A. niger (Teren et al. 1996, Heenan et al. 1998, 
JECFA 2001, Cabafies et al. 2002, Abarca et al. 2003, Battilani et al. 2003, Serra et al. 2003). In 
Europe, the highest incidence of these fungi occurred in vineyards with a Mediterranean climate 
(Serra et al. 2003). Previous research in Australia showed that A. niger, A. carbonarius and A. 
aculeatus were commonly found in vineyards and on dried grapes in the Sunraysia district (Heenan et 
al. 1988; Hocking et al. 2001, Leong et al. 2004). Detection of OA via fluorescence emission under 
UV light showed that all isolates of A. carbonarius from grapes in Australia were capable of 
producing OA. 

The black Aspergillus spp. appeared to be secondary invaders that infected grapes only after damage 
caused by pre-harvest · rain, infection by other fungi or mechanical damage. Although little was 
known about factors influencing mould development, historically, mould damage on dried grapes 
mostly occurred in seasons with pre-harvest rainfall . In the Sunraysia district, where most of 
Australia's dried grapes are produced, industry records showed that significant pre-harvest rain and 
grape damage occurred during at least one harvest in five. Potentially, incidence of OA in dried 
grapes was also higher in these seasons. To address these issues, further research was required to 
increase understanding of the biology of black Aspergillus spp. in vineyards and develop strategies for 
minimising the incidence of black Aspergillus moulds and OA in grapes. 

Ochratoxin A management strategy 
With dried grapes, there was scope to reduce the incidence of OA by (1) testing batches of dried 
grapes for the presence of OA each season and managing affected grapes during processing, packing 
and marketing, and (2) reducing the risk of OA development in grapes by adopting vine and vineyard 
management practices that minimise the incidence and severity of Aspergillus moulds in grape 
bunches. Further R&D on these options was required before they could be used by the dried grape 
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industry to ensure that Australian dried grape products on the market did not contain unacceptable 
levels of OA. 

1.2 Research and Development (R&D) Strategies 

The need for an industry-based OA testing service and mould management strategies in vineyards to 
address OA issues was rated as the highest R&D priority by industry representatives at the 1999 
Riverlink Dried Grape R&D Planning Forum. After discussions between representatives of the dried 
grape industry and R&D providers, a funding proposal for research on the management of mycotoxin 
producing moulds and the production of OA in grapes in vineyards was prepared and accepted by the 
Dried Fruits Research and Development Council (DFRDC). As a result, DFRDC Project DAV 91 
titled "Management of mycotoxin producing moulds in vineyards" was established to address the 
required R&D. Later, projects funded by DFRDC were incorporated into the Dried Grapes R&D 
Program of Horticulture Australia Ltd (HAL) and DFRDC Project DAV 91 was re-listed as HAL 
Project DG 99002. 

In-kind support for work on the project was also provided by the following R&D agencies: 
• Department of Primary Industries in Victoria (DPI), 
• Food Science Australia (FSA), and the 
• Dried Fruits Quality Centre. 

In addition, support for the project through in-kind contributions was provided by various companies, 
industry groups and individuals including 
• Bayer CropScience, 
• Syngenta Crop Protection, Australia, 
• Griffin Corporation Australia, 
• Jaeger Australia, 
• Dried grape producers especially Peter Jones, Ivan Shaw, Hem·y Tankard, John Hunt and Graeme 

Matotek, 
• Dried grape processing companies, and 
• Others aclmowledged in other chapters of this report. 

1.3 Project objectives 

The main objectives of this project were to: 
(1) Compare tests for the detection of OA in dried grapes and establish a testing service using the 
most reliable, low cost test to add value to related projects and develop a history of OA 
contamination levels in Australian and imported dried grapes. 
(2) Study the pre-harvest development of moulds that produce mycotoxins (especially OA) in 
dried grapes (eg. Aspergillus carbonarius). 
(3) Investigate the effects of environmental conditions, chemical and biological treatments and 
vineyard management practices on the development of mycotoxin producing moulds. 
( 4) Develop management practices that minimise mould growth on fresh and drying grapes, and 
mycotoxin contamination in dried grapes. 

1.4 Key elements of the R&D 

Key elements of work on the project included R&D on the 
• Comparison of tests for OA in dried grapes 
• Development of an industry-based OA testing service 
• Incidence of mycotoxin (OA) producing moulds in vineyards 
• Factors influencing mould development 
• Evaluation of techniques for mould control in vineyards 
• Development of mould management strategies 
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• Extension and cmmnunication of R&D outcomes 
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2. Comparison of methods for quantifying ochratoxin A in dried 
grapes 

Ross Ski1mer and Debra Thompson 

2.1 Summary 

Two ELISA kit tests for the rapid quantification of ochratoxin A (OA) in dried grapes were 
compared at the Dried Fruit Quality Centre (DFQC), Mil dura Vic. in 1999-2001. A series of 
samples of dried grapes containing different levels of ochratoxin A (OA) were tested and the 
results were verified by comparison with HPLC analyses of portions of the same samples 
conducted by the Australian Govemment Analytical Laboratories and Food Science Australia. 
The BioKits® OA Assay procedure (with preliminary methanol extraction) provided reliable 
results. This kit test was easy to use and sufficiently sensitive to identify OA contamination 
in dried grapes at levels required in an OA testing service provided by the DFQC. 

2.2 Introduction 

Maintenance of the integrity of Australian dried grapes is essential to maintain sales in 
domestic and inten1ational markets. Consumer concerns about levels of ochratoxin A (OA) in 
food products including dried grapes (Chapter 1) highlighted the need to ensure that dried 
grapes were not contaminated with OA. To achieve this, the Australian dried grape industry 
developed an OA Management Strategy (Ski1mer et al. 1999). An important component of 
this strategy was the identification of contaminated fruit at the processing stage. However, 
off-site HPLC analyses of dried grapes were expensive. There was need to assess the 
reliability and use of more rapid and lower cost ELISA kit tests for regular use in an industry
based OA testing service that would be provided by the DFQC. 

2.3 Research objectives 

The main objectives of this study were to 
(1) Compare kit tests for the detection of OA in dried grapes and 
(2) Select the most rapid, reliable and cost effective method for use in an industry-based OA 
testing service provided by the Dried Fruit Quality Centre (DFQC) at Mildura Vic. 

2.4 Methods 

Two ELISA kit tests for the rapid quantification of OA in dried grapes were compared at the 
DFQC. The kit tests were the Ridascreen® Ochratoxin A Test (Ridascreen, Germany) and the 
BioKits® Ochratoxin A Assay (Tepnel Biosystems, USA). Comparative testing of the 
Ridascreen® OA Test kits and the Biokits® OA Assay kits commenced on 8 September 1999 
and 4 February 2000, respectively. Wet weather during harvest in February and March 2000, 
in particular, increased the potential for mould and OA contamination in dried grapes and 
provided an opportunity to evaluate testing procedures. In the comparative tests, a series of 
samples of dried grapes (>20), each containing different levels of OA (including some 
without OA) were divided into portions. Pmiions of each sample were tested for OA using 
the kit tests (DFQC). To verify levels of OA detected by the test kits, other portions of each 
sample were tested using HPLC techniques at the Australian Government Analytical 
Laboratories (AGAL) and Food Science Australia (FSA). Each series of tests was repeated at 
least three times and the results were compared. 
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Ridascreen® Ochratoxin A Test 
This test was based on an antigen-antibody reaction. Wells in micro-titre strips were coated 
with specific antibodies to OA. By adding OA standards or the sample solution and enzyme 
labelled OA (enzyme conjugate), free and enzyme labelled OA competed for the antibody 
binding sites. Any unbound enzyme conjugate was then removed in a washing step. An 
enzyme substrate (urea peroxide) and chromogen (tetramethyl benzidine) were added to the 
wells and the strips were incubated. Bound enzyme conjugate converted the colourless 
chromogen into a blue product. The addition of the stop reagent led to a colour char1ge from 
blue to yellow. The measurement was made photo-metrically at 450nrn (optional reference 
wavelength ~ 600mn). The absorption was inversely proportional to the OA concentration in 
the sample. 

Means of the absorbance values obtained for the standards and the samples were divided by 
the absorbance value of the first standard (zero standard) and multiplied by 100. Hence, the 
zero standard was made equal to 100% and the absorbance values were quoted in percentages. 

Absorbance standard (or sample) x 100 =% Absorbance 
Absorbance zero standard 

The values calculated for the standards were entered in a system of coordinates on semi 
logarithmic graph paper against the OA concentration [ng/kg]. The calibration curve was 
virtually linear in the 240-6,480 ng/kg (ppt) range. The OA concentration in ng/kg 
corresponding to the extinction of each sample was read from the calibration curve. 

The specificity of the Ridascreen® OA test was established by analysing the cross-reactivity 
to corresponding toxins: 

Cross-reactions Ochratoxin A 
Ochratoxin C 
Ochratoxin B 
Ochratoxin oc 

100% 
44% 
14% 

<0.1% 

The precision within a series was detennined from the results of three different experiments. 
The coefficients of variation (% CV) obtained for the absorption values of the standards were 
entered against the corresponding OA concentrations. The coefficients of variation were low 
indicating a high reproducibility of the results. 

BioKits® Ochratoxin A Assav 
This test was an indirect competitive enzyme immunoassay. Samples were ground (blended) 
and then extracted using an aqueous or solvent-based system. Diluted extract was then added 
to micro-wells, which had been pre-coated with 'anti-OA'. Initially, any OA present in the 
extract was bound to the anti-OA coated micro-well. After incubation, OA-Biotin was added 
to the wells. Competition then occurred between OA and OA-Biotin for the anti-OA. With 
increased amounts of OA in the extract, the amount of OA-Biotin binding to anti-OA attached 
to the well decreased. After allowing this reaction to proceed, unbound material was removed 
by aspiration and washing. 

The amount of OA-Biotin remaining bound to the micro-well was determined by reaction 
with a streptavidin peroxidase conjugate. After incubation, excess conjugate was removed by 
aspiration and washing; bound peroxidase activity was determined by adding TMB substrate, 
which developed a blue colouration in the presence of peroxidase. Colour development was 
inversely proportional to the OA concentration in the diluted extract. The amount of OA in 
the sample extracts was determined by reading off a calibration curve derived from the 
standards of known OA concentrations. 
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The values for OA concentrations in the unknown samples were determined from a 
calibration curve. To construct the calibration curve, the mean absorbance value for each of 
the five OA Standards was plotted and straight lines were drawn or a smooth curve was fitted 
to join each neighbouring point. To detetmine the OA levels of the diluted sample extracts , 
the mean absorbance value from each duplicate was taken and the conesponding OA 
concentration was interpolated from the calibration curve. The OA concentration in the 
original ~ample was then calculated using the calculation sequence (multiplying by 33.33). 

The BioKits® OA Assay was specific for OA and its methyl-esters and ethyl-esters as shown 
below. Cross-reactivity was defined as the ratio of the mass of OA to the mass of cross
reacting substance (at 50% inhibition of maximum binding) expressed as a percentage. 

Cross-reactions Ochratoxin A 
[Ochratoxin C] (Ethyl Ester of A) 
[Ochratoxin A] (Methyl Ester) 
[Ochratoxin] 
Ochratoxin B 
Pheny !alanine 
Coumarin 
4-0H-Coumarin 

Components in each kit 
The following components were provided with each kit. 

100% 
100% 
100% 
2.4% 

<1.0% 
<0.1% 
<0.1% 
<0.1% 

• 1 x Micro-titre plate with 96 wells coated with antibodies against OA (12 strips with 8 
wells each). 

• 5 x OA standard solutions each containing 1mL of concentrated OA standards (0.2, 0.6, 
1.5, 4.0, 10 ng/mL OA) in 70% methanol. 

• 1 x 6mL OA Biotin in phosphate buffered saline. 
• 1 x 6mL A vi din Peroxidase Conjugate in phosphate buffered saline. 
• 1x 11mL one part TMB substrate (tetramethyl-benzidine). 
• 1x 6mL Stop solution (25%v/v phosphoric acid). 
• 1x 100mL Wash solution concentrate. 
• 1x 25mL Diluent Concentrate Type 2 (five fold concentrate of buffered saline) . 

The OA standard solutions were provided as a 10-fold concentrate (diluted 1/10 in methanol, 
diluted 1110 in working assay diluent solution) where Standard 1 = 0.02 ppb, Standard 2 = 

0.06 ppb, Standard 3 = 0.15 ppb, Standard 4 = 0.40 ppb and Standard 5 = 1.00 ppb. 

Additional equipment/materials required for tests 
Other equipment and materials required for the test were a micro-titre plate spectro
photometer ( 450mn), a plate washer, a blender, an orbital plate-shaker, 50~L and 1 OO~L 
micropipettes, filter paper, funnels and flasks, and reagent methanol. 

Sample preparation 
Preparation of samples involved (1) blending 1 OOg of the dried fruit sample with 1 OOg of 
water for two minutes, (2) adding 70mL of methanol to 60g of the fruit slurry in a blender, (3) 
extraction by blending the sample and extraction solution for one minute, ( 4) filtering the 
sample extract using Whatman No.4 filter paper and collecting the filtrate in a clean flask, and 
( 5) mixing the sample extract prior to dilution. Dried grape sample extracts could be stored up 
to three days after extraction, if refrigerated at 2-8°C and up to one month if frozen at -20°C. 
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Assay procedure 
The test procedure involved the following steps. 
1. Insertion of sufficient micro-titre strips into the micro-well holder for all standards and 

samples to be run in duplicate and recording the standard and sample positions, 
2. Pipetting 1 OOp.L of diluted OA standards I diluted sample extract into the assay wells, 
3. Incubation for 20 minutes at room temperature with constant mixing, 
4. Pipetting 50~!L ofOA Biotin into appropriate assay wells, 
5. Incubation for 20 minutes at room temperature with constant mixing, 
6. Tipping the contents out of wells and washing the wells five times with working wash 

solution, 
7. Pipetting 50pL of Avidin Peroxidase Conjugate into the appropriate assay wells, 
8. Incubation for 20 minutes at room temperature with constant mixing, 
9. Tipping the contents out of wells and washing the wells five times with working wash 

solution, 
10. Pipetting 1 OO~!L ofTMB Substrate solution into the appropriate assay wells, 
11. Incubation for 20 minutes at room temperature with constant mixing, 
12. Pipetting 50~tL of Stop solution into each assay well , 
13. Incubation for 10 minutes at room temperature with constant mixing, and 
14. Measuring the absorbance value of each assay well using a plate reader set at 450nm. 

2.5 Results and discussion 

Ridascreen® Ochratoxin A Test 
The mean lower detection limit of this test was about 80ng/kg. This was the OA concentration 
that was significantly different from the zero-standard. According to the test preparation 
record, the detection limit was 400ng/kg ( 400ppt) for cereals/feed. 

Use of the Ridascreen® OA kits had some disadvantages. The sample used in the test weighed 
only 2 g and there were concerns about the sample not being representative. Preparation of 
the sample was time consuming and increased the possibility of errors. A centrifuge was 
required to prepare the samples and this had to be boiTowed by the DFQC. The extraction 
chemicals were toxic and other items of equipment such as test tubes were required. 
However, a major concern was that at times the results obtained with the Ridascreen® kits 
were inconsistent with the external verification analyses. As the Ridascreen® testing 
procedure was sometimes unreliable, the kit was not adequate for long-term use in an OA 
testing service provided by the DFQC. 

BioKits® Ochratoxin A Assay 
This assay was designed to measure OA levels between 1.0 and 50 ppb in the analytical 
sample. The theoretical limit of detection of the kit was less than 0.01ng/mL, corresponding 
to <0.5 ppb in the analytical sample at nominal extraction and volumes. Samples that 
contained levels of OA above this range could be measured by increasing the dilution of the 
diluted extract. 

The BioKits® OA Assay was initially developed for the use on cereal products, green coffee 
and white wine. Later its use was extended to dried grapes. Use of the BioKits® assays had 
some advantages. Larger initial samples were used. Preparation of the samples was quicker 
and simpler without the need to use a centrifuge. Methanol was used as the extraction 
chemical and this was also used in other DFQC testing procedures. Most importantly, the 
results obtained from the BioKits® assays were consistent with external analyses. 

Currently, the OA tolerance level in dried grapes in Europe and the United Kingdom is set at 
10 ppb but there have been recent proposals to reduce this to 5 ppb. The results of the 
comparative tests indicated that the BioKits® OA Assay was sufficiently sensitive to identify 
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OA contamination at the required levels. Nevertheless, it is important to note that the OA 
concentration throughout any sample may be variable. The amount of variation depends on 
the sample, the particle size, the degree of fungal contamination, the amount of processing 
and environmental factors. 
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3. Development of an industry service for quantifying ochratoxin A 
in dried grapes. 

Ross Skinner and Debra Thompson 

3.1 Summary 

A protocol for testing samples of dried grapes for ochratoxin A (OA) using an ELISA test kit 
procedure (BioKits® OA Assay) was developed and, by May 2000, a testing service was 
established at Dried Fruits Quality Centre at Mildura, Vic. From 2000/01 to 2003/04, the 
service was used to test more than 880 samples of dried grapes for product compliance and 
industry research purposes. Samples for product compliance were supplied by dried fruit 
packing companies. Samples of imported dried grapes were also tested. Data from the testing 
service are being used to develop a history of OA levels in Australian and imported dried 
grapes. 

3.2 Introduction 

The Dried Fruits Quality Centre (DFQC) at Mildura Vic. was established to conduct chemical 
residue tests on samples of dried grapes under the dried grape industry's chemical residue 
testing program. The tests were required for compliance purposes to maintain the integrity of 
dried grape products on domestic and overseas markets. Under the chemical residues 
program, samples of each variety from every grape grower were clearance tested for chemical 
contamination. Assay kits, developed by CSIRO with funding support from the Dried Fruits 
Research Council, were used for the tests. J 

When the dried grape industry became aware of the contamination risk posed by Ochratoxin 
A (OA) and its emergence as an issue with UK and European importers, the Australian 
industry needed to establish an OA testing service that could be conducted at the DFQC. 
After the European Commission inh·oduced a 10 ppb tolerance for OA in dried grapes, there 
was an industry requirement to routinely test processed products and ensure compliance with 
this limit. 

3.3 Objectives 

The main objective of this R&D was to establish an industry-based OA testing service that 
could be used to monitor OA levels in Australian and imported dried grapes, and add value to 
related R&D projects. 

3.4 Development of an industry-based OA testing service 

OA test protocols 
Testing of dried grapes for OA at the DFQC commenced in 1999. As a result of the 
comparative testing of ELISA test kits (Chapter 2), the BioKits® OA Assay kit was used for 
the tests. Protocols for testing dried grapes were developed around this test kit because it was 
reliable and cost effective. During the past four years, verification testing continued to 
confirm the accuracy of the BioKits® OA Assay. 

Dried grape sampling process 
At most packing sheds, routine sampling is done on a random basis from different bins of 
fruit every hour of each processing shift. The bulked samples are mixed thoroughly and a 
sub-sample is taken for testing. Dried grape processors then forward samples from shipments 
to be tested for product compliance to the DFQC. On receipt, the Laboratory Manager enters 

18 



details of the requested analyses and ensures that testing is undertaken within the time-frame 
requested by each processor and the results are forwarded to the processor by email. 

Monitoring of OA levels in dried grapes 
After each season, the dried grape industry's Marketing Advisory Committee receives and 
analyses the aggregated test results to monitor the threat of OA contamination to the industry 
and assess the effectiveness of OA management strategies. Recently, this information was 
used in submissions to the European Commission that successfully ensured that the tolerance 
level for OA in dried grapes was maintained at 10 ppb. 

In addition to the testing service provided to processors on processed products, tests are also 
provided for the clearance of grower deliveries prior to processing to allow fruit for specialist 
packs to cleared before packing. 

The industry strategy for managing OA involves an assessment of the season's OA risk based 
on levels of fruit damage and mould development. In years of high risk, the DFQC has the 
capacity to replicate a processed sample for testing by cap-stemming a sample of fruit 
delivered b-y a grower, air stream sorting it to remove bunch stalk and light weight berries and 
washing it. An OA test on the replicate sample allows processors to obtain an OA 
contamination level that is representative of the final product. This assessment can be used to 
assist the grading of fruit for grower payment purposes. 

Operation of the OA testing service 
In the four years from commencement of the service, 881 tests were conducted for product 
compliance and industry research purposes. In this period, the OA testing service was 
provided to the industry on a user pays basis. 

The DFQC operates in compliance with the Australian Standard ISO/IEC 17025-1999 and 
the laboratory's procedures (including OA testing) are assessed regularly by the auditors of 
large international food retailers. During the four years of OA testing, Australian 
processor/marketers have not been found to be in breach of the OA tolerance of 10 ppb. 
Nevertheless, the processor/marketers are aware that an OA test is only as sound as the 
sample provided and they accept responsibility for providing samples in compliance with the 
guidelines provided by the European Commission. 
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4. Incidence of black Aspergillus spp. in dried grape vineyards 

Benozir Kazi, Bob Emmett, Kathy Clarke, Narelle Nancarrow and Su-lin Leong 

4.1 Summary 

Six dried grape vineyards in the Sunraysia district were surveyed for the incidence of black 
Aspergillus spp. (especially A. carbonarius) from 2000/01 to 2002/03. Incidence of black 
Aspergillus spp. was highest in soil under vines and in trellis-dried grapes on vines. In 
vineyard air, incidence of A. carbonarius was highest in air near the soil surface. Incidence of 
A. carbonarius in soil varied between vineyards and seasons. The incidence of A. carbonarius 
in trellis-dried grapes appeared to be associated with the incidence of A. carbonarius in soil 
under vines. Observations in this study indicated that spores of A. carbonarius were 
dispersed by wind (in air and dust) from the soil to vine foliage and grape berries. 

4.2 Introduction 

Some grape moulds including A. niger are found in soil and sporulate on decaying vegetative 
matter when soil moisture levels are high (Wauchope et al. 1972). The infection of grapes in 
vineyards mostly occurs through cracks or splits in berry skins after benies have been 
damaged by rain (Emmett et a!. 1992). Barbetti (1980a; 1980b) found that the seasonal 
incidence of microflora in grape bunches fluctuated and the susceptibility of berries to 
infection could be altered by manipulating bunch structure. However, little was known about 
the incidence of black Aspergillus spp. (especially A. carbonarius) in vineyards and 
interactions that occured between the wide range of fungi that infect grapes and cause beny 
and bunch rots. While some fungi may compete with fungi like A. carbonarius and prevent its 
development, others may predispose grapes to Aspergillus infection and rot development. 
More research was needed to increase understanding of the incidence, behaviour and 
development of Aspergillus moulds in vineyards. 

4.3 Research objectives 

The aim of this study was to investigate the incidence of black Aspergillus spp. (especially A. 
carbonarius) in dried grape vineyards. 

4.4 Methods 

Field sites 
Field studies of the incidence of black Aspergillus spp. were conducted in and around 
established vines in six mechanically harvested dried grape vineyards (Vineyards 1-6) in the 
Sunraysia district over three seasons, 2000/01, 2001102 and 2002/03 . 

Collection of substrates in and around vines 
In each season, except for the 2000/01 season, samples of each substrate were collected from 
each of five sites along two diagonal transects in each vineyard when benies were pea-sized 
(around mid December), at two weeks after veraison (around mid January) and at harvest 
(around mid February or mid March). In 2000/01, samples of substrates were collected from 
three sites along one diagonal transect in each vineyard at the latter two stages of vine growth. 
At each site, a sample of each substrate was collected from each of three different positions 
on each vine or on the vineyard floor (under each vine or between vine rows) and placed in 
separate polyethylene bags. The substrates collected included leaves, tendrils, canes and bark 
from the vine canopy, benies (with and without damage) from bunches and bunch remnants 
in the bunch zone of vines, and cover crop foliage and trash, vine trash and soil from the 
vineyard floor. Bunches of trellis-dried grapes were also collected from vines just before 
harvest. 
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Assessment of the incidence of black Aspergillus spp. on the surface of vine and cover crop 
substrates 
Eight pieces of each substrate (approximately 1cm2

) were taken at random from each sample, 
weighed, placed in a sterilised McCartney bottle with 20mL of sterile distilled water 
containing 0.3mL/L Citowett® (BASF Australia Ltd, Vic.) and gently shaken for 1 min. 
Serial dilutions of the 'wash-water ' of 1 o-0

, 1 o- 1 and 1 o-2 were prepared and 100 ~L aliquots 
of each diluent was plated in duplicate onto Dichloran Rose Bengal Chloramphenicol 
(DRBC) agar (Pitt and Hocking 1997) and spread over each plate with a sterile glass 'hockey 
stick' spreader. After the plates were incubated for 6 days (d) at 25±2°C, the number of 
colonies of A. carbonarius, A. niger and A. aculeatus were counted and the number of colony 
forming units per mL of wash-water ( cfu/mL) and per gram of substrate ( cfu/ g) were 
determined. 

Assessment of the incidence of black Aspergillus spp. in vine and cover crop substrates 
Eight pieces of each substrate (described above) were immersed in 10% White King® ( 42 giL 
sodium hypochlorite, Sara Lee Household and Body Care Ltd, Vic. Australia) for 2 min., 
rinsed twice in sterile distilled water and plated onto DRBC agar. After the plates were 
incubated for 6 d at 25±2°C, the number of pieces with colonies of A. carbonarius, A. niger or 
A. aculeatus were counted and the number of colony fmming units per gram of substrate 
( cfu/ g) was determined. 

Assessments of the incidence ofblack Aspergillus spp. inion trellis-dried grapes 
In the laboratory, all berries were removed from each bunch. A 50g random sample ofbenies 
from each bunch was blended with 450 mL distilled water for 1 min. Serial dilutions of the 
slurry (1 o- 1

, 1 o-2 and 1 o-3
) were plated in duplicate onto DRBC agar. After the plates were 

incubated for 6 d at 25±2°C, the number of colonies of A. carbonarius, A. niger and A. 
aculeatus were counted and the number of colony forming units per gram of benies ( cfu/g) 
was detennined. 

Assessment of the incidence of black Aspergillus spp. in soil under vines and between vine 
rows 
Incidence ofblackAspergillus spp. was assessed in soil under vines in 2000/01 and 2001/02, 
and in soil under vines and between vine rows in 2002/03 . In addition, incidence of A. 
carbonarius in soil under vines was also assessed at depths of 0-1, 5 and 15 em in Vineyard 2 
in 2001/02. Populations of black Aspergillus spp. in soil were estimated using a modification 
of the soil dilution plate method developed by Johnson et a!. (1960). One gram of air-dried 
soil from each sample was mixed with 9mL of sterile distilled water and shaken for 1 min 
(1 o- 1 dilution). After dilutions of 1 o-2 and 1 o-3 were also prepared, 100 ~L of each diluent was 
plated in duplicate onto DRBC agar. After the plates were incubated for 6 d at 25±2°C, the 
number of colonies of A. carbonarius, A. niger and A. aculeatus were counted and the number 
of colony forming units per gram of soil (cfu/g) was determined. 

Assessment of the incidence of black Aspergillus spp. in air in vineyards 
Incidence of spores of A. carbonarius and other black Aspergillus spp. in air was assessed at 
heights of 10, 100 and 180 em above the surface of soil under vines at each of five sites along 
two diagonal transects in Vineyard 2. Assessments were conducted every two weeks from six 
weeks after bud burst (late October) until harvest (early March) in 2001/02. At each sampling 
time and position, spores in two 20L samples of air were trapped and directed onto 90tmn 
plates containing DRBC agar (one plate per 20L air sample) using a MAS 1 00® Air Sampler 
(Merck KGaA, Dmmstadt, Germany). After the plates were incubated for 6 d at 25±2°C, the 
number of colonies of A. carbonarius, A. niger and A. aculeatus were counted and the number 
of colony forming units per litre of air (cfu/L air) was determined. 
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Assessment of the incidence of A. carbonarius inion trellis-dried grapes after a dust storm 
Bunches of trellis-dried grapes were collected from Vineyard 1, 1 d before and 1 d after a 
substantial dust storm on 19 March 2003. Assessments of the incidence of black Aspergillus 
spp. in/on the dried grapes were conducted as described previously. 

Statistical analyses 
Data were analysed by Analysis of Variance (ANOVA) using Genstat® for Windows (2002). 
Some incidence data were square root or log transformed before analysis where required. 
Data on the incidence of A. carbonarius in vineyards were analysed by non-parametric 
Kruskal-Wallis Analysis of Variance to assess significant differences between seasons. 

4.5 Results 

Incidence of black Aspergillus spp. on/in vine and cover crop substrates 
A. carbonarius and A .niger were more prevalent on and in substrates than A. aculeatus. 
Apart from the black Aspergillus spp., other commonly isolated moulds were Penicillium 
spp., Cladosporium spp. and Alternaria spp. Counts of propagules of black Aspergillus spp. 
(cfu/mL) on different substrates varied at different sampling times. At most sampling times, 
counts on and in leaves, tendrils, green benies, bunch remnants, vine bark, dead canes and 
cover crop trash were low (ie. 0-100 cfu/mL). This also applied to counts on damaged benies 
on vines and vine trash on soil, except that occasionally, counts were high for a particular 
species of black Aspergillus: Mean counts of A. carbonarius on/in some selected vine and 
cover crop substrates for Vineyards 1-6 in 2000/01, 2001/02 and 2002/03 are shown in Table 
1. Summaries of the other data are not presented in this report. 

Table 1. Mean incidence of A. carbonarius on/in substrates from vines and the vineyard floor 
in Vineyards 1-6 in 2000/01, 2001/02 and 2002/03. 

Substrate Incidence of A . carbonarius ( cfu) 

Vine 
Dead canes 1 

Benies ( damaged)2 

Dried grapes (at harvest)3 

Vineyard floor 

2000/01 

8 
2,917 
3,559 

Cover crop trash 1 8 
Vine trash on soil 1 669 
Soil4 4,987 
1 

Incidence of A. carbonarius = cfu/mL surface wash water 
2 Incidence of A. carbonarius = cfu/g berries 
3 Incidence of A. carbonarius = cfu/g dried grapes 
4 

Incidence of A. carbonarius = cfu/g soil 
NR =Not recorded 

2001/02 

1 
110 

1,150 

10 
45 

1,219 

Incidence qf black Aspergillus spp. inion trellis-dried grapes 

2002/03 

NR 
181 
634 

2 
20 

1,342 

The incidence of A. carbonarius was relatively high in/on dried grapes compared to other 
substrates on vines (Table 1 ). This also applied to the other black Aspergillus spp. Counts of 
A. niger and A. carbonarius varied substantially between vineyards and seasons. Generally, 
incidence of A. niger and A. carbonarius was higher in dried grapes in 2000/01 than in 
2001/02 and 2002/03. 
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In 2000/01, the levels of A. niger and A. carbonarius ranged from 1.2 x 103 to 3. 5 x 105 cfu/ g 
and from 0.5 x 103 to 2.9 x 105 cfu/g, respectively. Incidence of A. carbonarius was highest 
in Vineyard 3 (2.9 x 105 cfu/g). 

In 2001102, incidence of A. carbonarius in dried grapes was also highest in Vineyard 3 (2.0 x 
103 cfu/g) followed by Vineyard 1 (1.4 x 103 cfu/g). In Vineyard 3, the incidence of A. niger 
count was higher ( 4.3 x 103 cfu/g) than the incidence of A. carbonarius. 

In 2002/03, incidence of A. carbonarius was highest in Vineyard 2 (6.4 x 104 cfu/g) followed 
by Vineyard 3 (3.1 x 104 cfu/g). Incidence of A. carbonarius was low in V ineyard 1 (1.0 x 102 

cfu/g). Incidence of A. niger was also higher in Vineyards 2 and 3, followed by Vineyard 1. 

Incidence of black Aspergillus spp. in soil 
In 2000-01 , A. carbonarius, A. niger and A. aculeatus were isolated from soil in all vineyards. 
However, A. niger and A. carbonarius were more prevalent than A. aculeatus . Populations of 
A. carbonarius in soil differed between vineyards (Figure 1). Incidence of A. carbonarius in 
the soil from each vineyard did not vary significantly between sampling times. 

b 

ab 
ab 

a 

3 4 5 6 

Vi neyard 

Figure 1. Average counts of viable propagules of A. carbonarius in soil from Vineyards 1-6 
in 2000/01. [Counts in vineyard soils with a different letter were significantly different (LSD, 
p = 0.05)]. 

Incidence of black Aspergillus spp. was lower in all vineyards in 2001/02 than in 2000/01. 
Again, A. carbonarius, A. niger and A. aculeatus were isolated from the soil in all vineyards . 
A. niger was more prevalent than A. carbonarius in Vineyards 2 and 3. Average counts of A. 
carbonarius in soil were highest in Vineyard 1 (1.2 x 103 cfu/g) followed by Vineyard 3 (0.4 
x 103 cfu/g) and Vineyard 2 (0.3 x 103 cfu/g). Higher levels of A. carbonarius were isolated 
from soil when berries were at pea size than at the other two growth stages (P = 0.05). Counts 
of viable propagules of A. carbonarius were higher in soils at depths of 0-1 em than at depths 
of 5 and 15 em (Figure 2). 

In 2002/03, incidences · of A. carbonarius and A. niger in soil were similar. Incidence of A. 
carbonarius was highest in Vineyard 2 (1.0 x 103 cfu/g) followed by Vineyard 3 (8.7 x 102 

cfu/g) and Vineyard 1 (7 .5 x 102 cfu/g). Counts of A. carbonarius were substantially higher 
in soil under vines than in soil between vine rows (Figure 3). Counts of A. carbonarius in soil 
under vines and between vine rows did not differ significantly between vineyards (P = 0.05). 

23 



1500 -

"i5 
(/) 

b 
0> 

'"3 
'+- 1000 (..) 

1/) 
:::::; 

"i::: 
m 
c:: 

500 0 
a 

-e 
m 
(..) a 

<;:( 
0 

0-1 em 5 em 15 em 

Depth 

Figure 2. Incidence of viable propagules of A. carbonarius in soil at different depths below 
the surface of soil under vines in from Vineyard 2 in 2001102. [Incidence at soil depths with a 
different letter were significantly different (LSD, P = 0.05)]. 
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Figure 3. Incidence of viable propagules of A. carbonarius in soil between vine rows and 
under vines in Vineyard 1-6 in 2002/03. [Incidence at locations with a different letter were 
significantly different (LSD, P = 0.05)]. 

Incidence of black Aspergillus spp. in air 
In 2001102, A. carbonarius and A. niger were isolated from the air in Vineyard 2. Incidence 
of A. carbonarius was highest in air near the soil surface and decreased progressively with 
increased height above the soil surface from 10 to 180 em (Figure 4). Counts of A. 
carbonarius spores in air varied between fortnights (Figure 5). Counts of air-borne spores 
were higher in the morning and aften1oon than in the evening (P = 0.05). 

Incidence of A. carbonarius inion trellis-dried grapes after a dust storm 
Numerically, counts of A. carbonarius in trellis-dried grapes collected from Vineyard 1 after 
a dust stonn were higher than counts in dried grapes collected before the dust storm (Figure 
6). However, the apparent difference between these counts could not be confirmed 
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statistically because the data collected were restricted to a single dust storm event that 
occmTed late in the season when samples of trellis-dried grapes for assessment were only 
available from one vineyard. 
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Figure 4. Incidence of viable propagules of A. carbonarius in air at different heights above 
the surface of soil under vines in Vineyard 2 in 2001/02. [Incidence at sampling heights with 
a different letter were significantly different (LSD, P = 0.05)]. 
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Figure 5. Fortnightly incidence of viable spores of A. carbonarius in air in Vineyard 2 from 
six weeks after bud burst until harvest in2001/02 (LSD, P = 0.05). 

Association betvveen incidence of A. carbonarius in soil and in trellis-dried grapes 
Statistical analyses showed that there were significant differences in the incidence of A. 
carbonarius in vineyard soil, dried grapes, damaged berries, cover crop trash, vine trash and 
air between the three seasons (P = 0.05). Studies of correlations between incidences of on/in 
different substrates revealed that the only positive coefficients that were significantly different 
from 0 were those for vineyard soil and dried grapes at harvest (r = 0.42). Plotted incidences 
of A. carbonarius in vineyard soil and in dried grapes at harvest are shown in Figure 7. The 
correlation indicated an association between the incidence of A. carbonarius in vineyard soil 
and the incidence of A. carbonarius in dried grapes at harvest. There was no evidence of any 
association between the incidence of A. carbonarius in dried grapes and incidences of A. 
carbonarius in other substrates or in air in vineyards. 
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Figure 6. Counts of viable prop a gules of A. carbonarius in trellis-dried grapes collected from 
Vineyard 1 one day before and one day after a dust stonn on 19 March 2003. 
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Figure 7. Incidence of A. carbonarius in trellis-dried grapes in relation to the incidence of A. 
carbonarius in soil under vines in Vineyards 1-6 from 2000/01 to 2002/03 (r = 0.42). 

4.6 Discussion 

Aspergillus carbonarius was present in soil, on and in dried grapes, in air and/or air-bmne 
dust, and on and in different substrates on vines and on soil under vines. Incidence was 
highest in soil followed by dried grapes. On most substrates on vines (eg. green berries), A. 
carbonarius was present only occasionally, indicating incidental contamination of the surface 
of these substrates . The higher incidence of propagules of A. carbonarius in surface soil (to a 
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depth of 0-1 em) under vines and in air near the soil surface (at a height of 10 em) indicated 
that soil under vines was the primary source of A. carbonarius in vineyards. In this study, it 
is apparent from these observations that spores of A. carbonarius are dispersed by wind in air
borne dust from the soil to the foliage and grape berries on vines. Skaug et a!. (2000) also 
reported the presence of Aspergillus conidia in air-borne dust and that these could be a source 
of ochratoxin A. 

Significant differences in the incidence of A. carbonarius in soil and dried grapes occurred 
between years in the same vineyards managed from year to year in the same way. 
Differences in counts of A. carbonarius also occurred between vineyards in some seasons. 
Different vineyard management practices ( eg. cultivation and irrigation frequency and cover 
cropping) and soil type appeared to influence the incidence of A. carbonarius in soil and dried 
grapes as well as seasonal weather conditions. 
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5. Susceptibility of two dried grape varieties, Sultana and Sunmuscat, to 
infection by Aspergillus carbonarius 

Kathy Clarke, Bob Emmett, Narelle Nancanow, Benozir Kazi and Su-lin Leong 

5.1 Summary 

Options for minimising the incidence of bunch moulds on grapes in vineyards include the use of 
varieties that are less susceptible to rain damage and fungal infection. In two different vineyards, 
bunches approaching maturity on vines of two dried grape varieties, Sultana and Sunmuscat, were 
assessed for susceptibility to mould development after simulated rain damage. Individual bunches 
were inoculated with A. carbonarius, enclosed in a wet environment to promote beny damage and 
then assessed for severity of beny splitting, beny discolouration and mould development. Counts of 
viable A. carbonarius spores in dried grapes were also detennined after some bunches were trellis
dried. The severity of berry splitting, berry discolouration and mould development was lower on 
Sumnuscat than on Sultana. Counts of A. carbonarius in dried grapes were also lower on Sunmuscat. 
These results indicate that use of grape varieties that are more resistant to berry damage, such as 
Sumnuscat, should be part of an integrated mould management strategy. 

5.2 Introduction 

The grapevine variety Sultana cunently produces the bulk of Australia's dried grapes. However, 
Sultana benies are highly susceptible to rain damage and subsequent infection by opportunistic fungi 
and other micro-organisms (including the black Aspergillus spp.) that cause bunch rots. In recent 
years, the new grape variety Sumnuscat has been introduced to the Australian dried grape industry. 
Potentially, in comparison with Sultana, Sumnuscat should be less susceptible to damage and mould 
development because of differences in its betTy and bunch structure (Figure 1 ). Further research was 
needed to determine whether new dried grape varieties like Sunmuscat were less susceptible to rain 
damage and subsequent infection by black Aspergillus spp. than Sultana. A method for artificially 
inducing rain damage onbenies in individual bw1ches on vines was required to adequately assess the 
susceptibility of grape varieties to damage and mould development. 

Berry splitting takes place when the amount of moisture going into a beny is significantly greater 
than the amount lost by the beny through evaporation or dehydration. Water taken up by vine roots 
is usually lost through evaporation from the leaves and, to a lesser extent, from the benies. In 
conditions of high atmospheric humidity, evaporation from the leaves is reduced and may cease. The 
benies then become a natural receptacle for excess water in the vine, especially when the benies are 
reaching maturity and have higher sugar levels. Since evaporative loss from a berry is slow, the 
berry must expand to allow for the extra volume. While the pulp of benies is highly extensible, berry 
skins have a limited capacity to extend and at critical turgor pressure, will split. Summer rain while 
grapes are ripening is one of the main factors that causes berry splitting (Leong eta!. 2004). Hence 
the miificial inducement of rain damage on benies in bw1ches on vines is likely to involve increasing 
berry water uptake when berries are approaching maturity ( l8°Brix or higher) and beny turgor 
pressure is high. Temperature may also influence the severity of berry damage. 

5.3 Research objectives 

The aims of this study were to: 
( 1) Develop a technique for reproducing rain damage on grape berries in bunches on vines, and 
(2) Assess the susceptibility of Sultana and Sunmuscat to simulated rain damage and bunch rot 
caused by A. carbonarius. 
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Figure 1. Differences in beny and bunch structure between dried grape varieties: Sultana (left) and 
Sunmuscat (right). 

5.4 Methods 

Development of a method for reproducing rain damage on grape berries. 
Procedures for reproducing rain damage on grape berries were evaluated on Sultana and Sunmuscat 
grapevines in vineyards at Irymple Vic. in January and February 2002. Each procedure (treatment) 
was tested on groups of five healthy bunches on each of three vines of each variety. The juice of 
berries in the Sultana and Sumnuscat bunches was at least 16-18°Brix and 18-20°Brix, respectively. 
Preliminary tests on procedures that attempted to promote increased water flow into bunches and 
subsequent berry splitting were either ineffective ( eg. pressure injection of water into vine canes or 
bunch stems) or were too cumbersome for use in trial work (eg. flooding the soil around vines). As 
alternatives, procedures where bunches were either submerged in water or exposed to very high 
humidity were evaluated. 

'Moist incubated' bunches were thoroughly sprayed with distilled water and enclosed in a clear 
polyethylene bag containing a small amount of water. The bags were removed from bunches after 
incubation periods that varied from ove1night for at least 12-16 h ( eg. from 5pm-9am) to late in the 
following day (a total of 22-24 h). 'ilmnersed' bunches were partially or fully i1mnersed in distilled 
water for similar periods either in open plastic buckets or in water in partially or completely filled 
and sealed polyethylene bags. Where possible, treatments were applied to bunches on vines that 
were being irrigated or had just been irrigated. At this time, berries were fully expanded and had 
maximum turgor pressure. After incubation, the bags or buckets were removed and bunches were 
allowed to drain and air-dry. The incidence of bunch damage (percent of bunches with berries that 
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were split or had ring necking) and the severity of bunch damage (percent berries per bunch with 
visual beny splitting and ring necking) was assessed 1-3 d after treatment. 

Susceptibility o(Sultana and Sunmuscat to simulated rain damage and Aspergillus bunch rot 
Field trial sites 
In February-March 2002 and 2003 , field trials were conducted in adjacent blocks of Sultana and 
Surunuscat grapevines in mechanised commercial vineyards at South Merbein Vic. (Field trials 1 and 
2 in 2002, 5 and 6 in 2003) and at Cardross Vic. (Field Trials 3 and 4 in 2002, 7 and 8 in 2003). At 
each trial site, the Sultana (clone H5) and Sunmuscat vines were grown on Ramsey and Paulsen 
rootstocks, respectively. All vines 'were aged more than six years, were grown on sandy loam and 
were planted in rows with an east-west orientation with 2.4m between vines in each row and 3.6m 
between rows. Vines at South Merbein were grown on a Shaw swing arm trellis with under-vine 
micro-sprinlder irrigation. Vines at Cm·dross were grown on a modified hanging cane trellis with 
overhead inigation. 

Trial design 
Three rows of each variety were selected at each trial site and divided into four treatment plots, 
aligned in columns, with an additional two outside rows and two intermittent rows of vines as 
buffers. Two untreated vines betvveen each plot served as inter-plot buffer vines. Each plot consisted 
of a panel of four vines and was replicated three times in a 3x4 row-column design, which was 
adopted to allow testing (and elimination) of any column effects along the rows. Twelve bunches of 
similar size, selected at random and evenly spaced along the length of each plot (replicate), were 
tagged with coloured flagging tape and numbered prior to treatment. Each bunch was separated by 
vine foliage and other bunches. The treatment combinations tested ·in the trial (including one non
treatment or control) are shown in Table 1. 

Table 1. Inoculations and simulated rain treatments applied to bunches on Sultana and Sunmuscat 
vines at South Merbein and Cardross Vic. in 2002 and 2003. 

Treatment A. carbonarius inoculation 1 Simulated rain A. carbonarius inoculation 1 

Number before simulated rain treatment (immersion in after simulated rain 
treatment water)2 treatment 

I - - -

2 + - -

3 - + -

4 + + -
53 - + + 

64 + + + 
1 Bunches sprayed with a suspension of A. carbonarius spores (Mean cfu/mL = 2.5 x I 05

). 
2 Bunches immersed in distilled water for I2-I6 h (overnight) at 20-22°C. 
3 Treatment not applied in 2002. 
4 Treatment not applied in 2003. 

Preparation of inoculum 
Lawn cultures of three strains of A. carbonarius, previously isolated from grapes in the Sumaysia 
district, were grown on Czapek Yeast Agar (Pitt and Hocking 1997). The strains had been 
accessioned into the culture collection at FSA CSIRO, North Ryde NSW (FRR 5374, FRR 5573, and 
FRR 5574). For each inoculation, after incubation for 5-7 d at 28°C, plates with cultures of each 
strain were flooded with sterile distilled water plus Citowett® (0.3 mL/L) and gently scraped. The 
resulting suspensions, which contained spores from each of the three strains, were diluted to a mean 
concentration of 2.5 x 105 spores/mL using a haemocytometer. 
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Inoculation of bunches on vines 
Inoculated bunches were thoroughly sprayed with the spore suspension 2-5 d before simulated rain 
treatment on 15 February for both Sultana and Sumnuscat in 2002. In 2003, the inoculations were 
applied 4-5 d before simulated rain treatment on 7 February for Sultana and 13 February for 
Sumnuscat, or 1-2 d after simulated rain treatment on 13 February for Sultana and 19 February for 
Sunmuscat. Approximately 4 mL of spore suspension was applied to each inoculated bunch, 
although this varied slightly according to bunch size. 

Simulated rain treatments 
Simulated rain treatments were applied to bunches when the juice of benies was 19-20.5°Brix and 1-
2 d after vines had been inigated. Bunches with simulated rain treatments (Table 1) were immersed 
in distilled water (each bunch in a separate press-seal polyethylene bag) for 12-16 h (overnight) at 20-
220C, drained and allowed to air dry. 

Assessments of berry splitting in bunches on vines 
Incidence of bunch damage (ie. percentage of bunches with split benies) and severity of bunch 
damage (ie. percentage of the area of bunches with split benies) were assessed 2-6 d after simulated 
rain treatment. Bunches on vines in each plot were assessed visually using standardised diagrammatic 
assessment keys (R. Emmett, unpublished). 

Assessments of Aspergillus rot development in bunches on vines 
Incidence of bunch rot caused by A. carbonarius (percentage of bunches diseased) and severity of 
bunch rot (percentage of the area of bunches diseased) were assessed 8-12 d after simulated rain 
treatment. Bunches on vines in each plot were assessed visually (with minimal disturbance to avoid 
cross contamination) using standardised diagrammatic assessment keys (R. Emmett, unpublished). 

Assessments of Aspergillus rot development in detached bunches 
Immediately after bunches on vines were assessed for Aspergillus rot development, six of the treated 
bunches evenly spaced along the length of each plot were removed and placed in separate labelled 
polyethelene bags. In the laboratory, the bunches were incubated at 26-28°C for 7-8 d to promote 
sporulation of A. carbonarius and assessed for the severity of Aspergillus rot as described above. 

Assessments of the incidence of A. carbonarius in dried grapes 
Just before the dried fruit was harvested, six treated bunches of trellis-dried grapes were removed 
from vines in each plot, placed in separate labelled paper bags and stored at 1±1 oc for no more than 
two weeks. Snips sterilised with 70% ethanol were used to cut bunches from vines to prevent 
contamination between inoculated and un-inoculated bunches . In the laboratory, all dried benies 
were removed from each bunch. A 50 g random sample of berries from groups of 2-3 bunches was 
blended with 450 mL distilled water for 1 min. Serial dilutions of the slurry (1 o-1, 1 o-2 and 1 o-3

) were 
plated in duplicate onto DRBC agar. After the plates were incubated for 6 d at 25±2°C, the number 
of colonies of A. carbonarius were counted and the number of colony fonTling units per gram of 
berries ( cfu/ g) was deternlined. 

Statistical analyses 
Data were analysed by Analysis of Variance (ANOV A) using Genstat® (Sixth Edition, Lawes 
Agricultural Trust, Rothamsted Experimental Station) . Incidence and severity data were square root 
or log transformed before· analysis where required. 

5.5 Results 

Development of a method for reproducing rain damage on grape berries. 
Observations on the effects of the different procedures tested are smmnarised in Table 2. Severity of 
berry splitting (up to 25% for Sultana and <6% for Sunmuscat) was highest when bunches on the 
west side of vine canopies were partially or completely itmnersed in distilled water inside sealed 
polyethylene bags either oven1ight or overnight and all of the next day. Lower levels of berry 
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splitting occurred when bunches were completely immersed in water in open buckets (> 10% for 
Sultana). Little or no beny splitting was observed in moist incubated Sultana bunches (0-2%). Less 
beny splitting was observed in bunches on the east side of Sultana vine canopies, which received 
morning sunshine, in comparison to bunches on the west side of the vines which received aften1oon 
sunshine (Table 2). 

Susceptibility of Sultana and Sunmuscat to simulated rain damage and Aspergillus bunch rot 
Beny splitting was apparent 1-5 d after bunches were exposed to simulated rain treatments (Figure 
2). Berry discolouration, the first sign of Aspergillus rot, was observed around 5-9 d after rain 
treatment and subsequently, sporulation occUlTed on infected berries during humid weather (Figure 
2). 

In each year, similar differences between treatments occuned for Sultana and Sunmuscat in trials at 
each site. Mea_n values for treatments on each variety in 2002 are presented in Figures 3-5. 
Differences in mean values for treatments on each variety in 2003 were similar to those in 2002, 
except that levels of beny splitting and rot were higher because of rain just after the application of 
simulated rain treatments . 

Table 2. Evaluation of procedures to induce beny splitting on Sultana and Sumnuscat grapevines at 
Irymple Vic. in 2002. 

No. Variety Procedure Incubation Bunch Min/max Split berries 
(using distilled time position in temperature per bunch 

water) vine canopy 
(aspect1

) 

CCC) (%) 

1 Sultana Moist Overnight and West 13°C I >44 <2 
Incubation all day 

2 Sultana Immersion Overnight West 13°C I >44 25 
Closed bag 

( 50-70% full) 
3 Sultana Immersion Overnight, and West 13°C I >44 >25 

Closed bag all day 
(full) 

4 Sultana Immersion Overnight and West 13°C I >44 > 10 
Open bucket all day 

(full) 
5 Sultana Moist Overnight and East 13°C 144 0 

Incubation all day 
6 Sultana Immersion Overnight and East 13°C 144 0 

Closed bag all day 
(50-70% full) 

7 Sultana Immersion Overnight and East 13°C 144 0 
Closed bag all day 

(full) 
8 Sultana Imr!1ersion Overnight and East 13°C I 44 <2 

Open bucket all day 
(full) 

9 Sunmuscat Immersion Overnight West 28°C I 43 <6 
Closed bag 

(full) 
I Bunches on the east and west stdes of vme canopies wete exposed to mmnmg and aftemoon sunshme, 
respectively. 

In 2002, the severity of berry splitting in bunches on vines after rain simulation was higher for 
Sultana than for Sunmuscat (Figure 3). The severity of beny discolouration or rot in bunches after 
rain simulation was also higher for Sultana than for Sunmuscat (Figure 4). The severity of 
Aspergillus rot was slightly higher on Sultana bunches inoculated after rain simulation than on 
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bunches inoculated before rain simulation. Sultana bunches inoculated before and after rain 
simulation had the highest severity of rot. Differences in the severity of Aspergillus rot for 
treatments on each variety were similar on incubated detached bunches, except that the severity of rot 
was substantially higher. Counts of A. carbonarius in dried grapes were higher in bunches that were 
inoculated. Inoculated dried grape bunches with simulated rain treatments had the highest counts. 
Counts for Sultana were higher than those for Sunmuscat (Figure 5). 

5.6 Discussion 

Development of a method for rep1~oducingrain damage on grape berries. 
This pilot study showed that rain damage of berries in individual bunches on vines could be induced 
by enclosing bunches in polyethylene bags and fully immersing them in distilled water oven1ight just 
after vines had been irrigated. There were indications that severity of splitting of Sultana berries was 
higher in more mature berries (with 17 -18°Brix or higher), given that higher levels of splitting were 
observed in bunches on the west side of vines that had slightly higher berry maturity because of 
exposure to afternoon sunshine. The internal temperature of berries when they · were i1mnersed in 
water may have also influenced splitting but this was not monitored. While berries in bunches on the 
west side of vines would have been warmer than those on the east side, berry maturity and the period 
of immersion in water appeared to have a greater influence on berry splitting. 

The limited comparison of Sultana and Sunmuscat indicated that the test could be used to evaluate 
the susceptibility of different varieties to water induced berry damage. Less berry splitting ( <6% cf. 
>25%) was observed in Sunmuscat bunches despite slightly higher 0Brix. With Sunmuscat, in 
particular, all berry damage was not apparent until 1-3 d after immersion in water when damaged 
berry skins had dried and contracted. 

Susceptibility of Sultana and Sunmuscat to simulated rain damage and Aspergillus bunch rot 
The exposure of bunches to simulated rain treatments in this study promoted berry splitting. When 
inocuh1m of A. carbonarius was present in bunches and on berry surfaces, damaged berries were 
infected, became discoloured and developed Aspergillus rot. Very low levels of berry rot developed 
in the absence of the simulated rain treatment, despite the presence of high inoculum loads in 
bunches. This highlighted the importance of berry damage as a predisposing factor for the 
development of Aspergillus rot. 

Other authors have studied seasonal changes in the mycoflora on grape berries and have noted the 
effects of beny damage on fungal populations and the development of bunch rot. On vines, the 
mycoflora on the skin of grape berries is comprised of yeasts and bacteria that exist at a low 
metabolic rate on small amounts of nutrients which leak from the . beny, plus donnant fungal and 
bacterial spores (McGeehan 1978). Aspergillus spp. are one of a group of fungi most cmmnonly 
recovered from the surface of grape berries, and have been found to occur more frequently on mature 
berries of grapes at harvest than earlier in the growing season. Although populations of Aspergillus 
and many other fungi on berries may be low early in the season, they can increase rapidly at or after 
berry softening (when °Brix values are around 15-17) and reach very high levels shortly before 
harvest. The increased population levels may occur because of a build up of inoculum and/or 
increased availability of nutrients on berry surfaces later in the season (Nair 1985, Duncan et al. 
1995). 

Healthy grape berries have a sterile interior composed primarily of fleshy tissue surrounded by the 
epidermis (skin). When the skin of berries is damaged, nutrients become readily available and the 
external microbial population increases dramatically. These organisms can enter the berries through 
cracks or splitting caused by diseases such as powdery mildew (Erysiphe necator) , enviromnental 
factors (rain, hail damage or sunburn) or wounds caused by insects or birds (Duncan et al. 1995). 
Splitting is particularly conducive to berry rot and deterioration because the ruptured berry skin 
allows a wide range of micro-organisms to penetrate the beny pulp (Barbetti 1980). Black 
Aspergillus spp., along with other fungi such as Cladosporium, Penicillium and Rhizopus spp., 
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compete effectively in this situation. The development of splits or cracks at the pedicel end of benies 
can be directly conelated to increased levels of bunch rots (Bm·betti 1980). Varieties that are more 
susceptible to beny splitting and other damage are likely to have a higher incidence of Aspergillus 
rots (Leong et al. 2004). 

After simulated rain damage, the severity of berry splitting and rot in bunches and counts of A. 
carbonarius in dried grapes (cfu/g) were lower for Sumnuscat than for Sultana. The higher tolerance 
of Sunmuscat to beny splitting appeared to be associated with its betTy and bunch structure. The 
results of this study indicate that the use of grape varieties such as Sunmuscat, that are less 
susceptible to berry splitting and Aspergillus infection, should be considered as part of an integrated 
mould management strategy. 
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Figure 2. Development of black Aspergillus bunch mould on Sultana bunches inoculated with A. 
carbonarius in Trial 1 at South Merbein in 2002. From left to right: Damaged bunches at 3, 9 and 12 
days after rain simulation. 
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Figure 3. Severity of berry splitting in bunches of Sultana and Sunmuscat grapes with or without 
inoculation with Aspergillus carbonarius (inoc) and/or rain simulation (rain) in 2002 (LSD, P = 
0.05). 
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Figure 4. Severity of betTy discolouration or rot in bunches of Sultana and Smunuscat grapes with or 
without inoculation with Aspergillus carbonarius (inoc) and/or rain simulation (rain) in 2002 (LSD, 
p = 0.05). 

Figure 5. Counts of Aspergillus carbonarius in dried Sultana and Sumnuscat grapes with or without 
inoculation (inoc) and/or rain simulation (rain) in 2002 (LSD, P = 0.05). 
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6.1 Effects of moisture and temperature on the survival of Aspergillus 
carbonarius in soil 

Benozir Kazi, Bob Emmett, Narelle Nancarrow and Kathy Clarke 

6.1.1 Summary 

In dry soil, temperatures of 15-35°C were most favourable for the survival of A. carbonarius. 
Survival was reduced at 45-50°C and 5°C. Moisture appeared to reduce survival of A. 
carbonarius in soil. ' Highest reductions in survival were observed when initial soil saturation 
was over 50% by weight at optimum temperatures for A. carbonarius. High temperatures and 
moisture, after soil was initially dry and in an aerobic condition, completely eliminated A. 
carbonarius. These studies indicated that reductions in the survival of A. carbonarius in the 
presence of moisture are likely to be higher in summer in vineyard soils with higher water
holding capacities. 

6.1.2 Introduction 

Temperature and the availability of water are the two most important environmental factors 
controlling the growth of micro-organisms and plants (Panasenko 1967). Water can influence 
each of the main phases of the growth cycle of fungi. It can affect ( 1) spore germination (or 
duration of the lag phase before gennination), (2) the linear growth rate of hyphae and (3) 
sporulation. Information on the enduring effect of temperatm'e on soil mycoflora is lacking, 
particularly in relation to whether the mycoflora become acclimatised to temperature and/or 
are more or less permanently modified by it. 

Studies in Chapter 4 indicated that air movement in vineyards transports spores of A. 
carbonarius from the topsoil to the surface of grape berries. As A. carbonarius can be 
present in soil during the development of grape crops (Chapter 4), fluctuations in soil 
moisture and temperature may affect soil populations and the availability of inoculum. Other 
studies delineated the effects of specific environmental factors such as soil temperature and 
moisture on the pre-harvest contamination of peanuts by A. jlavus and aflatoxin (Blankenship 
et al. 1980, Hill et al. 1983). However, no information was available on the effects of 
moisture and temperature on A. carbonarius in soil. Potentially, manipulation of soil 
moisture and temperature by vine management ( eg. inigation) could be used to reduce levels 
of Aspergillus inoculum in vineyards and, ultimately, incidence of A. carbonarius in grape 
benies. 

6.1.3 Research objectives 

The aim of this study was to determine whether moisture levels and/or temperature influence 
the survival of A. carbonarius in soil. 

6.1.4 Methods 

Effects o[soil temperature and moisture on the survival o[A. carbonarius 
Soil collection and preparation 
Soils with different texture and water-holding capacity (Table 1) were collected from three 
vineyards in the Smrraysia district at a depth of 0-5 em. Prior to the experiments, each soil 
was sterilised at 15 p.s.i. (100 kPa) for 45 minutes and allowed to cool overnight. Types of 
soil used in the experiments were Band A-C in 2001/02 and 2002/03, respectively. 
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PreparaNon of inoculum 
The A. carbonarius isolate (VPRI 30502) used in these studies was collected from infected 
grapes and maintained on corn yeast extract agar (CY A) slants . Inoculum for soil infestation 
was prepared by growing A. carbonarius on sterilised oats. Initially, A. carbonarius was 
grown on CYA for 10 d. Oat grains (Avena sativus L.) were soaked in water oven1ight, 
sterilised at 15 p.s.i. (100 kPa) for 30 minutes and then allowed to cool overnight. Five 0.5 
mm2 blocks of 10 d old A. carbonarius culture on CY A were placed aseptically into an 500 
mL Erlenmeyer flask containing 350 g sterilised oats. A. carbonarius was grown on the 
sterilised oats for 4 weeks at 25°C under continuous light. The infected oats were sun-dried 
for 7 d and ground in a Cyclone Sample Mill (Model 3010-019, UDY Corporation, Fort 
Collins, CO, USA) until they passed through a 20-mesh screen. 

Table 1. Textures and water-holding capacities of soils collected from vineyards in the 
Sunraysia district and used in soil moisture and temperature experiments. 

Soil type Soil texture Water-holding capacity per 
·100 g soil (mL) 

A Clay loam 46.2 
B Light loam 39.9 
c Sandy loam 32.3 

Experiment 1 (2001/02) 
Samples of air-dried soil (Type B) containing A. carbonarius inoculum (250g) were placed in 
plastic pots. Water was added to soil in 50% of the pots to bring the soil to 100% saturation 
capacity by weight. Control treatments consisted of pots of soil containing no A. carbonarius 
inoculum, with or without added water. The pots were covered with aluminium foil to reduce 
contamination of the soil surface from air-borne spores. The weighed pots of soil were placed 
in incubators at 5°C, 15°C, 25°C, 35°C, 40°C, 45°C or 50°C. After 30 days, the soil was 
removed separately from each pot, air-dried and then thoroughly mixed. Counts for A. 
carbonarius in the soil of each pot were detennined using the soil dilution plate method 
(Johnson et al. 1960). The experiment was repeated three times. 

Experiment 2 (2002/03) 
The same procedure for Experiment 1 was followed in Experiment 2 except that the 
temperature treatments were 15°C, 25°C, 35°C or 40°C. The temperature treatments of 5°C, 
45°C and 50°C were excluded from Experiment 2 because observations in Experiment 1 (see 
6.1.5 Results) had shown that there was a marked decline in propagules of A. carbonarius 
after 30 d at these temperatures. Water was added to soil (Types A, B or C) in 50% of the 
pots to bring the soil to 50% of saturation capacity by weight and to soil in the remaining 50% 
of pots to bring the soil to 100% of saturation capacity by weight. Control treatments 
consisted of pots of soil with no inoculum of A. carbonarius, with or without added water. 
The experiment was repeated three times. 

Assessment of A. carbonarius in soils · 
Three 1 g sub-samples of air-dried soil from each pot soil were placed individually in 25 mm 
wide mouth glass test tubes containing 9.0 mL of sterile distilled water and vortexed for 1 
minute (10- ' dilution). For 10-1 and 10-2 dilutions, 1.0 mL diluent from each of 10° and 10-1 

dilutions was transferred into 9.0 mL of sterile distilled water with an autopipettor. Hundred 
micro litre of diluent from each dilution was then placed on Dichloran Rose Bengal 
Chloramphenicol (DRBC) agar and spread evenly over the agar in each plate using a sterile 
glass hockey stick. Two plates were made from each dilution and incubated at 25±2°C. After 
6 d, colonies of A. carbonarius growing on the agar were counted using a stereo microscope 
and the number of colonies (colony forming units, cfu) per g of soil was determined. 
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Statistical analyses 
Data (mean colony counts from 18 plates) were square root transfonned where required and 
analysed by least square analysis of variance (Gens tat® for Windows, 2002). 

6.1.5 Results 

Effects o(soil temperature and moisture on the survival o(A. carbonarius 
Experiment 1 (2001/02) · 
In the laboratory, levels of survival of A. carbonarius in moist soil and dry soil (no moisture) 
maintained at different temperatures were not the same (Figure 1 ). In dry soil, propagules of 
A. carbonarius survived at all of the temperatures tested. The survival of A. carbonarius was 
highest at IS-3S°C and was reduced at S°C and 40°C. It was least at 4S-S0°C. 

Soil moisture appeared to reduce survival of A. carbonarius (Figure 1 ). Counts of A. 
carbonarius were substantially lower numerically in moist soil than in dry soil at all 
temperatures. Survival of A. carbonarius in moist soil was higher at 3S°C than at S°C and 
40°C. No A. carbonarius survived at temperatures of 4S°C and S0°C. 

Experiment 2 (2002/03) 
Mean counts of propagules of A. carbonarius in different types of soil with and without 
moisture at different temperatures are shown in Table 2. As the effects of temperature and 
moisture in the different types of soil were similar and there were no significant interactions 
between soil moisture, temperature and type, mean counts of A. carbonarius for all soils at 
different temperatures are summarised in Figure 2. As an example of the effects of soil type 
on the survival of A. carbonarius at each temperature, mean counts for different soils at 2S°C 
are summarised in Figure 3. 

The level of survival of propagules of A. carbonarius in dry soil was highest at IS -3S°C and 
least at 40°C (Figure 2). In moist soil, survival of propagules of A. carbonarius was highest 
at 2S°C, was reduced at 3S°C and was least at 40°C (Figure 2). In moist soils with different 
water-holding capacities, survival of A. carbonarius was lower in soil Type A than in Types 
B and C (Figure 3). However, the survival of A. carbonarius was similar in dry soils of the 
different types. 

Table 2. Counts of propagules of A. carbonarius in different types of soil with and without 
moisture at different soil temperatures in Experiment 2 (2002/03). 

Dry soil (no moisture) Moist soil Reduction (%) 

Soil type 
Temperature A B c A B c A B c 

(oC) 
A. carbonarius cfu g- 1 soil* 

IS 378.4'1--1 348.7 399.S 202.8 26S.8 281.6 46.4 23.8 29.S 
2S 420.2 393.9 392.S 209.9 304.S 290.3 SO.O 22.7 26.0 
3S 391.0 367.7 382.1 113.9 247.1 243.3 70.9 32.8 36.3 
40 277 .7 303.7 30S.8 12.8 16.7 32.S 9S.4 94.S 89.4 

*Mean counts fi-om 18 plates. 
* * Square root transfonned data. 
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Figure 1. Counts of propagules of A. carbonarius in dty (no moisture) and moist soil (Type 
B) (cfu g- 1 soil) at different temperatures in Experiment 1 (2001/02). [*Data were square root 
transformed. 'Moisture' and 'no moisture' treatments with a different letter were significantly 
different (P = 0.05)]. 
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Figure 2. Counts of propagules of A. carbonarius in dry (no moisture) and moist soil (Types 
A, B and C combined) ( cfu g- 1 soil) at different temperatures in Experiment 2 (2002/03). 
[*Data were square root transformed. 'Moisture' and 'no moisture' treatments with a 
different letter were significantly different (P = 0.05)]. 
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Figure 3. Counts of propagules of A. carbonarius in different types of soil (Types A, B and 
C) ( cfu g- 1 soil) under dry (no moisture) and moist conditions at 25°C in Experiment 2 
(2002/03). [*Data were square root transformed. 'Moisture' and 'no moisture' treatments 
with a different letter were significantly different (P = 0.05)]. 
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6.1.6 Discussion 

In this study, soil temperature, moisture and type influenced the survival of A. carbonarius . 
Temperatures of 15-35°C were most favourable for the survival of A. carbonarius in chy soil. 
Temperatures over 40°C and at 5°C reduced the survival of A. carbonarius in soil. 
Reductions in the survival of A. carbonarius at high and low temperatures appeared to be the 
result of selective action on the fungal population and not of donnancy, because these soils 
also had low counts of A. carbonarius at these temperatures in the absence of moistme. 
Generally, moisture reduced the survival of A. carbonarius in soil regardless of temperature. 
Reductions in the survival of A. carbonarius appeared to associated with reduced 
reproductive activity of the fungus when anerobic conditions persisted in soils because 
survival was least in the moist soil of the type with the highest water holding capacity. 

Fluctuations in total numbers of soil mycoflora in response to changes in soil temperature and 
moisture have also been reported by other authors (Waksman 1924, Smith and Worden 1925, 
Eggleton 1932, Greaves and Jones 1944, Stover 1953). Menon and Williams (1957) found 
that the occunence of Botrytis spp. and the Penicillium restrictum series, decreased as 
moisture content of the soil increased. Hill et al. (1983) also observed that the occunence of 
the A. jlavus group and its subsequent production of aflatoxin in peanuts decreased as 
moisture and temperature in soil increased. Stover (1953) reported that Fusarium populations 
can be greatly reduced by soil moisture over 15% saturation and Fusarium spp. grew best in 
light soil. The work of Greaves and Jones (1944) elucidated the influence of soil temperature 
on the modification of ammonifying power of nitrifying micro-organisms in soil. They also 
found that at 40°C, nitrifying micro-organisms were unable to grow well in dark loam and 
light loam soil. 

In the Sunraysia district, where most Australian dried grapes are produced, the temperature of 
surface soil can vary through the temperatures considered in the experiments reported here. 
Furthermore, irrigation is used in vineyards through most vine-growing seasons . .This study 
indicates that there are opportunities to use inigation practices, especially during summer, to 
reduce populations of A. carbonarius in soil and subsequent Aspergillus infection of grape 
berries. This particularly applies to vineyards with soils with higher water-holding capacity. 
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7.1 Effects of organic amendments on the survival of Aspergillus 
carbonarius in soil 

Benozir Kazi, Bob Emmett, Narelle Nancanow, Kathy Clarke and John Reynolds 

7 .1.1 Summary 

A pot trial was conducted to assess the effects of organic amendments on the survival of 
Aspergillus carbonarius in soil. Lucerne hay, pine wood saw dust or red gum wood saw dust 
were added to inoculated soil with or without moisture. All amendments increased the 
incidence of saprophytes in moist soil. Pine wood saw dust or red gum wood saw dust 
reduced the survival of A. carbonarius in moist soil. Lucerne hay completely prevented the 
growth of A. carbonarius in moist soil. Moisture levels of 50% and 100% in soil had a 
similar effect on the growth of A. carbonarius. Lucerne hay may release one or more toxic 
substances in moist soil that adversely affect the growth of A. carbonarius. This release did 
not appear to occur in dry soil. The results indicated that there are opportunities to use 
selected soil amendments or cover crops to reduce populations of A. carbonarius in vineyard 
soils. 

7.1.2 Introduction 

Organic amendments provide energy and nutnhon to soil, drastically changing the 
enviromnent for the growth and survival of crops and micro-organisms (Drinkwater et al. 
1995). Some organic amendments suppress certain soil-borne plant pathogens and/or the 
diseases they cause (Rodriguez-Kahana 1986, Alcther and Malik 2000, Gamliel 2000, 
Lazarovits et al. 2001 ). The incorporation of plant residues into soil as green manure or at the 
end of crop growth has been a cmmnon practice for years. Higher plants contain and release a 
variety of biologically active compounds, some of which can be exploited as potential 
pesticides. Antifungal volatile compounds such as allyl isothiocyanate have been found in leaf 
extracts of various Brassica species (Mayton et al. 1996, Sang et al. 1984). The toxicity of 
isothiocyanates to various micro-organisms has been well documented (Muehlchen et al. 
1990, Lewis and Papavizas 1971, 1974). Chemicals of this group, such as methyl 
isothiocyanate, the active ingredient of metham sodium, are widely used as soil fumigants. 
Volatile compounds can inactivate fungal propagules in soil (Lewis and Papavizas 1971, 
1974, Pavlica et al. 1978). Members of the plant genus Aremisia produce numerous terpenoid 
compounds and many of these compounds are considered toxic to ce1iain organisms (Duke et 
al. 1988). Adams (1971) found that incorporating alfalfa residues into soil at a temperature of 
35°C significantly controlled Thielaviopsis root rot of sesame. 

7.1.3 Research objective 

The aim of this study was to detennine the effects of selected organic amendments on the 
incidence of Aspergillus carbonarius in soil. 

7.1.4 Methods 

Pot trial treatments and design 
A laboratory experiment with a factorial design and treatments shown in Table 1 was carried 
out in 10cm plastic pots. There were three replicate pots per treatment and the experiment was 
repeated three times. 

Sandy loam soil, with a water-holding capacity of 32.3 mL/1 00 g soil, was collected at a 
depth of 0-5 em from the soil profile in a vineyard at Irymple Vic. After collection, the soil 
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was sterilised at 15 p.s.i. (1 00 kPa) for 45 minutes and allowed to cool overnight. Two 
hundred and fifty grams of air-dried soil were placed in each plastic pot. Inoculum of A. 
carbonarius (prepared as described in Chapter 6) and an organic amendment (lucen1e hay, 
pine wood saw dust or red gum wood saw dust) were unifonnly incorporated into the soil in 
each pot at rates of 0.5% w/w and 5% w/w, respectively. Soil moisture treatments were 
prepared by adding water to the soil in each pot so that the soil was at 50% or 100% 
saturation by weight. The pots were covered with aluminium foil to reduce contamination of 
the soil surface by air-borne spores and incubated at 25°C. After 30 days, the soil was 
removed from each pot, air-dried and thoroughly mixed. 

Assessment of A . carbonarius and other saprophytic fimgi in soil 
The incidence of A. carbonarius and other saprophytic fungi in the soil from each pot was 
assessed using the soil dilution plate method (Johnson eta!. 1960) described in Chapter 4. 

Statistical analyses 
Data (mean colony counts from 18 plates) were square root transformed where required and 
analysed by least square analysis of variance (Genstat® for Windows, 2002). 

7.1.5 Results 

In the absence of moisture, the amendment of inoculated soil with lucerne hay, red gum wood 
saw dust or pine wood saw dust had no effect on the incidence of A. carbonarius. In the 
presence of moisture, however, the amendments had a significant effect (Figure 1 ). The 
number of viable propagules of A. carbonarius in amended soil with moisture at 50% or 
100% saturation did not differ significantly (Table 1 ). In the presence of moisture, the 
incidence of A. carbonarius in soil amended with pine wood saw dust or red gum wood saw 
dust was reduced while the growth of its saprophytic competitors (mostly Trichoderma spp., 
Cladosporium spp. , Penicillium spp. and Fusarium spp.) increased (Figure 2). The addition of 
lucerne hay also increased the incidence of these saprophytes but completely prevented 
growth of A. carbonarius (Figures 2 and 3). 

Table 1. The effects of different organic amendments and moisture levels on the number of 
viable propagules of A. carbonarius in sandy loam soil. 

Moisture level 

Soil amendment No moisture 50% soil saturation 1 00% soil saturation 

A. carbonarius ( cfu/g soil x 1 05
) 

No amendment 2.0 1.5 1.4 

Red gum wood saw dust 1.9 1.3 1.4 

Pine wood saw dust 1.9 0.9 0.7 

Lucerne hay 2.0 0 0 

7.1.6 Discussion 

While the growth of A. carbonarius was reduced in moist soil amended with pine wood saw 
dust or red gum saw dust, the growth of its saprophytic competitors increased. In this 
experiment, the initial decomposition of pine wood saw dust or red gum saw dust in moist soil 
provided substrates, not only for the growth of A. carbonarius but also for the growth of other 
soil mycoflora. One or more compounds that stimulate the growth of certain mycoflora may 
be released during the initial decomposition red gum wood saw dust or pine wood sawdust. 
These compounds may include ethylene, ammonia, acetone, ethanol, methanol, 
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formaldehyde, acetaldehyde and propionaldehyde (Harman et al. 1980, Mitchell and 
Alexander 1961). No known fungistatic or fungicidal compounds are released by red gum 
wood saw dust or pine wood saw dust. 
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Figure 1. The effects of organic amendments on the incidence of A. carbonarius in moist 
soil. [*Data were square root transformed. Incidences for amendments with a different letter 
were significantly different (P = 0.05)]. 

Figure 2. Colonies A. carbonarius (black colonies) isolated from moist inoculated and 
amended soil (dilution 1:10-3

) grown on DRBC agar plates. Top row of plates (from left to 
right): soils amended with red gum wood saw dust and pine wood saw dust. Bottom plate: soil 
amended with lucerne hay. 
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Lucerne hay is also likely to provide substrates for the growth of soil mycoflora during its 
initial decomposition in moist soil and may release one or more biologically active 
compounds that have fungistatic or fungicidal activity. 'Saponins ', for example, are chemical 
compounds that are present in lucerne and have fungistatic or fungicidal activity (Anon. 
2004). Gilpatrick et al. (1969) also reported that lucerne (alfalfa) hay in soil reduced certain 
soil-borne diseases. 

In view of the above, prevention of the growth of A. carbonarius in moist soil amended with 
lucerne hay is likely to have resulted from competition by its saprophytic competitors as well 
as the effects of one or more toxic substances released from the lucetne. Apparently, these 
substances were not released from lucerne hay in dry soil. Recently, lucerne (alfalfa) has been 
used in organic fanning to improve the soil health (Anon. 1999). Other kinds of organic 
matter have also been used as soil amendments to control soil-borne diseases with some 
success (Wilhelm 1951, Jordan et al. 1972, Alam and Wadud Mian 1977, Gamliel 2000, 
Lazarovits et a!. 2001 ). The results of the study reported here indicate that there are 
opportunities to use selected soil amendments or cover crops to reduce populations of A. 
carbonarius in vineyard soils. 

Figure 3. Colonies A. carbonarius (black colonies) isolated from soil amended with lucerne 
hay (dilution 1: 1 o-3

) grown on DRBC agar plates. From left to right: inoculated soil with no 
moisture and inoculated soil with moisture. 
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7.2 Effects of soil solarisation on the incidence of black Aspergillus spp. 

Benozir Kazi, Bob Emmett, Kathy Clarke, Narelle Nancarrow and John Reynolds 

7.2.1 Summary 

Soil under Sultana grapevines was covered with translucent low-density polyethylene sheets 
and solarised for up to 27 days in mid summer. Populations of black Aspergillus spp., 
including A. carbonarius, increased in solarised soils , in air over solarised soils and on/in 
grape berries in bunches on vines in solarised plots. In this trial, solar heating alone was not 
sufficient to reduce populations of black Aspergillus spp. in soil under vines. Solarisation of 
soils containing organic amendments that produce toxic volatile compounds may be a more 
effective way of reducing the incidence of black Aspergillus spp. in vineyard soil. 

7.2.2 Introduction 

Soil solarisation is a non-chemical method for soil disinfestation. Temperature levels in the 
soil during solarisation are relatively low compared with other artificial heating methods such 
as steaming. The mode of action of solarisation is complex, involving direct thennal 
destruction of propagules , shifts in microbial populations and activity, and changes in the 
soil's physical and chemical properties (Kat an 1981, Ramirez-V illapudua and Munnecke 
1985, 1987, Gamliel et al. 1998, Gamliel 2000, McLean et al. 2003). Plastic mulch is an 
important factor in creating solar heating conditions in the soil, retaining soil moisture and 
holding volatile compounds in the soil under the film (Di Primo and Cartia 1998). 

Black Aspergillus spp. are saprophytic fungi living on substrates in vineyard soils. Potentially, 
translucent low-density polyethylene sheets or mulches could be used in vineyards to reduce 
the incidence of these fungi , especially A. carbonarius in soil under vines . 

7.2.3 Research objectives 

The aim of this study was to determine the effect of solarisation using translucent low-density 
polyethylene sheets on the incidence of black Aspergillus spp. , especially A. carbonarius in 
soil under grapevines. 

7 .2.4 Methods 

Solarisation trial design and treatments 
A solarisation field trial was conducted in mid smmner (January-February) 2002 in a dried 
grape vineyard with well-established Sultana grapevines in soil that was naturally infested 
with black Aspergillus spp. Two-vine plots with treatments were arranged in a randomised 
complete block design and replicated three times. Treatments in the trial were soil under vines 
with (a) no cover (Treatment 1), (b) cover for 12 days (Treatment 2) and (c) cover for 27 days 
(Treatment 3). In covered plots, 2 m2 of soil at the base of vines was covered with translucent 
low-density polyethylene sheet (UV Additive C/F, Gauge: 150!-l) and the edges of the 
polyethylene sheet were buried to retain soil temperature and moisture. 

Collection of samples 
Soil and air samples were collected from all plots one day befo_re the covers were placed on 
plots (Day -1). After 12 days (Day 12), the covers were removed from plots with Treatment 2 
and soil, air and grape berry samples were collected from these plots and from plots without 
covers (with Treatment 1). After 27 days (Day 27), the covers were removed from plots with 
Treatment 3 and soil, air and berry samples were collected from these plots and again from 
plots without covers (with Treatment 1). Soil samples were collected from three locations 
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along a diagonal across each plot. Air samples were collected at heights of 10, 100 and 180 
em above the surface of soil at the centre of each plot using a MAS 1 00® Air Sampler as 
described in Chapter 4. Berry · samples consisted of semi-dried berries taken from five 
bunches that were collected at random from vines in each plot and pattially dried. 

Assessment of the incidence of black Aspergillus spp. in soil, air and dried berries 
The incidence of black Aspergillus spp. in soil, air and dried berries was assessed by the 
methods described in Chapter 4. 

Statistical analyses 
Incidence data were square root transfonned where required and analysed by analysis of 
variance (Genstat® for Windows, 2002). 

7.2.5 Results 

After 12 and 27 days, populations of black Aspergillus spp., including A. carbonarius, were 
higher in solarised soil than in non-solarised soil (P = 0.05 , Table 1). At Days 12 and 27, the 
average incidence of A. carbonarius, A. niger and A. aculeatus in air over solarised plots was 
also higher than that in air over non-solarised plots (P = 0.05, data not presented). 
Furthermore, the incidence of A. carbonarius, A. niger and A. aculeatus was higher in semi
dried berries taken from bunches on vines in solarised plots than in semi-dried berries from 
vines in non-solarised plots (P = 0.05 , data for A. carbonarius presented in Figure 1, data for 
A. niger and A. aculeatus not presented). 

Table 1. Incidence of black Aspergillus spp. in solarised and non-solarised vineyard soils. 

Time Solarisation Incidence of black Aspergillus spp. 
(days) treatment (cfu/g x102

) 

A. carbonarius A. niger A. aculeatus 

-1 No cover 1.3 6.1 6.2 

12 No cover 0.7 4.6 5.2 

Cover 6.2 10.4 7.1 

27 No cover 1.8 7.5 4.5 

Cover 13.4 36.8 17.3 
Time= Number of days after covers were applied. 

7 .2.6 Discussion 

In this study, solarisation increased populations of black Aspergillus spp. (including A. 
carbonarius) in soil. The covers over soil dw·ing solarisation appeared to create a more 
favourable enviromnent for the growth of populations the three black Aspergillus spp. In this 
test, solar heating alone was not sufficient to reduce populations of these fungi in the soil 
under vines. 

Further studies are required to determine whether solarisation in conjunction with organic 
amendments can be used to reduce populations of A. carbonarius in vineyard soil and in 
grape bunches on vines. Katan (1981), Ramirez-Villapudua and Munnecke (1987, 1988), Di 
Primo and Carita (1988) reported positive effects of combining soil organic amendments with 
solar heating for control of other organisms. Toxic volatile compounds from decomposing 
green plant materials from cabbage or other plants are soluble in water and absorbed by soil 
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in high concentrations (Lewis and Papavizas 1974). Solar heating may promote the release of 
these toxic volatile compounds in soils containing the appropriate plant materials ( eg. from 
appropriately selected cover crops). 
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Figure 1. Incidence of A. carbonarius on/in semi -dried berries taken from bunches on vines 
in solarised plots (covered for 12 or 27 days) and non-solarised plots (not covered). 
[Incidences for treatments with a different letter were significantly different (LSD, P = 0.05)]. 
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7.3 Effects of cultivation and irrigation on the incidence of 
Aspergillus carbonarius in vineyard soil 

Benozir Kazi, Bob Emmett, Narelle Nancarrow and Kathy Clarke 

7.3.1 Summary 

The infection of dried grapes by A. carbonarius mostly occurs before drying while grapes are 
still on vines. As A. carbonarius is an indigenous soil inhabitant, propagules in soil are an 
important source of inoculum in vineyards. Populations of A. carbonarius in soils were 
studied in vineyards with different cultivation and irrigation practices. Incidence of A. 
carbonarius was highest in soils where alternate vine rows were cultivated every fortnight 
throughout the vine-growing season and green manure crops were sown into the cultivated 
rows every month. Incidence of A. carbonarius was lowest in soils where no cultivation had 
occurred for three years and the vineyard floor between vine rows was covered with weeds 
and grasses. The number of propagules of A. carbonarius was higher in dry soil than in moist 
soil. Incidence of A. carbonarius in soil decreased after irrigation but later increased when the 
soil dried. Soil disturbance, moisture and temperature appeared to be important factors 
influencing populations of A. carbonarius in vineyard soils. Potentially, minimal cultivation 
and irrigation practices could be used to minimise soil-borne inoculum of A. carbonarius in 
vineyards. 

7.3.2 Introduction 

Previous studies have shown that many soil fungi are significantly influenced by cultural 
practices (Menabe et a!. 1978, Cole et a!. 1981, Angle et a!. 1982). Tillage systems, fertiliser 
applications, crop rotations, cover cropping, irrigation and manure applications can affect 
fungal populations in soil (Herr 1957, Menon and Williams 1957, Timothy eta!. 1984). 

Rees (1987) and Mehta and Gaudencio (1990) reported higher severity of wheat powdery 
mildew and leaf rust on tilled land than on land that was not tilled. On the other hand, root rot 
diseases were more severe in no tillage systems (Mehta and Gaudencio 1990). Other authors 
have reported the effects of no tillage on the epidemiology of crop diseases (Diehl 1979, 
Summer 1981 , Moore and Cook 1984, Rovira 1986, Weller and Cook 1986). 

Soil moisture status and temperature can also influence the behaviour of fungal populations in 
soil. Colonisation of peanuts by Aspergillus flavus and populations of Fusarium in soil were 
reduced by reducing soil temperature in association with irrigation (Stover 1953, Cole eta!. 
1981, Sanders 1981, Sanders eta!. 1984). Studies have also shown that invasion of peanuts by 
A. flavus and A. parasiticus and contamination with aflatoxin primarily occurred under 
drought-stress conditions (Pettit eta!. 1971 ). 

Populations of A. carbonarius in vineyard soils may also be influenced by cultmal practices 
such as cultivation, cover cropping and irrigation. In the Sum·aysia district, where most dried 
grapes are produced, grape growers use various cultivation and irrigation practices. Increased 
know ledge of the effects of these practices on the incidence of A. carbonarius in vineyard 
soils could be used to develop or select particular practices that minimise levels of inoculum 
in vineyards. 

7.3.3 Research objective 

The objective of this study was to determine whether selected cultivation and irrigation 
practices affect populations of A. carbonarius in vineyard soils. 
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7 .3.4 Methods 

Effects of cultivation 
Four vineyards with different cultivation practices were studied in 2002-2003. In Vineyard 1 
there had been no cultivation for the previous three years. The vineyard floor between rows 
was covered with weeds and grasses . In Vineyard 2 there was no cultivation for the previous 
four years. Chemical weed control was used and the vineyard floor had few weeds and other 
grasses. Vineyard 3 was cultivated once every year to establish a cover crop. Rye grasses 
were planted between vine rows and slashed before grain formation. In Vineyard 4, alternate 
vine rows were cultivated every fortnight throughout the season. Green manure crops were 
sown into the cultivated rows each month. 

Soil samples from each vineyard were collected at monthly intervals from 15 December 2002 
to 15 February 2003. Samples of soil under vines and between vine rows were collected at a 
depth of 0-3 em from five positions along diagonal transects across each vineyard. Three 
separate soil sub-samples were taken from each sample and assessed for incidence of A. 
carbonarius. 

Effects of irrigation 
The effects of irrigation on populations of A. carbonarius in soil was studied in a vineyard 
with over-head irrigation in 2001102 and 2002/03. For each irrigation, one pre-irrigation and 
three post irrigation samples of soil at a depth of0-3 em were collected (every two days) from 
five positions along diagonal transects across the vineyard. In each year, irrigations were 
applied at seven-day intervals and the study was conducted over four consecutive irrigations. 

Assessment of A. carbonarius in soils 
Populations of A. carbonarius in each soil sample were estimated using the soil dilution plate 
method described in Chapter 4. 

Statistical analyses 
Data were analysed by analysis of variance using GenStat® (Sixth Edition, Lawes 
Agricultural Trust, Rothamsted Experiment Station). 

7 .3.5 Results 

Effects of cultivation 
Populations of A. carbonarius in soils between rows and under vines in Vineyards 1-4 are 
shown in Figure 1. Highest populations of A. carbonarius were observed in Vineyard 4, 
where soils were cultivated frequently. The average count of A. carbonarius for this vineyard 
was 2.9 x 103 cfu/g of soil. In contrast, average counts of A. carbonarius in the soils from the 
minimally cultivated vineyards, ie. Vineyards 1, 2 and 3, were 7.3 x 102 cfu/g, 1.6 x 103 cfu/g 
and 8. 0 x 102 cfu/ g of soil, respectively. A. carbonarius counts in soils between vine rows of 
the minimally cultivated vineyards were very low. The average counts were 1.8 x 102 cfu/g, 
3.7 x 102 cfu/g and 1.3 x 102 cfu/g for Vineyards 1, 2 and 3, respectively, compared to 1.4 x 
103 cfu/g for Vineyard 4 (Figure 1 ). While the A. carbonarius counts in soils between vine 
rows did not differ significantly among the minimally cultivated vineyards (Vineyards 1, 2 
and 3), they did so between cultivations (P = 0.05, data not presented). 

Effects of irrigation 
High populations of A. carbonarius (1.0 x 103 cfu/g soil) were observed in the dry, pre
irrigation soil samples (Figure 2). After the first irrigation, the average population of A. 
carbonarius decreased substantially to 0.4 x 102 cfu/g soil (P <0.05), while populations of 
other competitive mycoflora (eg. Trichoderma spp., Cladosporium spp., Penicillium spp. and 
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Fusarium spp.) in the soil increased. The A. carbonarius populations then increased (6.4 x 102 

cfu/g soil) and retun1ed to a level which was not significantly different from the pre-irrigation 
level (Figure 2). The average counts of A. carbonarius in the three subsequent collections 
from the drying soils were 6.4 x 102 cfu/g soil, 4.6 x 102 cfu/g soil and 7.4 x 102 cfulg soil and 
these did not differ significantly (P = 0.05). 
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Figure 1. Counts of Aspergillus carbonarius (cfu/g) in minimally and frequently cultivated 
vineyard soil. Vineyards 1-3 had minimal cultivation and Vineyard 4 had frequent cultivation. 
[For soil fi:om between rows or from under vines, vineyard counts with a different letter were 
s.ignificantly different (P = 0.05)]. 

Figure 2. Effects of irrigation on the survival of A. carbonarius in vineyard soil. Soil counts 
( cfu/g soil) are means for four consecutive over-vine irrigations. 'Pre' is the pre-irrigation 
count and 'Post-1 ', 'Post-2', 'Post-3' and 'Post-4' are consecutive counts at 2-day intervals 
after inigation. [Counts at assessment times with a different letter were significantly different 
(P = 0.05)]. 

7 .3.6 Discussion 

Cultivation 
The results of this study indicate that minimal cultivation is better than continual cultivation 
for minimising the incidence of A. carbonarius in soil. Minimal tillage may increase the 
water holding capacity of soils, which appears to adversely affect the growth of A. 
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carbonarius. Other authors have also reported reductions in fungal populations in minimally 
cultivated or undisturbed soil. Diehl et al. (1979, 1982), for example, reported a decrease in 
the severity of root rot in wheat grown on soil that was fallowed for 3 or 4 years. Duczek 
(1981) and Reis and Abrao (1983) also reported that spores of Cochliobolus sativus were 
more numerous in tilled soil than in untilled soil. 

Irrigation 
Incidence of A. carbonarius was higher in dry soil than in moist soil. The higher population 
of A. carbonarius in dry soil may be due to aerobic conditions, higher soil temperature and/or 
reduced microbial competition. After inigation, incidence of A. carbonarius in soil decreased 
but later increased to pre-inigation levels when the soil dried. The reduction in populations 
just after irrigation may be due in part to anaerobic conditions (Chapter 6), reduced soil 
temperature and/or antagonistic mycoflora competing successfully for available oxygen and 
substrates in the soil. Increases in populations of A. carbonarius when the soil dried may be 
due to the ability of A. carbonarius to adapt to changes in soil temperature and water activity 
(aw). It may also be due to the reduced growth of saprophytic competitors. Some of these 
competitors may grow in anaerobic conditions for a certain period of time before their rate of 
survival declines. Magan and Lacey (1984) demonstrated that some species of saprophytic 
fungi are competitive only at soil temperatures around 30°C. This competitiveness varied with 
aw and substrate. Some saprophytic fungi such as A. repens and A. versicolor . were not 
competitive regardless of aw. It is not known whether environmental factors alone determine 
which fungal populations dominate in these situations, or whether inter-specific actions also 
play a role. 
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7.4 Effects of fungicides on the survival of Aspergillus carbonarius 

Benozir Kazi, Bob Emmett and Narelle Nancanow 

7.4.1 Summary 

The effects of fungicides on Aspergillus carbonarius were studied in vitro. Spin® Flo, 
Rovral® Aquaflo, Flint®, Switch®, Kocide® Blue and Peratec® were evaluated at dilutions of 
1,000 to 20,000 ppm using paper disk and spore dilution plate tests conducted over 14 days at 
25°C. Spin® Flo prevented growth of A. carbonarius at all concentrations for the duration of 
both tests. Switch® and Peratec® prevented growth only at high concentrations. Rovral® 
Aquaflo prevented growth in the first six days and subsequently, reduced growth. At all 
concentrations, Kocide® Blue and Flint® did not prevent growth of A. carbonarius after 2 
days. Further studies are required to detennine whether the fungicides with the highest 
efficacy in these tests can be used in vineyards to minimise the development of A. 
carbonarius in grapes. 

7.4.2 Introduction 

Potentially, fungicide h·eatments can be used in integrated strategies for the management of 
mould in grape bunches caused by A. carbonarius. However, little or no information was 
available on the effects of fungicides on A. carbonarius. Laboratory tests were required to 
select fungicides for further evaluation in field trials. 

7.4.3 Research objectives 

The objective of this study was to detennine the effects of selected fungicides on the survival 
of A. carbonarius in vitro. 

7.4.4 Methods 

Six fungicides were selected for evaluation. These were Spin® Flo (500 g/L carbendazim, 
Bayer CropScience, Hawthmn East Vic.), Rovral® Aquaflo (500 g/L iprodione, Bayer 
CropScience, Hawthorn East Vic.), Flint® 500 WG (500 g/kg trifloxystrobin, Bayer 
CropScience, Hawthorn East Vic.), Switch® Fungicide (375 g/kg cyprodinil and 250 g/kg 
fludioxonil, Syngenta Crop Protection, Pendle Hill NSW), Kocide® Blue (350 g/kg cupric 
hydroxide, Griffin Corporation Australia, Milton Qld) and Peratec® (250 g/L hydrogen 
peroxide and 50 g/L peroxy-acetic acid, Jaeger Australia, Noble Park Vic.). Fungicide 
dilutions were prepared from formulated products. Methods used to test the fungicides are 
described below. 

Paper disk test 
Each fungicide was tested at dilutions of20,000 ppm, 10,000 ppm and 1,000 ppm. Paper disk 
plates were made by placing a l-cm2 disk of Whatman® 42 filter paper onto a 9-cm 
Whatman® seed test filter paper (0.1 em thick) in a 9-cm Pyrex® glass Petri dish (Figure 1 ). 
Each 1"-cm2 paper disk was impregnated with 50 ~L of the fungicide solution to be tested. 
Each fungicide was impregnated into four paper disks for each dilution. One series of paper 
disck was impregnated with sterilised distilled water to provide a 'no fungicide (water)'or 
untreated control. After all of the paper disks were impregnated with the test fungicides, each 
disk was seeded at its centre with 25 ~L of a suspension of spores of A. carbonarius (adjusted 
to 7. 6 x 105 spores/mL ), using an auto-pipettor. The spore suspension contained three drops 
ofCitowett® Spreader-sticker (1000 g/L alkylphenol ethoxylate, BASF Australia, Noble Park 
Vic.) per 100 mL. Each impregnated and seeded paper disk was then transferred aseptically 
to the centre of a plate containing dichloran-rose bengal chloramphenicol (DRBC) agar. 
Plates were incubated at 25°C. Observations of the growth of A. carbonarius were recorded 
at 48 hour intervals over a period of 14 days (d). 
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9-cm glass Petri dish 
(Pyrex®) 

Figure 1. Schematic diagram of a paper disk plate. 

Spore dilution plate test 

l-cm2 Whatlnan ® 42 
filter paper 

9-cm Whatman ® seed test 
filter paper (0.1 -cm thick) 

The six fungicides used in the paper disk test were also included in this test. Two fungicide 
dilutions, 20,000 ppm and 10,000 ppm were considered. One millilitre of the A. carbonarius 
spore suspension (adjusted to 7.6 x 105 spores/mL) was placed in a 25 mm wide mouth glass 
test tube containing 9. 0 mL of sterilised distilled water and vortexed for 3 0 seconds (1 o- 1 

dilution). For 10-2 to 10-5 dilutions, 1 mL of diluent from each of the dilutions (10-1 to10-4 
dilution) was transferred to 9.0 mL sterilised distilled water in 25 mm wide mouth glass test 
tubes with an auto-pipettor. From each A. carbonarius spore suspension, 50 ~L of diluent 
was then placed separately onto the centre of a DRBC agar plate. Fifty microlitre of each 
fungicide dilution was then transferred aseptically onto the top of the 50 ~L of A. carbonarius 
spore suspension previously placed on the DRBC agar plate. Separate series were made for 
each fungicide dilution. Both spore suspension and fungicide dilution at the centre of the 
DRBC agar plate were spread evenly over the agar using a sterile glass 'hockey stick' 
spreader. Each fungicide dilution was plated in duplicate and incubated at 25°C. After 6 d, 
the plates were examined under a stereo-binocular microscope and the number of colonies of 
A. carbonarius on each plate was counted. 

7.4.5 Results 

Results from the paper disk test are presented in Table 1 and in Figures 2 and 3. At all 
concentrations, Kocide® Blue and Flint® did not prevent growth of A. carbonarius after 2 d. 
At the lowest concentration (1 ,000 ppm), Kocide® Blue had no effect. Peratec® at 20,000 ppm 
prevented growth for the entire period of observation (14 d) , but was ineffective at lower 
concentrations. Rovral® Aquaflo was effective at all concentratim1s up to 6 d. After 6 d, 
growth of A. carbonarius occurred but it was substantially restricted. Switch® at 20,000 ppm 
and 10,000 ppm prevented growth for the entire period of observation, but at 1,000 ppm it 
was ineffective after 8 d. At 1,000 ppm, Switch® also restricted growth substantially on 
DRBC agar plates. Spin® Flo was effective at all concentrations for the entire period of 
observation. 
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Table 1. Growth of Aspergillus carbonarius on paper disks treated with different fungiCides 

F 
Incubation (days) 

u 
11 

2 4 6 8 10 12 14 

g Fungicide concentration (ppm) 
i 
c 0 0 

§ 
0 0 

§ 
0 

~ § 
0 0 

§ 
0 

~ § 
0 0 

§ 
0 0 

i 
0 0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 
ci 0 0 0 0 ci ci 0 ci 0 0 0 

d N ,...., - N ,...., ,.... 
N :2 ,.... N - ,.... 

N :2 ,.... N ,...., ,.... 
N -

e 
Growth of A. carbonarius* 

Spin® Flo - - - - - - - - - - - - - - - - - - - -

Rovra l® Aquaflo - - - - - - - - - + + + + + + + + + + + 

Flint® - - - + + + + + + + + + + + + + + + + + 

Switch® - - - - - - - - - - - - - - + - - + - -

Kocide® Blue - - + + + + + + + + + + + + + + + + + + 

Peratec® - + + - + + - + + - + + - + + - + + - + 

No fungicide (water) + + + + + + + + + + + + + + + + + + + + 

* Positive(+)= A. carbonarius growth present; Negative(-)= A. carbonarius growth absent. 

Figure 2. Growth of A. carbonarius after 14 days in the presence of fungicides at 20,000 
ppm on paper disks placed on DRBC agar plates. Fungicide treatments: upper row . (left to 
right), Spin® Flo, Rovral® Aquaflo, Flint® and Switch® and bottom row (left to right), Kocide® 
Blue, Peratec® and no fungicide (water). 
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Figure 3. Growth of A. carbonarhts after 14 days in the presence of fungicides at 10,000 
ppm on paper diks placed on DRBC agar plates. Fungicide treatments: upper row (left to 
right), Spin® Flo, Rovral® Aquaflo, Flint® and Switch® and bottom row (left to right), 
Kocide® Blue, Peratec® and no fungicide (water). 

Results from the spore dilution test are presented in Table 2 and in Figures 4 and 5. At nearly 
all spore concentrations, Peratec®, Kocide® Blue and Flint® did not affect the survival of 
spores of A. carbonarius on DRBC agar plates. At both concentrations of Rovral® Aquaflo, 
very few colonies of A. carbonarius developed on plates with all spore concentrations. Both 
concentrations of Switch® and Spin® Flo prevented colony formation by A. carbonarius at all 
spore concentrations. 

7 .4.6 Discussion 

A similar result was obtained for Kocide® Blue in the paper disk test and the spore dilution 
test. The results for Flint®, Peratec®, Rovral® Aquaflo and Spin® Flo were also very similar in 
both tests. Reasons for the inconsistent effects of Switch® in the tests are not clear. This may 
be associated with differences in the behaviour of A. carbonarius and the action of the 
chemical on dry paper disks. 

The data in this study indicate that some of the fungicides above could be used to reduce the 
development of A. carbonarius. Our results agree with those of Tjamos et al. (2004). In an 
in vitro study, they found that fungicides such as cyprodinil, fluazinam and fludioxonil were 
effective against A. carbonarius. When conditions favour mould development caused by A. 
carbonarius and other black Aspergillus spp. , applications of fungicides alone or within an 
integrated management program i:rmy reduce the development of A. carbonarius and 
associated OA contamination in grapes. Further tests are required to examine the effects of 
these (and other) fungicides on A. carbonarius under field conditions. 
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Table 2. Survival of A. carbonarius in the presence of different fungicides on DRBC agar 

Fungicide Concentration A. carbonarius spore suspension dilution 
(ppm) 10° 10- l 10-2 10-3 104 10-5 

Number of colonies* 
Peratec® 20,000 >350 85 29 16 0 0 

10,000 >350 249 62 53 3 0 

Kocide® Blue 20,000 >350 >350 210 52 4 0 

10,000 >350 >350 231 57 5 1 

Switch® 20,000 0 0 0 0 0 0 

10,000 0 0 0 0 0 0 

Flint® 20,000 >350 79 58 5 0 0 

10,000 >350 82 63 7 1 0 

Rovral® Aquaflo 20,000 1 0 0 0 0 0 

10,000 3 2 1 0 0 0 

Spin® Flo 20,000 0 0 0 0 0 0 

10,000 0 0 0 0 0 0 

No fungicide 0 >350 >350 280 61 6 3 
(water) 

* Mean of colony counts on 2 DRBC agm plates . 

Figure 4. Colonies of A. carbonarius on DRBC agar plates in the presence of fungicides at 
20,000 ppm. Fungicide treatments: upper row (left to right), Peratec®, Kocide® Blue, Switch® 
and Flint® and bottom row (left to right), Rovral® Aquaflo, Spin® Flo and no fungicide 
(water). The plates were inoculated with a suspension of spores of A. carbonarius (7 .6 x 105 

spores/mL) diluted at 1 o-3
• 
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Figure 5. Colonies of A. carbonarius on DRBC agar plates in the presence of fungicides at 
10,000 ppm. Fungicide treatments: upper row (left to right), Peratec®, Kocide® Blue, Switch® 
and Flint® and bottom row (left to right), Rovral® Aquaflo, Spin® Flo and no fungicide 
(water). The plates were inoculated with a suspension of spores of A. carbonarius (7.6 x 105 

spores/mL) diluted at 1 o-3. 
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7.5 Effects of vine covers on the incidence of black Aspergillus spp. 
and rot in grape bunches 

Bob Emmett, Benozir Kazi, Narelle Nancarrow and Kathy Clarke 

7.5.1 Summary 

Field studies were conducted on Sultana grapevines to assess the effects of plastic vine covers 
on the development of bunch rot and on the incidence of black Aspergillus spp. in dried 
grapes. The use of white plastic vine covers substantially reduced the severity of bunch rot 
just before harvest in 2003 when pre-harvest rain favoured rot development. In the absence of 
suitable conditions for rot development in 2001, incidence of most black Aspergillus spp., 
especially A. carbonarius, was higher in dried grapes produced on vines with covers than on 
vines without covers. Incidence of A. niger and A. aculeatus was highest under clear plastic 
covers and yellow plastic covers, respectively. 

7.5.2 Introduction 

Covering vines with plastic sheets has been a common practice used by table grape growers in 
the Sunraysia district in recent years. The covers are applied between veraison and harvest 
mostly to protect grapes from enviromnental damage. However, little infonnation was 
available on the effects of vine covers on populations of black Aspergillus spp. in bunches. 
There was also a lack of documented evidence of reductions in the severity of bunch rots on 
vines under covers because most Aush·alian studies had been conducted in seasons when there 
was little or no rain damage on bunches on uncovered vines (Pohlner, 1997). Depending on 
their cost effectiveness, vine covers could be used in dried grape vineyards to reduce rain 
damage and mould development. Further research was needed to determine the effects of vine 
covers on the development of bunch rots and the incidence of black Aspergillus spp. in dried 
grapes. 

7.5.3 Research objectives 

The aims of this study were to 
(1) Assess the effects of two different types vine covers on populations of black Aspergillus 
spp. in dried grapes, and 
(2) Determine the effects of vine covers on bunch rot development when substantial wet 
weather occurs just before harvest. 

7 .5.4 Methods 

Effects o(di(ferent types vine covers on populations of black Aspergillus spp. in dried grapes 
Field Trial] (2000/01) 
Field Trial 1 was conducted on well established Sultana grapevines on a swing ann trellis 
(with a row spacing of 4.8m) in a commercial vineyard at South Merbein Vic. in 2000/01 in 
conjunction with studies of factors affecting grape berry development and susceptibility to 
rain damage (Dr John Gray, CSIRO Merbein Vic.). 

Trial design and treatments 
Three vine plots with each treatment were aiTanged in a randomised complete block design 
with 4 replications. Vine treatments in the h·ial were (1) clear plastic cover, (2) yellow plastic 
cover and (3) no cover (untreated control). Vines with Treatments 1 and 2 were covered from 
berry softening (veraison) to harvest. 
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Assessment of the incidence of black Aspergillus spp. inion dried grapes 
Ten bunches of trellis dried grapes selected at random from the bunch zone of vines in each 
plot were sampled just before harvest. The samples from each plot were bulked and three sub
samples were taken from each bulked sample. In the laboratory, all benies were removed 
from each bunch and the incidences of A. carbonarius, A. niger and A. aculeatus in and on the 
dried grapes ( cfu/g) were determined using the dilution plate method described in Chapter 4. 

Effects of vine covers on bunch rot development 
Field Trial 2 (2002/03) 
Field Trial2 was conducted on Sultana (Thompson Seedless) grapevines on aT-trellis (with a 
row spacing of 3m) in a vineyard at Irymple Vic. in 2002/03. 

Trial design and treatments 
Four vine plots with each treatment were arranged in a randomised complete block design 
with 6 replications. Vine treatments in the trial were (1) white plastic cover (White Grape 
Guard 150, Gelpack) and (2) no cover (untreated control). Vines with Treatment 1 were 
covered from berry softening (veraison) to harvest. 

Assessments of bunch rot development 
Incidence ofbunch rot (percentage of bunches diseased) and severity of bunch rot (percentage 
of the area of bunches diseased) were assessed just before harvest on 14 February 2003. Ten 
bunches on each vine were assessed visually using standardised diagrammatic assessment 
keys (R. Emmett, unpublished). 

Statistical analyses 
Data were analysed by Analysis of Variance (ANOV A) using Genstat® (Sixth Edition, Lawes 
Agricultural Trust, Rothamsted Experimental Station~ . 

7.5.5 Results 

Effects ofdifferent types vine covers on populations of black Aspergillus spp. in dried grapes 
Field Trial] (2000/01) 
Weather conditions between veraison and harvest were not suitable for the development of 
bunch rot on uncovered or covered vines in Field Trial 1 in 2000/01. The incidence of black 
Aspergillus spp. in and on berries of bunches on vines with the different h·eatments is shown 
in Figure 1. Incidences of the different Aspergillus species were different in dried grapes from 
vines with different treatments. Incidence of A. carbonarius was higher in fruit from covered 
vines than from uncovered vines and higher in fruit from yellow covered vines than from 
clear covered vines. Incidence of A. niger and A. aculeatus was highest in fruit from clear 
covered and yellow covered vines, respectively. 

Effects of vine covers on bunch rot development 
Field Trial 2 (2002/03) 
Rain between veraison and harvest promoted the development of bunch rot on uncovered or 
covered vines in Field Trial 2 in 2002/03. The bunch rot was caused by a mixture of micro
organisms (including black Aspergillus spp.). Bunch rot severity was substantially higher on 
vines without covers than on vines with covers (Figure 2). 

7 .5.6 Discussion 

Effects ofdifferent tvpes vine covers on populations of black Aspergillus spp. in dried grapes 
In Field Trial 1, the different types of vine covers may have created different microclimates 
within the canopies of covered vines. This appeared to have affected the incidence . of A. 
carbonarius, A. niger and A. aculeatus differently. The results indicate that conditions under 
the yellow covers in this trial were conducive to the development and/or survival of A. 
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aculeatus, while those under the clear covers were more favourable for A. niger. Conditions 
in vines under both types of vine cover appeared to favour A. carbonarius more than 
conditions in vines without covers. Nevertheless, in the absence of substantial rainfall in the 
pre-harvest period, no bunch rots were observed regardless of the incidence of the different 
Aspergillus spp. on/in berries in bunches. This observation confirms that bunches with a high 
incidence of black Aspergillus spp. are unlikely to develop bunch rots unless berries have 
been exposed to factors that cause damage ( eg. pre-harvest rain). 
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Figure 1. Incidence of black Aspergillus spp. in and on trellis dried grapes from vines under 
clear or yellow plastic covers at South Merbein Vic. just before harvest in 2001. 
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Figure 2. Severity of bunch rot on vines with and without white plastic covers at lrymple Vic. 
just before harvest in February 2003. [Treatments with a different lower case letter were 
significantly different (P = 0.05)]. 

Effects of vine covers on bunch rot development 
The results of Field Trial 2 show that vine covers can oe used to reduce the severity of bunch 
rot in seasons when rain between veraison and harvest causes berry damage. While this 
cultural practice could be used to minimise rain damage, berry infection by black Aspergillus 
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spp., and mould and ochratoxin A development, the use of vine covers is unlikely to be as 
cost effective for dried grape growers as it is for table grape growers. 
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7.6 Effects of potassium metabisulphite on the development of rot 
caused by Aspergillus carbonarius on rain-damaged grapes 

Kathy Clarke, Bob Emmett, Benozir Kazi and Narelle Nancanow 

7.6.1 Summary 

Individual bunches on Sultana grapevines, inoculated with A. carbonarius before or after 
simulated rain treatment, were sprayed with potassium metabisulphite (PMS) and assessed for 
the severity of berry splitting and rot development. Counts of viable A. carbonarius spores in 
and on dried grapes were also determined after some bunches were trellis-dried. The 
application of PMS to damaged berries two days after rain simulation and one day after 
inoculation did not affect subsequent mould development and counts of viable A. carbonarius 
spores in dried grapes. These results indicate that spraying bunches with PMS after berries 
have been damaged by rain will not control Aspergillus bunch rot. 

7.6.2 Introduction 

Summer and autumn rain often occw·s in the Sunraysia district and sufficient rainfall to cause 
rain damage on susceptible dried grape varieties (eg. Sultana) occurs in at least one season in 
every five (Hayes 1990). Generally, rainfall of less than 2mm has no effect. However, rainfall 
of 1 Omin or more is sufficient to cause berry splitting on some varieties and reduce drying 
rates (Whiting 1992). High rainfall followed by at least 2-3 days of high humidity favours 
infection of split berries and the development of bunch moulds. When this occurs, some grape 
growers apply sprays of potassium metabisulphite (PMS) to 'dry up' splits in berries and 
prevent the development of bunch rots (Wicks et al. 2002). 

Most previous studies of the efficacy of sprays of PMS for mould control on rain-damaged 
grapes have been conducted after high rainfall events in vineyards. Most of these studies have 
been inconclusive either because (1) tests were applied in seasons when rainfall was not 
followed by an extended period of high humidity and splits in berries dried without mould 
development regardless of treatment, and (2) treatments were applied after fungal infections 
had become well established. With the latter, for example, application of PMS reduced 
sporulation of Botrytis cinerea for a short time but did not prevent fwther sporulation and 
bunch rot development (Wicks et al. 2002). 

Potentially, PMS treatments could be used to reduce infection of rain-damaged grapes by 
Aspergillus carbonarius providing that treatments were applied early enough ( eg. within a 
day of inoculation and initiation of infection) and providing that sulphur residues from the 
treatments were not unacceptable in treated grapes after dtying. There was scope to conduct 
more conclusive trials on the efficacy of PMS for mould control on rain-damaged berries , 
following exposure to the rain simulation treatment reported in Chapter 5. 

7.6.3 Research obje~tive 

The aim of this study was to determine whether the application of PMS to rain-damaged 
grapes would control bunch rot caused by A. carbonarius. 

7 .6.4 Methods 

Field trial sites 
In February-March 2003, field trials were conducted on Sultana (clone H5) grapevines in 
commercial vineyards at South Merbein Vic. (Field Trial 1) and at Cm·dross Vic. (Field Trial 
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2). All vines were aged more than six years, were grown on sandy loam and Ramsey 
rootstocks and were planted in rows with an east-west orientation with 2.4m between vines in 
each row and 3.6m between rows. Vines at South Merbein were grown on a swing arm trellis 
with under-vine micro-sprinkler irrigation. Vines at Cat·dross were grown on a modified 
hanging cane trellis with overhead irrigation. 

Trial design 
Four vine plots with each treatment were arranged in a randomised complete block design and 
replicated tlTiee times. Twelve bunches selected at random and evenly spaced along the 
length of each plot (replicate) were tagged with coloured flagging tape and numbered prior to 
treatment. Each bunch was separated by vine foliage and other bunches. Six of the 12 tagged 
bunches (selected at random) in each replicate plot (with an inoculation and simulated rain 
combination) were treated with PMS. The treatment combinations tested in the trial 
(including one non-treatment or control) are shown in Table 1. 

Table 1. Inoculations, simulated rain treatments and potassium metabisulphite treatments 
applied to bunches on Sultana vines at South Merbein and Cat·dross Vic. in 2003. 

Treatment A. carbonarius Simulated rain . A. carbonarius 
Number inoculation1 treatment inoculation 1 after 

before simulated (immersion in simulated rain 
rain treatment water)2 treatment 

1 - - -

2 - - -

3 + - -

4 + - -

5 - + -

6 - + -

7 + + -

8 + + -

9 - + + 

10 - + + 
1 Bunches sprayed with a suspension of spores of A. carbonarius (2.5 x 105 cfu/mL). 
2 Bunches immersed in distilled water for 12-16 h (overnight) at 20-22°C. 

Preparation of inoculum 

Potassium 
metabisulphite 

treatment 

-

+ 

-

+ 

-

+ 

-

+ 

-

+ 

Inoculum consisting of a suspension of spores of three strains of A. carbonarius (2. 5 x 105 

spores/mL) was prepared as described in Chapter 5. 

Inoculation of bunches on vines 
Inoculated bunches were thoroughly sprayed with the spore suspension on 7 February or on 
13 February 2003, 5 d before or 1 d after the simulated rain treatment, respectively. 
Approximately 4 mL of spore suspension was applied to each bunch, although this varied 
slightly according to bunch size. 

Simulated rain treatments 
Simulated rain treatments were applied to bunches when the juice of berries was 19-20.5°Brix 
and 1-2 d after vines had been irrigated. Bunches with simulated rain treatments (Table 1) 
were immersed in distilled water (each bunch in a separate press-seal polyethylene bag) for 
12-16 h (overnight) at 20-22°C, drained and allowed to air dry. 
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Potassium metabisulphite treatment 
Approximately 10 mL of a solution containing 5 g/L PMS, acidified to pH 3 with acetic acid 
(Wicks eta!. 2002), was hand-sprayed over each bunch. The PMS treatment was applied on 
14 February 2003 , 2 d after the simulated rain treatment, 7 d after the inoculation that 
preceded the rain treatment and 1 d after the inoculation that followed the rain treatment. 

Assessments of berry splitting in bunches on vines 
Incidence of bunch damage (ie. percentage of bunches with split berries) and severity of 
bunch damage (ie. percentage of the area of bunches with split berries) were assessed 3-6 d 
after the simulated rain treatment. Bunches on vines in each plot were assessed visually using 
standardised diagrammatic assessment keys (R. Emmett, unpublished). 

Assessments of Aspergillus rot development in bunches on vines 
Incidence of bunch rot caused by A. carbonarius (percentage of bunches diseased) and 
severity of bunch rot (percentage of the area of bunches diseased) were assessed 8-12 d after 
the simulated rain treatment and/or 6-10 d after the PMS treatment. Bunches on vines in each 
plot were assessed visually (with minimal disturbance to avoid cross contamination) using 
standardised diagrammatic assessment keys (R. Emmett, unpublished). 

Assessments of the incidence of A. carbonarius in dried grapes 
Just before the dried fruit was harvested, the remaining six treated bunches of trellis-dried 
grapes were removed from vines in each plot, placed in separate labelled. paper bags and 
stored at 1±1 oc for no more than two weeks. Snips sterilised with 70% ethanol were used to 
cut bunches from vines to prevent contamination between inoculated and un-inoculated 
bunches. In the laboratory, all berries were removed from each bunch and the incidence of A. 
carbonarius in and on the dried grapes ( cfu/g) was determined using the dilution plate method 
described in Chapter 4. 

Statistical analyses 
Data were analysed by Analysis of Variance (ANOVA) using Genstat® (Sixth Edition, Lawes 
Agricultural Trust, Rothamsted Experimental Station). Incidence and severity data were 
square root or log transformed before analysis where required. 

7.6.5 Results 

As similar differences between treatments were observed in each trial, mean values for each 
treatment are presented in Figures 1 and 2. The severity of berry splitting was higher in 
bunches on vines with the rain simulation treatment than in bunches without rain simulation, 
regardless of inoculation (Figure 1 ). The severity of berry splitting was similar in bunches 
inoculated before or after rain treatment. The severity of rot was also higher in bunches with 

· . rain simulation than in bunches without rain simulation (Figure 2). Rot severity was higher in 
inoculated bunches with rain simulation than in uninoculated bunches with rain simulation. 
The application of potassium metabisulphite after rain simulation did not affect the 
development of Aspergillus bunch rot (Figure 2). Differences in counts of A. carbonarius in 
trellis dried grapes followed a similar pattern to that reported above for bunch rot. 

7 .6.6 Discussion 

Metabisulphites release sulphur that is toxic to most micro-organisms including many of 
those that cause beny rots (Ware 1983). However, the efficacy of metabisulphites applied to 
rain-damaged grapes is likely to depend mostly on whether the amounts of sulphur released 
are sufficient and are present for long enough in berry wounds to prevent infection or kill 
newly established infections. In this study, the application of PMS to rain-damaged benies 2 
d after rain simulation and 1 d after inoculation with A . . carbonarius did not prevent the 
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development of bunch rot. These results indicate that spraying bunches on vines containing 
rain-damaged benies that have been exposed to fungal inoculum is not worthwhile for the 
control of Aspergillus bunch rot. 
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Figur e 1. Severity of berry splitting in bunches of Sultana grapes with or without inoculation 
with Aspergillus carbonarius (inoc) and/or rain simulation (rain) and/or followed by 
treatment with potassium metabisulphite (PMS) in 2003. [Treatments with a different lower 
case letter were significantly different (P = 0.05)]. 
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Figure 2. Severity of Aspergillus rot in bunches of Sultana grapes with or without inoculation 
with Aspergillus carbonarius (inoc) and/or rain simulation (rain) and/or followed by 
treatment with potassium metabisulphite (PMS) in 2003. [Treatments with a different lower 
case letter were significantly different (P = 0.05)]. 
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8. Preliminary strategies for reducing the incidence of berry and bunch 
moulds caused by Aspergillus carbonarius in dried grape vineyards 

Bob Emmett, Benozir Kazi and Kathy Clarke 

8.1 Summary 

Preliminary strategies for the management of A. carbonarius in dried grape vineyards include (1) 
minimising incidence of A. carbonarius in vineyards by vineyard floor management ( eg. minimal 
cultivation, appropriate cover cropping and irrigation) that reduces the incidence of fungal 
inoculum in soil under vines, (2) minimising incidence of A. carbonarius in grape bunches ( eg. 
by applying fungicide treatments) , (3) preventing pest and disease damage to berries and bunches, 
especially between veraison and harvest, by controlling pests and diseases such as lightbrown 
apple moth and powdery mildew, (4) minimising mechanical and enviroru11ental damage to 
benies and bunches ( eg. sunburn and rain damage) by the using varieties resistant to rain damage 
and by appropriate irrigation and canopy management, and (5) discouraging beny infection and 
bunch mould development by producing loose bunches that are well dispersed through aerated, 
open canopies by the use of vine and vineyard management practices. Integration of these 
strategies should minimise the development of bunch rot caused by A. carbonarius in vineyards. 

8.2 Introduction 

In this project, studies of the incidence and behaviour of black Aspergillus spp. have shown that 
surface soil under vines is the main source of black Aspergillus moulds in vineyards (Chapter 4). 
Spores of these moulds are dispersed in air and dust to the surface of bunches on vines, especially 
in the period before and during harvest. The spores grow in benies damaged by rain, pests, 
pathogens or other factors and cause berry and bunch rots. 

8.3 Management of A. carbonarius and other black Aspergillus bunch moulds in 
dried grape vineyards (preliminary strategies) 

Preliminary sh·ategies for the management of black Aspergillus spp. in dried grape vineyards 
were developed on the basis of information from studies in this project and in other projects [ eg. 
those reported by Leong et a!. (2004) and Emmett (2004)], and studies of other bunch rots 
reported in the literature. 

Generally, vine management practices are used to reduce bunch rot incidence and severity, 
especially when seasonal conditions are marginal for bunch rot development. However, these 
management practices are less effective, and sometimes ineffective, when conditions are very 
favourable for bunch rot development ( eg. when maturing benies are damaged extensively by 
rain before harvest). While fungicide programs are also used to reduce the development of some 
bunch rots (eg. Botrytis rot), to date, fungicide treatments have not been widely used to control 
Aspergillus and other rots that predominantly develop on berries damaged before harvest. 

Most published information on the effects of vine management on bunch rot development relates 
to berry and bunch rots caused by Bot1ytis cinerea. Less is known about the development of 
Aspergillus bunch rots, especially bunch rot caused by A. carbonarius. However, many of the 
vine management practices used to reduce Botrytis bunch rot are aJso likely to reduce Aspergillus 
bunch rot. 
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(4) Prevent mechanical and enviromnental damage to benies and bunches 

(a) Grow grape varieties with resistance to rain damage ( eg. Sumnuscat instead of Sultana). 
• After exposure to rain, the severity of berry splitting and Aspergillus mould development in 

maturing bunches was lower on Sunmuscat than on Sultana (Chapter 5). 
(b) Reduce betTy and bunch damage caused by rain by careful irrigation and, where 
appropriate, summer pruning. 

• Excessive inigation between veraison and harvest can increase the risk of damage to 
maturing benies during rain. 

• Where trellis drying is an option and high rainfall occurs just before harvest, cut canes 
bearing fruit as soon as possible to minimise beny water uptake and splitting. 
• Berry damage is required for the development of Aspergillus rot (Leong et a!. 2004, Emmett 

eta!. 2004a, Chapter 5). 
• Black Aspergillus spp. are saprophytic (Leong eta!. 2004). They can grow and sporulate on 

damaged and dead vine tissues when environmental conditions are favourable. A. 
carbonarius, for example, sporulated on damaged berries and stems in bunches in moist 
conditions at 28°C (Emmett eta!. 2004a). 

• Tissues in bunches (berries and stems) damaged by environmental factors ( eg. rain, sun or 
wind) can be colonised by A. carbonarius. When conditions promote sporulation on these 
infected tissues, levels of conidia on the surface of other berries and stems in the bunch 
increase (Leong et a!. 2003). Subsequently, the likelihood of further rot development is 
higher in bunches with high loads of spores of A. carbonarius when conditions are favourable 
for bunch rot (Emmett et a!. 2004a). A relationship between bunch spore load and the 
expression of bunch rot has been observed for other fungi by other authors (eg. BotJytis 
cinerea, Warren eta!. 2000). 

(c) Prevent sunburn of bunches by trellising and canopy management that minimises bunch 
exposure to direct sunlight and heat, especially in the late afternoon in summer. 

( 5) Discourage berry infection and bunch rot development 

(a) Produce loose bunches that are well dispersed through aerated, open canopies by the use of 
vine and vineyard management practices. 

• Use canopy management practices and vine trellis systems ( eg. Shaw swing-arm trellis; 
Skitmer and Shaw 2000) that reduce the amount of foliage around bunches, minimise 
congestion in vine bunch zones and keep bunches away from the soil under vines. This 
will increase air movement in and around bunches and will reduce bunch rot 
development. 
• Development of bunch rots can be reduced by reducing the amount of foliage and increasing 

air movement around bunches . The incidence and severity of Botrytis bunch rot, for example, 
was reduced by the removal of leaves around bunches two weeks after flowering (Gubler et 
a/. 1987, Thomas eta/. 1988,Englisheta/. 1989, Gublereta/. 1991). 

• Wind speed (and hence air movement and the evaporative potential of the atmosphere around 
bunches) was higher in canopies with leaf removal around bunches than in canopies without 
leaf removal (English eta/. 1989). 

• Vine row orientation in relation to prevailing winds can affect the ability of wind to penetrate 
vine canopies and, ultimately, the development ofbunch rots. 

• Maximum and minimum wind speeds influenced the development ofBotrytis bunch rot in the 
canopies of vines in rows parallel to prevailing winds more than in canopies of vines in rows 
perpendicular to prevailing winds (English et a/. 1989). Leaf removal around bunches on 
vines in rows parallel to prevailing winds, for example, provided greater control of Botrytis 
rot than leaf removal around bunches on vines in rows perpendicular to prevailing winds. 

• Trellis design and canopy architecture can be used to reduce bunch rot development. 
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Enviromnental conditions at various stages of pathogen and disease development influence final 
disease expression. This applies to the expression of grape bunch rots. With Botrytis cinerea, for 
example, prolonged periods of free moisture on the surface of grape benies are required for spore 
gelTllination and infection (Nelson 1951 a, English et a!. 1989). These events are also influenced 
by temperature (Nelson 1951a, 1951b), atmospheric humidit-y (Jarvis 1962, Nelson 1951b) and 
nutrients exuded from plant tissues in water (Kosuge and Hewitt 1964) on the surface of berries 
or on the exposed im1er tissues of damaged benies. Similar factors are likely to influence the 
development of black Aspergillus spp. 

In vine canopies, modification of the microclimates around and in bunches can also affect the 
survival and development of bunch rot fungi on grape benies. This particularly applies to the 
evaporative potential of the atmosphere around bunches, which is strongly influenced by 
atmospheric humidity and wind speed (Thomas et a!. 1988). The evaporative potential of the 
atmosphere refers to the capacity of the atmosphere to evaporate water and to contribute to the 
creation of moisture stress within plant tissues or within cells of micro-organisms ( eg. spores of 
bunch rot fungi) present on the surface of grape benies (English eta/. 1989). 

Based on the information above, integration of the following strategies will minimise incidence of 
black Aspergillus spp. (especially A. carbonarius) and the development of Aspergillus mould in 
dried grape vineyards. [Further research is required before many of these strategies (especially 
those denoted *) will be defmed more precisely. Supporting information related to some 
strategies (Emmett et a/. 2004b) is noted below in indented smaller type]. 

( 1) Minimise incidence of black Aspergillus spp. in vineyards 

(a) Minimise vineyard cultivation* . 
• Levels of A. carbonarius and other black Aspergillus spp. were lower in soil of minimally 

cultivated vineyards than in soil of a frequently cultivated vineyard (Chapter 7.3 ). 
(b) Use selected cover crops and appropriate inigation practices*. 

• On-going research (CRCV Project 1.5.4) will determine which cover crops and irrigation 
practices should be used . 

(2) Minimise incidence of black Aspergillus spp. in grape bunches on vines 

(a) Some fungicide treatments may reduce the incidence of Aspergillus spores in bunches*. 
• Further trials are being conducted to evaluate potential treatments (CRCV Project 1.5.4). 

(3) Prevent pest and disease damage to berries and bunches, especially between veraison and 
harvest 

(a) Control lightbrown apple moth and powdery mildew by the application of appropriate 
spray programs. 

• Damage to berries caused by pests such as lightbrown apple moth (LBAM) can also be sites 
of infection by bunch rot fungi, including black Aspergillus spp . 

• With Botrytis rot, LBAM caterpillars can carry spores of Botrytis cinerea (Bailey et a!. 1997) 
and increase the severity of rot in bunches. The same may apply to A. carbonarius and 
Aspergillus bunch rot. 

• Berries infected with powdery mildew are more likely to split and be infected with fungi that 
cause berry rots, including black Aspergillus spp. (Emmett et a!. 1992). The incidence of 
microbial populations (including A. carbonarius) was higher on the surface of berries with 
powdery mildew than on healthy berries (Stummer eta!. 2004). 
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• Less bunch rot is likely to develop in vines on trellises where vine canopies are open than in 
vines on trellises where canopies are congested, when moisture conditions are marginal for 
bunch rot development. 

• Progress of the development of Botrytis bunch rot, for example, was slower in vines on two
wire vertical trellises than in vines on cross-arm trellises (Savage and Sall 1983 , 1984). 

• Use pruning practices to manipulate numbers of bunches per vine and bunch architecture 
to produce smaller looser bunches that are less susceptible to bunch rot than larger tighter 
bunches. Conditions in loose bunches appear to be less favourable for the survival of 
spores and the development of bunch rot fungi, including Aspergillus spp. In these 
bunches, there is less berry contact and compression, and less retention of water and 
floral trash than in compact bunches. 

• In warm climate irrigation districts ( eg. the Sumaysia district) , combinations of pruning 
and irrigation practices can be used to manipulate numbers of bunches per vine, bunch 
size, berry size, bunch compactness and bunch rot susceptibility in most seasons. 

• Less Aspergillus rot developed in small loose bunches than in large compact bunches 
(Emmett et a!. 2004a). Other authors have also reported lower severity of rots ( eg. 
Botrytis rot) in smaller bunches with lower compactness or tightness (Emmett eta!. 1995, 
Vail eta!. 1998, Ashley 2004). 

• With Botrytis rot, for example, increased development of rot occurred in larger bunches 
because of changes in the development of epicuticular wax when berries are in contact 
(Marois et a!. 1986), damage to compressed berries, and decreased evaporation of free 
water (Vail et a!. 1998). Increased bunch compactness resulted in more and/or greater 
contact areas between berries, which increased the water retention within a bunch and 
delayed berry drying (Vail and Marois 1991 ). Free moisture required for the germination 
of conidia of B. cinerea (Carre 1984 ), also provided a medium into which berry and plant 
solutes were exuded. These exudates enhanced germination of conidia, growth of germ 
tubes and infection (Kosuge and Hewitt 1964). Furthermore, epicuticular wax 
development in these contact areas was reduced, and these areas were more susceptible to 
infection by B. cinerea than non-contact areas (Marois eta!. 1986). 

• Floral trash is also more likely to be retained in large compact bunches than in small 
loose bunches. Colonisation of loose floral debris within bunches by bunch rot fungi ( eg. 
B. cinerea) can contribute to the further development of bunch rots (Bulit and Lafon 
1977,Naireta/. 1995). 
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9. Technology transfer 

Bob Emmett 

9.1 Communication of R&D 

Information about the biology and management of mycotoxin producing moulds in vineyards was 
communicated to scientific and industry audiences through a series of publications and presentations. 

9.2 Publications 

Publications relating to work on the project include conference papers, abstracts as well as articles in 
industry journals and the popular press. Some examples are listed below. 

Scientific publications (refereed) 

Leong, S.L., Hocking, A.D., Pitt, J.I., Kazi, B.A. Emmett, R.W. and Scott, E.S. (2005). Australian 
research on ochratoxin fungi and ochratoxin A. International Journal of Food Microbiology (In 
press). 

Leong, S.L., Hocking, A.D., Pitt, J.I., Kazi, B.A. Emmett, R.W. and Scott, E.S . (Submitted). Black 
Aspergillus spp. in Australian vineyards: from soil to ochratoxin A in wine. In 'Advances in Food 
Mycology.' J.I. Pitt, A.D. Hocking, U. Thrane and R.A. Samson ( eds.), Springer, New York. 

Technical publications (including conference papers and abstracts) and industty journal articles 
(non-refereed) 

Clarke K., Emmett, R.W., Kazi, B.A., Nancarrow, N. and Leong, S. (2003) . Susceptibility of dried 
grape varieties to betTy splitting and infection by Aspergillus carbonarius. In 'Eighth International 
Congress of Plant Pathology (Christchurch, New Zealand). Volume 2 ~Abstracts of Offered Papers.' 
p . 140. 

Cummins, E., Emmett, R.W. and Kazi, B .A. (2004). Researchers move to limit black mould. National 
GrapeGrowers (August 2004). p. 26. 

E1mnett, R.W. , Kazi, B.A. and Nancarrow, N. (2004). Management of black Aspergillus bunch 
.moulds. The Vine 1: 14. 

Emmett, R.W. and Lange, C. (2003) . A modern approach to disease management. Australian 
Viticulture 7: 60-65. 

Hall, B. and Etmnett, R.W. (2000). Bunch rots: what, how and when. In 'Proceedings of ASVO 
Viticulture Seminar: Managing Bunch Rots , Mildura Vic. July 2000.' C. Davis, C. Dundon and R. 
Johnstone (eds.), Australian Society ofViticulture and Oenology, Adelaide SA. p. 7-10,31-34. 

Kazi, B.A. (2002). Managing moulds in vineyards. sHorts Newsletter, Natural Resources and 
Environment, Vic. No. 7: 4. 

Kazi, B.A. (2002). NRE project investigates food safety issue. Riverlink Newsletter No. 64: 2. 

Kazi, B.A. (2003). Grape mould management breakthrough. Sunraysia Daily (19 April2003). p. 7. 
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Kazi, B.A. (2003). Managing moulds in vineyards. National Marketplace News (1 May 2003). p. 27. 

Kazi, B.A. (2003) . Fighting grape moulds. Geelong Advertiser (20 May 2003). p. 2. 

Kazi, B.A. and Emmett, R.W. (2004). Black Aspergillus bunch mould of grapes. Field Day Leaflet, 
Department of Primary Industries, Mil dura Vic. 1 pp. 

Kazi, B.A., Emmett, R.W., Clarke K. and Nancarrow, N. (2003). Management of mycotoxin 
producing moulds in dried grapes. SHC Fact Sheet, Department of Primary Industries, Mildura. 1 pp. 

Kazi, B.A., Emmett, R.W., Clarke K. and Nancarrow, N. (2003). Black Aspergillus mould in 
Australia. In 'Eighth International Congress of Plant Pathology (Christchurch, New Zealand). 
Volume 2 -Abstracts of Offered Papers.' p. 119. 

Kazi, B.A., Emmett, R.W., Clarke, K., Nancarrow, N. , Hocking, A., Pitt, J. , Leong, S., Skinner, R. 
and Thompson, D. (2003). Management of mycotoxin producing moulds in vineyards. In 'Sunraysia 
Horticultural Centre Annual Report 2001-2002.' L. Jacka ( ed.), Sunraysia Horticultural Centre, 
Agriculture Victoria- Mildura, Natural Resources and Environment, Irymple Vic. 

Kazi, B.A., Emmett, R.W., Nancarrow, N. and Clarke, K. (2003). Effects of temperature, moisture 
and/or irrigation on the survival of Aspergillus carbonarius in soil. In 'Eighth International Congress 
of Plant Pathology (Christchurch, New Zealand). Volume 2- Abstracts of Offered Papers.' p. 140. 

Kazi, B.A., Emmett, R.W., Nancarrow, N. and Clarke, K. (2004). Incidence of Aspergillus 
carbonarius in Australian vineyards. In 'Proceedings of Third Australasian Soil-borne Diseases 
Symposium (Rowland Flat SA).' K. Ophel Keller and B. Hall (eds.), South Australian Research and 
Development Institute, Primary Industries and Resources South Australia, Adelaide SA. p. 75-76. 

Leong, S.L., Hocking, A.D., Pitt, J.I., Kazi, B.A., Etmnett, R.W. and Scott, E.S. (2003). Black 
Aspergillus spp. in Australian vineyards: from soil to ochratoxin A in wine. In 'Abstracts of the Fifth 
International Workshop on Food Mycology, Ball en Kro, Denmark' p. 24. 

Skinner, R. (2003). Mould prevention in dried grapes. Dried Fruits News NS 29 (March 2003): 5. 

Reports, including progress and annual reports for key project stakeholders (non-refereed) 

Etmnett, R.W. (2003). MIS Project 07737 (HAL Project DG 99002). Management of mycotoxin 
producing moulds in vineyards. Department of Primary Industries Horticulture Program Progress 
Report: July-December 2002. 2 pp. 

Emmett, R.W. (2003). MIS Project 07737 (HAL Project DG 99002). Management of mycotoxin 
producing moulds in vineyards. Department of Primary Industries Horticulture Program Project 
Annual Report: July 2002- June 2003. 3 pp. 

EIIDnett, R.W. (2004). MIS Project 07737 (HAL Project DG 99002). Management of mycotoxin 
producing moulds in vineyards. Department of Primary Industries Horticulture Program Project 
Ammal Report: January 2004- June 2004. 1 pp. 

Emmett, R.W. (2004). MIS Project 07737 (HAL Project DG 99002). Management of mycotoxin 
producing moulds in vineyards. Department of Primary Industries Horticulture Program Project 
Annual Report: July 2004- December 2004. 1 pp. 
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Emmett, R.W. and Kazi, B.A. (2002). HAL Project DG 99002. Management of mycotoxin producing 
moulds in vineyards. Smmnary of R&D Progress. Information Leaflet for Board of Horticulture 
Australia Ltd. Natural Resources and Enviromnent, Agriculture Victoria - Mildura, Sunraysia 
Horticultural Centre, Irymple Vic. 2 pp. 

Emmett, R.W., Kazi, B.A. and Skim1er, R. (2002). DFRDC Project DA V 91. Management of 
mycotoxin producing moulds in vineyards. In 'Dried Fruits Research and Development Council 
Annual Report 2000-2001.' Dried Fruits Research and Development Council, Mildura Vic. 

Emmett, R.W., Kazi, B.A. and Skinner, R. (2002). Horticulture Australia Milestone Report: DFRDC 
Project DA V 91 (30 January 2002). Management of mycotoxin producing moulds in vineyards. 
Natural Resources and Enviromnent, Agriculture Victoria - Mildura, Sunraysia Horticultural Centre, 
Irymple Vic. 6 pp. 

Emmett, R.W., and Skitmer, R. (2000). DFRDC Project DAY 91. Management of mycotoxin 
producing moulds in vineyards. In 'Dried Fruits Research and Development Council Annual Report 
1999-2000. ' Dried Fruits Research and Development Council, Mildura Vic. p. 41. 

Kazi, B.A. and Etmnett, R.W. (2003). Effects of fungicides on the survival of Aspergillus 
carbonarius. Confidential Report for Bayer CropScience Pty Ltd, Department of Primary Industries, 
Primary Industries Research Victoria, Mildura Vic. 11 pp. 

9.3 Presentations 

Some examples of presentations relating to work on the project delivered to scientific and industry 
audiences are listed below. 

Seminars and conference, workshop, meeting, discussion group and field day presentations 
(Number*) = Number of participants 

Emmett, R.W. (1999). Grape moulds. Presented at: DFRDC Seminar- Dried grape quality in the new 
millenium, CSIRO Plant Industry, Merbein Vic. (I November 1999) (65*). 

Emmett, R.W. (2000) . Ochratoxin A and the management of mycotoxin producing moulds in 
vineyards. Presented at: Riverlink Dried Grape Planning Forum 2000, CSIRO Plant Industry, 
Merbein Vic. (2 August 2000) (50*). 

Etmnett, R.W. (2001). Management of mycotoxin producing moulds in vineyards. Presented at: 
Dried Fruit Quality Seminar, CSIRO Plant Industry, Merbein Vic. (29 January 2001) (35*). 

Emmett, R.W. (2003). Black Aspergillus mould management in Sunraysia vineyards. Presented at: 
Australian Dried Fruits Association Forum, Bendigo Bank Centre, Mildura Vic. (23 January 2003) 
(150*). 

Emmett, R.W. (2003). Developments in research on grape diseases. Australasian Plant Pathology 
Society and La Trobe University Mycology Symposium, La Trobe University, Bundoora Vic. (19 
December 2003) (40*). 

Emmett, R.W. and Kazi, B.A. (2001). Studies of mycotoxin producing moulds in vineyards. 
Presented at: DFRDC Project DAY 91 Meeting, Sunraysia Horticultural Centre, Irymple Vic. (24 
July 2001) (10*). 
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Emmett, R.W. and Kazi, B.A. (2001). Studies of mycotoxin producing moulds in vineyards. 
Presentedat: DFRDC Project DAY 91 Reference Group Meeting, Smu-aysia Horticultural Centre, 
Irymple Vic. (27 August 2001) (17*). 

Emmett, R.W. and Kazi, B.A. (2002). Management of mycotoxin producing moulds in dried vine 
fruit. Presented at: Riverlink Dried Grape Research Highlights Seminar, Smu·aysia Horticultural 
Centre, Irymple Vic. (30 January 2002) (49*). 

Emmett, R.W. and Kazi, B.A. (2002). Management of mycotoxin producing moulds in dried vine 
fruit. Presented at: HA Project DG 99002 Reference Group Meeting, Sunraysia Horticultural Centre, 
Irymple Vic. (30 July 2002) (15*). 

Emmett, R.W. and Kazi, B.A. (2003). Black Aspergillus mould management. Presented at: Riverlink 
Dried Grape R&D Planning Forum, CSIRO Plant Industry, Merbein Vic. (15 October 2003) (39*). 

Emmett, R.W., Kazi, B.A and Nancarrow, N. (2004). Vineyard practices and incidence of Aspergillus 
carbonarius. Presented at: Riverlink Dried Grape R&D Plaru1ing Forum, CSIRO Plant Industry, 
Merbein Vic. (6 October 2004) (45*). 

Emmett, R.W., Kazi, B.A and Nancanow, N. (2004). Vineyard practices and incidence of Aspergillus 
carbonarius. Presented at: Dried Grape Industry R&D Advisory Committee Meeting, Department of 
Primary Industries, Mildura Vic. (29 October 2004) (15*). 

Emmett, R.W. and Putland, S. (2000). Management of mycotoxin producing moulds in vineyards. 
Presented at: DFRDC Research Review Meeting, Smu·aysia Horticultural Centre, Irymple Vic. (9 
November 2000) (1 0*) . 

Hall, B. and Emmett, R.W. (2000). Grape bunch rots- What, how and when. Presented at: Australian 
Society of Viticulture and Oenology Viticulture Seminar, Mil dura Arts Centre, Mildura Vic . (28 July 
2000) (402*) . 

Kazi, B.A. (2002). Black Aspergillus moulds in Suru·aysia vineyards. Presented at: SHC Staff 
Seminar, Smu·aysia Horticultural Centre, Irymple Vic. (5 August 2002) (25*). 

Kazi, B.A. (2002) . Management of mycotoxin producing moulds in vineyards . Presented at: 
Riverlink Dried Grape R&D Plmming Forum, CSIRO Plant Industry, Merbein Vic. (2 October 2002) 
(39*). 

Kazi, B.A. (2002) . Sustainable management of Aspergillus carbonarius in vineyard soil. Presented 
at: HAL New Project Proposal Review Meeting, Smu-aysia Horticultural Centre, Irymple Vic. (17 
October 2002) (1 0*). 

Kazi, B.A. (2002). Mycotoxin producing moulds in vineyards. Presented at: Chief Scientists 
Meeting, Suru·aysia Horticultural Centre, Irymple Vic. (19 November 2002) (1 0*). 

Kazi, B. (2004). Management of black Aspergillus moulds and ochratoxin A in grapes. Presented at: 
Training Workshop for Dried Grapes Growers, Department of Primary Industries, Mildura Vic. (7 
October 2004) ( 40*) 

Kazi, B.A., Emmett, R.W., Nancarrow, N. and Clarke, K. (2004). Incidence of Aspergillus 
carbonarius in Australian vineyards. Presented at: Third Australasian Soilbmne Diseases 
Symposium, Bm·ossa Novotel, Rowland Flat SA (8-11 February 2004). 
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Leong, S. (2001). CRCV PhD studies of Aspergillus carbonarius and the development of oclu·atoxin 
A. Presented at: DFRDC Project DAY 91 Meeting, Sum·aysia Horticultural Centre, Irymple Vic. (24 
July 2001) (10*). 

Leong, S.L. , Hocking, A.D. , Pitt, J.I. , Kazi, B. , Emmett, R.W. and Scott, E.S. (2003). Black 
Aspergillus spp. in Australian vineyards: from soil to ochratoxin A in wine. Presented at: Workshop 
of the International Commission on Food Mycology, Ballen Kro, Denmark (16-18 October 2003). 

Skim1er, R. and Clingeleffer, P.R. (2003). Benefits of new dried grape varieties. Presented at: Dried 
Grape Growers Field Day, Noel Ashcroft's Property, Coomealla NSW (7 February 2003) (30*). 

Skim1er, R. and Emmett, R.W. (2003). Biology and management of black Aspergillus, ochratoxin A 
producing moulds in vineyards: Update. Presented at: International Sultana Conference, Izmir, 
Turkey. (2 November 2003) (25*). 

Skim1er, R., Etmnett, R.W. and Kazi, B.A. (2002). Biology and management of black Aspergillus, 
oclU"atoxin A producing moulds in vineyards. Presented at: International Sultana Conference, 
Oakleigh Court Hotel, Windsor UK (29 October 2002) (24*). 

Skim1er, R. and Thompson, D. (2001). Update on the industry-based, ochratoxin A testing service. 
Presented at: DFRDC Project DAY 91 Meeting, Sumaysia Horticultural Centre, Irymple Vic. (24 
July 2001) (10*). 

Skim1er, R. and Thompson, D. (2001). Update on the industry-based, ochratoxin A testing service. 
Presented at: DFRDC Project DA V 91 Reference Group Meeting, Sum·aysia Horticulturai Centre, 
Irymple Vic. (27 August 2001) (17*). 

Poster presentations 

Clarke K., Etmnett, R.W., Kazi, B.A., Nancarrow, N. and Leong, S. (2003). Susceptibility of dried 
grape varieties to berry splitting and infection by Aspergillus carbonarius. Presented at: Eighth 
Inten1ational Congress of Plant Pathology, . Christchurch, New Zealand (3-5 February 2003) 
(> 1360*). 

Clarke K., Emmett, R.W., Kazi, B.A., Nancarrow, N. and Leong, S. (2003). Susceptibility of dried 
grape varieties to berry splitting and infection by Aspergillus carbonarius. Presented at: Mildura 
Horticulture Field Days, Smu·aysia Institute ofT AFE, Mildura Vic. (27-28 May 2003) (>200*). 

Clarke K., ElTilnett, R.W., Kazi, B.A., Nancarrow, N. and Leong, S. (2003). Susceptibility of dried 
grape varieties to berry splitting and infection by Aspergillus carbonarius. Presented at: DPI Plant 
Health Forum, DPI Tatura, Vic. (21-22 October 2003) (>90*) . 

Kazi, B.A., Etmnett, · R.W., Clarke K .. and Nancarrow, N. (2003). Black Aspergillus moulds in 
Australia. Presented at: Eighth International Congress of Plant Pathology, Christchurch, New 
Zealand (3 -5 February 2003) (> 1360*). 

Kazi, B.A., Etmnett, R.W., Clarke K. and Nancarrow, N. (2003). Black Aspergillus moulds in 
Australia. Presented at: Mildura Horticulture Field Days, Sumaysia Institute of T AFE, Mildura Vic. 
(27-28 May 2003) (>200*). 

Kazi, B.A., Etmnett, R.W., Clarke K. and Nancarrow, N. (2003). Black Aspergillus moulds m 
Australia. Presented at: DPI Plant Health Forum, DPI Tatura, Vic. (21-22 October 2003) (>90*). 
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Kazi, B.A. , Emmett, R.W., Nancarrow, N. and Clarke, K. (2003). Effects of temperature, moisture 
and/or irrigation on the survival of Aspergillus carbonarius in soil. Presented at: Eighth Inten1ational 
Congress of Plant Pathology, Christchurch, New Zealand (3 -5 February 2003) (> 1360*). 

Kazi, B.A. , Emmett, R.W. , Nancarrow, N. and Clarke, K. (2003) . Effects of temperature, moisture 
and/or ilTigation on the survival of Aspergillus carbonarius in soil. Presented at: Mildura Horticulture 
Field Days, Sunraysia Institute ofTAFE, Mildura Vic. (27-28 May 2003) (>200*). 

Kazi, B.A., Emmett, R.W. , Nancarrow, N. and Clarke, K. (2003). Effects of temperature, moisture 
and/or irrigation on the survival of Aspergillus carbonarius in soil. Presented at: DPI Plant Health 
Forum, DPI Tatura, Vic. (21-22 October 2003) (>90*). 
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10. Recommendations and project outcomes 

Bob E1mnett 

10.1 Recommendations for industry 

Management of black Aspergillus bunch moulds (including A. carbonarius) in dried grape vineyards 
Preliminary strategies for the management of A. carbonarius in dried grape vineyards are summarised 
in Chapter 8. 

10.2 Recommendations for future R&D 

Further R&D in the following areas would provide benefits for the dried grape industry. 

Sustainable management of A. carbonarius in vineyards 
( 1) In this proj ect, studies of the incidence of A. carbonarius in vineyards indicated an apparent 
association between populations of A. carbonarius in vineyard soil . and in trellis-dried grapes on 
vines. Furthetmore, there were indications that Aspergillus bunch rot severity was related to the 
number of Aspergillus spores in bunches. Further studies of relationships between A. carbonarius 
populations in vineyard soil, in bunches and bunch rot severity could determine threshold populations 
in soil and bunches that are associated with significant bunch rot development. The maintenance of 
populations below these thresholds, especially in the period between berry softening and harvest, 
would then be targets for mould management strategies . 

(2) Studies in this project indicated that various factors (alone or in combination) influenced the 
incidence of A. carbonarius in vineyard soils. These included the presence of organic materials in 
soil ( eg. vine trash, cover crop materials or amendments) and soil moisture (associated with rainfall 
or irrigation), temperature and disturbance. However, more research is needed to determine the 
specific effects of these factors as a basis for improving mould management practices. In particular, 
further studies are needed to determine the 

(a) Effects of grapevine trash, especially fallen berries in soil on the incidence of A. carbonarius. 
(b) Types of cover crops that will provide the highest reduction of populations of A. carbonarius 
when organic material from these crops is incorporated into soils. 
(c) Effects of cultivation (frequency) and irrigation (type and duration) on the incidence of A. 
carbonarius in vineyard soils with different water-holding capacities under different temperatures 
(reflecting spring and suiru11er temperature regimes) . 

(3) Initial evaluations in this project showed that fungicide or drying oil treatments could be used to 
reduce pre-harvest populations of A. carbonarius in bunches. More research is needed to identify the 
most cost-effective treatments for minimising the incidence of A. carbonarius in bunches and the 
severity of Aspergillus bunch rot. 

Development of beny rot caused by A. carbonarius and OA in dried grapes 
Other studies have indicated that the growth of A. carbonarius and the subsequent development of 
Aspergillus rot are strongly associated with the production of OA in grapes. Occasionally, however, 
there are reports of OA in grapes in the apparent absence of mould development. Further studies are 
needed to determine whether A. carbonarius can produce latent infections in grapes before veraison 
( eg. at flowering) and to determine whether these latent infections can produce OA. A greater 
understanding of the effects of drying rate on the production of OA in infected grapes is also 
required. 
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Revision of the dried grape industry's OA Management Strategy and Best Practice Manual 
When strategies for the management of Aspergillus moulds in vineyards are refined after further 
R&D, the revised strategies should be incorporated into revisions of the dried grape industry ' s OA 
Management Strategy and Best Practice Manual. 

10.3 Key project outcomes 

Some key outcomes of the R&D on Aspergillus mould management in this project include the 
following. 
• Evaluation of kittests for the rapid quantification of OA in dried grapes. 
• Development of an industry-based service for analysing levels of OA in dried grapes. 
• Increased knowledge of the incidence of black Aspergillus spp., especially A. carbonarius, in 

vineyards. 
• Improved knowledge of factors affecting the survival of A. carbonarius in soil and factors 

affecting the development of Aspergillus bunch moulds in vineyards. 
• Knowledge of the effects of vine and vineyard management practices on the incidence of A. 

carbonarius in bunches of dried grape varieties and the development of Aspergillus rot. 
• Preliminary management recommendations for minimising the incidence of A. carbonarius in 

bunches and the development of Aspergillus rot and OA in grapes. 

Adoption of these recommendations will reduce the risk of OA contamination in dried grapes, and 
ensure a more consistent supply of high quality dried grapes that meet the requirements of domestic 
and export markets . 
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11. Appendices 

Bob Emmett 

11.1 Communication 

Communication of the progress and outcomes of research in this project is summarised in Chapter 9. 

11.2 Intellectual property 

No 'commercial in confidence' intellectual property was produced from R&D in this project. 
However, information in this report is confidential to project stakeholders until it is published. 

11.3 References 

References cited in this report are listed at the end of each chapter. 

11.4 Project staff 

Names, affiliations and the location of staff contracted to conduct R&D on the proJect are listed in 
Table 1. Authors of this report (listed at the front of the report) include these staff and other 
contributors. 

Table 1. Contracted staff on HAL Project DG 99002.in 1999-2002. 

Name Position 
Department of Prim my Industries, Primary Industries Research Victoria, Mildura Vic. 
Dr Bob Emmett Senior Plant Pathologist (Project Leader) 
Dr Benozir Kazi Plant Pathologist 
Kathy Clarke Research Officer 
Narelle Nancarrow Technical Officer 
Food Science Australia, North Ryde NSW 
Dr Ailsa Hocking Principal Research Scientist 
Dr John Pitt Chief Research Scientist (1999-2000)* 
Su-lin Leong Research Officer (1999-2001)* 
Dried Fruits Quality Centre, Mildura Vic. 
Ross Ski1mer General Manager 
Debra Thompson Laboratory Manager 
*Years in brackets indicate the period of work on the project. 

11.5 Project Industry Reference Group 

Names, affiliations and the location of members of the Industry Reference Group for HAL Project 
DG 99002 are listed in Table 1. Meetings involving the Industry Reference Group and project staff 
were held annually or biannually to review project plans, progress and outcomes. 

Table 2. Industry Reference Group for HAL Project DG 99002 in1999-2002. 

Name Position 
Phil Badura Sunbeam Foods (1999-2001)* 
Bill Bourgazas Sun Dried Fruit Packing Company, Altona Vic. (1999-2001)* 
Chris Ellis Sunbeam Foods (1999-2001)* 
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Name Position 
Arun Gangadharappa Sunbeam Foods (2001-2002)* 
Mandy Gerhardy Angus Park Packing Company, Angaston SA (2001-2002)* 
John Hunt Dried Grape Producer, Red Cliffs Vic. 
Neil Hurley Sunbeam Foods (1999-2001)* 
Peter Jones Dried Grape Producer, Irymple Vic. 
Dale Little Australian Dried Fruits Association, Mildura Vic. 
Graeme Matotek Dried Grape Producer, Nichols Point Vic. 
Ivan Shaw Dried Grape Producer, Merbein South Vic. 
Ross Skinner Horticulture Australia Ltd, Mildura Vic. 
David Swain Sunbeam Foods (2001-2002)* 
Henry Tankard Dried Grape Producer, Irymple Vic. 
Brian Thorn Angus Park Packing Company, Angaston SA (1999-2001)* 
*Years in brackets indicate the period of participation in the Project Reference Group. 
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